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COMMUNITY EXPOSURE TO PFOA »
TABLE 1

Physicochemical Properis for APFO and PFOA
propery APO Pro Reference
CAS suber 3261 B61 US. GPA. 2005
Molecular weight a ais US EPA 200%
Solubily in water 1 25°C (1) >500 44 Shinoda cial, 1972
Vapor pressure (Ps) 0008123820°C 2253 20°C DuPont internaldata
K organic carbon disibution Na 1083 The vale for sly clay low. sandy clay

Soetlicient (dimensionless) Toam and sandy loam were Similar and
thus seraged (DuPont, 200%)

Henry'sLawconstant (unis) Na 85x10" Calculatedwing U.S. EPASoil Srccning
Guidance (US. EPA, 1996): PFOA docs not
eadily partkion from wer 0 ie

Note NA. ot aval

Tow to moderate acute toxicity and (2) lack of evidence of also found increased incidence of mammary-gland twmors in
adverse human health effectsobserv in APFO manufacturing fenle ats exposed to PFOA, although the increase was not
“orkers. A large toxicological database cxiss for PFOA and reflectiveof aneffectof PFOA(Riker tal, 1987). The US.
includes developmental, reproductive, immunotoxicty. geno- Environmental Prowiion Agency (EPA) Science Advisory
tonicity, carcinogenicity, pharmacokinetics, and various mode Board reviewed the cancer dat {or PFOA and concluded that
of action studies. A recent toxicological review of PFOA by because thereare inadequate data in human siudics and uncer-
Kennedy ct al. (2004) sunnrized the coment animal and taintyregardingthe relevanceof theodnt timo. PFOA nay
human toxiity data from Suudics of acute, subchronic, ond be suggesive of carcinogenicity. bough the U.S. EPA sso.
chronic exposures via various fous of exposure and in a considered a cancer descriptor of “likely” (US. FPA. 20053
arity of animal species. The acute toxicity animal studies 20055). In conast©animal stdis, ideology invesigs-
indicat that PFOA. exhibits moderstc acu oral and inal. ions of APFO production workers have not shown incrcased
on ticitybasedon lehality,where ovaldosesranged from cancer morality or other adverse chronic Systemic effets
178 to 1500 mek snd si concentrations were 098 mg/L ~(Ubel ct al., 1950;Gland& Mandel, 1996: Alexander. 2001:
and 186 mpl. Additionally. sce dermal toxicity based on Alexander eal. 2003; Oken ct al. 1998, 2000, 2003).
lethality wacomidered light (2. >2000 me/ke). Most oxi- Beginning in about 2000. there were indications that PFOA
ology suds have involved the ammonium sal 35 he test Was. present in measurable concerations in WIIG in a
‘compound The subchronicsnd chronic adies in ails rts. numb of locadons worldwide (Kannan ct al. 20023. 20020;
nice, monkeys, rabbits) indicate tha the ivr i thepeimary Moody ct al, 2002; 3M, 2003; Tomy ct a. 2004). Addi
large organ (GAT & Long. 1980; Kennedy. 1985, 1987; tionally. deectabe levels of PFOA were found in the blood
Kennedyct al. 1986. 2004; Perkins. 1992: Busnbofctal. of children. adults. and the cldery in the Unicd States and
2002), PFOA isnot mutagenic and has not produced terato. numerous iher cours (Olsen ct sl. 2003. 2005; Kannan
genic or fetotonc clfots ut done bok those that induced ct al. 2004). While PFOAis biopersisent chiral boon
maternal toxicity (Staples et al 1951; Staples, 1985). Lau et cenisdon foctors ranging from 3 t0 9 indicate tht PFOA is
al (2004) summarized the developmental toxicity of PFOA. notbioaccumulaive(Morikawaeal,2006;US. CPA. 2002).
Recent possnatl suis on developmental and reproductive Asa esul of these observations. both ste and federal gu:
cifects wing doses of 1. 3. 10. or 30 me/kg-day indicate that ory agencies developed an nicest in understanding the fic
Cifets. in the FI generation were unremarkable during the nd rape of hesechernicals inanffort0 nda why
lacttionsl period with the exception of 3 significant lag in PFOA was being detected. Th inert in this familyofchem
weight gain in the offspring of the 30-mekg treated group cals has become sufficiently grea tht the frst Iicrationsl
during the fis postutsl week and significantdecresse inthe Symposium on Fluorinated Alkyl OrganicsintheEnvironment
lactation index. However, postweaning mortality and delays was recenily convened in Toronto, Canada. with nearly 600
in pueral ont in the FI gencraton ot 30 my by gavage scienisis and with ahous 100 papers rescued
were noted (Butcnhoffct a 20040). Thecarcinogenicity of To understand the possible exposure of approximaiely
PFOA has been investigated in rodents (Bicgel ct al. 2001). 50,000 persons intheconmunity surrounding s luoropolyer
Increased incidences of benign tors of the fiver, pancreas manufaciring. facili, mass balance ond_covirouncatsl
(acinarcel).sndtestes (Leydigcel)were found following4 migration models tha predict PFOA concentrations in ai.
2-year bioassaya dietaryexposuresof300ppm.Onerasty soils, groundwater, surface water tap waler, and. other
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Lei hy comparing ie cmaics of make (0 hskibsacd PTFE Dispersion Process
posure cher ht were developed for PFOA (Buenhotf _Polyitaluorocthylen (PTFE) i similar ote fine powder
SLT. Ii acho mt herb si evel of PACE Pwever, i i ot dc ht na wa old 55
ckizound Sapoure 1 PROA to th. genet US. popula. 1d for costing aplication. This product in began in 1951
tion. This assessment. however, focusedonlyon the release of 8 the same time as the fin powder line. Since the product
PFOA loon chyandon 6rescind, here sr 0 cia sso rs hs process.
ter an separ among he acy. A compaison Some residual APFO main nthe prodct nil i fuer
of the simu exposures of Uh loca popiition to ht of rOessed by he industrial customer
ie geet polation wae it

This cxpoe awament i te int scp 0 develop (1
PRONneonatesdo 0ctionntand ThE Moco propyens (FP) pact ine beg a

“watfroman indusral facility. as wel 3s the resuling make 1963 and i sod in cube or flake fom. 1 is wed 1 makeem ese re mass exude resins wich sr ofc uscd 1 cot wire and Gabe
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on asono vir ciion ndnsndSo Ai,Te dir cha
ronment due to sithome emissions using 8 combination of S16primarysource of aif emissions for hisprocess.Surtingaomy or 1968 stubs were lle on he yr cxhans a he
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DESCRIPTION OF THE MANUFACTURING FACILITY fp pispesion Process
Over the past 50 yr. APFO was used in the manufacture ic produc lin issimilar to FP: however, it is not dried

of Noropoymers tthe DuPont ily in WAkhingon, WV pu da Tid denon. Th rods ne sk. bon
(DuPont Washington Works). Thepl is 10caicd approxi in 1963. There remo air emiksions from thisprocess because
‘mately 10 miles southwest of Parkersburg, WV, along Ste he product is not dried. Some residual APFO remains in the
Route 61. This facili was cstablihed in he 19405 3nd bE preyduce una i is further processed hy the industrial customer.ing APFO in some of As manufacturing poss n 199
APIO serves ss sufaciant i the oropolymer production
cea ad nhcomanrdesueyed nthe process. Granular Process

Seven oroplymer processa th plant came on ne The rans proces began operon in 1951, but APFO
at various times over the years of operation and cach uscd wasnotused unl 1965. This product is sold in solid gran-
APF ut some point fro 1981 10 2003 These proces big forand wed o aking oid products and shoved
re: Tne power, pobtcalluorcahylcos (PTE) persion, Sheets APFsla the tof the res and rela
fluorocthylene propylene (FEP), FEP dispersion, granular. via air emissions and in liquid wastes. The dryer exhausts are
PEA process K. and PPA dipesion. Exch poss  DAcl pray ste of ichins fo is proces. No scrter.
decried most re tld or i prowess bees of do ow sown of

