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Perfluorooctanaic acid (PFOA) is a persistent chemical that
way recently shown to be widely distributed in the ambicnt
environmient, Becanse of concerns aloul (he possible sdverse
heulth effects on persons oxposed to PFOA, a retraspective expao«
sure assessment way conducted far a population of abont 50,000
persons who reside near one of the facilities where this chemical
was used. No similar study of any chemical with the properties
of BFOA had ¢ver been performed: thus, several nevel methods
were developed and applicd In this analysis. Historical records
of the emisslons from 1he fucllirty were the basis for the cesti-
mates of the potential intake of (PFOA) hy residents over tive past
53 yr. YVarious well-acvepted environmental models were dynam-
ically combined in order to estismate the comcenirations in all
relevant environmental media ivcluding anbient air, surface soil,
drinking water, and homegrown vegetables, Following consider-
able analyses, partieolate depogition fram Facility air emissions
tu soil and the subseguent transfer of the chemical through the
soil was determined to be the most likely source of PFOA that
was detected in groomdwater, The highiest off-site environmental
eoncentrations were predicted to occur nbout 1 mile away. For
this approximately [} square mile arca, doring the time period
1951-2003, the medel-cstimated average gir concentration was .2
pgfm?, the estimuted surface soll voncenteation was 11 pp/kg, and
the estimated drinking water concentration was 4 pg/l.. Similar
dala were generaled for 20 additionyl geopraphical aress argumd
the Tacility. Comparison of messured PFOA concentrations in
groundwuter in the various water districts indicated that the
models appeared to overpredict recent groundwater concentra-
tinns by a factor of 3 to 5. The predicted historical lifetime and
averuge daily estimates of PFQA intake by persons who fived
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within 3 miles of the plant over the past SO yr were aboul 10,400+
fold tess than the intake of the ¢hemical not considered as a health
risk by an independent panel of scieatists who recently studied
PFOA.

Ammoniun perluerongtanoate (APFFOY, also known as
SC-8 by some in the Tuorapolymer industry, is used as
surfactant in the praduction of Quoropolymers. Fluoropoly-
mers are  high-performance materials used in vieclonics,
aerospace, mmomotive, chemieal processing, pollution controt,
and consumer houscwure applicatons (Gungal, 204} APFQ
is Lypicaily not present in lnished consemer anicles derived
fram Muoropolymer products (eg., it is removed o destroyed
during their manufacture) at concentrattons that are readily
detectalle (Washburn ¢ al., 2005).

APFO 1s nonvolatile yel highly waler-soluble, with a vapor
pressure of 0.00812 Pa and a water soluhility grearer than 500
g/L. (Shinoda at al., 1972). APFO has capiured the alention
of the scientific and regulmory communities over the past 5
yr due to ils persisience in the environment and questions
concering its chronic toxicity (APME. 2003; Cousios er al,
2005; Mabury, 2005).

APFQ dissociales inw ammonia snd the anion form in cnvi-
romment! media eg, CF(CT)COOH-NH, =CFL(CT.),
COO~ +H* +NH;). Allhough perfluoroociznoic acid (PFOA)
is more frequently used w describe the APTC anion, it should
be nuted that the anion converts 1o the acid Torm only under
highly acidic environmeneal conditions. To nmintain consis-
teney with other liveralure, the werm PROA s wsed in this
article when relersing 10 the aion tenn of APFO. Wiule toth
APFQ and PEOA are nonvoltile and highly soluble, PTFOA
has g higher vapor pressure and lower solubility than APTO
{Table 1.

APEO has been used Tor more than 5O yr by the (Tuoropoly-
mers indnstry and atcacted little anention, due to (1) appacent
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TABLL 1
Physicochemical Propertics tor APFCH and PTFOA

Propeity APT(} PI:OA Relerence

CAS numiber 3825261 I35-67-~1 LLS, EPAL 20052

Molecular weight 471 414 [J.S. T'PA, 2008,

Solubility in water ak 25°C (g/L) =500 4.4 Shinoda et al., 1972

Vupor pressure {(Pa) Q00812 at 20-C¢ 2253 a1 2000 DuPont internal dua

K. organic carben disiribulion NA 108.2 The values Tor silty clay lawn. sandy clay
coelticient {dimensionless) lown and sandy Joam were similar and

thus averaged (DuPont, 2003%¢).
Heary's Law constant (unitfess) NA 85 x 107 Caleuluwed using U.S. EPA Soil Screcning

Ouidanece (US, LPA, 1996): PIFOA dees nol
readily partition from water o air

MNeage, NA, nol pvailahle,

low 1o moderale acute Loxicity aml (21 lack of evidenee of
adverse human health effccis observed in APTFO manulucwiring
waorkers. A large woxicological database exists for PFOA und
inctudes developmental, reproductive, imimanetoxicity, geno-
toxicity, carcinogentcily, pharmacokinetics, and various mode
of action studies. A vecent 1oxicological review of PFOA by
Kennedy ¢l al. (20040 sumngrized the current animal anmd
homan toxieny data from studies of acute, subchronic, and
chromic exposures via various routes of exposure and in o
varicty of animal specics. The acute toxicity animal studies
indicate that PEQOA exhibits moderale acote oral wnd inhala-
tion wxicity bused oo lethality, where oral deses ranged foom
178 o 1800 mpfkg and air concentrations were 0.98 mg/L
und 18.6 mg/L. Addivonally, acute dermal wexicity based on
lethality was considered slight (c.g., = 2000 mg/kg ). Most woxi-
cology studics have mvolved the ammonivm sall as the Lest
compound. The subcinonic and chrome stwudies b anioals {ruts,
nuce, mionkeys, rabhits) indicate that the liver 15 the priary
targel organ (Griffith & Long. 1980 Kenoedy. 1985, 1987,
Kennedy et al., 1986, 2004; Perkins. 1992: Buienhoff ¢t al.,
2002). PEOA s pot mutagenic and has not produced terato-
genic wr fetoteaic ellects at doses below tose that induoeed
nateenal wosicity {Saples et al., 1984; Saples, 1985). Lav el
al, (2004) swmnmarized the developmemal toxicity of PFOA.
Recem postnmal studics on developmentil and reproduoctive
cffects using doses of 1, 3. H)L or 30 myfkg-day indicaie that
clfeets in the Fl o genserion were unremarkable during the
lactational period with the excepuon of a signilicant lag in
widght gain in the olfspring of the 30-mgfkg treated group
during the first postnatal wock and a signilicam decrease i the
tuctation index. However, postweanmg mortality and delays
in puberal onset in the FE generation al 30 mg/ky by gavage
were noted {(Buenholi et al., 2004a). The carcinogenicity ol
PFOA hus been investigated in rodents (Biegel et al., 2001).
Increased incidences ol benign wmors of the liver, panurcas
{acinar cell), and Lestes {Leydig cell) were Tound following o
2-yr var boassay ar dictary cxposures of 300 ppm. One ral sudy

alse Tound increased incidence ol mammary-gland tmors in
Temale raws cxposed w PROA, although the increase was not
reflective of an effeet of PFOA (Riker et al, 19873 'The U.S.
Cavirciimental Pratection Agency (EPA) Scichce Advisory
Bourd reviewed the cancer dala for PFOA and concluded that
becuuse there are inadegoate data in human studics and uncer-
ity regarding dwe relevunee of te rodent tnmors. PIFOA iy
be suggestive ol carcinogenicity, although the US. LEPA also
considered a cancer deseriprer of “likely”™ (US. FPA. 2005,
2005h). Ty contrast 1o animal siudies, cpidemiclogy investiga-
ticns of APT'O production workers have not shown increased
cances mortality or other adverse cluonic systemic cllcels
(Livel ecal, 1980; Gilliland & Mandel, 1996 Alexander. 2001
Alexander o al., 2003; Olscn et al., 1998, 2000, 20033,

Beginaing in about 2000, there were indications that PFOA
was prescnl in medsurable concentrations o wildlile in a
number of lecations wurldwide (Kannan et al., 2002a, 2002h:
Moody et al, 2002: 3M, 2003, Tomy o al., 2004) Addi-
tionully, detectable levels of PFOA were found in the blood
ol children, aduls. and the clderly in the Unied Statex and
numerous other countries (Qlsen ¢t al. 2003, 2005, Kannan
et ab. 20040 While PIFOA bs a biopersistent cliomical. bivcon-
centration (aclers ranging from 3 0 O indicsie that PFOA s
nol bioaceumulative {Morikowa et al., 2006: U.S. TPA, 2002)
As o result of these observiions. both stale and federal regu-
latory agencics developed an interest in niderstaiding the Fite
and cransport ol Lhese chieimdcals inan elTort wr widerstand why
PFQA was beig deteeteed. The interest in this famity of chem-
icals has become sulficiently great than the first Tmermitional
Symposimm on Fluwrinated Alkyl Organics in the Eavironment
wis recently convened in Torento, Canada, with nearly 000
scientists anud with abouc 100 papers presenied.

To understand the possible exposore of approximately
30,000 persons in the commnity sucrcunding a Muoropolymer
mamulacturing  lacility, mass balauee wnd  environinental
migration models that predict PFOA concentrations in air,
soils, wroundwarer. surlaee water, wap water, and  otber

006-0133-0144757



30 1 L PALUSTENBACH ET Al

cnvironmental media cach year throughout the operational
history of the facility (1951-2003) were developed. The likely
routes of human exposure w PFOA in these media were also
cvalualed and plausible estimates of PFOA intake as a funclion
ol duration ol vesidentigl occupancy in the neirby conmmunities
were developed. The resulung intake of PFOA wus charae-
lerized by comparing the estimates of intike 10 health-bused
exposuce criteria thal were developed lor PFOA (Bulenholf
clal, 2XKb) [ is acknowledged thar there is some level of
hackground exposure 0 PFOA o the gencral US. popula-
tion. This assessment, however, focused only on the release of
PEOA 1rom onc lacility and on ils presencs in air, soil, drinking
water and vegetables surrounding he facilily. A comparison
ol the estimated exposures of the locul population o that of
the general population was made.

This exposure assessiment is e [irst attemp w develop
4 generally applicable model for estimating the concentrution
of PTFOA in environmental media due (o emissions in air and
water [rom an indusirvial Facility, as well as the resulting intake
ol PFOA by persans exposed 1 them. Because the MMuorinated
chemicats possess unigue chemical and physical propenies, a
novel application [or cstimaling concentrations in the cnvie
romment due (o aifborne emissions vsing a combination of
generally aceepted models necded o he developed. ang lus
approach should be applicable o other highly water-soluble
chemicals released 10 the ambient epvironment as a vapar
or lume.

DESCRIPTION OF THE MANUFACTURING FACILITY

Over the past 50 yr, APFO was used in the manulaclure
uf fluorepolymers at the DuPont Tacikity in Washinglon, WV
{DuPont Washington Works). The plamt is locawed approxi-
mately 10 miles scuthwest of Parkersburg, WV, along stawe
Roule 61. This facility was established in the 1940s und began
using APFQ in some of its manulacturing processes in 1951,
APIO serves as a surlactant in the Nuoropolymer produgtion
process and is neither consimed nor desunyed in the process.

Seven fluoropolymer processes al the plant came on line
ul various times over the yeurs of operation and each uscd
APTQO e some poine [roms 1951 w 2003, These processes
are: fine powdcr, polytera{luorocthylene (PTTE) dispersion,
Nuorocthylene propylene (FCP), TLEP dispersion, granular,
PFA provess K. und PTFA dispersion. Gach process is brielly
described next.

