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Perfluorooctanocic acid (PFOA) is a persistent chemical that
was recently shown to be widely distributed in the ambient
environment. Because of concerns about (he possible adverse
health effects on persons exposed to PFOA, a retrospective ¢xpo-
sure assessment was conduvted for a population of about 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 PFOA had c¢ver been performed; thus, several novel methods
were developed and applied in this analysis. Historical records
of the emissions from the facility were the basis for the esti-
mates of the potential intake of (PFOA) by residents over the past
53 yr. Various well-accepted environmental models were dynam-
ically combined in order to estimate the concentrations in all
relevant environmental media including anbient air, surface soil,
drinking water, and homegrown vegetables, Followlng consider-
able analyses, particulate deposition from Eacility air emissions
to soil and the subsequent transfer of the chemical through the
soil was determined to be the most likely source of PFOA that
wis defected in groundwater. The highest off-site environmental
concentrations were predicted to occur about 1 mile away. For
this approximately 1! square mile arca, during the time period
1951-2003, the model-cstimated average air concentration was (.2
pg/m’, the cstimated surface soil concentration was 11 pg/kg, and
the estimated drinking water concentration was 4 pg/l.. Similar
data were gencrated for 20 additional geographical areas around
the facility. Comparison of measured PFOA concentrations in
groundwater in the various water districts indicated that the
models appeared to overpredict recent groundwater concentra-
tions by a factor of 3 to 5. The predicted historical lifetime and
average daily estimates of PFOA intake by persons who lived
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within 5 miles of the plant over the past 30 yr were about 10,000-
fold less than the intake of the chemical not considered as a health
risk by an independent panel of scientists who recently studiced
PFOA.

Ammoniuni perlluerooctunoate (APIO), also known as
“C-8" by some in the tluoropolymer industry, is used as a
surfactant in the production of [luoropolymers. Fluoropoly-
mers are  high-performance materials used in efectronics,
acrospace, mnomotive, chemical processing, pollution control,
and consumer houscwire applications (Gangal, 2004). APFO
is Lypically not present in finished consumer articles derived
from NMuoropolytier products (e.g., it is removed or destroyed
during their manufacture) at concentrations that are readily
detectable (Washbarn et al., 2005).

APFO is nonvolatile yet highly watcr-soluble, with a vapor
pressure of 0.00812 Pa and a water solubility greater than 500
g/LL (Shinoda et al., 1972). APFO has capured the atention
of the scientific and regulatory communitics over the past 5
yr duc to its persistence in the environment and questions
concerning its chronic toxicity (APME. 2003; Cousins er al ,
2005; Mabury, 2005).

APTO dissociales into ammonia and the anion form in cnvi-
ronmeni! media Je.g., CFL(CE),COOH-NH, =CTF;(CT%),
COO~ +H* +NH,). Although perfluorooctanoic acid (PFOA)
is more {requently used 1o describe the APTFO anion, it should
be noted that the anion converts o the acid Torm only under
highly acidic enviromuental conditions. To maintain consis-
teney with other literature, the wrm PFOA is used in this
article when referring 10 the anion form of APFO. While both
APFQO and PIFOA are nonvolatile and highly solublc, PFOA
has a higher vapor pressure and lower solubility than APTO
(Table 1.

APFO has been used for more thun 50O yr by the [Tuoropoly-
mers industry and atracted little atention, due to (1) apparent
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TABLE 1
Physicochemical Propertics for APFO and PFOA
Property AP[O PIFOA Reference
CAS number 3825-26-1 335-67-1 LS. EPA. 2005a
Molecular weight 43| 414 U.S. I‘PA, 20054
Solubility in water at 25°C (g/L) =500 4.4 Shinoda et al., 1972
Vupor pressure (Pa) 0.00812 at 20°C 2253 at 200C DuPom internal data
K. organic carbon distribution NA 108.2 The values Tor silty clay loamn, sandy clay
coelticient (dimensionless) loam and sandy loam were similar and
thus averaged (DuPont, 2003c).
Heary’s Law constant (unitless) NA 8.5 x 107 Calculated using U.S. EPA Sail Screcning

Guidance (U.S. EPA, 1996): PI'OA doces nol
rcadily partition from water o air

Note, NA, not available,

low 1o moderate acute toxicity and (2} Jack of cvidence of
adverse human health effects observed in APTO manulacturing
workers. A large toxicological database exists for PFOA and
includes developmental, reproductive, immuonotoxicity, geno-
toxicity, carcinogenicity, pharmacokinetics, and various mode
of action studics. A recent woxicological review of PIFOA by
Kennedy et al. (2004) summarized the current animal and
human toxicity data from studies of acute, subchronic, and
chronic exposures via various routes of exposure and in a
varicty of animal species. The acute toxicily animal studies
indicate that PFOA exhibits moderate acute oral wind inhala-
tion oxicity based on lethulity, where oral doses ranged from
178 o 1800 mg/kg and air concentrations were .98 mg/L
and 18.6 mg/L. Additionally, acute dermal toxicity based on
lethality was considered slight (e.g., = 2000 mg/kg). Most toxi-
cology studics have involved the ammonium salt as the Lest
compound. The subchronic and chronic studies in anioals (rats,
nmice, monkeys, rabbits) indicate that the liver is the primary
target organ (Griffith & Long. 1980; Kennedy. 1985, 1987,
Kennedy et al., 1986, 2004: Perkins, 1992: Butenhoff ct al.,
2002). PIFOA is not mutagenic and has not produced terato-
genic or felotoxic clfects at doses below those that indueed
maternal toxicity (Swples ct al., 1984; Staples, 1985). Lau ct
al. (2004) summarized the developmental toxicity of PIFOA.
Recent postnatal studics on developmental and reproductive
effcets using doses of |, 3. 10. or 30 mg/kg-day indicatc thal
elfects in the Fio generation were unremarkahle during the
lactational period with the exception of a significant lag in
weight gain in the olfspring of the 30-mg/kg treated group
ducing the first postnalal week and a significant decrease in the
tactation index. However, postweaning mortality and defuys
in pubertal onset in the Fi generation al 30 mg/kg by gavage
were noted (Butenhoff ¢t al., 20044). The carcinogenicity of
PTOA hus been investigated in rodents (Biegel et al., 2001).
Increased incidences of benign tumors ol the liver, pancreas
(acinar cell), and Lestes (Leydig cell) were found tollowing a
2-yr rar bioassay at dictary exposures of 300 ppm. One rat study

also found increased incidence of mammary-gland wmors in
female rats exposed o PFOA, although the increase was not
reflective of un effeet of PIFOA (Riker et al., 1987). The U.S.
Environmenial Protection Agency (BEPA) Science Advisory
Board reviewed the cancer data for PFOA and concluded that
becuuse there are inadequate data in human studics and uncer-
winty regarding twe relevancee of the rodent tumors, PFOA niy
be suggestive ol carcinogenicity, although the U.S. EPA also
considered a cancer descriptor of Vlikely™ (U.S. FPA. 2005,
2005b). In contrast to animal studics, cpidemiology investiga-
tions of APTO production workers have ol shown increased
cancey mortality or other adverse clhronic systemic clicets
{Ubel et al., 1980; Gilliland & Mandel, 1996; Alexander, 2001
Alexander et ai., 2003; Olsen et al., 1998, 2000, 2003).