APO med eave 10 the ther proses. In addon, th
ower om ths proces wa on abo esc for heFine Powder proces ———"his Tin began in 1951 snd dhe proc (ne pode)

is an in 3 wil range of ods, including membranes for
tedte TON ATK es
0 ar of thi proses and was lcsod vi stom mi. The PTA process K produ inc began 1998and he sol
Lions, well a in kd and sl wise. The rary sures ister odfo ir, cable adsecondoapplications.
oF i cisions wore Irom he yer cxhaie. Aer 199, APF is added 3 the san of th process and wae rele
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of Pomeros: Ravenswood Municipal. Mason County Public Service "oviewed and numerous interviews with facility engineers
Dini. Village of Recie. New Haven Water Depart, a) Were conducted10understand the seven different processes inma SEABT wo me Gv he SmsreETS

006-0133-0144759



= DLL PASTENBACH ETAL
TABLE 2

HistoricalDrinking:Waier Measurements of PFOA
Groundwater ‘Average PFOA concenration. Detection (roquency
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Lite Hocking. 5 Ton 045 1206
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amt
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200 i] 20s
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nea

2008 35 2m
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n=6
Belpre s 2002 0095 11/14 008)
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weld
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1987 16 a
319)
ad
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Continued)
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TABLE 2
(Conia)

Groumivater ‘Average PFOA conceniation Detection regency
Public water diet modeling rome eur (hell) and (range) LOD) (uy)

Ed ow [I
0oss-0604)
aii

2002 002 wm
©2sv120)m3?

2000 039 2s
©1919)
wes

2004 vi %
21053)n=6

Tuppers plains x 1054 “06 w106
1

2002 03 207 005)
(<005-0726)21

2003 02s 1519 005)
(<0050726)

nto
Pomeroy n 2002 00s 700s)

(<005-0085)
ne

Private well Various 2001-2002 083 6799 (005)
(<005-859)
nod

the role of sie emissions as a primary source of PFOA in whore [Used] is the total amount of APFO wed in esch
the dinkin weir (WVDEP, 2003). paula crphasis wat proccss (1). [Recovered] isth amount of APFO recovered
phced on understanding the scrialrkases of APFO for ach (1b) [Destroyed] 5 ths amount of APFO destroyed n-sit or
process. Ar cisions of PFOA potentially occured during through cament (1), Ai] i th amount of APFO smited
Th manufoctureof luoropolyners when “dry” prodcts Wer 10 ai from the isnt (1. (Lund — omit] is. he amt of
anfscurcdndor cach of the dry manufacturing process APO sen o andl car the pla (1), (Ohio River] i the
ere wre one or more emission source, ypicll dryer. amount of APFO released from (he plant to the Ohio River
Bcd on nirviews with facility engineers and plant docu. (1) [Pos] i the auntofAPFO sent10onic snserobic
vn. oropolymer products hat were manuacured and digestionponds (1), Produc] i he amount of APFO in the
oid in iui form. produced no giant sie mission of guid dicpersion products thi is sc 1 indscial nd ers
Pro (00). [Land - Off se] is the amount of APFO in sold waste

For cach process and yer, the folowing cquaion was and esment residuals from supe sent 0 0 landfill (1),
uscd to describe the dispostion of APFO wed in that and [Weer- ffx] he amount of APFO in wasewaicr

process {rom sperms sent for offs wesment 3 an out-of tic
ci

ge rE “Theaoutof APFOwed by process andyear was bined
BN by reviewing cot sheet records from the plant. These records

[Land onsite]+[Ohio River] were availableforcvey year from 1951 (0 1980. 1983, 1987
+ ovis [frosery offic] 01991. and 199310.2002 For 1981 onlydaa for PEP were
Ponds]+ Produ] + [Land =f] LL For te years and process in which data were+ Water oftsic] ising, excep for2005, APFO uc by the plant was cine
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by lincar incrpolation between the years with existing dia. used to estimate annual average sir concentrations of POA
For 2003. the esimaics of APFO were provided by the plant (sg/n?). dry deposition of PFOA to the soi (g/m-yo) andengineering sa. wet deposiionofPFOA 0 the soil (yr) for the arcs in

The amount of APFO in cach process released to ir, vicinityof theplant. Thesversge ar concentrations, drydepo.wastewater, aborid batches, solid wae. and supematc were sion, and we deposition were calcula cormiderngbodhdey
estimated based on information from APFO mass balances for snd wet depletion
the seven processes as described n various internal documents Regulatory default stings were used in the mel (US.
prepared by DuPont for he years 1975. 1983. 1993, nd 1995 EPA, 19955. 19950 Federal Register. 2003). Based on thethrough 2000, as well as, discussions with DuPont engineers land use analysispreviously performed by DuPont in theiryeseat the plant. The documenition of the magnitude of APFO 2002 Air Dispersion Modeling Analysis of APFO Emissions
released was bascd on frst principles or scuual ntermiien: for the Washington Works Facility (DuPon. 2003b). te rural<ampling of the process scan land use option was selected in the ISCST3 model. Further,Procecs-specific ai mission source information from the because the fxclty is located within the Ohio River ally and
ir dispersion modeling. which was performed for year 2000 thee ar significant train festurcs on both ids of he riverand 2002 as par of the plants ai permiing process with valley near heplant, eran clevilions Were incorporated nto

WVDEP (DuPont. 2002. 20030) was usedinour analysis. The the saulysis (DuPont, 20030).
Historical APFO mass balances were generated wsing avilable Emisvion sources. Aerial APFO emissions were modeled
daa and professional judgment, where necessary, © esimate for the years 1951 through 2003. A lising of stack param.
the amountof APFO released 1the environment by the plant eters by source and year is provided in Table 3. Only point
from 1951 to 2003. Sources for PFOA crissions from the fluoropolymer manufac-

Because the amounts of APFO used in these processes tring processeswere included in the model. Becausehe loo-
for the majoiy of years are rom the accouning records for ropolymer manufacturing was conducted in enclosed facilis.
ach proces, there is like uncertainty in the estimaof the fugitive emissions were no included.a their ComrbuLNS (0
aount of APFO ued per year nthe cach process. In adic off-site PFOA concentrations would have heen rival relative
tion. based on plant documents. he percentoftoal APFO used toth stack crissions.
for cach process that was released (0 dir, in wastewater, 5 In onder fo sccount for the effcts of building down
Superate,or35solid wast varied st mon by £305. Records wash in estimating onsite sirbome PFOA concentsions the
off APFO removal. destruction, and recovery from he various configuration of buildings at the facility was considered. The
polltion control devices were avilable sain in 1992. Any geographical locstionof thbuiingsfor th facility was sken
uncertainty sociated with th amount removed, destroyed. or from previous si dispersion modeling performed by DuPont
recoveredis due the measurementand estimationuncerainty  (2003b). Based on this building configursion. the US. GPA
asociaied wilh the engineering records and temporal uncer. Building Profle Input Program (BPIP) program (U.S. GPA,
ainty due to not having records from 1990 to 1992. When 1995) was used to estimate the downwind and crosswind
professional judgment was used, csimates ofsi emissions and dimensions of the buildings for use in ICTS.
Wastewater emissions ere maximized versus the csimates of Particle sce distribution of PFOA emissions Based on
APFO removed, destroyed, recovered, or disposed of 25 solid incrviews with facil engineer, in this analysisthehot PFOA.
waste or offi. in the dryer mosphere was assumed 0 be present 3 5 Vapor