Fine Powder Process

This tine began in 1951 and the product (fine powder)
is used in o wide range of goods, weluding membrunes Tor
apparcl, wire and cable, and lilled products. APFO is added a
the start of this process and was seleased via airborne cmis-
sions, as well a5 n liquid and solid wastes. The prilmary source
of air emissions were [rom the dryer exhaosee After 1990,

u scrubber was 1nstalled 10 reduce air cmissions and recover
PFOA Tromn this wasie streanu, Tnaddition, wasiewsier was
veated using an Oberlin filier W reniove lurge sulids prior w
ireatment in carbon beds, which started in 2001,

PTFE Dispersion Process

Polyletratluoroethytene (PTEL) s similar to the line powder
product; howcever, it is not dried but instead was sold as g
liquid tor coating applications. This product line began in 1951
al the same lime as the fine powder line. Sice the product
is oot dried, there are vo acrial cimissions rom this provess.
Some residual APTFO remains in the product undil it is further
processed by the industrial customer.

FEP Process

The flueroethylene propylens {FEP) product line begim in
1963 und 15 sold in cube or tlake ferm. [Lis used w make
cxtrudable resins which are ofien used o cout wire and cable.
APFQ is added at the start of the process and was released via
air emissions and in liquid and solid wastes. The dryer exhausts
are the primary source of air cmissions for Lhis process. Starting
in 1968, scrubbers were installed on the drver exhaases and the
recovered PIFOA was released Lo the Ohio River until 1997 In
1997, the recovered PIFOA from Lhis process was reeyeled. In
addition, beginning in 2UG 1, waslewaler was treated using an
Oberlin filter to remove lorge solids prior to carbon treatment.

FEP Dispersion Process

This product line is similar to FEP: however. it is not dried
but sold us 4 liguid dispersion. This product line ulso began
in 1963, There are no air cmissions from s process becuuse
the product is not dricd. Some residual APTO remains in the
praduct until it is forther processed by the industrial customer,

Granular Process

The granular process began opermtion in 1951, but APFO
was not used undl 1965, This product is sold in solid gran-
wlar [orm and is used for making melded produets and skived
sheets. APFO is wlded at the start of the pracess amd ix released
via air emissions and in Bquid wasies. The dryer exhausts are
primary sources ol air emissions for this process. No scrubbers
were nstalted for this process because of the low amount of
AP used reiative Lo the other processes. In pddition, the
wastcwaler from this process was not carbon treated tor the
same Teison.

PFA Process K

The PFA process K product Line began in 1998 and the solid
material is sold lor wire, cable. wnd semiconduclor applications.
AFTO ig added a the st of the process and was released
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via air emissions and in liquid and sclid wastes. From the start
of this process, u scrubber has been in place 10 reduce air
cmissions and the wastewaler is treated with carbon reaument
prior 1o discharge.

PFA Dispersion Process

The PFA dispersion produgt is similar to PFA Process K,
although it is sold as a liguid dispersion. This process began
in 1973 and the material was munulactared at the FEP plant.
APF() is added al the start of the process and released in liquid
and solid wastcs.

Environmental Monitoring at the Site

[n the mid-1980s, PFOA was intcrmitiently detected in some
ol the wp-waler sources in comumunities near the plant. In
recent years (approxinalely 2000 w presend), wore than 200
samples of raw or linished drinking water were collected trom
public water districts or privale wells near the Washinglon
Works facility (herealter referred 10 as the plan).® Coneen-
trations of PFOA greuter than 0,03 pe/L (conlemporary guan-
tification level of PFOA in water) were found in the drinking
water ol 5 local water districts: Litle Hocking Waler Associ-
ation, Lubeck Public Service District. Gity of Belpre, Tuppers
Plains/Chester Water District, and the Village of Pomcroy,
over the past 5 yr (2000-2005). Figure 1 shows the locations
ot these waler districls’ service arcas in relation o the plant.
A summary of the historical drinking-water sanpling dua for
PFOA in the relovant wider districas is presented in Tuble 2.

Cach of these wiler service providers obuiins their water
trom groundwaler in U Dunkard Group bedrock and Qhio
River alluvial terrace deposits. The satorated porton of the
Ohio River alluvial terrave deposits comprise Lhe prinetpal
regional ayuifer used for pnblic and Indostrial waler supply
purposes. The Ohio River Alluvial Aquifer occurs al depths
ranging from 15 10 70 i1 xelow ground surlace al the various
waler-district well fields. Groundwater investigations a1 the
planmt demonstrated that, due (o the pumping rates ol the [acility
and another industrial facility (operaied by General Llectric)
adjacent o the plant, the public water supplics arc hydrogeo-
logically isolaed from the portion of the aguifer from which
the plant draws its water (DuPont, 200834}

Over the years, the water districts estended their service
arcas o include increasing numbers of customers in the
goeographical urcy. Additionadly, prior ww 1992, the wells which
supplied water o the 1own of Lubeck were located on what

*Water samples were collected at Little Hoeking Water Associ-
ation, Luheck Tublic Service District, City of Belpre. Parkershurg
Water Department, Tuppers Plains/Chester Water District, Villuge
of Pomceroy, Ravenswood Municipal. Muson Couaty Public Service
District. Village of Rucine, New 1aven Water Departient. and
Yillage of Syracuse.
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FIG. L
wies in relation o e DuPunt Washingon Werks Facility.

Approdimale lovallon ol public waler supsly current servaee bound-

now is plant property. In 1992, this waier district drilled new
wells localed upproximately three nmiles south of the old wells.

The wet and dry Jeposition of APFQ vapors and Tumes
oo soil, which is later ransported 10 the groundsauter duc
1o rain, was investigated by DuPont U8, EPA Region I,
and West Virginia Department of Lonvironmenta} Protection
{DEP). [here s agreenent amoug these groups thal APFO
air emiggions and subsequent deposition onta soil. as well as
relcuses o surface water, were the most likely saurces of the
PFOA in the groundwater for residents living within abou 1O
miles of the facility (WVDEP, 2003).

METHODS

A materinl mass balance for APFFO (the quantity used and
released) from the Facility for the years of imerest (1951-2003)
was developed. These data were then used as input to various
environmental fate and Lransport modcels w quanily the amount
ol PFOA in various cavironmontal media over tuge, Based on
ihe results of the modeling, the pathways for human exposare
o PFOA were identificd and the magnitude of total PROA
intake hy residents was cstumated.

Materials Mass Balance

A muteddal balance off APFO Tor the plunt was based on
information obtaincd via annual purchasing records, which
dated back 10 1951, Tn addition, other plant documents were
revicwed and pumerous interviews with facility engincers
were conducted w understad the seven ditferent processes in
which APTFO was used, Given the general agreement regarcling
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Historical Drinking-Waler Measuremens of PFQA

Public waler district

Groundwater
modeling zone

Year

Average PFOA concentration
(/L) and {range}

Detection frequency

{LOD} (pg/L)

Liwle Hucking

Belpre

Lubceck (old well fickd)

Lubeck {(new well field)

b

9B

9A

1984

1987

1988

2001

2002

2003

2004

2002

1984

1987

LY88

1989

1991

1991

1992

2000

0.45
(<0.6-0.6}

w3

=2
<04
n=I1
()6

n=2

3.5
{0.844-7 66)
n—5
il
(0.42-R.58)
=28
3.5
((.733-8.97)
n=22
4.8
(0.487-10.1)
n==6
0.095
{ «0.05-0.141)
n=14
1.1
[«D.6—1.5)
n=35
1.6
(1.3-1.9)
n=4
1.7
(1.4-2.2
a—3
0.7
=1
35
{0.9-R.8)
=10
0.43
{<0.1-11
n==
0.3
(0.2-0.4)
n—2
0.45
{1.073-0.81)
n=15

142 ().6)

o1 (0.4)
02 (1.6}

S5

28128

RPN

6/6

11/14 {D.05)

415 (0.6)

474

3

171

Hea b

A8 (0. 1=1)

22

15/15

{Censined)
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Tak
L]

TABLE 2
{Continued)

Groundwaler

Average PIFOA concenuation  Detection frequency

Public water district modeling zone Yeur (/L) and (range} {(LOD) (juu/L)
2001 .38 (RFAN
(0,055,694}
n—11
2002 0.62 3737
(0.283-1.21)
n=237
2003 049 23/23
(0.19-1.04)
n=23
2004 046 6/6
(0.27-0.637)
n=>6
Tuppers plans 20 1984 <06 071 (0.6)
n=1
2002 0.33 24127 (0L05)
(~=0.05-0.726})
n=27
2003 028 15409 (0.05)
{<0.05-0.726)
n=1%
Pomcroy 21 2002 0.058 577 (0.05%
(<0.05-0.08%)
n=7
Private wells Various 2001=2002 0.83 67/99 (},05)
{<0.05-8.59)
=104

the role of air emissions us a primary souwree of PFOA in
the drinking water (WVDEP, 2003), partcular emphasis was
placed on understanding the aenal releases ol APFO for each
process. Air emissions of PFOA potentially occurred during
the wamifacture of tluoropolymers when “dry™ products were
manufactured, and For cach of the dry manufacluring processes
there were ofic O more cmission sources, typicully dryers.
Bused on interviews with facility engincers and plant docu-
meats, fluoropolymer products that were manulactured and
sorld in a liquid form pradnced no significant air cmissions of
PEOA,

For cach process and year, Lhe following cquation was
used 10 deseribe dhe disposition of APFO used in thar
Process:

{Used| = |Recovered] + [Destroyed | + | Adr|
+ |Land — on-sitc] + [Ohio River}

+ [Ponds] + [ Product] + [Land — oft -site]
+ [Water — off-site}

where |[Used| is the wotal amount of APFO used in cach
process (Ib). {Recovered| is the amount off APFOQ recovered
ilb). [Destroyed] is the amount off AP0 destroyed in-situ or
through treatment (Ib), [Airf is the amount of APFO emitled
to air from the plant {Ib), [[.and — on-site] is the amount of
APFO sent to landlills ncar the plant (Ib), [Ohio River| is the
amount of APFO released (rom the plant o the Ohic River
(Ib}, |Ponds} is the amount of APTO sent to on-site anucrobic
digestion ponds (Ib), |Product| is the amount of AP0 in the
liquid dispersion products that is sent w0 indvsorial end users
(1b), |Land — Off-site] is the amount of APEQ in solid waste
and treaument residoals from supernate sent to o tundiill (1b),
and |Waier — off-site] 18 the amount of APTO in wasiewaler
from supcrnate sent for olt-site treanment at an out-of-state
facility.

The amount of APFO used by provess and yeue was obtlained
by reviewing cost sheet records Irom the planl. These records
were available for cvery year from 1951 to 1980. 1983, 1987
to 1991, and 1993 (0 2002, For 1981, only data for TP were
gvailable. For the years aund precesses in which dula were
missing, cxcept for 2003, APF( nse by the plant was estimaed
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by linear interpolation between the years with existing dawa.
For 2003, the eslimales of APFO were provided hy the plam
engineering stall.

The amount of APFO in cach process released o air,
wastewater, gbored baiches, solid wasie, and supemate were
csuntated based on information from APTO mass halances lor
the seven processes as deseribed in various inlernal documens
prepared by DuPont for the years 1978, 1983, 1993, and 1995
Uwough 2000, us well as, discussions with DuPont engineers
at the plant. The documentation of the magnitude ol APFO
released was bised oa [irst principles or actual intermiuent
sampling ol the process sueams.

Process-speeific wir emission source information from the
air dispersion modeting, which was performed for years 2000
and 2002 as part of the plant’s air permilting process with
WVDLEP (DuPont, 2002, 20030). was used inour analysis. The
historical APFO mass balances were generated using available
data and professional judgmertw, where necessary, o cstimate
the amount of” APTO released to the cnvironmient by the plant
fromy 1951 1o 2003,

Berause the wmounis of APFO used in these processes
for the majority of years are from the accounting rccords for
cach process, there is linle uncertainly n the estimale of Lthe
amount of APFO used per yeur in the cach process, in addi-
tion, based on plant docunients, the percent of wtal APIFO nsed
lor cach process that was released 10 wir, in wastewaler, as
supernate, or as solid waste varied ot most by + 30%. Records
of APy removal, destruction, and recovery irom the varions
polludon control devices were available suarting i [992. Any
uncertainty associated with the amount removed, destroyed. or
recovered is due wo the measurement and estimation uncereainty
assoaciated with the engincering recovds and wemporal uncer-
lainty due to not having records from 1990 w0 1992, When
professional judgment was vsed, estimates ol air emissions and
WHSLe Waler eimissions were maxintized versos Lthe estimates of
APFFO removed, destroyed, recovered, or dispased of as solid
wusie or alTsile.