Beginning in about 2000, there were indications that PFOA
was present in measurable concenmrations in wildlife in a
number of locations worldwide (Kannan et al.. 2002a, 2002b;
Moody ct al., 2002: 3M, 2003; Tomy ci al., 2004). Addi-
tionally, detectable levels of PFOA were found in the blood
of children, adulis. and the elderly in the United States and
numerous other countries (Qlsen ¢t al., 2003, 2005; Kunnan
el oal.. 2004). While PFOA is 4 biopersisient chiesnicul, bivcon-
centration lactors ranging from 3 10 9 indicute that PFOA s
not bioaccumulative (Morikawa et al., 2006; U.S. CPA, 2002)
As a result of these observations. hoth stale and federal regu-
latory agencies developed an interest in understanding the tate
und transport ol these chemieals inan clfort w understand why
PFOA was being detected. The interest in this family ol chem-
icals has become sulficiently great that the first Intlemational
Symposivm on Fluorinated Alkyl Organics in the Environment
was recently convened in Toronto, Canada, with nearly 000
scientists and with about 100 papers presented.

To undcerstand the possible exposure of  approximately
$0.000 persons in the community surrounding a (Muoropolymer
manulacturing  facility, mass balance and  enviromuental
migration models that predict PFOA concentrations in air,
soils, groundwarter, surface water, wp water, and other
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environmental media cach year throughout the operational
history of the facility (1951-2003) were developed. The Tikely
routes of human exposure 0 PFOA in these media were also
cvaluated and plausible estimates of PFOA intake as a function
ol duration of residential occupancy in the nearby communities
were developed. The resulung intuke of PFOA wus charac-
terized by comparing the estimates of intuke to health-bused
exposure criteria that were developed for PFOA (Butenhoff
ctal, 2004b). It is acknowledged that there is some level of
background cxposure 10 PFOA to the gencral U.S. popula-
tion. This assessment, however, focused only on the release of
PLOA from one facility and on its prescoce in air, soil, drinking
water and vegelables surrounding the Tacility. A comparison
of the estimated exposures of the local population o that of
the general population was made.

This cxposure assessment is the (irst attempt w0 develop
a generally applicable model for estimating the concentration
ol PFOA in cnvironmental media due 10 emissions in air and
walter [rom an industirial facility, as well as the resulting intake
of PFOA by persons exposed to them. Because the (luorinated
chemicals possess unique chemical and physical propertics, 4
novel application for cstimating concentrations in the envi-
ronment duc to airborne emissions using a combination of
generally accepted models needed to be developed. and this
approach should be applicable to other highly water-soluble
chemicals released 1o the ambient environment as a vapor
or tume.

DESCRIPTION OF THE MANUFACTURING FACILITY

Over the past 50 yr, APFO was used in the munufacture
of fluoropolymers at the DuPont facility in Washingion, WV
(DuPont Washington Works). The plant is located approxi-
mately 10 miles southwest of Parkersburg, WV, along state
Route 61. This facility was established in the 1940s and began
using APFO in somce of its manufacturing processes in 1951.
APIFO serves as a surfactant in the luoropolymer production
process and is neither consumed nor desuwoyed in the process.

Seven fluoropolymer processes al the plant came on line
al various times over the years of operation and each used
APFO ul sume point from 1951 1w 2003. These processes
are: fine powdcr, polytetratluorocthylene (PTEL) dispersion,
{luorocthylene propylene (FEP), TP dispersion, granular,
PTFA process K, and PFA dispersion. Each process is briclly
described next.

Fine Powder Process

This line began in 1951 and the product (fine powder)
is used in o wide range of goods, including membranes lor
apparcl, wire and cable, and filled products. APTO is added at
the start of this process and was released via airborne emis-
sions, as well as in liquid and solid wastes. The primary source
of air cmissions were from the dryer exhausis. After 1990,

a scrubber was installed 10 reduce air cmissions and recover
PFOA (rom this waste stream. In addition, wastewaler was
treated using an Oberlin lilier o remove large solids prior o
treatment in carbon beds, which started in 2001,

PTFE Dispersion Process

Polytetratluoroethylene (PTEE) is similar to the fine powder
product; however, it is not dried but instcad was sold as a
liquid for coating applications. This product linc began in 1951
at the same time as the fine powder line. Since the product
is not dried, there are no aerial emissions [romn this process.
Somc residual APFO remains in the product until it is tfurther
processed by the industrial customer.

FEP Process

The fluoroethylene propylene (FEP) produet line began in
1963 and is sold in cube or flake torm. It is used 10 make
extrudable resins which arc ofien used to coal wire and cable.
APFO is added at the start of the process and was released via
air emissions and in Jiquid and solid wastes. The dryer cxhausts
are the primary source of air emissions for this process. Starting
in 1968, scrubburs were installed on the drver exhausts and the
recovercd PIFOA was relcased 10 the Ohio River undil 1997, In
1997, the recovered PIFOA from this process was recycled. In
addition, beginning in 2001, waslewater was treated using an
Oberlin filter to remove large solids prior 1o carbon treatment.

FEP Dispersion Pracess

This product line is similar to FEP: however, it is not dried
but sold as a liquid dispersion. This product line also began
in 1963. There are no air emissions from this process because
the product is not dried. Some residual APIFO remains in the
product until it is further processed by the industrial customer.

Granular Process

The granular process began operation in 1951, but APFO
was not used until 1965. This product is sold in solid gran-
vlar form and is used for making molded products and skived
sheers. APF(Y is added at the start of the process and is relcased
via air emissions and in liquid wastes, The dryer exhausts arc
primary sources ol air emissions for this process. No scrubbers
were installed for this process because ol the low amount ol
APFO used relaive o the other processes. In addition, the
wastewaler tfrom this process was not carbon treated for the
saime reason.

PFA Process K

The PFA process K product line began in 1998 and the solid
material is sold for wire, cable, and semiconductor applications.
APTOQ is added at the start of the process amd was released
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via air emissions and in liquid and selid wastes. [From the start
of this process, a scrubber has been in place 10 reduce air
emissions and the wastewaler is treated with carbon ureaument
prior W discharge.

PFA Dispersion Process

The PFA dispersion product is similar to PFA Process K,
although it is sold as a liquid dispersion. This process began
in 1973 and the material was manufactured at the FEP plant.
APFQ is added a1 the start of the process and released in liquid
and solid wastcs.

Environmental Monitoring at the Site

In the mid-1980s, PFOA was intermittently detected in some
of the tap-waler sources in communitics near the plant In
recent years (approximately 2000 o present). more than 200
samples of raw or finished drinking water were collected from
public water districts or privale wells near the Washington
Works facility (hereafter referred to as the plant).* Concen-
trations of PFOA greuter thun 0.05 pg/L (contemporary quan-
tification level of PFOA in waicr) were found in the drinking
water of 5 local water districts: Little Hocking Water Associ-
ation, Lubeck Public Service District. City of Belpre, Tuppers
Plains/Chester Water District, and the Village of Pomceroy,
over the past 5 yr (2000-2005). Figure 1 shows the Jocalions
of these waler districts’ service wreas in relation o the plant.
A summary of the historical drinking-water sampling data for
PFOA in the relovant water districts is presented in Table 2.

Cach ol these waler service providers obtains their waler
lrom groundwaler in Ui Dunkard Group bedrock and Ohio
River alluvial terrace deposits. The saturated portion of the
Ohio River alluvial terrace deposits comprise the principal
regional aquifer used (or public and industrial water supply
purposes. The Ohio River Alluvial Aquifer occurs at depths
ranging from 15 10 70 f1 below ground surlace at the various
water-district well fields. Groundwater investigations at the
plant demonstrated that, due to the pumping rates of the facility
and another industrial facility (operated by General Electric)
adjacent to the plant, the public water supplics arc hydrogeo-
logically isolated from the portion of the aquifer from which
the plant draws its water (DuPont, 2(K)3a).