When the ot PFOA vapors exit the dryer 0a stack andlor 10
he ambien: sir,thehot vaporchanges physical for a t cools

Environmental Modeling and condenses 0 form fume. Fumes ar comprised of uli
Estimation of Airborne PFOA Concentrasions and fine particulates (Seidel eal. 1991; Oberdorscr ot al. 2000;Total Deposition of PFOA Onto Soil Mende ct al. 200), and sher several minutes inthe ambient

“The deposition of airborme PFOA cmissions at locations ai, uhrfine paicuites tend 10 cosgulatc and muckate 10
ouside the fil was evalusted using the US. EPA Indus. form submicron sized particles in the rangeof 0.1 10 1 jum
inst Source Complex Short Term version 3 (ISCST) model (U.S. EPA, 1990;Seidel tl. 1991; Flgan, 1994; Oberdonter
(US. TPA, 19953, 1995). This model is 3 Gasian plume et al. 2000). This is conmisent with recent sudics demon
model that may be used to characterize pollutant concentra sruing tha sisborne PFOA. a the plant foncline was only
tious from wide varityofsource that ar often presen at detocableas particle and nok. vapor (Barton et l., 2006)
manufacturing sites. This model accounts for wetandey depo- In 1996, DuPont characterized the parce size distibution
Sion of panicles; downwash point, wes line, and volume of PFOA from th fine powder scrubber cxhaunt o cvalustc
Sources;plume ise as functionofdownwind distanec sepa. theeffect of paniclesizeonscrubber ciency. and those data
ration of point sources; and limited terrain adjustment (U.S. were subsequently used for thesiedispersion modeling of year
EPA, 19935a, 19950). Additionally. the ISCST3 model takes 2000 (DuPont, 2002). Alough there wereno panicle sie dots
ino account sie-specific meteorological data. This model was availble for the sithome emissions of PFOA prior 1 1996.
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precipitation dat or Liverpool, WV, to assemble metcoolog. the plant, wo of the affctd water districts. Tuppers Pins
{Cal dota ss sul for ISCSTS (US, EPA. 1995, 1995) and Pomeroy, were not likely10 hve bee mpacicd by air
‘cane of Ue high perccntageof cal hour in he on-site cisions and derlore wer not includ in he si disper.

dt for 2001 (51.75%, or 530of ST60 his data sc wes ot sondepiion modeling dona
nd i the subsequent si dipenion modeling. Colm hours Bccaue the yearonycar varaily associated with wind
occur when the hourly wind speed i less than | ms for 4 spec and diecion i lower than te Searo-yer variability
Eien hrof data. For these hour, ISCSTS docs no calcul of annus precipitation, he mus) amountof precipitation [oc
sir conectionorwal depoiion 0 ol. cach year was uid 1 determine which of the four oe dts

Figure 2 prsencthe combined windfos for the our esr sc would be more epresncative for cach year from 1951 10
of dts cd for this i dispersion modeling. For AI four 303. Fo ear with ee dh 95 cofprecipition, chehe
Scar. the predominan wind diction was from the soul 1999 or 2000 datsset was cd. Foryear with prcipiion
“west the nombeast for hemor of our meicomlogicl amounts bene 95 cm and 120 om. te 2002 dita st Was
deta For hours whe this wa no he prominin wind dhe: un. For years with gree han 130 6m of precipitation. he
Lon, the prdorvinam wind direction was orGaS 1 Th WES. 1996 dt esa ued
by southwest. Based on the windrose map snd dance (om Geographical locations of residens. The 1SCSTS air

dispenion. model defines. geographical locations 3 nodes
. comets called eceuon) cated the cen of 4 are
i Cty of eel with cach cel located on grid. In this analysis. or loca
i Belpre ons close to the pla. fine grid was csablishod with ol

So250mby 501m. shout 13ser). For more dan.
location (situated more than § miles south of the foci), a

8 coun grid of cll S00m byS00 m fc. abou 63 ser) was
uscd. Receporcoonfnsiesar defind in Univeral Transverse

fo. i Mercaor (UTM) coordinates, Th aly and nie model
a I domin are located in UTM Zone 17.
oa ! “The fine nd coun receptor grids were defined for all

Asaontmion J} isorical seas servic by the Lie Hocking Water Asoc
L acon (LWA the Cy of Belpre Water Deparment, nd he

Lueck Pui Serves Dist (LSD). The fe grid pans
x 175 ka from est 1 west and 4.25 Ka from sor 10 south

and includes the plan. The course grid spans 17.5 km rom cast
Ono River west 3nd 14 ke Irony mor 0 soul and i located 10 km

Lubeck South of th plant. The oa mong domain encompassed
public 191 square mie area.

Service spore es. For case of communicating the resus of
District the axesanen. the communities reved by he wai dics

wer divided nto ones. Beginning with the 191 square mile
10 18S quar mile (479.150,00 me) prion of the grid
as divided nto oa of 19 7oncs (acs) bos on proc
ion wel cope somes and service dics of LHWA, the
City of Belpre, and LPSD. The remaining 6 square mile rca
(15,500.00 mv) was outside of the rea of erst for this
exposure sssament. These areas wii he aterdiscs ar
Shown in Figure.

"The selectionofth boundariesof ths 19 zones were iden
lid ving the following eri

+ Public wate supply and plant wer pumping 7ones of
Fn nfo (zone. 6.5, 9. and 10)wa ii + Historical bodaricsof the water supply dirt:
Sah Bri ~ Distance from he plan.

HIG. Wid cep gddd a din + Bondar of resdenialdevelopments wii cach warong ng yo 3 5. 008 supply dict
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3 D1 pAUSTENBACHETAL
unsaturated zone soil properties fo the public water supply leschingof water 0the subsurface soil column. Precipiaion
wells located in air dispersion modeling 7once were Known daa wer input on adiy basis, with precpiaion occuring
and sccounied for in the modeling. at temperatures below 0 °C deicined (© occur as snow.

Data collect by the US. Department of Agrculure Runofflosswascsimtcd using the USDA Soil Conservation
(USDA) National Resource Conservation Service (NRCS) Service curve maser approach. whic is afuntion of soil
were wed to estimate PFOA. soil concentrations in private classification (hydrologic ol group) and ypeandcondition of
Well sone. Specifically. the NRCS Ste Soil Geographic groundeove. fn the absenceof ie evaporationdaa, te to
(STATSGO) database ws the primary source of information. cvapotumspiration dead was calculated sing Gabulicd pan
“The STATSGO dutbse sbdividesascograplical region no evaporation daa avaiable from the U.S. EPA. (2004) for the
map nis of similar sol type and assigns cach rea map unit nearest ronal meteorological ition
idenifcation number (MUID). Each map uni consists of up Ale the total cvapouranspiaton demand was deicrmined:
Lo 21 component soils. which ar further divided nto layer. PRZM sequentially extracted water from the canopy. ponded
Beans individual compos arc nox depicied graphically  surfce water, and fll by crop trnspiaion. Waier was
ona map uni, resus for cach ara are wypically prescted extracted from cach surf sail layer unl the sol water
aiialy(..percentage of ois classified clay) Tico coment reached he wiling pon, the minimum moisure
rescrts a summary of the soil parameters from STATSGO coment 0 susan plan grow. Filly. water was decid
for cach of the modeling 7ones. The STATSGO databases to leach fromthe surfacesil subsurface soil un the srfoce
available from the US. EPA. grouped by watershed hydro. soil water cone was cual o he ikd capac. which was
Hogic uni map (HUC) numb a put ofthe Beter Avissment assumed (0 occur within a 24-4 period in the absence of addi
Science Integrating Point and Nonpoint Sources (BASINS) tional precipiaton.
model! “The lu rte of water caching low ihe ros one was usd
"Oneofthe finitation ofthe STATSGO dataset i that soil ainput10VADOFT. This module smulscs ansint verial