Environmental Modeling
Estimation of Airbarme PFOA Concentrations and
Fenal Depasition of PFOA Onto Soil

The depuosition ol airborne PI'OA cmissions at locations
outside the Tacility was evaluated using the U.S. CPA Indus-
tnal Source Complex Short Term version 3 (ISCS'173) model
(LTS, TiPA, 19933, 1995b). This model s o Gaussiun plume
model that may be used 1o characterize pollutant concentra-
tiens from a wide varicty of sources thar are often present it
manufacturing siwes. This model accouats for wet and dry depu-
sition of parlicles: downwash; poinl, arcu, line, and volume
sourees; plume rise as 4 [unction of downwind distance; sepa-
ration of poim sources: and limited etrain adjusiment (U.S.
CPA, 1Y95a, 1995h). Addinonally, the [SCST3 model wkes
into account site-speciric meworological daa. This model was

used o estimale annual average air concentrations ol PIOA
(pgv'), dry deposition of PFOA o the soil (ghn’-yr). and
wel depositton of PTOA e Lthe soil (gAn?-yr) for the urcas in
vicinity of the plant. The average air concentrations, dry depo-
sitten, qud wet deposition were calcolated considering both dry
andl wet depletion,

Regulatory defunlt seltings were vsed in the modde] (U.S.
EPA, 19953, 1995h: Federal Register, 2003). Bused on the
land wsc unalysis previously performed by DuPont in their year
2002 Air Dispersion Modeling Analysis of APFO Tmissions
for the Washingion Works Facility (DuPont. 2003b). the rural
Limd wse option was selected in the 1ISCST3 model. Further,
hecuuse the feiliny is lueared wirthin the Ohio River valley and
there are sigrificant wrran features on both sides ol the river
valley near Ui plant. lemait clevalions were incorporated into
the analysis (DuPont, 2003D0).

Emisvion sources. Acrial APFO emissions were maodeled
for the years 1951 through 2003, A listing of stack param-
eters by source aud yem is provided in Table 3. Qnly point
sources for PFOQA emissions from the flusropolymer manutac-
turing processes were inclnded in the model. Because the thuo-
ropolymer manulacturing was conducted in enclosed faciliies,
fugiive emissions were nod ineluded, as their contributions o
off=ilc PIFOA concenuations wonld have heen trivial relative
toy the stack emissions.

In order to account for the effects of building down-
wash in esthinating ensite arborne PEOA concentrations. the
conliguration of buildings at the Tucility was considered. The
geographical location of the buildings for the Facility was taken
from previous air dispersion modeling performed by DuPomt
{2003b). Based on this building contiguradon, the U.S. EPA
Building Profile Tnput Program (BPIP) program (U.S. GPA,
1995¢) was vsed 10 estimate the dowewind and crosswind
dimensions of the buildings for use in [SUSTA3.

Furticle xize diseribusion of PROA cmissians, Based on
intervicws with fucility engincers, in this analysis the hot PROA,
i the dryer atmosphere was assumed w0 be present as a vapor.
When the hat PTFOA vapors exit the dryer 1o a <iack and/or
the wimbient uir, the hat vapor changes physical Torna as it cools
and condensex wy torm a fume. Fumes e camprised of ultra-
fine particulates {Scidel et al., 1991; Oberdorster ¢t al., 2000;
Mendez et al., 2000), and alier several minutes in the ambient
air, nliraline particulates lend 10 coagulate and nucleate to
form submicron sized particles in the range of 0.1 10 1 um
(U.5. CEPA, [990; Scidel et al., 1991, Flagan, 1994; Oberdorsler
et al., 20003, This is vonsistent with recent studics demon-
steating that airborne PFOA ar the plant fenceline was only
detectable as u particle and noL ax o vapor {Barton et al., 2008).

In 1996, DuFont charactertecd the pacticle size distribution
of PIFOA from Lhe line powder scrubber exhaust 1o evaluate
the effect of particle size on scrubher efficiency, and those data
were subsequently used for the air dispersion medeling of year
2000 (DuPong, 2002). Although there were no particle size daia
available lor the airbome ciissions of PFOA prior 16 1990,
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TABLL 3
Uistorical Sk hifornunion Used in Alr Dispersion Modeling ol the Washington Works Facilivy

Stack Stack Stack exit Stuvck

heigh diameter velocity lenyp. Years of
Description Process (1 {IL) {lv/s) {deg 17) operation
Rescurch device in B-62 Fine powder 48 2 6.50 183 1951 to 1958
No. i lray drier Fine powder 48 2 20.80 183 T95E o 1963
Nuo. 2 ay drier Fine powder 48 & 20.80 183 1959 15 1963
No. t belt drier Fine powder 48 1.67 37.28 183 1961 w 1969
No. 2 belt drier Fine powder a8 1.67 A728 183 1965 1o 1981
Na. 2 belt drier Fine powder 78 1.67 3728 183 1982 10 1989
Mo, 3 bele drier [Fine powder 48 167 A7.2% 183 1965 1w 1981
No. 3 bely drier Fine powder 78 1 67 3128 143 1983 10 [URY
Serubber FFine powder 39 1.5 170 I 1990-2002
DB scrubber Fine powder 170 4 154 124 2002-2003
D oenoler Fine powder 45 2.25 k.4 176 200220003
03 cooler Finc powder 45 167 2.6 112 20022000
D] bypass Fine powdar 69 1.67 37 230 2002
D3 bypuss Fine powder 9 1.67 57 230 2002
Na. | oven IBR Y 6l l 3332 g2 1967 1 1986
Na. 2 oven FEP Gl 1 33.51 B2 1963 10 1966
Na. |} wet finishing FEP 53.0 1 70.03 §2 1963 o 1978
MNo. 1 wer linishing FLP 71 l 70.03 82 1979 10 1996
No. | wet finishing I'P 92 0.67 24.3q 148 1997 1o 2003
No. 2 wet linishing [P 80 23 40.74 az 1982 w 1996
No, 2 wel finishing I'LP L3 0.67 33.89 25 1996 10 2003
Line 3 wot finishing e 114.5 0.5 8904 117 1998 1o 2003
11 scrubber FCP 80U 1.3 34.53 42 1986 10 2003
Granular line 2 Grranulay 64 (188 1117 134 1965-2003
Granular line | Giranular 63 1.5 Al 142 1965-2003
PFA drycr PLA process K 110 .65 52.7 171 2003
PTA filterfreceiver PEA process K 2T 0.27 287 110 20003

the installation of the serubbers may have reduced the panicle
size of the fuine. Thus, use of the post-1996 parlicle size duw
may resull in the underprediction ol PFOA deposition near the
source of releuse and over prediction of PIFOA distant from the
source. As such, the airborne APFQ emissions were modeled
us particulaies since the available mformation indicates that
APFO vapors quickly condense to fumes atter they cxit the
stack. The particle size disiribution used in the air modeling is
presented in Table 4. Air sampling of PFOA’s at the fenceline
(Barton et al., 2000) included a pacicle size distribution anal-
ysis, and those rerulls were consistent with that presenied in
Table 4.

Meteorological data. Tive yours of on-sile melcorolog-
ical data from 1996, 1999, 2000, 2001, amd 2002 were avail-
able 1o characterize the variahility in mercorological condi-
tions at the plint, The one-site data Trom 1992 w0 2002 woere
compiled from the hourly readings of wind direction, wind
speed, ambient air wemperatre, clowod cover, clowd ceiling

TABLE 4
Particle Size Disiribution Tor PEFOA Lnvissions (Based on
Purticle Size Data Callected from the Fine Powtder Packed
Bed Scrubber Exhaust in 19496)

Mininn Maxinum Muun

particle size tor  parlicle size for particle size Mitss

category (wm)  category (jLm) (i fraction
3.0 5.0 4.0 3.3%
1.0 K 2.0 12.7%
0.3 1.0 075 3.5%
0.3 0.5 0.4 26.7%
0.J 0.3 0.2 SRR

height, surface pressure, and solar radiation from the SATER
on-site meteorological syswem. These data were then combined
with mixing height daa from Wilminglon, OH, and hourly
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precipitation dala {for Liverpool, WV, o assembie meteorolog-
ical data seis snitable for ISCST3 (U8, EPA, 199354, 1995h).

Because of the hagh pereentage of calm hours 10 1the on-site
data lor 2001 (51.7%., or 4530 ol 8760 h), this data set wus not
used in the subscquent air dispersion mwodeling, Cabu hours
oceur when the hourly wind speed is less than | m/s Tor a
given hr ol data. For these hours, ISCST3 does not cateulute
air concentration or wtal deposition to soil.

Figure 2 presents the combined wind rose Tor the loor years
ol daa vsed Tor this air dispersion modeling. For atl four
years, the predominant wind direction was [rom the south-
west 10 the northeust for the nagority of hourty meteorological
data, For hones when this was non the predominant wind diree-
uon, Lthe predomimant wind direction was northeast 1o the west
by southwest. Based on the windrose map and distance {rom

Little

Hocking
Watar

Assaciation

Ohio River

Lubeck
Public
Service
Qistrict

* W snngton

e b

- Pagarmines! wind doectico

FIG. 20 Wind rose miap for meteorolosival duti used it te ain dispecsion
mde ling invluding veus 1996, 1999, 2000 and 2002,

the plant, two ol the affected water districts, Tappers Plains
and Pomeroy, were nat likely to have been inpacied by air
cmissions und therefore were not included in the air disper-
sion/deposition modeling domain.

Because the year-e-year variability associated with wind
speed and dircetion is lower than the year-lo-year vanabilicy
ol annual precipitation, the annual amoeunt ol precipitaiion for
cach year wis used te determine which of the four on-site dala
sets would be more representative tor cach year from 1951 w
2003, FFor years wilh less than 95 cm ol precipitation, cither the
1999 or 2000 dawa ser was used. For years with procipituion
amounts between ¥5 cm and 120 cm. the 2002 data sct was
used. For years with greater than 120 cme o precipiludon, the
1996 data set was used

Geagraphiced dvcutfons of rexidetts. The [SCSTY air
dispersion madel delines geographical locatons as nodes
(sometimes called receptors) Incated ol Lhe cenler of U sguare
cell with cach ccll tocated on a grid. In this analysis. lor loca-
tions close to the plani, « fine grid wos established with cell
sizes of 250 m by 250 i (e, aboul 15 aeres). For more distant
lecations (sitwated more than 53 miles south of the facility), 2
course grid of cells 500 m by 500 m {i.c., ubout 62 acres) was
uscd. Receptor coordinales are delined in Universal Transverse
Mercator (UTM) coordinates, The facility and entire model
domain are located in UTM Zone 17.

The tine wnd coarse receplor grids were delined o all
hiswrical arcas serviced by the Linle Hocking Water Associ-
ation [LIPWA), the City of Belpre Waler Department, and the
Lubeck Public Service District {(LPSD). The {ine grid spans
V7.5 km (e east 1o west and 14,25 K from nonh o south
und includes the plant. The course grid spans 17.5 km lrom cust
o west and 4 km Irom north 10 south and is located 10 kin
south of the plunt. The wial medeling domain encempassed a
191 squurc mile urei

Exposnre zones.  For ease of communicating the resulis ol
the assessmcnl, the eonmunities served by the water districs
were divided inwe zones. Beginning with the 191 squarc mile
grid, a 185 square mile (479,150,000 m?) portion of the grid
wis divided into a toral of 19 wones (arcas) based oo produc-
non well caplore zones and service disiricts of LHWAL (he
City of Belpre, and LPSD. The remaining 6 square mile arca
(15,500.000 m?) was ouiside of the arca of interest for this
exposure assessment. These arcas within the water disiricts ane
shown tn Figere 3.