Over the years, the water districts extended their scervice
areas (o include increasing numbers of customers in the
geographical arca. Additonally, prior w 1992, the wells which
supphied water to the town of Lubeck were located on what

*Water samplex were collected at Little Hocking Water Associ-
ation. Lubeck Public Service District. City of Belpre. Parkersburg
Water Department, Tuppers Plains/Chester Water District. Village
of Pomeroy, Ravenswood Municipal, Mason Couaty Public Service
District. Village of Rucine, New laven Water Depurtment. and
Village of Syracuse.

2 , City of
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! Water ,"f _..-J
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5 ¢ “*| ohid River
. é— o
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FIG. 1. Approximate lovidion ol public water supply current service bound-
aries in relation 10 the PuPont Washingion Works Facility.

now is plant property. In 1992, this waler district drilled new
wells localed approximatcly three miles south of the old wells.

The wel and dry deposition of APFO vapors and [umies
onto soil, which is later transporicd 1o the groundwater duc
to rain, was investigated by DuPont. U.S. EPA Region 111,
and West Virginia Department of Enviroomental Protection
(DLEP). There is agreement among these groups that APFO
air emissions and subsequent deposition onto soil. as well as
relcases 10 surface water, were the most likely sources of the
PFOA in the groundwater for residents living within about 10
miles of the tacility (WVDEP, 2003).

METHODS

A material mass balance for APFO (the quantity used and
released) from the lacility for the years of interest (1951-2003)
was developed. These data were then used as input o various
envirommental fate and ransport models to quantily the amount
of PFOA in various cnviromnental media over time. Based on
the results of the modeling, the pathways for human cxposure
10 PFOA were identificd and the magnitude of ol PFOA
intake by residents was estmated.

Materials Mass Balance

A maderial balance of APFO Tor the plant was based on
informatjon obtained via annual purchasing records, which
dated back o 1951. In addition, other plant documents were
reviewed and numerous interviews with facility engincers
were conducted 1o understand the seven different processes in
which APTFO was used, Given the genceral agreement regarding
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TABLE 2
Historical Drinking-Waler Mcasuremenis of PFOQA
Groundwater Average PIFOA concentration  Detection {requency
Public water district modeling zone Year (ng/L) and (range) (LOD) (pg/L)
Liule Hocking 5 1984 045 112 (0.6)
(<0.60.6)
n=2
1987 <4 0/ (0.4)
n=1
1988 <0.6 072 (0.6)
n=2
2001 35 55
(0.844-7 66)
n=35
2002 3.1 28728
(0.42-8.58)
n=28
2003 3.5 22422
(0.733-8.97)
n=22
2004 4.8 6/6
(0.487-10.1)
n==6
Belpre 8 2002 0.095 11/14 (0.05)
(«0.05-0.141)
n=14
Lubeck (old well field) 9B 1984 1.1 4/5 (0.6)
{<0.6-1.5)
n=>5
1987 1.6 4/4
(1.3-1.9)
n=4
1988 1.7 3/3
(1.4-2.2)
n—3
1989 0.7 1/
n=|
1991 a5 10/10
(0.9-8.8)
n=10
Lubeck (new well field) 9A 1991 0.43 3/8 (0.1=1)
(<<0.1-1)
n==%8
1992 0.3 22
(0.2-0.4)
n—2
2000 0.45 15715
(0.073-0.81)
n=15
(Continued)
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TABLE 2
(Continued)

Groundwater

Average PIFOA concentration  Detection (requency

Public water district modcling zone Ycar (pg/L) and (range) (LOD) (jg/L)
2001 0.3R /A
(0.055-0.694)
n—11
2002 0.62 37/37
(0.283-1.21)
n=37
2003 0.49 23/23
(0.19-1.09)
n=23
2004 0.46 6/6
(0.27-0.637)
n=6
Tuppers plains 20 1984 <0.6 0/1 (0.6)
n=1
2002 0.33 24/27 (0.05)
(<0.05-0.726)
n=27
2003 0.28 15419 (0.05)
(<0.05-0.726)
n=19
Pomcroy 2] 2002 0.058 57 (0.05)
(<0.05-0.085)
n=7T
Private wells Various 2001-2002 0.83 67/99 (0.05)
(<0.05-8.59)
n=104

the role of air emissions as a primary source of PFOA in
the drinking water (WVDEP, 2003), parricular emphasis was
placed on understanding the acrial releases of APFO for each
process. Air emissions of PFOA potentially occurred during
the manutacture of tluoropolymers when “dry™ products were
manufactured, and tor each of the dry manufacluring processes
there were onic or more cmission sources, typically dryers.
Based on interviews with facility engincers and plant docu-
ments, fluoropolymer products that were manufactured and
sold in a liquid form produced no significant air emissions of
PFOA,

For cach process and year, the following equalion was
used 1o describe the disposition of APFO used in that
process:

|Used] = [Recovered] + [Destroyed| + [ Air|
+ [Land — on-site| + |Ohio River)

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

where [Used| is the total awmount of APFO used in cach
process (Ib). [Recovered] is the amount o APFO recovered
(Ib). [Destroyed] is the amount of APFO desiroyed in-situ or
through treatment (Ib), [Air] is the amount of APFO cmited
to air from the plant (Ib), [l.and — on-siic] is the amount of
APFO sent 1o landiills ncar the plant (Ib), [Ohio River| is the
amount of APFO rcleased from the plam to the Ohio River
(Ib), [Ponds) is the amount of APFO scat to on-site anacrobic
digestion ponds (Ib), [Product]| is the amount of APFFO in the
liquid dispersion products that is sent w industrial end users
(Ib), [Land ~ Oft-site| is the amount of APFO in solid wastc
and treament residuals from supernate sent to a landfifl (1b),
and |Water — off-site] is the amount of APTFO in wasicwater
from supernate sent for oflf-site treatment al an out-of-stale
facility.

The anount of APFO used by process and year was obtained
by reviewing cost sheet records from the plant. These records
were available for every year from 1951 to 1980. 1983, 1987
to 1991, and 1993 1o 2002. For 1981. only data for FCP were
available. For the years and processes in which data were
missing, cxcepl for 2003, APTQ nsc by the plant was estimated
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by lineur interpolation between the years with existing data.
For 2003, the esiimates of APFO were provided by the plan
engingering stalf.

The amount of APFO in cach process released to air,
wastewater, aborted batches, solid wasle, and supernate were
estimated based on information from APFO mass balances for
the seven processes as deseribed in various internal documents
prepared by DuPont for the ycars 1978, 1983, 1993, and 1995
through 2000, as well as, discussions with DuPont engineers
at the plant. The documentatiop of the magnitude of APTFQ
released was based on [irst principles or actual intermiuent
sampling of the process stureams,

Progcess-specific air emission source information from the
uir dispersion modceling, which was performed for years 2000
and 2002 as part of the plant’s air permitting process with
WVDEP (DuPont, 2002, 2003b). was used in our analysis. The
historical APFO mass balances were generated using available
data and professional judgment, where necessary, Lo estimate
the amount of APT"O rcleased to the environent by the plant
from 1951 to 2003.