data are generally only vailble 03depth of 510.7. Ax groundwater under variably saturated groundwater conditions
Such, tv condithonn rquird judi regunding (he deplh and x based on the Richards equation for iron of
to groundwater. Fins, where th depth to water was indicated water in the vadosc onc (Jury ct al, 1991: U.S. EPA, 2001).
in the STATSGO database as restr than or cqual (0 5 fi, Groundwater flow inth unsaturated onc i functionoftwo.
the cecive depth to groundwater was determined to be the key relationships: relive permeability versus wate saurtion
depth to bodrock. The concentration of PFOA in the shale and pressure had versus wate saturation. These relaonships
nd sanditone. bedrock wi then considered 10 be cual 0 dependon soil properties sucha pore sve disriution The
the concentrion of PFOA a the itrface of bedrock and functional relationships of van Gemchien Gury ct a. 1991:
overburden. Ax sch, any fae and any rsnspor process inthe US. GPA. 2001)were sed in VADOFT along wih he sso:
edrock tha would tend to esc the movement of PFOA ciated tbalaied empirical consians, which are available for
downward to the privat well capture zone were neglected. variossoil classifications.
Second, for map units where bo the depth 1 bedrock and Groundconer (crop) Because PRZM was. originally
depth wateraredefined a grater than Sor 6 1. the depth designed 0 id in crop picid management, the lind cover
To groundwaterwes basedonthe depth 10 grounderfor he was spcifed 4 a crop. For the purpose of modling soi
neares public water supply zone. concemaions in the waer disvict wel fields and resin

“The moun of recharge that occured in sch private well tal reas, the groundeover wa selected (0 be Keky Bloc
Jone eas et cs othe amount of recharge tht was specified Grass, with (he growing scason dicrined by average dua

for the. public water supply well ones based on Hydrologic for Washington County. OH. The maximum depthof the oot
Soil Group. This approsch ikely overesimted recharge for zon for his grass was detrmined © be 30 cm and the grass
the upland ara becaune recharge tthe bedrock 1 ikely © was considered 0 be rimmed regularly to maintainsn average
ive heen a low as 0.1 fiche in bedrock aquifer ara height ofS. cm. Grass canopy coserage was st equal 10 $010.
(DuPon, 2003). The assigned annal verse recharge ries 75%ofth surf. with he reining 25 10 0% comsising of
076108 inchesiyr wre similar 0th annual average char bre oil. The Sein of canopy coverage wa based on cl
Tat provided by the Ohio State University Exicnion (2004) batonofthe water bale discussed previouly. The growing
of6 inchesye for Washington County Season was based on dats of fst and as frost for Wash

Water balance. The ser balance in the PRZM model ington County, OH. The USDA TR.S5 cover ype that was
consists ofthe sdliion of watrin theformofrainfll snow. sce was “Pasar, grasa, of fnge-<oninuous forage
Storage inthe canopy and surface soil, nlf lows 0 surface for grazing.”wer,vapxranspirionocttheatmosphere, and nally, Chemical deposition. Atmospheric deposition o soil was

assumedtobe misedwithinthe op 1 cm of soil with concen
Sidtlth epvtec (ation lncarly decreasing with depth (NCEA, 1998). Dally

sama depositionwascared in units ofkilogramspercreperday
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(Fhdy). Thsconversion fiom ese dperon oleling_ GrouwsduterdeinJopublic ter gpl ele. A
depo sls i Grae er sue. meter et year (pn dead roundutr dling Sscment wis EvROOYYour to wee of logan per acta podo Ewen ers efonnc by DuPont fo he fon crth plat (Dufon
Tor nonicp yan S003) This ascent wa prepared wih input from theUS. TA US. Amy Core of Engine, and US. Gelon.

el Survey. Bocas he hound domain is boundedClty) =Ce/mr) x (000m he) drm.compesses fr woelow wes dtr. we iva gamed wn ign 5. ee am tonSgn of
i water 10 the alluvial aquifer. The primary source is fiver

Chemical transport. The chemical fate and transport leakage from the Ohio River1 the alluvial aquifer. Theroses fr the atte oe some nd ssa aol or OYSut recharge. rom pecan i ipo.
DON ince chmical advection duper. and eversible 4 10 note i he er blac preseicd is 4 globalinca sbrpion. A orion ofth deed has chomicl mes alc. The se bole for cach dividual well
occ in top 2 om of rac sol Comhdrell val 700 i tad on he rca of he caps onc ove Which
ie Tor exaction doe 10 min wih Surfs war unl SCTE 3 occuring and he pun re. Fo cape,
The frcion of cecal wali for ition deceaes i inci we wel wilh 3 low puping ic of $0
exponentially with depth. Chemical loss duetosoil erosion gal/min (gpm) might obtain all of its water from rainfall
nd vlailizaion was considered 1 be rghible us a the clans.ih soil. sow Horny ow onan. and moder Ke The Like Focking wel capture one was clei in the
GPA (Tui 1 Addons. bec PFOA i tt ns. DuPont groundwater radi repr (DuPont. 0050 These
Tome on degradi nt coon chemical Toe do Teh rmonszss datoLik Hocking wel clduircly
Lo Biloicl o photochemical degradation was conidred  Ecives war fron the OhoRiver(shrer flow nes) nd

give recoree (gor ow Tnx. To vey th. conciion, he
RT Capasso was mcdsngthUS. EPA Wels

Estimation of riking Water Concentrations ntl Fioment ode (VAAEM) ThsWHAEA se nd
ener age coca mod! Jor Washington cia Ohi Rive Yaka and ecang fom he Surface

and Wood coun The Ont River Vals which pees ol contribute oth wae pared rom the wll ld nd
rough Wabingon Coy, OF. and Wood Cony. Wh. omscrt wih that predic by DuPont.
rated vy cone ral Oh Riv Aha avr shouldbe mc ht for te combination of th sb
in nin ovr depo. The. Slog and 563 vdoss100 ol dling and rounder deing. he
nironcogy of te rego wer srr he DuPont kras PFOA ion fm ic epoion
Reid Graamdwter Mok] for he Wahinion Woks. 01h public apt rounder ell ste il sbrpion
Fact (upon. 20050) Ax <hown In igor 4 produc nd rnc Tow (a occurs though th si and ly ich.
io dig tet wee compl hte Dende vray saurted ovr. Wage chines much Nowcr
ind ang grav] gr di the Wh wel il ht re velocities in sk and say donned wnstursid sis ha in
achievable. Duc to the proximity of this soil unit to the Ohio sad and gravel rich samrated soils. PFOA was also shown.
River ad ighautcomo.Whpup ies a. hor 10 il acs (DuPont, 200. Therlors. 3
To rock in et lsu Towing om i Os Rover 1 he
pore roe ofthe well hen st. amount of vai pul porn
‘exceeds the amount replaced from recharge due to infiltration fu. Rain

from precipitation. Wem
- ae ok ;
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comunTTy ExrosuURE TO PROX a
reasonable (0 consider the low. permcabiliy sly clay over: historical flow rats were not availabe, and the mass released
burden asthe primary bari 10 PFOA transport to the public wa affected by the addin of proces water fom carbon
water supply wel tment beginning in 1996. Therefor. the mately mass