The selection of the boundiries of the 19 zoncs were wdon-
ufied using the following criteris:

o Public water supply and plant waler pumping zones of
influence (zones 5. G, ¥, Y, and 10):

« Hisrorical honndaries ol the water supply disirict:

= Distance [rom the plant.

o Boundarics of residential developmenats within each waler
supply district.
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FIG, 3. Schematie illusiating how the 185 square miles of resideniial ard

mural ageas were divided, The dieas of zones conespedid B specitic wits
diniricis o subdistricts.,

17

For cach of these zones, the arnuat average airbome PIFOA
concentrations and wial PTOA deposiiion anio soil af the
receplor locatuons within these zones were averaged together
Lo gencrate air concentrations gnd deposition rules averaged by
FAVI) [N

Tor vach of the 19 zones. arca weighted averape arborme
PIFOA concentrations and toral PFOA deposition rawes were
calcubned and used o estimate surface soil concentrations,
groundwaer conceatrations,  vegetible concentralions, and
average daily doses (AT,

Unxatireted Zone Svif and Growndwater Modeling

Historical soil concentraiions of AP were estimaned
using U.S. TiPA's Pesticide Root Zone Model, version 312
(PRZM-3) (U.5. LA, 2001). The model consists of twa linked
modules which caleulate Tate and transport in the surface
raol zong (PRZM moedule) and subsurluce soil (VADOET
moedule} The same exposure zones as those used in the ar
dispersion mdeling were usel in modeling historical soil
coneemrations,

Several resources were ased w chardaclerize the unsaturated
zone soils that cover the znderlying Oho River Valley sand
and gravel aquilers serving the public water supply wells.
The Tollowing soil paramciers were needed to pevform the
unsuturated zone modeling:

Dominant surface soil texiure/hydrologic soil group:
Dominant subsurfiace soil lexture:

Rate of groundwater recharge:

Typical depth w grouadwater ahle,

Tuble 5 presents a summary of these soil paramelers for 3
of 5 waler districts wheve air deposition o soil wus o relevant
transport mechanism. Based on the parameiers just described.
U.S. EPA PRZM-recommended soil-iextue-specilic guide-
limes ar othes weehnica! gnidance wax osed 10 determine phys-
ical soil propertics such as bulk density. hydraunhic conductvity,
and porosity and thie annual average rate of rechurge. The

TABLE 5
Saennary Soil Properties for Unsawraied Zone in Public Supply Well Capure Zoue

Domimm Soil Conservalion Dominam Depth o Average
surfuce soil Service (SCS) unsaiurated zone groundwaler neir annual
System lype hyirologic soil group  subsurtace soil type well hield recharge
Litde Hocking Waler Silty clay D Sihy clay AT 6 inches
Association (zone 3)
Cuy ol Delpre (zone 8} Silt loam B Silt foam 22511 # inches
Lubeck Public Service Sandy clay C Sandy clay 121t 1 inches
District—new wells (zone 9A)
Laubeek Public Service Sile loam B Sandy loam 551 8 mohes

Districi—old wells (zone $B)
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unsaturaied zone soil properties for the public warer supply
wells Tocared in air dispersion modeling zones were known
und accounted for in the modeling,

Data collected by the U.S. Depanmem of Agriculwre
(USDXA) Nutionsl Resource Conservation Service (NRCS)
were used o estimae PTOA soil concentrations in privace
well zones. Specilically. the NRCS Suue 5S0il Geogruphic
(STATSGO) dalabase was the primary source of information.
The STATSGO dalabase subdivides o geographical region inte
map unils ol simitar soil type and assigns cach drea aomap uait
identification number {MUID). Gach map unit consists of up
10 21 component soils, which ure further divided inwo fayers.
Beeanse individual componenis are nol depicied  graphically
on a map unit, resulls for each area are typically presented
statistically {e.j5., percentage of soils classified as clay). Table &
preseits a suary of the soil parmneters from STATSGO
lor cach of the medeling zones. The STATSGO database is
available from the U8, CPA grouped by watershed hydso-
logic unit map (HUC) number as parl of the Beticr Assessment
Science lotegrating Point und Nonpoimt Sources (BASINS)
nodel

One of the limitations of the STATSGO datasct is that soil
data are generally only uvailable w a depth of 5 10 7 [L Asx
such, two conditions required judgmiens regarding the depth
to groundwater. First, where the depth w water was indicated
in the STATSGOQ database as greater than or equal to § b,
the elfective depth o groundwater was determined (o be the
depth o bedrock. The concentration of PEOA in the shale
and sandstone bedrock was then considered w be equal o
the concenuration of PTFOA at the inlerface of bedrock and
overburden. As such, any late and any Lransport process m the
hedrock thal wonld tend 16 restrict the movement ol PFOA
downward 10 the private well capture zeme were neglected.
Second, for map units where both the depth w bedrock and
depth o water are detined as greater than 5 or 6 (L the depth
1o groundwater was based on Lthe depth o groundwalter for the
nearest publie water supply zone.

The amount of recharge that occurred in cach private well
wome was sl oqual to the amount of recharge that was specilied
tor the public water supply well zones hased on Hydrologic
Soil Group. This appreoach likely overestimated recharge tor
the upland areas because recharge (o the bedrock s Tikely o
have been us low as 0.1 inchesfyr in bedrock aguiler arcus
{DuPont, 2003a). The assigned annual average recharge rates
of 6 10 & inches/yr were simifar (0 the sl average recharge
rate provided by the Ohio Sime University Bxteosion (2004)
ol 6 inches/yr Tor Washinglon County.

Water balance.  The water balance in lhe PRZM maodel
consists of the addition of water in the form of raintall or snow,
storuge in the canopy and surface soil, rnolt losses to surfuce
witter, evapotrnspiration losses w the wimosphere, and finally,

5ol data available at hupfwww cpazov waterseience/(p/hasing/
gix_darahue

leaching of water 10 the subsuriace soil column. Precipitation
data were input on a daily basis, with precipitation occirring
il emperatures below O °C determined w0 occur as snow.
Runoff loss was estimuted using the USDA Soil Consetvation
Service curve nunber approach, which is a Tunction ol soil
classilication (hydrologic soil group) and Lype and condition of
groundcover. [n the absence of silc cvaporation data, the total
evapouanspiration demaond was caleulated wsing tabulied jrn
cvaparation data available from the U.S. TPA {2004) {or the
nearest regional meteoralogical station.

Alter the wial evapotranspiration demand was determined,
PRZM sequentially extracted water lrom the canopy, ponded
surface water, and finally by crop transpiration. Waler was
extracted from each surface soil layer unil the soil waler
conlent reached the wilting point, the mimmum maoisture
coment w swstim plant growth, Finally, waler wus determmned
1o leach from the surface soil w subsurlzee soil until the surface
soil water conlenl was equal Lo the Deld capacity, which was
assuned w0 occur within o 24-h period in the absence of addi-
tional precipitation,

The Mux rawe of water leaching below the oot zone wis used
as input to VADOUT, This module simuolates transient vertical
groundwater under variubly saturated groundwater condiions
amd s hased on the Richard’s equation for infillmoon of
waler in the vadose zone (Jury o al, 1991 UK, EPA, 20015,
Groundwaer flow in the unsaturated zonc 15 a function of two
key relationships: relative permeability versus water saturation
and pressure head versus waler sameation. These relationships
depend on so0il propertics such as pore size distribution. The
fmetional relationships of van Gepuchten (Jury cu al., 1991
U.S. EPA. 2001) were used in VADOTT along with the asso-
ciated whulated empirical constants. which ure available Tor
various soil classifications.

Groundceover (eropl  Because PRZM  was  origmally
designed 10 aid in crop pesticide management, the Lind cover
was specificd as a crop. Tor the purpose ol modeling soit
concentrations in the water distriet well fields and residen.
tial arcas, the groundeover was seleeted o be Kentucky Blog
Grrass, with the growing season determined by average daw
for Washingron County, OH. The maximum depih of the root
zone for this grass was dewermined © be 30 o and the grass
was considered Lo be wrimmed regularly o maintain an average
beight of 5.1 em. Gritss canopy covernga wis sel equial 1o 50 o
75% ol the surface, with the remaining 25 1o 504 consisting ol
pare soil. The sclling of canopy coverage wis based on a cali-
bration of the wuter balance discussed previousty. The growing
scason wias hased on dutex of first and last frost for Wash-
imgton Couny, OH. The USDIA TR-55 cover type that wus
sclected was “Paswure, grassland, or range-coitinuoeus (orage
tor grazing.”

Chenval deposition. Aumospheric deposition to soil was
assumed to be mixed withie the top 1 em of seil, with concen-
wation linearly decreasing with depth (NCEA, 1998). Daily
deposition was entered in units of kilagrams per hecrare per day
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{(kg/ha-day). The conversion from the air dispersion modeling
deposition results in grams per square meter per year (ghim?®-
year) o units of kilogrums per hecture per day is given bere
for non-leap years:

C tkg/ha-day} = C {g/m*-yr) x {10, COOm*/ha)
x {000 ke/2)/(365days/yr)

Chemical transport. The chemical Tale and  transport
processes Tor he surlace root zone and subsurlace soil Tor
PIOA include chemical advection, dispersion, and reversible
linsar adsorption. A portion of the dissolved phase chemical
located in Lhe lop 2 cm ol surface soil is considered avail-
abte lor exuaction due v mixing with surface water runolf,
The {raction of chemical available (or exwraclion decreases
cxponentially with depth. Chemical loss due to s0il erosion
and volatilization was considered © be negligible due o the
high solubility. low Hemy’s luw constant, and moderate K,
of PIFOA (Table 1. Additionally, because PEOA is not trans-
formed or degraded in the environment, chemical loss due
w biological or phowochemical degradation was considered
negligible.

Extimation of Drinking Water Concentrations

Greneral hydrogeatngic conceptual model for Washingtai
arted Woud counties. The Ohio River Valley, which passes
through Washington County, OH, and Wood County, WV is
characterized by coarse-gramed Ohio River Alluvinm over-
lnin by (inc-graincd overbank deposits. The geology and
hydrogeology of the region were summarized in the DuPont
Revised Groundwater Model {or the Washington Works
Fueility (BuPont, 2003a). As shown in Figure 4, production
wells for drinking water were conmipleted in the Pleisiocene
sund and gravel laycr due to the high well yields that arc
achievable, Due to the proximily of this soil unit to the Ohio
River and high hydravlic conducuvity, ligh pumping raics tead
to result in river leakage MNowing irom the Ohio River to the
capuare zone of the well when the amouwnt of water pumped
exceeds the amount replaced from recharge due 10 inhilwation
from precipitation.

DuPonl
Washingion Works
Alr Slacks and
Uroundwalar
Mreducton Wells

BEE esareressanetiieny,,

P73 Sy Ciay
L] Sany and Gravel Aguifa:
T3 Low Permeability Bednch

\\ Gaclogic bamer evenls
rmigration of greundwerior
o mvawing frosm one side
of the nver Lo the othar.

FIG. . Cross section of Ohio River near Little Hovking Wit Associadion
public warer supply wells (adapted from DuPonc. 20034).

Groundwater inedeling for public water supply wells, A
detailed groundwater modeling assessment was previously
perfonned by DuPont for the region ncar the plant (DuPont,
20034}, This assessmenl was prepared with input from the
U.5. CPA, U.S. Armiy Corps of Engincers, and U.S. Ceolog-
ical Survey. Becuuse the groundwater domain is bounded by
bedrock, a complete “mass balance™ for water flow was deter-
mined. As illustraled in Figure 5. there are two sources of
water o the alluvial aquiter. The primary source is river
leakage Trom the Ohio River 10 the alluvial aquiler. The
secondury source is recharge from precipitation, I is impor-
Gint to nowe that the water balance presented is a glohal
mass balance. The mass balance for cach individual weil
zone s based on the arca of the cupwre zone over which
recharge is occurring and the pwnping rme. For exanple,
an inermitiently used well with a low pumping rae of 50
gal/min {gpm) might obtlain all of its water from rainlal
recharge.