Because the amoums of APFO used in these processes
for the majority of years are from the accounting records for
cach process, there is little uncertainty in the estimale of the
amount of APFO used per year in the cach process. I addi-
tion. based on plunt documents, the percent of total APTO used
for cach process that was released 1o air, in wastewaler, as
supernate, or is solid waste varied at most by + 305, Records
of APTFO removal, destruction, and recovery from the various
pollution control devices were available starting in 1992, Any
uncertainty associated with the amount removed, destroyed. or
recovered is due to the measurement and cstimation uncereainty
associated with the engincering records and 1emporal uncer-
tainty due to not having records from 1990 w 1992. When
professional judgment was used, estimates of gir emissions und

wastewater emissions were maxinnized versus the estimates of

APIFO removed, destroyed, recovered, or disposed of as sohd
wasle or olfsie.

Environmental Modeling
Lstimation of Airborne PFOA Concentrations and
Total Deposition of PFOA Onto Soil

The deposition of airborne PIFOA emissions at locations
outside the Facility was evaluated using the U.S. EPA Indus-
trial Source Complex Short Term version 3 (ISCS'1'3) model
(U.S. EPA, 19953, 1995b). This model is a Gaussian plume
model that may be used to characterize pollutant concentra-
tions from a wide varicty of sources that are often presenr at
manufacturing sites. This modcel accounts for wet and dry depo-
sion of particles; downwash; point, arca, line, and volume
sources; plume risc as a function of downwind distance; sepa-
ration of point sources; and limited terrain adjustment (U.S.
EPA, 1995a, 1995b). Additonally, the ISCST3 model takes
into account site-specific meicorological data. This model was

used to cstimale anaual average air concentrations ol PIFOA
(ug/m*), dry deposition of PFOA to the soil (g/nm*-yr). and
wel deposition of PTOA o the soil (g/m*-yr) lor the arcas in
vicinity of the plant. The average air concentrations, dry depo-
sition, and wet deposition were calculated considering both dry
and wet depletion.

Regulatory detault settings were used in the model (U.S.
EPA, 1995a. 19950; Federal Register, 2003). Based on the
land usc analysis previously performed by DuPont in their year
2002 Air Dispersion Modeling Analysis of APFO Gmissions
for the Washington Works Facility (DuPont. 2003b), the rural
land use option was selected 1n the 1ISCST3 model. Further,
hecanse the facility is located within the Ohio River valley and
there are significant terrain features on both sides ol the river
valley near the plant, terrain elevations were incorporated inlo
the analysis (DuPont, 2003Db).

Emission sources.  Acrial APFO emissions were modeled
for the years 1951 through 2003. A listing of stack param-
eters by source and year is provided in Table 3. Quly point
sources for PFOA emissions from the fluoropolymer manufac-
turing processes were included in the model. Because the thio-
ropolymer manulactoring was conducted in enclosed facilities,
fugitive emissions were not included, as their contributions to
off-sitc PIFOA concentrations would have been trivial relative
to the stack cmissions.

In order to account for the eftects of building down-
wash in estimating onsite airborne PFOA concentrations. the
conliguration of buildings at the lucility was considered. The
geographical location of the buildings for the facility was taken
from previous air dispersion modeling performed by DuPont
(2003b). Bascd on this building contiguration, the U.S. EPA
Building Profile Tnput Program (BPIP) program (U.S. GPA,
1995¢) was used 10 estimate the downwind and crosswind
dimensions of the buildings for vse in [SCST3.

Parricle size distriburion of PFOA eaissioms.  Based on
interviews with facility engincers, in this analysis the hot PFOA
in the dryer atmosphere was assumed 10 be presemt as a vapor.
Wiien the hot PFOA vapors exit the dryer o a stack and/or 1o
the ambient air, the hot vapor changes physical form as it cools
and condenses to torm a fume. Fumes are comprised of ultra-
finc particulates (Scidel et al., 1991; Oberdorster et al.. 2000:
Mendez et al., 2000), and alier several minutes in the ambicnt
air, ultrafine particulates tend 10 coagulaic and nucleate 10
form submicron sized particles in the range of 0.1 (o 1 pm
(U.S. EPA, 1990; Scidel et al., 1991; Flagan, 1994; Oberdorster
et al, 2000). This is consistemt with recent studics demon-
strating that airborne PFOA at the plant fenceline was only
detectable as a particle and not as a vapor (Barton et al., 2006).

In 1996, DuPout characterized the particle size distribution
of PFOA from the line powder scrubber exhaust to evaluate
the effect of particle size on scrubber clficiency, and those data
were subscquently used for the air dispersion medeling of ycar
2000 (DuPont, 2002). Although there were no particle size data
available for the airbome emissions of PFOA prior o 1996,
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TABLL 3
Iistorical Stack Information Used in Air Dispersion Maodeling ol the Washington Works Facility

Stack Stack Stack exit Stack

height diameter velocity temp. Years of
Description Process (1) () (1vs) (deg 1) operition
Research device in B-62 Fine powder 48 2 6.50 183 1951 to 1958
No. 1 tray drier Fine powder 48 2 20.80 183 1958 to 1963
No. 2 tray drier Fine powder 48 2 20.80 183 1659 10 1963
No. I belt drier Fine powder 48 1.67 37.28 183 1961 o 1969
No. 2 belt drier Fine powder 48 1.67 728 J83 1965 10 198]
No. 2 helt drier Fine powder 78 1.67 37.28 183 1982 10 1989
No. 3 belt drier IFine powder 48 1.67 37.28 183 1965 10 1981
No. 3 belt drier Fine powder 78 167 37.28 1K3 1982 10 1989
Scrubber Finc powder 59 1.5 170 111 1990-2002
DB scrubber Fine powder 170 4 159 124 2002-2003
DI cooler Fine powder 45 2.25 8.4 176 2002-2003
D3 cooler [Finc powdcr 45 1.67 2.6 112 2002-2003
D1 bypass Fine powder 69 1.67 57 230 2002
D3 bypuss Fine powder 69 1.67 57 230 2002
No. | oven FEP 6l 1 33.32 82 1963 10 1986
No. 2 oven FEP 6l 1 3351 82 1963 10 1986
No. | wet finishing FEP 53.6 1 70.03 82 1963 w 1978
No. 1 wet finishing FLP 71 l 70.03 82 1979 10 1996
No. | wet finishing I':P 92 0.67 24.39 148 1997 10 2003
No. 2 wet linishing I'cP 80 25 40.74 82 1982 10 1996
No. 2 wet [inishing IFEP 99 0.67 33.89 128 1996 10 2003
Line 3 wet finishing QK 114.5 0.5 89.04 17 1998 o 2003
11T scrubber rCcp 80 1.3 34.53 82 1986 1 2003
Granuluar linc 2 Granular 64 0.88 111.7 139 1965-2003
Girinular line 1 Granular o3 1.5 6l 142 1965-2003
PFA dryer PIFA process K O 0.65 52.7 171 2003
Pl A filterfreceiver PlFA process K 725 0.27 28.7 110 2003

the installation of the scrubbers may have redoced the panicle
size of the fume. Thus, use of the post-1996 particle size data
may result in the underprediction of PFOA deposition near the
source of release and over prediction of PIFOA distant from the
source. As such, the airborne APFFO emissions were modeled
as particulates since the available information indicates that
APFO vapors quickly condense to fumes after they exit the
stack. The particle size distribution used in the air modeling is
presented in Table 4. Air sampling of PFOA’s at the fenceline
(Barton et al., 2006) included a paniicle size distribution anal-
ysis, and those results were consistent with that presented in
Table 4.