Surface water concentrarions. As indicated in the concep balance for APFO processed at the plan was used 0 estimate
wal expusure mone, fly ekses o surface water were a he combined ns of APFO reese in process water and
source of PFOA in the Lueck PSD, Tupper PlanyChestr discharged to the Ohio River. This i belived to represent
WD, and Vilage of Pomeroy public water supplies via 3 more sccurst cstinite of the mount discharged. It vas
he sure wate 10 groundwater pathway. Hisorcal annual assumed hat he ort ofAPFO wa fleas at the plant's
average concentrationsof PFOA i he Ohio Riverdownsircam Outall 005.
ofthe facility were calculi using the methodology for the
cas of plug flow with incremental dition by downsicam  Exinated Concentrations of PFOA in Locally
acre runt (Thom & Mueller, 1957). Grown Prac

I was assumed hat the concenrion of PFOA in (he PFOA concenrtionsweeclculsied forthe cilportions
surface runoff water and. groundwaice draining 10 the Oo ofcom. bea. id potatoesusin the U.S. EPA Horan Heslh
River downsiramofthe facility was negligible. The PRZM Risk Asses Protocol for Hazardous Waste Combus.
soilmodelingindicat tht fo theplan, thcurlsivemuss tion Faclis, volumes | 3nd 2 (US. EPA, 1998. 19980)
of PFOA los 0 surface runof fom 1951 102003would be These calculions incorporsicd uptake of PFOA. from soil
43 1b, or kes than 1 Ir. This amount of PFOA is negli (com, beans, and potatoes) and dirt deposiion (com and
ible compared the 53.ye average mas of PFOA detrmined beans). The. concentration of PFOA in com and beans
in the mass balance to be discharged at Outfall No. 0USof  cquals the sum of the convibuions from dirct deposiion
12.000 INyr. Because anil average cximaies of CXpOIRe and root uptake, and the concenation of PFOA in pota-
ae being considered, the cquation us docs not account for toes cus dhe contibution fro rot uptake. Augh the
Tatra dispersion, which may be of fiers for muchshorier PFOA. concentrations in this produce are theorcally esi
tine scales. mated, no samples of locally grown produce were analyzed

‘Annual average flow res were obuined from the USS. for PFOA.
Geological Survey (USGS) for the Ono River 3 selected Soi concentrations,aswel ss dry and wet deposition ono
gauging sation for specific time periods. Losaions where soi, were calculated fom theai dispersion and tmatratcd
Historical flow rates were caleulaed include: sone soil modeling resus however for all oder parameters.

US. GPA default values were used in the calculations maccor.
+ Dubos Washington Works Facility. WY. (River Mile dunce with U.S. EPA guidance whe sicpeciic infonaion
107: Wes no avilable.

+ Lueck, WV (River Mie 191.2 rom 1/1960 to 1/1991
and River Mie 193.7 from 12/1991 to presen:

« Tupper lain: PSD, OH (River Mil 209) Quantification of Possible PFOA Exposure for
© Lean Landfill-Mason Cony, WN (River Mile 2362): Residents
© Village of Pomeroy. OH (River Mile 250). Human exposures to PFOA were estimated fo21 pase

ones surrounding the plan. Theseonesinclude 19 ones
Because flow rte daa were no collec at thee foc located wii the si nodeling domain ad shown in Figure

tions, cximates of flow ries were made by using flow 3, 35 well ax 4 son for the Tuppers Plain<Chesier Water
ate collcid at nearby gauging sions along the Ohio Disc (zone20) ndth VillageofPomeroy Water District
River. Flow rates were extrapolated from gauged  ungauged (one 21).
locations using one of the spproaches published and used Using ihe reli of the environmental fic snd rnspor
by th Texas Resource Conservation Commision (TNRCC)  meeling. the following pahways of human exposure sere
(Warbs,2001). Th methodology consideredflowa changes quanitaivly evaluated:
in the river to. be proportional to differcaces in drags
area. amnal precipitation, nano! pocnial and chamel «Inhalation of PFOA from ambien sir (rons 1-19):

Toss. + Consumption of drinking water conning PFOA. (al
“The mass of APFO released to the Ohio River is a func- zones):

tion of the surface water concentrations in the ofall water + Dermalcontact withPFOAin water duringshowering (sll
and the effluent flow rie from the oul 10 the Ohio zones):
River Typically thes flow ries would be availble from he Incidemal ingesionofsoi contining PFOA (zones 1-19)
plant NPDES Permit. However, the flow rates would have + Dermalcontoct with soil containing PFOA (rons 1-19):
Comers varity over ime and may perhaps exhibit + Consumption of locally grown proce conning PFOA
considerable deviation rom the cacubed values In sdidon, (zones 1-19).
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«2 DL PAUSTENBACH ET AL
Average Daly Doses (ADD)wer estimated fo residents <uBT ge

+ Scenario 1: An adult resident lives in oneofthe 21 expo- Se ny
Sane ones for9yr. from 199510 2003. Thisrepresems the 5 [| []re
(US. TPA. 1997) 1] 01H

+ Scenario2Anadultreside ves moneof he 2 epo-| | [
sure zones for 30 yr. from 1974 to 2003. This represents “*”)
Tevpper soma95pmmitcrot amano 3m — J | Ll
nessrsdn (U5. Be 997 i iN

+Scar 3 orsil eo ee mons oh 21 xo ++or —— TT] [LA] Ii
sure zones for the entire 53 yr that uoropolymers have: . a I n Ll
een manafcturdat theplan (1951 t0 2009) Ths rpee- Rn me am
So an omateof th dns ths igh have cn reed rene
since operations began at the plant unl 2003. FIG.7. Tima sorcal C8 mca laceforthe Wahigion Woks

+ Scenario 4: A child, ages 0 through 6 yr, lives in Onc Of Facts fr 1951 so 200) for al ovens combedhe 21 exposure 700for 637, rom 1998 10.2008
Sarid to ines aftr 1977. Even though the amount of

The ADDS for these pathways and scenarios were calcu-  APF( used at the plant has consistently ncressed over tim,eed sg Sard caus U5. EPA, 1985, 1957) S415 or cote meea orn so tara of eribont
Cxposue parameters usd in those ution 5 PRSEHEd 8nd provements 1 Cxising Stubbsfo Sieh proces
Table 7. Releases of APFO 1 the Ohio River rose with increased

APO wi though th lt 19908 until te nstallstionof the
Results Obrtin Titer ad the satofcarbon eaten or aNiWAE,

Since 2000. ecssesof APFO totheOhio River have masked
Materials Mass Balance detressed i thes improvements in wasewate aim,

"Th istorial uc ofAPFO tte pla ove ie is show
in Figure . 1 Js Gwen thet the se increas Sealy over
he Car rom 291 when operons sand104 peak amon Conceptual Exposure Models
ofsppvoximately 174.000 Ibn2000.The resusof the APFO. Two of the water districts (ic. Lite Hosking and the
na blancfo al ofth process combined from 1951 (0. Ciy of Belpre) ae located upsican from te plan. and
2003 re shown in igre {hee are locaid downcam. igure 1 shows the locations

"Th Bight sir cisions of spproxnstcly 34000 1 rc of the various dicts n eon 1 he pla. Water samples
imate to hae occurred in 1999 with cer local pesk in collet from the Ohio River upstream of the facly do nox
Cision cccurting in 1966, 1969. 199%, and 2000. Before conan detctabl concentration. of PFOA und elo the
O78. i cisions were ks hin 10000 Tp, snd crssions Oho River no kely 1 be  conributing source of PFOA in

Stoandae forwer iirc octed upsam of he fact.
mo However, PFOA was decid in samples coleted down
win Sean of the acy sd theron & resonable 10 expect

5 nn ht the Ohio River i 5 possinle contrib 10 grovndwacr
Foon = PFOA concentrations for water districts located dowasuram
jos ofthe facie
in3§ mow Ae Eisions of PFOA and Air Dispersion Modeling
Jam, Results
am “The mas balance caklstions indicated that since opera
oe] ous uso APFO began tthe plat in 1951. over 700.000