The Liule Hocking well capiure zone was caleulawd in the
DuPont gromxdwater modeling repornt {DuPont, 2003a). These
resubts demonstrare that the Littde Hocking weli leld altimately
reccives water [tom the Ohio River {shorier low fines) and
recharge (longer (low lines). To verify this conclusion, the
well cuptore zoue was cstimated using the U5, P& Wellheud
Avnalytical Element Model (WhAEM). The WhAEM also indi-
cated that Ohie River leakage and recharge from the surface
zoil comribule to the water pumiped from the well ficld and is
consistent with that predicted by DuPont.

It should be noted that Tor the combination of the subsur-
tace vadose zonc soil modeling and groundwater modeling, the
major resistance W PEOA runsport fromn surluce deposition
1o the public supply groundwater wells is the soil absorplion
ard restricted Mow that occurs though the silt and elay-rich,
variably saturated overburden. Winer achicves much slower
velocitics n silt and clay dominated unsaturzted soils than in
sanmd and gravel rich sammated soils. PFOA was also shown
w adsorb 1o soil surfoces (DuPoant. 2003¢). Therelore, it s

Exatpwvisition

Puaiips Resin
Ohio :
River RunelT i
Leukage —
Rychurge
Unsaturated Sile |
i
|
Y I 202
v v
——
Saturated Samd aml Groneel
Agquilor

F1G. 5. Glabal aei moss balonee o water in Chio River afluvial aguifer
indicaring percentinge o puiped water Trom aguiler obined Crom Oluio Kive
leakage and recharge based on DulPoni grouadwater fow model (20030}
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reasonable 1o consider the low permcabilivy silty clay over-
burden as the primary barrier 10 PFOA transport 1o the public
walcr supply wells.

Sttface waler concentrations.  Ag indicated in the concep-
tual expusure model, Tucility releuses W surlfuce waler were i
source of PFOA in the Lubeck PSD, Tuppers Pluins/Chester
WD, and Village of Pomeroy public waier supplics via
the swiuce water 1o groundwater pathway, Historical annual
average concentrations of PFOA in the Ohio River downsireum
of the lacilitly were caleulmed using the methodology for the
case of plug flow with incremental difution by downsiream
willershed runolf (Fhomann & Mucller, 19873,

I was acewmed That 1the concenteation of PFOA 0 the
surlace runoff waler and groundwater druining to the Ohio
River downstream of the facility was negligible. The PRZM
soil modeling indicated thal for the plant, the cumulative mass
of PFOA lost 1o surlace runol? from 1951 10 2003 wouid be
43 |h, or less than 1 [b/yr. This amount of PFOA is negli-
gible compared w the $3-yr average mass of FIFOA dewenivined
in the mass balance 1o be discharged at Outfall No. 005 of
12,000 Ibfyr. Boecause annual average cslimates of exposure
arc being considered, the cquation used does nol aceount for
lareral dispersion, which may be ol interest for much shorter
time scales.

Annual average [low rates were ohuwined from the U.S.
Geological Survey (USGS) for the Ohio River at selected
gauging sttons lor specilic time periods. Locations where
historical Now rates were caleulated include:

« DuPont Washington Works [Fucility. WY (River Mile
190.7):

e Lubeck. WV (River Mile 191.2 from 1/1960 1w 1171991
and River Mile 193.7 from 12/1991 1o present):

» Tuppers Plains PSD, OH (River Mile 209):

» Letart Landlill-Muson Covmy, WV (River Mile 236.2);

« Village of Pomeroy, OH (River Mile 2503,

Becuuse 1Tow rae dina were non collected at these 1oca-
tions, estimaies of flow rates were made by nsing low
rales collected al nearby gauging stalions along the Ohio
River. Flow rawes were extrapolated {rom gauged 0 ungauged
locations using one of the approaches published and uvsed
by the Texas Resource Conservation Commission (TNRCC)
{(Warbs, 2001 ). The methodology consicered {Tow rate changes
in the river (o he preporional to differences in drainage
arca, annual  precipituion. runoll poleniial and - channel
losscs.

The mass of APFQ released to the Ohio River is a fune-
tivn o the swfuce water concentrations o e veilall water
und the ¢fMuent flow rae from the oudall 10 the Ohio
River. Typically these flow rates would be available from the
plant NPDES Permit. However, the How rales would have
considerable varability over tnwe and may perhaps exhibit
cemsiderabbe deviation trom the caleuwlawed values. In addicion,

histerical flow rates were not available, and the mass releused
was allecled by the addition of process water [rom carbon
treaument beginning in 1996, Therefore. the maierials wuss
batance for APTO processed al the plant was used (o estimalte
the combined mass of APFOY released in process water amd
discharged w the Ohie River. This is belicved o represent
a more accurate estimate of the wmount discharged. Te was
assuimned that the majorily of APTO was released m the plant’s
Outlall 005.

Fxtimeated Concentrations of PFOA in Locally
Crren Produee

PEOA comeentrutions were caleulated Tor the edilsle portions
ol com, beans, and polmoes using the U.S. BPA Human Healih
Risk Assessment Protocol Jor Harardous Waste Combus-
tion Tacilities, volumes | and 2 (U5, GPA, 19984, (998b).
These calcudations incorporated vptake of PEOA from soil
{corn, beans, and pounoes) and direct deposition {com and
beans). The concentration of PFOA in corn amd heins
cquals the sum of the conuributions from direct deposition
and rool uptake. and the concentration ol PFOA in pola-
toey eguals the comribution from rool aplake. Although the
PFOA concentrations in this produce arc theorctically csti-
mated, no samples of locally grown produce were analyzed
lor PFOA.

Soi concentrations, as well as dry and wel deposition onto
soil. were calculated from the air dispersion and unsatocaed
sone soil modeling results: however, for all other parameters,
U.5. GPA defuuh values were used in the calculations in accor-
dunce with VLS. EPA paidance when sjwe-specilic infomsiaon
was not available.

Quantification of Possihle PFOA Exposure for
Residents

Human exposures 10 PFOA were estimated Tor 21 exposure
zones sucrounding the plant. These zones inctuded the 19 zones
located within the wir modeling donsain and shown in Figurc
3, us well as o vone Tor the Teppers Plains/Chester Water
Dicrrict (zone 20) and the Village of Pormeroy Weter District
{zonc 21).

Using the resuls ol the envirommental fae and transpert
modeling, the following pathways of human exposure were
quantitatively evaluated:

s Enhalation of PTOA from ambien aic (zones 1-19):

e Consumption of drinking water contalning PFOA (all
zones):

« Dermal contact with PFOA in water during showering (all
SONCEY

s [ncidental ingestion of soil containng PFOA (zones 1-19):

o Dennal contact with sodl containing PFOA {zones 1=-19):

« Consumption of Iocally grown produce containing PEOA
fzoncs 1-19).
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Average Daily Doses (ADDs) were estimated for residents
in cach of the 21 zones for the following seenarios:

« Scenurio 1 An adult ressdent lves in one of the 21 expo-
sure zones for 9 yr, from 19935 (o 2003, This represems the
mezn number of years o person lives 1na single residence
(US. EPA, 1997):

o Scenario 20 An adult resident lives inone of the 21 expo-

sure zones for 30 yr, Trom 1974 10 2003, This represents

the upper hound (931h pereentile) numher ol years o person

lives in a single residence (ULS. EPA, 1997).

Scenario 30 An adult resident lives in one ol the 24 expo-

sure zones Lor the entire 33 yr i Muoropalyiners have

been manuiactured at the plant (1951 1o 2003). This repre-
sents an estimante of the dose that might have been received

since operaions began w the phan vetl 2003,

e Scenurio 42 A child, ages U through 6 yr, hives in one ol
the 21 exposore zones for 6 yr, [rom 1998 1w 2003,

The ADDs for these pathways and seenanos were caleu-
lated using standard eguations (U.5. CTPA, 1989, 1997) und the
cxposure parameters used in those ciuations are preseoted in
Table 7.

RESULTS

Materials Mass Balance

The historical use of APFO ul the plant over time i1s shown
in Gigure 6, TUis evidest that the use increased steadily over
the years from 29 Th when operations staried [o 4 peak amount
of approximately 174.000 [ in 2000, The resnlis of the APTO
mass balance for atl of the processes combined from 1951 10
2003 are shown in Figure 7.

The highest air emissions of approximately 34,000 b arc
estimated o have occurred i 1999 with other local peaks in
cmissions oueurcing in 1966, 1989, 1996, und 2000. Befove
1978, air eimissions were less than 10,000 Ibfyr, and cmissions
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sturted to ncrease atwer 1977, Liven though the amount of
APFO used at the plant has consisiemly increased nver time.
air emiissions decreased Tollowing the installation of scrubbers
and Tmprovements to existing scrubbers Jor cach provess,
Releases off APIFO Lo the Ghio River rose with increased
APFO wse through the Jate 19905 unkil the sastallation of the
Oberlin Nilter and the start of carbon treatment [or wastewialer.
Since 2000, releases of APFO o the Ohio River have markedly
decreased due w these improvements in waslewaler treatment.

Conceplual Exposure Models

Two ol the waler districts (Le.. Little Hocking and the
City o Belpre) wre locaed upstream from the plant and
three are located dowostreant. Figore 1 shows the locations
of the various disiriets in relation w the plant. Water samples
collected from the Ohio River upstreum of the Tagility do not
contam detecable concentrations o PFOA and therelore the
Ohio River is not likely 1o be a contributing source of PEFOA in
groundwater for waier districts located upstream of the Facilily,
However, PFOA was detected in samiples cullected  down-
streant of the Tacility and therelore v s reasonable w expect
thitr the Ohio River is a possible contribuior 1o groundwaier
PTFOA concentrations for waler districts located downsiream
of the facility.

Air Emissions of PFOA and Air Dispersion Modeling
Results

The mass balance caleulations indicated thin since opera-
tons using APFQO began at the plant in 1951, over 700,000
I PEOA were released o the uir. The highest three years of
APEQ cmissions. n order from highest o lowest, are 1999,
1949, and 2000. Tuble § summarizcs the air emissions of PFOA
Irom the tacility over time. From these estimaked historical air
cmissions, the annual average aichome PIOA conceniranons
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TABLE 7

43

Exposure Parameters Usedd in the ADD Caleulalions

Parameter Adult Child Units Relerence
Inhalation rale 0.63 0.32 m¥h  Long-term inhalation rates {Table 5-23:
.S, FPA, 1997)
Drinking-watcr ingestion 1.4 .35 Lid Mecan drinking-water ingestion rales
rate—mean (Table 3-30, U.S5. EPA, 1997, 201)2)
Drinking-water ingestion 0.61 Not evaluard Lid 10th poreemile drinking-water raw for adules
rule-—lower bound (Table 3—%; U.S. EPA, |097)
Drinking-waler ingestion 23 Not evaluated Lad Yh percentile drinking-wawer ingestion rate
ratc—upper bound lor aduls {Table 3—8; U.S. CPA, [997)
Soil ingestion rale 30 101} mgfd  Recommended mean soil ingestion rales
{Table 423, U.S. EPA. |¥97)
Com ingestion ralc 13,220 7215 mg/d  Average ingestion rate converied From
mg/ke-d using the adult hody weight of
T0 kg and child body weigho of 15 kg
(Tabhle 9-5; U.S. EPA, 1997)
Beuns ingestion rate 7700 4736 mgid Average ingestion rawe convened (rom
nigfkg-d using the adult body weight of
70 kg and the child body weight of 15 kg
(Table 9=5; US. EPA, |997)
Potatoes ingestion rate 62,265 27,238 mg/d  Average ingestion rate converted from
mp/kg-d using the adult body weight of
70 kg and Lthe child body weighl of 15 kg
(Table 9-5; U.S. EPA, 1997)
Fraclion Tom contaminated 0.25 0.25 Unitless  Soil Sereeming Guidance, Appendix G
source—vegetables (U.5. EPA, 199G)
Fracuon from contaminated | i Unitless  Detauli= 1 {10)%)
source-—ull other media
Dermal absorption fraction l 1 Unitless  Deluule= 1 (H}0%:)
Permeability constant 0.0043 0.0043 cemvh  E-mail correspendence with Dr. Hinderliter at
PuPonl
Totul skin surlacc arca for 18,000 6600 cm? Towal body surlace area {Exhibil 3-2;
conluct with drinking water U.S. EPA, 2001)
Expused skin surfoce arca tor 5700 3H00 em’? Expuosed skin—vcentral wendency and upper
sedl contact bound (Exhibil 3-5: U.S. TPA, 2001
Adherence factor 0.0l 0.04 mgfem?®  Central endency (Exhibil 3-5; U.S. EPA.
2000
Lix pasure [requency Tor all 365 363 dty Assumcd exposure oceurred every day
pathways of 1he yeir
Cxposure nme 24 24 hid Residential exposure—assumed exposure
occurred 24 hiday
Showering tine 0.25 0.25 hid Reconnmended central iendency showering
ume (Exhibit 3-2: (LS. TPA, 2001}
Exposure duration—scenario 1 9 Not applicable ¥r 1995 through 2003
Exposure duration—scenario 2 30 Not applicable ¥r 1974 through 2003
Exposure durnlion—scenario 3 53 Not applicable yr 1951 through 2003
Cxposure duration—secnario 4 Nos applicable 6 ¥r 1998 through 2003
Body wcight 70 15 kg U.5. GPA, 1989
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TABLL 8
Summary of Estimated PFOA Air Emissions from APFQ Mass Ralance Fstimates for 1951 10 2003