Meteorological data. Tive years of on-sitec metcorolog-
icul data from 1996, 1999, 2000, 2001, and 2002 were avail-
able to characterize the variability in metcorological condi-
tions at the plant. The on-site data from 1999 10 2002 were
compiled from the hourly readings of wind dircction, wind
speed, ambient air temperane. cloud cover, clond ceiling

TABLE 4
Particle Size Distribution tor PFOA Limissions (Based on
Panticle Size Data Collected from the Fine Powder Packed
Bed Scrubber Exhaust in 1996)

Minimum Maxihnum Mean

particle size for  particle size for particle size Mass

category (wm)  category (jpm) (pm) {raction
3.0 5.0 4.0 3.3%
1.0 3.0 20 12.7%
0.5 1.0 0.75 3.5%
0.3 0.5 0.4 26.7%
0.1 0.3 0.2 53.8%

height. surface pressure, and solar radiation from the SATER
on-site meteorological system. These data were then combined
with mixing height data from Wilmingion, OH, and hourly
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precipitation data tor Liverpool, WV, 10 assemble meteorolog-
ical dara sels suitable for ISCST3 (U.S. EPA, 19954, 1995h).

Becuuse of the high percentage of calm hours in the on-site
data for 2001 (51.7%, or 4530 of 8760 h), this data sct was not
used in the subscequent air dispersion modeling, Cabn hours
oceur when the hourly wind speed is less than | n/s for a
given hr of data. For these hours, ISCST3 does not calculate
air concentration or total deposition to soil.

Figure 2 presents the combined wind rose (or the four years
ol data used Tor this air dispersion modeling. TFor all four
vears, the predominant wind direction was from the south-
west 10 the northeust for the majority of hourly meteorological
data. For honrs when this wis nor the predominant wind direc-
nion, the predominant wind dircction was northcast to the west
by southwest. Based on the windrose map and distance {rom

Little

Hocking
Water

Ascociation

Ohio River

Lubeck
Public
Sarviee
Disteict

¥ Vo nmgien

e 7

—~ Pradamizast wind duecticn

FIG. 2. Wind rose map fon meteorologival data used in the ain dispersion
modeling including vears 1996, 1999, 2000, and 2002.

the plant, two of the affected water districts, Tuppers Plains
and Pomeroy, were not likely to have been impacted by air
cmissions and therefore were not included in the air disper-
sion/deposition modeling domain.

Because the year-to-ycar variability associated with wind
speed and direction is lower than the ycar-lo-ycar varnability
of unnual precipitation, the annual amount of precipitation lor
cach year was used to determine which of the four on-site data
sets would be more representative for each year from 1951 w
2003. For years with less than 95 em of precipitation, cither the
1999 or 2000 daa set was used. For years with precipitation
amounts between 95 cm and 120 cm. the 2002 data sct was
used. FFor years with greater than 120 cm ol precipitation, the
1996 data set was used

Geographice! locutions of residents.  The 1SCST3 air
dispersion model delines geographical locations us nodes
(sometimes called receptors) located al the center of a square
ccll with cach cell located on a grid. In this analysis. {or loca-
tions close to the plant, o fine grid was established with cell
sizes of 250 m by 250 mi (1.c., about 15 acres). For more distant
locations (situated more than 54 miles south of the [acility), a
course grid of cells 500 m by 500 m (i.c., about 62 acres) was
used. Receptor coordinates ure defined in Universal Transverse
Mercator (UTM) coordinates. The facility and entire model
domain are located in UTM Zone 17.

The fine and coarse receplor grids were delined for all
historical arcas serviced by the Liule Hocking Water Associ-
ation (LHWA), the City of Belpre Waier Department, and the
Lubeck Public Service District (LPSI}). The fine grid spans
17.5 km lrom east (o west and 14.25 km from north o south
and includes the plant. The coarse grid spans 17.5 km (rom cust
to west and 14 km from north 10 south and is located 10 kim
south of the plant. The total modeling domain encompassed
191 squarc mile arei.

Exposure zones.  For ease of communicating the results ol
the assessment, the communities served by the water districts
were divided into zones, Beginning with the 191 square mile
grid, & 185 square mile (479,150,000 m?) portion of the grid
was divided into a total of 19 zones (areas) based on produc-
von well capture zones and service districts of LHWA, the
City of Belpre, and LPSD. The remaining 6 square mile arca
(15,500,000 m’*) was outside of the arca of interest for this
exposure assessment. These areas within the water districts are
shown in Figure 3.

The selection of the boundaries of the 19 zones were iden-
tified using the following criteria:

e Public water supply and plant waler pumping zones of
influcnce (zones 5. 6. 8. 9, and 10):

» Historical houndarics of the water supply district:

« Distance (rom the plant.

» Boundaries of residential developments within cach water
supply district.
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City of
7 Belpre
4
12
g
Lubeck
15 Public
Service
i District
«—— Ohio River
16 17
/"’.
18 19
—. Water District
Boundary sssaresaers (Ohio River
F1G. 2. Schematic illusirating how the 183 square miles of residential and

il areas were divided. The weas o zones conespruid tor specific waen
districts ar subdisticts.

For each of these zones, the annual average airborne PIFOA
concentrations and total PFOA deposition ante soil at the
receplor locations within these zones were averaged together
Lo generate air concentrations and deposition rules averaged by
zone,

For cach of the 19 zones. arca-weighted average airborne
PFOA concentrations and total PIFOA deposition rales were
calculated and vsed o esumate surface soil concentrations,
groundwuater concentrations, vegetable concentrations, and
average daily doses (ADDs).

Unsaturated Zone Soil and Groundwater Modeling

Historical sail concentrations of APIQO) were cstimaled
using U.S. EPA’s Pesticide Root Zone Model, version 3,12
(PRZM-3) (U.S. EPA, 2001). The model consists of two linked
modules which calculate fate and transport in the surface
root zone (PRZM module) and subswrtace soil (VADOLT
module). The same cxposure zones as those used in the air
dispersion modeling were used in modeling historical soil
concentrations.

Several resources were used o characterize the vnsaturated
zone soils that cover the underlying Ohio River Valley sand
and gravel aquifers serving the public water supply wells.
The following soil parameters were needed to perform the
unsuturated zone modeling:

e Dominant surface soil texiure/hydrologic soil group:
o Dominant subsurface soil texture:

o Rate of groundwater recharge:

« ‘Typical depth o groundwater lable.

Tuble 5 presents a sunimary of these soil parameters for 3
ol 5 waler districts where air deposition to soil was a relevant
transport mechanism. Based on the parameters just described.
U.S. EPA PRZM-rccommended  soil-texture-specilic guide-
lines or other technical guidance was used 10 determine phys-
ical soil propertics such as bulk density. hydraulic conductivity,
and porosity and the annual average rate of rechurge. The

TABLE 5

Suinmary Soil Properties for Unsaturated Zone in Public Supply Well Capture Zoue

System

Dominint
surfice soil

ype

Soil Conservation
Service (SCS)

hydrologic soil group subsurtace soil type

Dominant
unsaturated zone

Depth o
groundwater near
well ficld

Averige
annual
recharge

Litle Hocking Water
Association (zonc 5)

City of Belpre (zone 8)

Lubeck Public Service

Silty clay

Silt Joam
Sandy clay

District—new wells (zone 9A)

Lubeck Public Scrvice

Silt loam

District—old wells (zone 9B)

D

Silty clay

Silt loam
Sandy clay

Sandy loam

200

2251
12 (t

55 f

6 inches

8 inches
8 inches

8 inches
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unsaturated zone soil propertics for the public water supply
wells located in air dispersion modeling zones were known
and accounted for in the modeling.