. 1 PEOA were ress to the si. Th highest thee years of
TR 7 TT 98 5 S965 APFO emissions. in onder from highest 10 lowest are 1999.

al 1989. and 2000. Table 8summarizestheairemissionsofPFOA
116.8. Tost of C3 dnyeinp 0m Uh ail ove ie. From these sstimted iscorcl si
on 151 3000pin emission. th anal average shore PFOA concenirations
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COMMUNITY EXPOSURE TO POA a
TABLET

Exposure Parameters Used in the ADD Calculations
Parmer Adu Chia Une Reference

Inhalation rate 06 032 WM Long-term inhalation rates (Table 5-23:
US. EPA. 1997)

Drinking water ingestion 14 03s Lu Moan drinking-water ingestion ics
rate—mean (Table 3-30, US. EPA. 1997, 2002)

Drinking water ingestion 061 Notewlwied LA 100 percent drinking-water ae for adulis
te lower bound (Table 3-5: US. EPA. 1997)

Drinking water ingestion 23 Notevihsicd LG 90 percenile drinking-water ingestion rc
Fate—upper bound for aduls (Table 3-8; US. EPA, 1997)

Soil ingesion ra. 50 100 mgd Recommended mean soil ingestion rates
(Table 4-23; US. GPA. 1997)

Com ingestion rate 10220 ms mgd Average ingestion rate comercd from
make-d wing the adul body weight of
70 kg and child body weight of 15 kg
(Table 9-5; US. EPA. 1997)

Beans ingestion rate 00 416 mgd Average ingestion rate converid from
med wing the adul body weight of
70kg and the child body weight of 13 ke
(Table 9-5; US. EPA. 1997)

Poratoss ingestion rte: 62265 223% mgd Average ingestion rte convened from
mike using the adul body weight of
70k undthe child body weight of 15 ky.
(Table 9-5; US. EPA. 1997)

Fraction from conaminaied 025 025 Unites Soil Screening Guidance, Appendix
Source—vegetables (US. EPA, 1996)
Fraction from contained ' ' Unites Defaui= 1 (100%)
“ource—all oder media

Dermal absorption fraction ' ' Unitless Defauli— 1 (100%)
Penmeabily constant 00013 00043 ch Email correspondence with Dr. Hinderler 0

DuPont
“Total sin surface ara for 15000 600 emt Total body surface ara (Exhiis 3-2

contact wih dining water US. EPA, 2001)
Exposed skin surface ara for sw 230 ant Exposed skin—cental tendency and upper

“oil contact ound (Exhibit 3-5; U.S. EPA, 2001)
Adherence factor 001 004 mgm? Conual tendency (Exhibit 3-5: U.S. EPA.

2001
Exposure frequency for sll. 65 365 Wy Assumed exposure oveurned every diy
aihways of the year

Exposure ine u x Wd Residential cxposurc—sssumed exposure
occurred 24 Way

Showering time 025 025 Wd Recommended central tendency showering.
ime (Exhibit 3-2: US. EPA, 2001)

Exposure duration—scenario | ° Notapplicsble yr 1995 through 2003
Exposure duration—sceaario 2 30 Noapplesble yr 1974 tough 2003
Exposure duration scenario 3 53 Novapplicable yr 1951 though 2003
Exposure durstion—scenario 4 Not applicable © sr 1998 through 2003
Body weight Ki 15 ks US.TPA. 1989
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amsSumy of Bint PFOA Al Ein om APFO Moss Beas Exits for 198112008

Tear Air cmisions of PFOA (I) _ Year _ ir isons of PEO (I Year _ Air cisions of PFOA (5
Tost Wo oo 00 on somoa > on pied - f+os 00 72 Sioo pel wo0% oo os —~ - Toooss po] a oo on 250001% 00 ore Soo 1s Ho59 Sooo 576 Sie oe Homoan ao pe wo ped Sooo15% oo os 2000 om fret00 pd A ooo io frre]i961 Si00 om i400 200 S000oe 0 on Teiwo 0 Foooat oo x2 ieooo 0 soo1961 00 ons feed 200 Soooes 00 i imoe 120 ons reda Taeo one Boooes oo je 0ve bo one Sooji 20

nd PFOA depostion tes am sil wre cima fr cach in he OF Ries near he Leck sel ld raged fronoie 19 export oveitof pn. Tocu G00001 uBR in 9510 O63 EL 199Ee.acore rsa .
Table 9. The exposure zone with the highest predicted air Predicted Soil ConcentrationsOverTime
conenaions coding helms 10) ws zane Toe The modecsmaod soraate deocion ie prxe
Gilles it verge concentration by sme wed scary SUF70n6 (5 Tabi 9)were sed pri sil concentrationsnso 113 amd 3 comin ye wi 57200ah. Te are etdssSl ocI con a Wty wopirod surat Tio. Traore

ocean Jot) e473 one wilhthehighes. predicid soil concentrtions (excludingok howe.hsoman on 21 whe Wht pid si ones cx
a Emrnreisedsvecis, on Soe ded eg

wit the highest sited deposi es of PFOA, omer 7058 snged fom 00014 toowes. |
fromhighest10lowest, are zone 10, zone 5,andzone9.Forall 8rom howe.sn10205.20DFO Alp cs of PEOA al 2 omits he

hari, 1955 as ve os ros Link Hocking. City of Belpre. and Lubcek wel feds. Theobo oevn wih io a awy 10 The drsoe wih he mer LEGR odemt
Yone13, LOREAL, amgizone: eraged over all yearsand all pi") Consistent withthehighest soil concentrations, themtpe eenSat oe 1Cotwi it olcmos he
was 69% and dey deposition accounted for the remaining 31%. {S000 Vine wel fields, For individual years (not shownSa reso ts for Ae Hoskin reed
Surface Water Modeling Results Hoos 7 1B O03 ge.The sna sea eusemions of PFOA in the OhioRie dowamacom o mae troY wel of Predicted Drinking Wate Concentrations Over Tneorc ar send note 10. he hes coecnraioms Misia over sementadon of FON. reTov eter oan mo oh, Lueck el ed: Forld omni he smal thls or sncie ee lo wah norm FA oncom sa Ais why, commit hom ion om
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COMMUNITY EXPOSURETO PRON as
TABLE

‘Summary of Anus] Average Fined Aitbome PFOA Concentrations nd Total Deposition ono
‘Soil by Exposure Scenarioand Zone From 1951 10 2003

“Aol average airborme PFOA concentration and otal deposition
ee yomuwesewioumdune©
Scenario | Scenario 2 Scenario 3 Scenario 4

Zone 1995-2003 1974 10.2003 1951 10.2003 1998 10.2003
‘Airboms Concentration pgm”

1 002 002 001 00
2 005 004 003 00s
3 004 003 002 003
§ o1 009 006 00
5 03 02 02 025
3 007 006 004 006
7 008 007 os 00s
3 003 002 001 00
y 008 006 ous 007
0 0s 0s 03 04
n 007 00s 00s 007
2 002 oo 001 002
I 001 001 001 a0
1 002 001 001 00
1s 001 001 001 001
16 001 001 0004 0007