Year  Adr emissions of PFOA (Ib)  Year  Air emissions of PFOA (b)Y Year  Air emissions of PIFQA (Ib)
1951 10 1970 4904) 1990 18,000
1952 10%) 1971 42000 199 18.000
1953 3 1072 5100 19972 19,008
1954 700 1973 G40 1993 21.000
1955 1400 1974 O90H) 994 25,000
1956 2904} 1975 34N 1995 27,00%}
1957 3000 1976 10 1996 29,000
1954 2800 1077 Y5LM) 1997 20,000
1959 4400 [978 12,000 1998 26,000
1960 GXH) 1979 14,004) 1949 34,000
1961 5500 1980 14,000 2000 32,000
1962 TIK) 19%1] 16,160 2H)in 23000
1963 SE00 1982 16,000 2002 15,000
1964 6500 1983 17,000 2003 FA00
1965 7O 19¥4 19,000
1966 12,000 198RS 21000
Va7 10,000 19486 23,000
1968 8400 1YE7 35,000
1964 69200 1958 31.000

1989 2000

and PITOA deposition ratcs onto soil were estimated for cach
ol the 19 exposure zones in the vicinity ol the plant. The esti-
mated unoval average historicul air concentrations and (otal
deposition ontn soil by exposure scerario are presenied
Table Y. The exposure zone with the highest predicwed air
concenirations fexcluding the plant—szone 10} was zone 5. The
differences in average wlr concentridon by zame and scemirio
arc low because scenarios |, 2. und 3 all contain years with
the highest air emissions (1994 (0 2003} For individaal years
{not shownl, the annual average air concentrations i zone 5
runged from 0.00008 w© 0.39 pg/m’.

Smnilar w the estimated airborne concentrations, the zones
with the highest cstimated deposition rates of PIFOAL in order
trom highest o lowest, ane zone 10, zone 5, and zone 9. For ull
of the zones, 1989 was the year with the highest deposition rate
followed by 1996, The three romes with the lowest rates are
zone 17, zone 18, and zone 9. Averaged over all years and all
somes, the percent of the ioual deposition due (o wer deposition
was 9% and dry deposition accounted [or Lhe remaining 31 %.

Surface Water Modeling Results

The annual average concentrations of PIFOA in the Ohie
River downstream ol the plant near the water supply wells off
imerest are presented in Table 100 The highest concentrations
Tor the river were found noar the Lubeck well Uelds. For indi-
vidual years (non shown), the caleilated PFOA concentrations

in the Obio River ncar the Lubcck well ficld ranged from
0.00001 pg/L in 1951 w (L6Y wg/l, in 1999

Predicted Soil Concentrations Qver Time

I'he modet estimated historical air deposition rmies per expo-
sure 7ong (zoc Table 9) were nged 1o predict ol concentrations
by zone and year, The uverage predicted surface soil concen-
trations by Ume period are presented n Tabke 11, The exposure
zone with the highest predicted soil concenirations fexcluding
the plant—zonc (0} was zome 5. For mdividual years (not
shown), the predicied annual average seil concenirmions i
zone 5 ranged from 0.0014 o 3¢ pg/ke.

The results of the soil modeling were used w0 model the
mass tflux rates of PIFOA from soil to groundwater at the
Little Hocking, City of Belpre. und Lubeck well ficlds. The
average predicted ilux rates by time period are presented in
Table 12, Consistent with the highest soi} concentrations, the
highest flux rates are also predicted o bave occurred at the
Litle Hoeking sl ficlds, For individual vears (not shown).
the annual average soil flux rutes for Litde Hocking ranged
from zero 1o 0.004 g/m’-yr,

Predicled Drinking-Water Concenlrations Over Time
Historical  groondwater comcentrations o PTOA  woere

denved in gecordunce with the conceprual medels for cach

water disirict whereby the contritition frony infilicamion from
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COMMUNITY EXPOSURE TCQ PFOA 45

TABLL 9
Summary o’ Annual Average Fstimated Airborne PFOA Concentravions and Total Deposition ono
Soil by Cxposure Scenario and Zone From 1951 0 2003

Anuual average airborne PIFOA concentration and total deposition
by exposure scenario and zone

Scenario | Scenario 2 Scenaria 3 Scenario 4

Zone 19952003 1974 1o 2003 1951 10 2003 1998 w 2003
Airborne Concentration pug/m?
1 0.02 0.02 0.01 0.02
0.05 0.04 0.03 0.05
3 0.04 0.03 0.02 0.03
4 0.1 0.09 0.06 0.09
5 0.3 0.2 02 0.25
6 0.07 0.06 u.04 0.06
7 0.08 0.07 0.05 0.08
8 0.0 0.02 0.01 0.02
9 (PR 0.06 (U5 u.07
10 0.5 0.5 (h3 04
Il 0.07 0.05 (L04 007
12 u.02 VU2 0.0l 002
13 0ot 0.0 .01 (01
14 0.02 0.01 Q.01 n.nz2
15 0.0l 0.01 0.0 0.
16 0.01 0.01 0.004 0407
17 0004 0.003 0.002 0.004
18 0,004 0.003 (LOO2 0.003
19 0.002 0.002 Q.001 0.002
Totul Deposition mg/m?*-yr
I .3 0.3 02 0.3}
2 0.9 07 s 0.7
3 ub 0.5 03 0.5
4 2 I | 2
5 7 6 4 0
6 e 1 I |
7 I 1 0.7 I
§ 0.5 .4 0.3 04
9 A & i .
1o 20 20 10 14
11 | 1 08 i
13 0.5 0.4 0.3 04
13 0.2 02 0.1 0.2
14 0.3 02 0.2 .2
L5 0z iy o ¢
16 0.1 0.1 0.1 0.1
17 d.l 004 003 005
18 0.04 0.03 0.02 0.03
19 0.02 0.02 0.0l 002

the soil column and the contribution from surface water wese  are predicted 10 have occurred ul the Litlle Hocking water
included as appropriste. The average predicied groumdwater  district. Foe individual years (oot shown), the groundwater
concentrations by 1ime pericd for each public water districL are  concentrations of PIFOA at Little Hocking are predicied (o huve
shown in Table 13. The highest groundwaler concentratlons  ranged from O o Jd pgf ..
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TABLL 10
Summary of Bstimated Annual Avernge Concentriions of PFQA in Ohio River Near Affected Waler
Districts by Cxposure Sccnario

Surface water concenteations (pg/L)

Scenarto |

Scenario 2

Scenario 3 Scenario 4

Waler district” 1995-2003 1974 10 2003 1954 10 2003 1998 1o 2003
Lubeck 04 1.2 0.1 (.4
Tuppers Plains 0.3 0.2 1 0.3
Pomeray 0.3 nz (1 0z

PThese are the water districrs that dmaw water from the Ohio River

TABLE 11
Summary of Annual Average Modeled PFOA Conceatrations for 6-Inch Thick Layer ol Surtace Soil
by Tixposure Scenario and Zone From 1951 w0 2003

Averuge PFOA surfuce soil concentration by exposure scenario (pg/kg)

Scenario | Scenario 2

Scenario 3 Scenario 4

Zone 19952003 1974 10 20003 1951 1o 2003 1998 in 2003

1 0.8 0.6 04 0.8

2 P 2 | 2

3 I | 0.7 1

4 5 4 2.6 3

5 22 17 1 2

6 4 3 2 4

7 3 2 2 3

8 1 09 0.6 1

9 5 4 3 4
10 4} i 23 37
L1 4 3 2 4
12 | | 0.7 1.2
L3 0.7 .5 0.3 07
14 0.8 0.6 04 0.8
15 0.5 04 0.2 0.5
16 0.3 o 0.2 03
17 0.2 0.1 0.1 0.2
18 0.1 009 0.06 0.1
19 0.08 0.06 0.04 0.08

For the purposes of exposure assessment, PFOA concen-
trations in the groundwater were used as surrogates for tap-
witter concenlralions. In doing so, it is likely thar historical
drinking-walcr corteentrations were overestimuted becanse the
mixing model used to estimate groundwaler concentrations did
not take into accounl the transit times of PFOA in the saw-
rited zones (i.c., transil time in the saturated zone was set at
zeto). This approach was used because the groundwater transil
lime through the sandy clay upsalurated zone was estimated
10 be murch greater than the transil time through the samemed

sand and gravel aquifer. As such, the cntire mass of PEFOA
entering the satorated aquifer was considered 1o be immedi-
arcly extrmcied by the prodeciion wells: clearly an implau-
sible assumption. but this ensures that waler concentralions
were not underpredicted. Additionalty. for the Tuppers Plains
and Pomcroy watcr districts, the groundwatcr concenlrations
were set equal 1o the predicled surface-waler concentrations,
and therefore the contribution of infiltration water thar was
delermined not o contain PFOA was neglecied, Thus, the
historical grounchwaier concentrarions are overestimated by nol
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TABLE 12
Sunmiary of Annual Average Bstimates of PTOA Flux 1o Gronondwater by Txposnre Scenario and Winer Disiricl

From 1951 w 2003

Average PFOA (lux o groundwater by exposure scenario {g/n'-yi}

Seenario 1
Waler district? 1995-2003

Liwle Hocking Wuler Associution

Q.0u3

City of Belpre 0.0003
Lubeck Public Service Disrrie (0.0005

Sueenario 4
1908 1o 2003

Scenario 3
1951 1o 20013

0.00)

Scenario 2
1974 1 2003

G.oo2 (.003
0.0002 (.OH (.0003
(.0005 1.0003 (L0005

AThese ave 1he water clisteicts thal an: impacted by the deposition of PEOA and its subsequent transport through soil o

round water.

TABLE 13
Sumnuary of Annual Average Bstimated PFOA Drinking Waler Conccentrations by Exposure Scenario and Waler
District From 1951 1o 2003

Average PFOA drinking water concentralion by exposure scenaris (Jugfl.)

Scenario 1

Scenario 2 Scenario 3 Scenario 4

Walter district! 1995213 1974 10 2003 195t 1w 2003 1998 L 203
Little Hocking Waler Association 10 6 4 1

Ciy of Belpre 1 | 04 |
Lubeck Public Service District 2 2 0.9 |
Tuppers Plains/Chestwer Water District 0.3 0.2 0 0.3
Village of Pomeroy 0.3 02 0.1 0.3

“These are the water districts that have had quantitiable copcentrations of PEOA in their drinking water,

accounting for the mixing of the surface water with the intiltra-
ton waler Lthrough the unsaturated zone. Further, hecause the
Little Hocking and Lubeek warer districrs did not come on line
until 1968 and 1970, respeaiively, groundwaler concentralions
in hypothetical private wells were calculaled and served as the
estimated drinking-water concentrations for the years prior
the waier districts beginning operations.