Data collected by the U.S. Departmemt of Agriculture
(USDA) Nuational Resource Conservation Service (NRCS)
were used o estimate PTOA soll concentrations in private
well zones. Specilically. the NRCS State Soil Geographic
{(STATSGO) database was the primary source of information.
The STATSGO databasc subdivides a geogruphical region into
map units of similar soil type and assigns cach arca a map uait
identification number (MUID). Each map unit consists of up
1o 21 component soils. which are further divided into layers.
Beeanse individual components are not depicied graphically
on a map unil, resulls for cach arca are typically presented
statistically {e.g., percentage of so0ils classificd as clay). Table 6
presents a sununary ol the soil parancters from STATSGO
for each of the medeling zones. The STATSGO datubase 1s
available from the US. EPA grouped by watershed hydro-
logic unit map (HUC) number as part of the Better Assessment
Science Integrating Point and Nonpoint Sources (BASINS)
model.’

Once of the limitations of the STATSGO datasct is that soil
data are generally only uvailable 1o a depth of 5 10 7 Il. Ax
such, two conditions required judgmients regarding the depth
to groundwaiter. First, where the depth to water was indicated
in the STATSGO database as greater than or equal to § It,
the effective depth 1o groundwater was determined to be the
depth to bedrock. The concentralion ot PFOA in the shale
and sandstone bedrock was then considered w be equal to
the concentration of PIFOA at the interface ol bedrock and
overburden. As such, any fate and any transport process in the
hedrock that would tend 10 restrict the movement of PFOA
downward 10 the private well caplre zone were neglected.
Second, for map units where both the depth w bedrock and
depth to water are detined as greater than 5 or 6 ft, the depth
to groundwaler was based on the depth 1o groundwater for the
nearest public water supply zonc.

The amount of recharge that occurred in cach private well
zone was sel equal to the amount ol recharge that was specilicd
tor the public water supply well zones based on Hydrologic
Sail Group. This approach likely overestumated recharge for
the upland arcas because recharge o the bedrock is likely to
have been as Tow as 0.1 inches/yr in bedrock aquiler arcis
{DuPomt, 2003a). The assigned annual average recharge rates
of 610 & inches/yr were similar 10 the annual average recharge
rate provided by the Ohio State University Extension (2004)
of 6 inches/yr lor Washinglon County.

Water balance. The waer balunce in the PRZM model
consists of the addition of watcer in the form of rainfall or snow.
storage in the canopy and surtace soil, runoff losses to surface
water, evapotranspiration losses to the atmosphere, and finalty,

'S0l data available al hup://www.cpagov/waterscience/(tp/basing/
gis_data/huc

leaching of water to the subsurface soil column. Precipitation
dala were input on a daily basis, with precipitation occurring
al emperatures below 0 °C determined 10 occur as snow.
Runoff loss was cstimated using the USDA Soil Conservation
Service curve nuinber approach, which is a fuaction ol soil
classilication (hydrologic soil group) and type and condition ol
groundcover. In the absence of sile cvaporation data, the total
cvapotranspiration demand was caleulated vsing wabuliated pan
cvaporation data available from the U.S. CPA (2004) for the
nearest regional meteorological station.

After the otal cvapotranspiration demand was determined.
PRZM sequentially extracted waler from the canopy, ponded
sorface water, and finally by crop transpiration. Water was
extracted from cach surface soil layer uniil the soil water
content reached the wilting point, the minimum moisture
conlent w sustan plant growth. Finally, waler was determined
10 leach from the surface soil o subsurlace soil until the surface
soil water conlent was equal Lo the lield capacity, which was
assurned 10 occur within a 24-h period in the abscnce of addi-
tional precipitation,

The {Tux rate of water leaching below the root zone was used
as input to VADOITT, This module simulates transient vertical
groundwater under variably satrated groundwuler conditions
and is based on the Richard’s equation for infiliration of
waler in the vadose zone (Jury ot al,, 1991: U.S. EPA, 2001).
Groundwater flow in the unsaturated zone is a function of two
key rclationships: relative permeability versus water samration
and pressure head versus water satration. These relationships
depend on xoil properties such as pore size distribution. The
fanctional relationships of van Genuchten (Jury ct al., 1991
U.S. EPA, 2001) were used in VADOTT along with the asso-
ciated tabulated empirical constants. which are available lor
various soil classifications.

Groundcover (cropl. Because PRZM  was  origiaally
designed 10 aid in crop pesticide management, the land cover
was specificd as a crop. For the purpose ol modcling soil
concentrations in the water district well fields and residen-
tial arcas, the groundcover was sclected o be Kentucky Blue
Grass, with the growing scason determined by average data
for Washington County, OH. The maximum depth of the root
zone for this grass was determined o be 30 cm and the grass
was considered (o be winmed regularly Lo maintain an average
hicight of 5.1 cm. Grass canopy coverage was scl equal 1o 50
75% of the surface. with the remaining 25 10 50% consisting ol
barc soil. The scling of canopy coverage was based on a cali-
bration of the water balance discussed previously. The growing
scason wus based on dutes of first and last frost for Wash-
ington County, OH. The USDA TR-35 cover type that was
sclected was “Pasture, grassland, or range-continuous forage
for grazing.”

Chemical deposition.  Aunospheric deposition to soil was
assumed to be mixed within the top 1 em of soil, with concen-
tration lincarly decreasing with depth (NCEA, 1998). Daily
deposition was entered in units of kilograms per hectare per day
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(kg/ha-day). The conversion from the air dispersion modcling
deposition results in grams per square meter per year (g/m’-
ycar) to units of kilograms per hectare per day is given here
for non-leap years:

C (kg/ha-day} = C {g/m*-yr) x (10, 000m*/ha)
x (0.001ke/g)/(365days/yr)

Chemical transporr. The chemical fate and  transport
processes for the surface root zone and subsurface soil for
PIFOA include chemical advection, dispersion, and reversible
linear adsorption. A portion of the dissolved phase chemical
located in the top 2 cm of surface soil is considered avail-
able for exwaction due to mixing with surface water runolf,
The fraction ol chemical availuble Tor extruction decreuses
exponentially with depth. Chemical loss due o soil erosion
and volatilization was considered 0 be negligible due to the
high solubility. low Henry’s law constant, and moderate K,
of PIFOA (Table 1). Additionally, because PEOA is not rans-
formed or degraded in the environment, chemical loss due
to biological or photochemical degradation was considered
negligible.

Estimation of Drinking Water Concentrations

General hydrogeologic conceptual model for Washington
and Wood cownties.  The Ohio River Valley. which passes
through Washington County, OH. and Wood County, WV is
characterized by coarse~grained Ohio River Alluvium over-
lain by [inc-graincd overbank deposits. The geology and
hydrogeology of the region were summarized in the DuPont
Revised Groundwater Model (or the Washington Works
Facility (DuPont. 2003a). As shown in Figure 4, production
wells for drinking water were complered in the Pleistocene
sand and gravel layer due to the high well yields that are
achievable. Due to the proximity of this soil unit to the Ohie
River and high hydraulic conductvity, high puuping rates tend
to result in river leakage flowing from the Ohio River to the
capure zone of the well when the amount ol water punmped
exceeds the amount replaced from recharge duce o infiluration
from precipitation.

. DuPot
PFOA s "
Deposiian " Litthe Hacking ﬁ?é’i’fé&fﬁﬂm
Occure alL S Water Groundwater
Little Hocklng Association
eateci Pomirg Mreducton Wells

Sand and Gravel Aqulfer
3 Low Permeability Bodroch

Slity Clay '\\ Geologic barner prevents

migration of groundwater
from moving faem one side
of tha nver to the olhar.