IH] 0004 0003 0002 0004
1s 0004 0003 0002 0003
19 0002 0002 0001 0002

Toul Deposiion mg’-yr1 03 03 02 03
2 09 07 0s 07
3 v6 0s 03 0s
4 2 2 v 2
5 7 6 4 6
6 2 1 | '
7 i ' 07 |
5 0s 04 03 04
5 2 2 | 2
0 EY 2 0 5
1 1 1 08 i
2 os 04 03 04
5 02 02 01 02
1 03 02 02 02
is 02 01 ol 01
16 01 ol ol ol
nw 01 py ou 00s
1s 004 003 002 003
1 002 002 001 002

he soil column snd the contribution from surface water were are prediced to have occurred at the Lite Hocking water
Included as spproprisi. The average. predicted groundwater district. For individual scars (not shown). the groundwater
Concentrations by ume period for cach public water dirt are concentrations of PFOA a Lite Hocking or predicted o have.
Shown in Table 13. The highest groundwater concentrations ranged from 0 10 14 ug/l
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# D1 PAUSTENBAGH ET AL
TABLE 10

‘Summary of Fimated Annual Average Concentraions of PFOA in Ohio River Near Affected Water
Districts by Exposure Scenario

PCI.
Scenario | Scenario 2 Scenario 3 Scenario+

Wer distri” 1995-2003 197310 2003 1951 10.2003 1995 t0 2003
Lueck 04 02 or 04
Tuppers Plains 03 02 o1 03

Pomeroy. 03 02 ol 03
“Thess sr he erdec hat raw wate fron the Ob River

TABLE 11
Summary of Annual Average Modeled PFOA Conesnuations for 6-Inch Thick Layer of Surface Soil

‘oy Exposure ScenarioandZone From 1951 10 2003
‘Average PFOA surface sol concentrationby exposure scenario (19/8)

Scenario | Scenario 2 Scenario 3 Scenario4
Zone 1995-2003 19% 10.2003 1951 10 2003 1998 10 2003

v os os 04 0s
z 2 2 | 2
3 i \ 01 i
a 5 4 26 s
5 » ” un EY
6 hl 3 2 4
7 3 2 2 3
5 ' 0 06 i
9 5 ] 3 4
0 a0 u 3 a
1 + 3 2 4
2 | 3 07 13
I 07 0s 03 01
1 08 06 01 08
is 0s 04 02 os
1s 03 02 02 03
” 02 oi 01 02
is 01 009 006 01
It 00s 006 004 008

For the purposes of exposure assessment, PFOA concen sand and gravel aquifer. AS such the enire mass of PFOA
rations in the groundwater were used as SurTogates for tap emiering the Sarai aquifer was considered to be imimedi-
water concemrations. In doing so, i i likely tha hisorcsl ely eximacied by the production wells: clearly an implau-
drinking-waterconcenrtionswere overestimated because the sible assumption. bu this casures thal wae ConCLions
mixing model usedto estimate groundwater concentrations did were not underprediced. Addionally. for the Tupper Plsins
ot take into account the transit times of PFOA in the sat- and Pomeroy water districts, the groundwater concentrations
Fated 700 (1. transit time in the saturated 70nc was Set 3 were set equal 10 the predicied suface-Wwate concenIaIons,
ero. This approach sas usedbcsusethegroundwater transit and therefore the conribution of inflation water tht was.
time through the sandy clay umsawred zone was esimaied determined not 10 conain PFOA was negleced. This, the
10 be mich greater than the transit time through the sarc historical Sroundaiee concemiraions ae overestimied by not
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a DLJ PAUSTENBACH ET AL
TABLE 14

‘Summary of Modeled Concentrations for All Vegersbles
‘Average PFOA concemraion in vegetables (ge)

Scenario | Scenario 2 Scenario 3 Scenario3Zone. 1995-2003 1974102003 1951 10.2003 1998 0.2003
T i" 5 i [m
2 2 23 16 7
3 2 ie i
4 © s6 3 61
5 2% 2 us 0
5 5 a = 50
1 Fs 3 x 2
8 ” 1] 9 is
9 6 56 3 5
10 67 ex 8 as
1 5 a n 0
2 is 1 9 166
I 9 7 5 561 n 8 6 04
is 63 s 3 61
16 39 3 2 36
” 2 2 | 21
is 2 i os is
1 ' 08 0s 103
hee ogctable concetrtion ae the sof consenrtion for cor. besa. and pts

due 10 ingestionofdrinking waterwas 02 ugkg-day during Altvough i is believed that use of average or cents]
the time period 1995-2003. tendency exposure parameters was appropriate fo esimating

Tong.tem exposures such a those described by scenarios 1-3,
Estimated Dosesfrom All OlerSources of Exposure uncertainty around the exposure estimates can be valued by“The estimated intakes of PFOA. from all other sources using diffrent exposureparameter lus. Because ingestion
(mediaandroutes)includingdermal contact with water doring of drinking water was the primary route of exposure fo each
Showing. incidental ingesionof surface soil. dermal contact ofthe scenarios. uncertainty around the cenral tendency csi
with surfacesoil,andingestionofocaly grown produce were mate was assescd by usin a lower bound and upper bound
calculaed for each expose one and for the three exposure drinking-water ingestion rae (se Table 7). For zone S, where.
scenarios. AS withthe inhalation and drinking-water ingestion forall scenarios. he drinking water doses were highest, thepathways. the highest intakeof PFOA for ll other pathways lower bound dose ranges rom 0.08 gga for scenario
{excluding zone 10) was prediced for zone 5. Forthe adulk, 3 to 0.2 juglkg-dny for sccnario 1. The upper bound doses
the highest annual average daly dos from all oder sources of range from 0.2 gkg-day for scenario 3 (0 0.4 wksday forexposure was timated to be 0.03 ugkg-day during the me scenario 1. Thus, the upper bound dose might be perhaps 1.5period 1995-2003. For the chill. he highest annual aversge times higher than that eimaied wing the cena tendencydaily dose was eximated to be 0.06 kkg-day. values,
Total Aggregate Dose

“The highest preicied otal doses (excluding sone 10) are Risk Characterizarion
for somes. 1-6, wilh tonal agra dons ranging from 0.2 Historically. PFOA was not considered 10 be a chemical
10/03 jkedoy aduks during the time period 1995-2003 that produces significant oxic norhas itbeen one to which
and from 0.2 0.0.3 jugke-day for the child during the time persons ave ben appreciably exposed. As a esul, wo risk
period 1995-2003. The percent contribution of cach exposure cierao heakh benchmarks were developed for PROA by the
pawaydifers by year and zon,bot overall, cithr inhalation US. EPA, ATSDR.or OSHA. In 2002. the West Virginia DIP
of ambientsi or drinking-water ingestion predominates. (WVDEP, 2002) convened a panelof experts Knownasthe C3.
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50 DLJ PAUSTENBACHETAL
Assessment of Toxicity Team (CATT) to (1) determine risk. 78,54forthe developmental endpoints. The US. EPA noted
sed human heshh screening levels (SL) for PFOA in air, tht the developmental codpoinis do not include all relevant
water and soil: (2) provide heal risk information to the juvenile exposure periods (c.. ciation period). It shouldbe
public and (3) determine an ccological heal protective SL notedthat although the U.S. EPA evaluated the carcinogenicity
Tor C8 in surfce water The CATT determined an oral health dats fn he raf. risk assesment, & quantaive rsh, sess
benchmark for C8of 0.008 merke-duy. This benchmark was men was not conducted and there is some disagreement over
ed to derive 3 safe drinking-wator level of 150 ug/L and a wheiber the data support 8 “likely” cancer deseipor (US.
sil screening levelof240 mks. Alo, the CATT determined EPA. 2005)
an’ ambient si health benchmark for the inhalation route of In the absence ofa standard health benchmark for PFOA,
exposure of | pg. an MOE alysis wa conducied a 3. means of kr.