Predicted Lacal Produce Concentrations

The average prediced otal vegewble concentrations
(including corn, beaus aad potatoes) by time period are
presenied in Table 14, The exposure zone with the bighest
predicted vegeizble concentrations (exeluding the plant—zone
107 was zone 5.

Quantification of Total PFOA Intake by Residents
Gstimates ol the wtal intake of PIFOA over time were mude
by vonsidering all relevant roules of potential exposure. These
exposures were goantified in wrms of the dose o an adult and
child for various combinations of years from 1951 through
2003. Dosc estimates {and relative contribuions ta romal dose)

were developed {or three pathways of ¢xposure: inhalation,
ingestion, wnd dermal contact. A sumimeary of PIFOA inLike by
rouie af exposure. one, and scenario is presented in Table 15

inhiedation Dose Bstimades

The estimated inlakes of PFOA due 1o nhalanon of
ambient air were developed Tor cach exposme zone wathin
the air modeling domain and lor the Four expasure scenarios,
Excluding the plant (zone 10} PFOA intake from inhalation
was predicled to be highest in zone 5. For the adub doring the
time period from 1995 w 2003 the inhalation anoual average
duily dose was estimated to be 0.06 pe/kg-day. For the child
during the time period from 1998 to 2003, the inhalation annual
average daily dose (ADD) was estimated 1o be 0.05 pafkg-duy.

Irgestion of Drinking-Weater Dose Estimates

The estimated intake ol PFOA Trom ingesion of drinking
water were caleulaied for coch exposwre zone and for each
exposure scenario. Fxelnding the plant drinking water, PEOA
intake Irom drinking watcr was predicied w be the highest in
the Linle Hocking Water Districy (zones 101 across all tume
periods evaluated. Bor borh the adulr, the highest annisal ADD
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TABLE 14
Snmmary of Modeled Coneentrations lor All Vegeahles

Averuge PFOA conceniration in vegetablest {agfkg)

Seenario | Seenario 2

Scenario 3 Scenario 4

Zone 1995-2003 1974 o 2003 1951 1 2003 1998 1©0 2003
1 I 9 G 10,
2 29 23 Lo 27
3 20 16 | 17
4 ok a6 37 61
3 280 223 148 47
6 57 48 32 blb]
i 4 a7 24 42
8 17 14 9 15
9 08 56 38 60

10 567 492 338 488

L1 53 41 27 50

12 18 14 9 l6.6

13 9 7 5 8.0

14 11 8 6 .4

15 6.3 5 i o

16 39 3 2 36

7 N 2 1 21

18 o | .8 1.5

1% 1 0.8 05 1.03

“These vegetable concentrations are the sum of concentrations for corn. heans. and potaloes.

duc o ingestion of drinking water was 0.2 pg/ke-day during
the time period 19952003,

Lxtimared Doses from All Otfier Sources af Exposure

The estimated intakes of PFOA from all other soorces
{medin and routes) including dermal contact with water during
showering, incidental ingestion of surface soil, dermal contact
with surface soil, aud ingestion ol locully grown produce were
calenlared for cach exposure zone and for the three exposure
seenarios. As with the inbalation and drinking-water ingestion
pathways, the highest intake ol PTFOA for all other pathways
{excluding zone 10) was predicied for zone 5. For the adult.
the highest annual average daily dose [rotn all other sources off
exposure was cstimated o be 0.03 pg/kg-day during the Lime
period 1995-2003. For the child, the highest annual average
daily dose was csumated ro be 0.06 pe/kp-duy.

Fotal Aggregate Dose

The highest predicied 1otal doses (excluding zone 1Q) are
lor vones 1-6, with ol aggregate doses ranging lvom (0.2
o 0.3 pglkeg-day adulls during the 1ime period J995-2(03
and from 0.2 10 0.3 pgikg-duy for the child during the e
period 1998-2003. The percent contribution of cach cxposurc
pathway ditfors by year and zone, but overudl, either inhalation
of ambient gir or drinking-waler ingestion predoninates.

Although ir is believed that use of average or central
lendency exposure parameters wis appropriate for estimating
long-tenm expasures such as those described by scenarios 1-4,
uncertainty around the exposure cstimaltes can be evalualed by
using ditferent exposure paramerer values. Beeause ingestian
of drinking water was the primary rouie of exposure fot cach
of the scenarios, uncertainty aroundd the central tendency csli-
matc was assessed by using a lower bound and upper bound
drinking-waler ingestion rate {sce Table 7). For yone 5. where
for all scenarios, the drinking waler doses svere highest. the
lower bound dosc ranges from U.08 pa/kg-day lor scenario
310 0.2 pg/kg-day lor scenagio 1. The wpper bound doses
range from 0.2 pgfkg-day for scenario 3 to 0.4 pg/ke-day for
scenario . Thos, the upper bound dose ight be perhaps 1.3
times higher chan that estimated using the contral emdency
values.

Risk Chavaererization

Historically, PIFOA wis not considered w be o chemical
that produces significant woxicily nor has it been one 1o which
persens have been apprectably exposed. As a resul, no risk
eriweria or heahth benchmarks were developed Tor PFOA by the
U.5. EPA, ATSDK, or OSHA, In 2002, the Wes, Virginia DEP
(WVDEP, 2002) convened a panel of experts known as the C8
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Assessment ol Toxicity Team (CATT) to (1) determine risk-
Bused human health screening levels (SL) lor PFOA in uir,
water, and soil: {2} provide health risk information o the
public: and (3) dewernune an ecological health protective SL
for CRin surlace waier. The CATT dererminegd an aral healih
benchimark Tor C8 of 0.004 mg/kg-day. This benchmurk was
wsed o derive a sale drinking-water level of 150 pg/L and a
soil sereening level of 240 mpfky. Also, the CATT determined
an ambient air heally benchimark lor the inhalation route of
exposure of 1 pg/m’,

There has been sufficiem iutercst i undcrstanding the
possible risks o the general population due to background
inake of PFOA that a risk characierization was published
{ButenhotT et al., 2004b). In this analysis, potettial health risks
were characterized using a margin of exposure { MO analysis.
The MOF is traditionally calculated ar a dose relmed o o health
effeet divided by a dase related to human exposares, An MOE
equal to ) supsescs that the hunaty exposure dose ot interest
is at the dose where tiere s coneern Tur a health inpact. This
health-related dose could be perhaps an adminisiered dose (rom
an animal wxicily study or a dose from an epidemiological
study, and the human exposure dose could be a background
dose, an occupational dose, or a diflerent human exposurc
dose, A henchmirk dose of 3.9 mp/kg-day was developed by
Butenhoft ¢t al. (2004b). This was based on the lower 95%
Cl of the benchmark dose (LBMD ) bascd on the muoltistage
moedel and a 109 response Tor increased ver-weight-wo-brain-
weight ratio in cynomolgus monkeys. Increased liver weight
elfect was determined o be the most sensitive endpoint (rom
varnous ral and monkey swdics. Because a backpground dose
level for the gencral populalion was not available, the blood
level in the monkey than corresponded o the benchmark dosc
was compared Lo the average PTOA blood level in the general
U.S. population, and the MOI:s ranged from 1600 1o §900.

The TI.S. FPA has issued @ drabh harard assessmen (LS.
EPA, 2002) and a draft nsk osscssment (U8, EPA, 2005a). In
the draft risk assessment, U.S. EPA used a margin of exposure
(MOE) analysis tw describe the powntial {or adverse heabth
clfcets associated with exposure w PFOA. The MOEs were

Based on lowest observed adverse elfect levels (LOARL)Y ol

3 mgikg-day in the eynomolgus monkey duriag a G-mo study,
where (nereased liver weighl was the observed etfect, [ mgfkg-
diy in the male rat docing a 2-gencngion eproductive sidy
wiiere [l body weights were the critical eileet, and o no-
abserved-adverse-cllect level (NOAEL)Y of 10 mgfge-day in a
lemale ral during o 2.yr repeal dose sudy. Addivonally, the
U.S.EPA cvaluated developmeuntal endpoints whore NOAGLs
ranged from 3 to 10 mpfkg-day 1o Il male and female rat
pups. Again, becaose backgiound dose levels of PFOA were
not available lor the general human population, the MOEs were
calculated by vomparing the animal blood levels that corre-
sponded 1o the various NOAELs and LOAELSs 1o the average
US_ gencral population blood level. The dralit MODBs ranged
from 398 (o 16,789 lor the adult endpoiats and from [0.484

78,344 for the developmental endpeints. The ULS, CPA noted
that the developmenal endpoins de not inchide all relevam
Juvenile exposure periods (¢.g., Tactation period). It should be
noted that although the ULS. TP A evalualed the carcinogenicily
daty in the draft sk assessmienl, o quantitative risk assess-
meni was not conducted and theee is some disagreemem over
whether the data support a “likely™ cancer descriptor (U5,
[P, 2005h).

In the absence of a standord health benchmark (or PIFOA,
an MOE analysis was condocted a1 means o poder-
standing potential health Asks due w releases o PROA from
Washinglon Works, The MOEGs were calculaled using the
aduinistered benchunark dose of 3.9 wgdke-day developed by
ButeaholT et ab, (2004b). The MOEs were calculated using
averaged duily doses for residents palentiully exposed for 9,
30, 00 53 yr and are presented in Table 16, The highest poten-
Lial doses wnd consequently the lowest MOERs were ealeulamed
lor residents living closest 1o the plam during the tme period
19952003, The MOCS tor these years ranged Trom approxi-
matcly Y000 to 13000, These values are similar o or higher
than those caleolared by Butenhott et al. (2004h) and the 1.5,
EPA (2002) for the general population. However, the MOEs
lor the residents were caleulated using 1the administered dose,
whercas Butenhoil et al. (2004b} and the U.S. TPA (2002)
caleuluted MOEs based on a comparisen of background blood
levels of PFOA 1o the animal blood levels that corresponded
to the adminixiered dose. The MOLs Tor the population near
the Washington Works are much greater than the mimmally
aceeprable MO valies of 100=1HK) (Furapean Comnission,
20001 and indicate that the likelihood of adyverse health effects
due o cxposure 10 PFOA, based on currently available infor-
nuation, is exmemcly low.

DISCUSSION

In s analysis. the wmporal modeled estimates of PFOA
concentrations in various envirommental media were based on
numeroux assimptions involving mass halance, emissions, faie
und transport charactleristics, and other [uetors. The degree off
uncertainly in the PFOA dose estiates is diccatly infTuenced
Ly e melative aecuracy of the exposune paing concenrations.
and it is therelore imporant 1 assess the degree o which the
aciuid measured concenrations ane consiswent with the model
estimated valuues.