FIG. 4. Cross section of Ohio River near Littte Hovking Water Association
public water supply wells (adapted from DuPont, 2003a).
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Groundwater mmodeling for public water supply wells. A
detailed gronndwater modeling assessment was previously
performed by DuPont for the region near the plant (DuPont,
2003a). This assessment was preparcd with input [rom the
U.S. EPA, U.S. Army Corps of Engincers, and U.S. Geolog-
ical Survey. Because the groundwater domain is hounded by
bedrock, a complete “nass balance™ for water flow was deter-
mined. As illustrated in Tigure 5. there arc two sources of
water o the alluvial aquifer. The primary source is river
leakage rom the Ohio River w the alluvial aquiler. The
secondary source is recharge from precipitation. I is impor-
tant to note that the waier balance presented is a glohat
mass balance. The mass balance for cach individual well
zone is based on the arca of the caplure zone over which
recharge is occurring and the poimping rate. For example,
an inermittently used well with a low pumping rae of 50
gal/min (gpm) might obtain all of its water from rainfall
recharge.

The Liule Hocking well capture zone was calculated in the
DuPont groundwater modeling report (DuPont, 2003a). These
results demonstrate that the Liutle Hocking well licld ultimately
receives water rom the Ohio River (shorter {low fines) and
recharge (longer low lincs). To verify this conclusion, the
well capture zone was cstimated using the U.S. EPA Wellhead
Analytical Element Model (WhAEM). The WhAEM also indi-
caled that Ohio River leakage and cecharge from the surface
s0il contribute to the water pumped from the well field and is
consistent with that predicted by DuPont.

It should be noted that for the combination of the subsur-
tace vadose zone soil modeling and groundwater modeling. the
major resistance 0 PFOA transport from surtuce deposition
10 the public supply groundwater wells is the soil absorplion
and restricted flow that occurs though the silt and clay-rich,
variably saturated overburden. Water achicves much slower
velocities in silt and clay dominated unsaturated soils thin in
sand and gravel rich sawrated soils. PFOA was also shown
0 adsorb 1o soil surlaces (DuPont, 2003¢). Therclore, it is

Evaporation

Punips Ram et et
Ohio i
River RusiofT
Leakage —
Recharge
Unsisturated Sile |
i
|
80% | 200
v v
e
Saturated Sand and Grravel
Aquiler

F1G. 5. Glabal net mass balance of water in Ohio River alluvial aquifer
indicating parcentage of punped water from aguiler obtained (ron Olio Riven
leakage and recharge based on Duloot groundwater flow model (2003a).
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reasonable Lo consider the low permeability silty clay over-
burden as the primary barrier 10 PFOA transport 1o the public
walcr supply wells.

Surface water concentrations.  As indicaled in the concep-
tual exposure model, facility releases to surfuce water were 4
source ol PFOA in the Lubeck PSD, Tuppers Pluins/Chester
WD, and Village of Pomeroy public water supplics via
the surfuce water 1o groundwater pathway. Historical annual
average concentrations of PFOA in the Ohio River downstream
of the facility were calculated using the methodology for the
case of plug flow with incremental dilution by downstrcam
walershed runoff (‘Thomann & Mucller, 1987).

I was assumed 1hat the concentration off PFOA in the
surlace runoff water and groundwaler draining to the Ohio
River downstream of the facility was negligible. The PRZM
soil modeling indicated that for the plant, the cumulative mass
of PFOA lost 10 surlace runol? from 1951 10 2003 would be
43 1b, or less than 1 Ib/yr. This amount of PFOA is negli-
gible compared (o the 53-yr average mass of PFOA determined
in the mass balance to be discharged at Outfali No. 005 of
12,000 Ib/yr. Because annual average cstimates of cxposurc
arc being considered, the cquation used does not account for
lateral dispersion, which may be of interest for much shorter
time scales.

Annual average ow rates were oblained from the U.S.
Geological Survey (USGS) for the Ohio River at selected
gauging stations for specific time periods. Locations where
historical low rates were culeulated include:

s DuPont Washington Works [acility. WV (River Mile
190.7):

e« Lubeck., WV (River Mile 191.2 from /1960 10 11/1991
and River Mile 193.7 from 12/1991 1o present):

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

o Letart Lund(ill-Muson County, WV (River Mile 236.2):

» Village of Pomeroy. OH (River Mile 250).

Recause Mow rare dala were nov collected at these loca-
tions, estimates of flow rales were made by using flow
rales collected at nearby gauging stations along the Ohio
River. Flow rates were extrapolated from gauged o ungauged
locations using one of the approaches published and used
by the Texas Resource Conservation Commission (TNRCC)
(Wurbs. 2001). The methodology considered fTow rate changes
in the river to be proportional to differences in drainage
arca, annual  precipitation, rmolT  potental  and  channel
losscs.

The mass of APFO released to the Ohio River is a func-
tion of the surface water concentrations in the vutlall water
and the cffluent flow rate from the outfall w0 the Ohjo
River. Typically these flow rates would be available from the
plam NPDES Permit. However, the flow rates would have
considerable varability over time and may perhaps exhibit
considerable deviation from the calenlated values. In addition,

historical flow rates were not available, and the mass released
was allecied by the additon of process water fom carbon
treatment beginning in 1996, Therefore. the materials mass
batance for APFO processed ai the plant was used o estimale
the combined mass of APFO released in process water and
discharged w0 the Ohio River. This is believed 10 represent
a more accurate estimate of the amount discharged. Tt wag
assumcd that the majorily of APTO was relcased a the plant’s
Qutfall 005.

Estinated Concentrations of PFOA in Locally
Grown Produce

PFOA concentrations were calceulated for the edible portions
of com. beans, and potaoes using the U.S. EPA Human Healih
Risk Assessment Protocol for Hazardous Waste Combus-
tion Facilitics, volumes | and 2 (U.S. EPA, 19984, 1998b).
These calculations incorporated uptake of PIFOA from soil
(corn, beans, and potatoes) and direct deposition (corn and
beans). The concenrration of PFOA in corn and beans
cquals the sum of the contributions from direct deposition
and rool uptake. and the concentration ol PFOA in pota-
toes equals the contribution rom root uptuke. Althiough the
PFOA concentrations in this produce arc thcoretically esti-
mated, no samples of locally grown produce were analyzed
for PFOA.

Soil concentrations, as well as dry and wel deposition onto
soil. were calculated from the air dispersion and unsawrated
zone soil modeling results: however, for all other parameters.
U.S. EPA defuult values were used in the calculations in accor-
dance with U.8. EPA guidance when site-specilic infonnation
was not available.

Quantification of Possible PFOA Exposure for
Residents

Human exposures 10 PFOA were estimated lor 21 exposure
zones surrounding the plant. These zones included the 19 zones
located within the air modeling domain and shown in Figure
3, as well as o vone for the Tuppers Plains/Chester Water
District (zone 20) and the Village of Pomeroy Water District
(zonc 21).

Using the results of the environmental tale and transport
modeling, the following pathways of human exposure were
quantitatively evaluated:

« Inhalation of PFOA from wmbient air (zones 1-19):

o Consumption of drinking watcr containing PFOA (all
zones):

e Dermal contact with PFOA in water during showering (all
zones):

o Incidental ingestion of soil containing PFOA (zones 1-19):

¢ Dermal contact with soil containing PFOA (zones 1-19):

e Consumption of locally grown produce containing PFOA
(zones 1-19).
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Avcrage Daily Doses (ADDs) were estimated for residents
in cach of the 21 zones for the following scenarios:

e Scenario 11 An adult resident lives in one of the 21 expo-
sure zones for 9 yr, from 1995 (0 2003. This represents the
mean number of years a person lives in a single residence
(U.S. BPA, 1997):

o Scenario 2: An adult resident lives in one of the 21 expo-
sure zones for 20 yr, from 1974 10 2003, This represents
the upper bound (95th percentile) number of years a person
lives in a single residence (U.S. EPA, 1997).