“There has been sufficient interest in understanding the standing potential health risks doc10releases ofPFOA from
possible ritks to the gencrsl population due 10 background  Washingion Works. The MOEs were calculted using he
ntske of PFOA. that 3 risk charscirization was. published administered benchmark doseof 3.9 mghg-day developedby
(BuscahofTtal 20045). In his anys. poeotialhealthrisks Butenholfct cl. (2004b). The MOBS were calculiied using
‘were characterizedsingamargin of xposure (MOE) analysis, averaged dally doses for residents potemally exposed for 9,
“The MOT: is radikonally calculi at doce read health 30. or 53. and are presenid in Table 16. The ighest poen
fect divided bys dose elatedohuman exposures. An MOE tal doses and consequently the lowest MOS were calculated
equal 1 1 suggests tht the human exposure dose of interest {or residents living closest 1 the plant during the ime period
sat thedose where there is concer for a heskh impact, This 1998-2003. The MOE: for these years ranged from approxi-
healih-rlaied dose could be perhaps an administered dose from mately 9000 0 13000, These values are similar 10 or higher
an animal toxicity sudy or a dose from an epidemiological than thosecalculated by Bukenho al. (2004)and the US.
dy. and the human exposure dose could be a background EPA (2002) for the general population. However, the MOE
dose, an occupational dose, or 3 differen human exposure {or the residenss were calculated using the adminiscred dose,
ose A benchmark dose of 3.9 mphke-day was developed by Whereas Butea ct al. (20046) and the U.S. EPA (2002)
Butcoholf ct al. (2004). This was based on the lower 95% calculated MESbasedon 3 comparison of background blood
ofthe benchmark dose(LBMD,,)based on the multistage. levels of PFOA 10 the anima blood levels tha corresponded

model and 10% response for ncreised liver-weght-o-brsin- 10 the adminiscred dose. The MOE for the population near
weight aio in cynomolgus monkeys. Increased liver weight the Washington Works are much grater han the minimally
eft was determined 1be the most sensitive endpoint from accepcable MOE vals of 100-1000 (European Commission.
Various rat and monkey suds. Because a background dose 2000) and indicate ha the likelihood of adverse health cffcts
level fo the general populstion was nok availble, the blood due(© exposure to PFOA, based on currently available nfor-
evel in the monkey that coresponded to the benchmark dose mation, is cxreely low.
was compared0the average PFOA blood level in the general
US. population. and the MOES ranged from 1600 0 $900.

The (15. FPA has isued 2 draft hazard asessmen (US. DISCUSSION
EPA,2002)and adraft ik ssscssment (U.S. EPA, 20080). Inn this analysis, the temporal modeled estimates of PFOA
the drat risk assessment, U.S. EPA uscd a marginof xposure concentrations in various environmental media were based on
(MOE) analysis to describe the pointial for adverse health numerous assumpeions involving mass lance, emissions, fie
effets associated with exposure to PFOA. The MOEs were and transport characteristics, and othr factors. Th degre of
based on lowest observed adverse effect levels (LOAEL) of uncertainty in the PFOA dove estimates i dicey influenced
3 mghg-day in the cynomolgus monkey during 3 6-mo sud. by the relative accuracy of the CxPOSUIE Joi CORCEMTStoM.
where increased liver weight was he observed ffect, | mg/kg: and i is therefore important (0 assess the degree 1 which the
day in the male rat during 5 generation reproducive Study actual measured concenitions are Consent wilh the model
where F1 body weights were the erica effec, and a no- estimated values.
observed-adverse-effect level (NOAEL) of 10 mghgay ina Measurements of sitbore PFOA concentrations in the
Teale rut during a2. repeat dose sudy. Addiionally. the community were no ailable a the me of our analysis.
US EPA evaluated developmental codpoinis where NOAELs However, DuPont rectlyperformedaompisisonofmoled
ranged from 3 to 10 myke-day in Fl male and female rat tomeasured air concentrationsat the faciliy fenceline (Brion
pu. Again, because background dose levels of PFOA were ct al. 2006). Resuls showed the ISCSTS model overpre-
ot availablefo thegeneral human population, the MOE were dicted 325 of the time, snd was in agreement 65% of the
Calculated by comparing the animal blood levels that come. time (i. both modeled and measured values were below the
sponded 10 the various NOAELS and LOAELS 10 the average method detection limi) amd never under predicted the ficld
US. general population blood level. The draft MOG ranged data. However,the model estimates were abou sixfold higher
rom 39K 0 16.789 for the adult cndpoiots 3nd from 10453 10 than measured values (well within that considered accepiable
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TABLE 16

Margin of Exposure (MOF) Surry for Total Dose:
‘Scent I all, Scenario2adul, Scenario 3, dul. Scenario4 child

Public water sevice provider Exposure cone 1995-2003 1974-2003 1951-2003 1998-2003
Tike Hocking Water Avociion 1 1500 0000 S100 20000

2 15000 25000 8000 10.000
3 15000 2000 9000 10.000
1 1700 26.000 4000 fre
5 1000 20000 5200 14000
© 17000 27.000 6000 1500

Cty of Belpre 7 s6000 120000 20000 91.000
5 130000 200000 320000 130000

Lueck Public Service District 9 73000 50000 10000 8000
Plan 10 900 5000 1300 700
Lubock Pubic Service District i 77.000 55000 10.000 S100

2 100000 109000 150000 10000
i 110.000 140000 22000 120000
In 10000 150000 2000 1000
is 110.000 150000 25000 120000

16 1000 2000 340000 10000
n 150000 3000 S90.000 13000

is 150000 90.000 40.000 130.000
1 150.000 30000 740000 10000

Tupper Plains 2 640000 L000 1500000 630000
Villge of Poncroy 21 5000 L000 1500000 640000
te Toe MOF 1th rt of he Death enshmark (19 ggyofhe ocubedone (mgg463)

for this Kind of modeling). Thus, although messursd commas analysis hows tht the model reasonably priced the soil
iiconcntruonswer notavailabe, hee els Support concentrations
istorical valuationsof the ISCSTS model tht diced that In aio to the Soil borings, measurements of PFOA
iis an approach that yields resonable imate and 5 Ore concentrations cisewaterwere collected in ones (2002)
kel 10 verprdic, mer than nderpredic, aca airborne and 11 (2001, 2002). A cise a reservar or coniner
concenaions (NCEA. 1998). us 0 store mate for us sch a imgation. Because the
A the time of his alysis. only two soil borings 10M source of PFOA 1 thes cisterns could only have teen the

beyond the plan fenceline were available or COMPSON ut of sie deposition, thecistern measures were uslul
puposes wees tsi for he presence of PFOA. Howey. in valuingthe resonablenes of the i deposition modeling{be tre addin soi samples ars ly be COE) aes and hence surface soi concemaion estimates. Theand thse can be used 0 verify the model. To COME WC lege annual average concentrationswere alumodeled soil conceniraon. wich i an anna verge valu, LL SCS ELTSORE Sian
othe anit vals represented by oil boing. a weighed oem he cern water volumes. lower bound vlanergs wi concen souk cuted oe rial esa Genue ole, owes bound lune

a stPEO ae ehCaPpba vol was set cual 0 the oval rafal mount for 20s 4
Tongans avcrage depostion) ether ha he crcl concen. #0 11. For 70 4. the odelec concensions ranged from 14
ration profile during 1 doy. This comparison was conducied 068Rgl-andth averagemeasuredconcentrationwas 3 gf

Torthe two sol borings collcid a the Lite Hocking Water (= 12), For one 1. the modeled concentrations ranged roms
Nthriy propery and the modeled imate for 7m 5. The 0.610 12 gL. and the average measured concenirtion was 2.5
sulindicetat he modeled concernsunderprecicicd iL(13). This comparison indicate ha the aideposiion
he measured concemrtions (1... 1 ugg modeled versus 15 mideling was ressonaly accurate in predicing surface soil
xe measured). Abou hs ha st is very ined, the concenruions
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