Measurements of airhorne PFUA concentrations in Lthe
cominunily were not available ar the time ot our analysis,
Howcver, DuPont recemly pertormed & comparison of modeled
to measured air concentrations at the facility fenceline (Barton
ct al., 2006). Results showed the 1SCST2 model overpre-
dicted 32% of the time, and was in agrecroent 68% of the
time (i.c., both modeled and measvored values were below the
methodd detection limit) and oever ander predicted thic fictd
data. However, the model estimites were about sixlold higher
than measured valnes (well within thal considercd aceeprable
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TABLE 16

Margin of Exposnre (MOQE) Summary [or Tonal Dose

5l

Scenario 1, adult, Scenario 2, adull, Scenario 3, adult, Scenario 4, child

Public waler service provider Exposure zone 19952003 19742003 1951-2003 19982003
L.urle Hocking Warer Association 1 18,006) 30.000 51,000 200000
2 1 8.000 28.000 48.000 19.000
3 18.000 20,000 49 000 19,000
4 17,000 26,000 44, (000 18.000)
5 13,000 20,004 32,000 14,000
6 17,000 27,000 46,000 18,000
City of Belpre 7 86,000 120,000 200,000 91,000
8 130,000 200,000 320,000 130,000
Lubeek Public Scrvice District 9 73,000 80,000 130,000 78,000
Flam 10 4900 8000 13,000 4700
Lubeck Public Service District L1 T7.000 85,004 140,000 {1,000
12 100000 109 000 140,000 110,000
13 11000 140,000 220,060 120,000
14 TIOLOK) 150,000 220,060 11 O00
15 § LG,000 150,000 250,000 120,000
16 140,000 280,000 40,000 130,000
17 £30,060 360,000 590,000 130,000
H 1503 (K%) 390000 6400 [RIEX0 D
1o 150,000 430,400 740,000 130,000
Tuppars Plains 20 640,000 1,100,000 1,800,000 630 000
Village of Pomcroy 21 050,000 1, 100,000 1,800,000 040,000

Nite. The MOF ix the mtio of the health benchmark (%9 mpfkg-day) a the caleulated dose (mpfkp-day).

tor this kind of modcling). Thus, although measured commu-
niry air concentrations were not available, these resulis support
historical evaluations of the ISCST2 model that indicated that
iL1s an approach that viclds reasonable estimaies and 18 1ore
likely 10 overpredict, rather than underpredict, acrual aitborne
concentrations (NCEA, 1998).

At the time of this analysis, only two seil borings Itom
heyond the plant [epceline were availuble for comparison
purposes were ested lor the presence of PROA. However, in
the tuture additional soil sumples are likely 10 be collected
and these can be used Lo verify the model. To compare the
modeled soil concentration, which is an anuwal average value,
to the ransicnt values represented by soil borings, a weighied
daverage soil concentration shoutd be calculated Tor the verical
soil profile for both the measwed and modeled data. Such a
comparison is seasonable because the weighted average repre-
sems the wotal muss ot PFOA in the soil column (which rellees
long-term average deposition) ruther than the vertical concen-
teation profile during | day. This comparison was conducted
for tire 1wo soil boringy collecied al the Litle Hocking Waler
Authority praperty and the modeled cstimales i zone 5. The
results indicate that the medeled concentrations under predicled
the measured concentralions (1.e., 14 pgfki modeted versus 13
1gfkg measored). Althongh this dawa scu s very limited, the

analysis shows that the model reasonably predicted Lhe soil
CONCENIrations.

[n addition Lo the soil horings, measurements ol PFOA
concentrations in cistern wiler were collected in zones 4 ¢2002)
and 11 (20010 20023 A cislern is a reservorr or conlainer
used 1o store rainwater for uses <uch as imigation. Because the
sonrce of PFFOA 10 these cisterns could only have been the
resudt of air depositdon, the cisiera measureinents were useiul
in cvaluaung the reasenableness of the air deposition modeling
estimates and hence surlace soil concentration estimates. The
modeled cistern annual average concentralions were caleulated
by dividing the deposition rate of PFOA by the water volume,
To estimuie the cistern waler volumes, tie lower bound volume
wils set equal 1o the recharge rale (tota) rainfadl minus cvapo-
transpiration) in the soil Jor cach zone, und the upper bound
volume wus set equal o the total rainfall amount for 2ones 4
amdd 1)_Tor zone 4, the modeled concentrations ranged (rom 1.4
10 6.8 e/l and the average measured concentration was 3 g/l
(n=12}. Tor zone | ). the modeled concentrations ranged from
0.610 12 pe/L and the average measured concentration was 2.5
wg/l (n=15). This comparison indicates thal the air deposition
wodeling was reasonably accurate in predicting surface soil
CORCCALRLLIONS.

006-0133-0144779
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Model esiimated surface water concentrations of PFOA
were compared 10 measured values oblained [rom samples
cotlecied in the Ohio Rivef al locations near the public water
supply wells considered in this assessment. Tor each oi these
loeations, there was only one year (2002) ol data available lor
comparison. Sampling data represcntative of a single day at
cach location indicates that PFOA average concentrations in
surface water ranged from O.11 w Q.35 pg/l. The modeled
coneentrations that represent predivted annual average concen-
Lrations ranged from 0,12 to Q. 16 pg/fL. Although the measured
data set is admitedly limited, this comparison suggests that
the moudeled surface waler concentrations are reusonable and
useful for estiimating the contribution of surface water PFOA
to the groundwaicr.

Little Hocking {Zone 5) Modelad and Measured
Public Well Data
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The resulis of the model estimated groundwaler concen-
rrations were compared Lo the public well dua. For cach of
the water districts, there were between one and seven years
of sumpling daa avaituble lor compurisen (sec Table 2)h
Figure 8 shows a compuerison of modeled and measured
groundwater concentrations of PTFOA. These indicale thal
modeled concentrations excecded measured concentritions for
all waler disiricts except Tuppers Plains. Specifically. the
average ralio ol modeled W measured groundwater concentra-
tions was 4.1 for the watcr districts.

The geoerally high bias ot the esimaled groundwaler
concentrations is not unexpected because most of the gir, soil,
and water model parameters were selecied based on site condi-
tions ond were not adjusted via a calibration process. The only
parameter that was adjusted was the condinon ol the land cover

Tuppers Plains Modeled and Measured Fublic

Well Data
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{percemt covered by vegetation) o ensure that the amount of
water recharge Irnn rainfall that was predicted by the model
was consistent with values feom the literawre. Furthenmore,
modeling wus pertormed using Tarly conservative U8, EPA
maodels ([SCST3 md PRZM).

A lmiited sensitivity doalysis ol the air dispersion and mass
balance compoenents of the exposure model was also conducted,
[For the air dispersion modeling, it was assumed that atl PFOA
emissions were in the pacticulate phuse. To evaluaie the sensi-
tivity of this parameter, the model was also run W determine
the historical groundwater concemrations il it was assumed
thin Q% ol the cnussions were as i vapor. Sioce vapors do
not deposit readily, it was anticipated 1hat soil and ultimately
groundwater concentrations would be inconsistent with data
collected near the plant over the years. As shown in Figure 9.
the 100% particnlate and 100% vapor emission profiles for
Litte Hocking result in groundwater conecntrations that repre-
sent the upper and lower hounds of measured data, respectively,
This figure shows that the “all vapor scenarie” under predicts
groundwater concentrations lor the years where scusonally
represenlalive data were available (n = 5), by Faciors of three-
to fourtold, which suggescs thal the assumption that PTOA was
emilled as o particolale was reasonable.

A simple souwree mass balance calenlation veritied thar all
of the APFQ uscd at the plant was accounicd for in the
various environmental media by the madel {that is, the amount
released aver time cqualed the amonm contiined in the various
covironmental media and nooenvironmental compartments}
(Table 17). The calenlations show that the sum of the total
miass of PFOA in cach of the conprvtments eyuals the total
amount of APF( wsed at the plam for each year. In shor,
the 2.464.200 Ib APTFO used by the facility over the 30 yr
cquals the sum of PUOA predicted to be present in cach of the
environmental media and non-covironmental compartments.

The accuracy of the predicted groundwater concentrations
can bc assessed (within an order of magnitude) using the
ISCST2 mwodeled deposition rates, and an estimadon of the
delay time or lag between depusition of e PRFOA and comple-
tion of transit through soil to the top of the water 12ble. This

15
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S: qod | Particulate Mortal N
§ apor Modsl
g i
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2 54
=]
]
bl —
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8 [=2] o 8 =)
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FIG. 9. Comparison of modeled and messured  groundwaler cancenira-

lions when HHIE vapor versos THDE manicnlate @ir omission pratiles woene
winsidired,

wis done by dividing the ISCT} modeled deposition rate (or
the lusr 10, 20. or 30 yr by the punfall recharge rme and
the fraction of wtal recharge ftom rainlall. The results of this
appreach, wsing lag times of 10, 20, and 30 yr, are preseated
in Figure 10,

As shown m Figure 10, the 30-yr [ag time uppears o Dest
predict the measured dala for the Little Hocking Waler Associ-
ation, This is consistent with the moedeled data, whiclh suggest
that the lag Lime for the trunspoct of PFOA deposited on the soil
surlace t the water table (Tor the Litde Hocking warter district)
wis approxamaiely 23 yr. As discussed previously, in the
groundwater modeling analysts, the travel time of PEFOA from
the bottom ol the unxaturated zone through the sarated wquifer
10 the waler sopply wells was not incorporated in the calcula-
tions. This 1s due 10 the assumption thal the wansport of PFOA
wits linited poimanly by Uwesilly clay i the unsalurated zone.
The reasonahle agreement between the modeled and measured
groundwater concentrations confirms that the lag time is due
to the unsaturated zone transport. It s acknowledyed that our
tourtold over estimate of the concemtrations may be a result
of uncertainy andfor variability in the true size distribmion of
particubate cmissions (Figure ¢4 or acglecting the ransil thne
through the saturated zone (Figure 10); however, the available
dara are lar 100 sparse for concluding that our estimares are
signilicantly different than the concemrations which will be
mieasured in the future.

High vonfidence exists in our predictions of the distribution
of the airbome emissions in the environment. Ficld studies indi-
cale that the [SCSTA model generally predicts annual average
air concenmrations within one order of magnitude and, in same
cases within a facior of three- or fourfold of held measure-
ments (NCEA. 1998). Funher, the LS. EPA validation of the
model showed rcasonable accuracy of the gravitational dry and
wel deposition functions, although they typically overpredict
deposition raes ar locations near the source of release, and
underpredict deposition at a distance greater than 3.2 km (i.c.,
2 miles). It should be noted, however, that for the PFOA anal-
ysis. all of the areas included in e air modeling were within
3.2 km (i.¢., 2 miles) except for the new Lubeck wells. Uncer-
tmnty assoctaled with the air dispersion modeling conducled
in this assessment is primarily associned with our Jess-than-
perleet knowledge of the particulate size distribution, metoro
logical dara, and the impact of wind speed and wind dircetion,

1o our analysis, recent informalion was incorporited which
indicated that the APFO at this [ucility was released as 2
particle with o specihe sive disribution (Barwono et al.. 2006].
This information is consistent with the physical/chemical prop-
erties of AP0, since the vapors leaving the suck would be
expected o comlense o a fume (e, particelae form). Recent
community uir sumples indicate that PFOA was not detected
in the vapor phase,

The uncertainty in the meteorological dataset is primarily
ussociated with the use of sile specihie dua for the four most
recent years and extrapolation of these dia w previous years.
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Simple Groundwater Model Sor Ligte Nocking:
CGroundwater Concentration Equals Depasition Rate (10, 20 or 30 years
previoustdivided by Rainfull Rechorge Hote mulliphivd by Fraction of
Total Recharge from Raintall Recharge
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FIG. 1. Sinnple groondwater mchel using Lindye Hockiog aiv deposivion rawes
wodd raintall recharge bn comjunctivn widl vacjous lag tintes.

To conduct the extrapolation, annwal rainfall anwums for the
local area were used Lo seleet which of the site speeific dala
sets should be considered representative for the year, Becanse
wind speed/wind dircetion was not highly variable, only hourly
rainfall amonms may have affected acrinl deposilion rates,
However, becanse cach of the four years of site specilic data
inciuded high, [ow and medinm rainfull rates, hourly rainfall
rates would likely have been equally overestimated and vader-
estimated Whroughout the year und would not likely have an
impact on aerial deposition rates as an annual average.

In summary, the primary exposure pathway by which
persons living near this production facility received exposure W
airborne emissions of PFCGA was through ingestion ol drinking
wier, A comparison ol Lhe expected inlake of PFOA by ciu-
zens living near this Taciluy with seveeal risk ¢riteria indicates
that adverse heaid elices would not have been expected o
oceur. The methads used o estimute historical PFOA concen-
trations in the envirenmenl near ihe plame were shown o be
reasonahle, although they likely overestimaied the actuad expo-
sure of residents. Over time, it is almost certain thal additional
ata will be collected in groundwarer, sorface wier, and the
soil that will charscierive the preeision of our estimutes,
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