» Scenario 3: An adult resident lives in onc ol the 2§ expo-
sute zones Lor the entire 53 yr that Nuoropolysers have
been manulactured at the plant (1951 1o 2003). This repre-
sents an estimate of the dose that might have been received
since operations began at the plant unul 2003,

= Scenurio 4: A child, ages 0 through 6 yr, lives in one ol
the 21 exposure zones for 6 yr, [rom 1998 10 2003,

The ADDs for these pathways and scenarios were caleu-
lated using standard equations (U.S. CPA, 1989, 1997) und the
cxposure parameters uscd in those equations are prescoted in
Table 7.

RESULTS

Materials Mass Balance

The hiswrical use of APFO ut the plant over tioe is shown
in Figure 6. It is evident that the use increased steadily over
the years from 29 1b when operations started to i peak amount
of approximately 174.000 1b in 2000. The resulis of the APFFO
mass balance for all of the processes combined from 1951 10
2003 arc shown in Tligure 7.

The highest air cmissions of approximately 34,000 1b arc
estimated o have occurred in 1999 with other local peaks in
cmissions occurring in 1966, 1989, 1996, und 2000. Belore
1978. air emissions were less than 10,000 1b/yr, and emissions
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sturted o increase after 1977, Lven though the amount of
APFO used at the plamt has consisiently increased over time,
air emissions decrcased following the installation ol scrubbers
and improvements to existing scrubbers for cach process.
Releases o APFO 10 the Ohio River rose with increused
APIFO use through the late 19905 until the installation of the
Oberlin filter and the start of carbon treatment for wastewalter.
Since 2000, releases of APFO o the Ohio River have markedly
decreased duc 1o these improvements in waslewaler treatment.

Conceplual Exposure Models

Two of the water districts {L.c.. Little Hocking and the
City of Belpre) wre located upstreamy rom the plant and
three are located downstream. Figure U shows the locations
of the various disiricts in relation o the plant. Water samples
collected from the Ohio River upstream ol the facility do not
contuin detectable concenurutions of PFOA and therefore the
Ohio Riveris not likely to be a contributing source of PFOA in
groundwater for water districts located upstream of the Fucility.
However, PFOA was dewected in samples collected down-
stream ol the Tacility and therelore it is reasonable 10 expect
thar the Ohio River is a possible contribuior to groundwiter
PIFOA concentrations for witer districts located downsiream
of the Tacility.

Air Emissions of PFOA and Air Dispersion Modeling
Results

The mass balance calculations indicaled thal since opera-
tions using APFFO began at the plant in 1951, over 700,000
Ih PFOA were released Lo the air. The highest three years of
APFQ cmissions. in order (rom highest 10 lowest, are 1999,
1989, and 2000. Tuble 8 summarizes the air emissions of PIFOA
Irom the tacility over time. From these estimated historical air
emissions, the annual average airborne PFOA concenirations
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COMMUNITY EXPOSURE TO PFOA

TABLE 7

43

Exposure Parameters Used in the ADD Calculations

Parameter Adult Child Units Reference
Inhalation rate 0.63 0.32 m/h Long-term inhalation rates (Table 5-23:
.S, EPA, 1997)
Drinking-watcr ingestion 1.4 0.35 L/d Mecan drinking-water ingestion rates
rate—mean (Table 3=30, U.S. EPA, 1997, 2002)
Drinking-watcr ingestion 0.0l Not evaluated LA 10th percentile drinking-water rate for adults
rale-—lower bound (Table 3—8; U.S. EPA. 1997)
Drinking-water ingestion 23 Not evaluated Lid 90th percentile drinking-waler ingestion rate
ralc—upper bound for aduls (Table 3-8; U.S. EPA, 1997)
Soil ingestion rate 50 100 mg/d Recommended mean soil ingestion rates
(Table 4-23: U.S. EPA. 1997)
Corn ingestion rate 10,22 7215 mg/d  Average ingestion rate converied from
mg/kg-d using the adult body weight of
70 kg and child body weight of 15 kg
(Table 9-5; U.S. EPA, 1997)
Beans ingestion rate 7700 4736 mg/d  Average ingestion rate converted itom
mg/kg-d using the adult body weight of
70 kg and the child body wcight of |5 kg
(Table 9-5; U.S. EPA, 1997)
Potatocs ingestion rate 62.265 27,238 mg/d  Average ingestion rate converted from
mg/kg-d using the adult body weight of
70 kg and the child body weight of 15 kg
(Table 9-5; U.S. EPA, 1997)
Fraction from contaminated 0.25 0.25 Unitless ~ Soil Screening Guidance, Appendix G
source—vegetables (U.S. EPA, 1996)
Fracton from contaminated I | Unitless Detault=1 {100%)
source—all other media
Dermal absorption fraction | I Unidless  Delaulc= | (100%)
Permeability constant 0.0043 0.0043 cewh  E-mail correspondence with Dr. Hinderliter at
DuPonl
Total skin surfacc arca for 18,000 6600 cm? Total body surlace arca (Exhibit 3-2;
conlact with drinking water U.S. EPA, 2001)
Exposed skin surface arca for 5700 2800 o’ Exposed skin—central tendency and upper
soil contact bound (Exhibit 3-5: U.S. TEPA, 2001)
Adherence factor 0.01 0.04 mg/cm®  Central endency (Exhibit 3-5; U.S. EPA.
2001)
CExposure [requency for all 365 365 Ay Assumed exposure oceurred every day
pathways of the ycar
Exposure time 24 24 h/d Residential exposure—assumed exposure
occurred 24 h/day
Showering time 0.25 0.25 h/d Recommended central iendency showering
time (Exhibit 3-2: U.S. EPA, 2001)
LExposure duration—scenario | 9 Not applicable yr 1995 through 2003
Exposure duration—scenario 2 30 Not applicable yr 1974 through 2003
Exposure duralion—scenario 3 53 Not applicable yr 1951 through 2003
CExposure duration—scenario 4 Not applicable 6 yr 1998 through 2003
Body weight 70 15 kg U.S. CPA, 1989
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TABLLE 8
Summary of Estimaed PFOA Air Emissions (rom APFQ Muass Rulance Tstimates (or 1951 10 2003

Year  Air emissions of PFOA (Ib)  Year  Air emissions of PFOA (Ib)  Year  Air emissions of PIFOA (Ib)
1951 10 1970 4900 1990 18,000
1952 100 1971 4200 1991 18.000
1953 300 1972 5100 1992 19,000
1954 700 1973 6400 1993 21,000
1955 1400 1974 6900 1994 25.000
1956 2700 1975 3400 1995 27,000
1957 3000 1976 7100 1996 29,000
1958 2800 1977 9500 1997 20.000
1959 4400 1978 12,000 1998 26,000
1960 6200 1979 14,000 1999 34,000
1961 5500 1980 14,000 2000 32.000
1962 7700 1981 16,000 2001 23,000
1963 5800 1982 16,000 2002 15,000
1964 6500 1983 17,000 2003 7400
1965 7o00 1981 19,000
1966 12,000 1985 21.000
1967 10,000 1986 23,000
1968 8400 1987 25,000
1969 6900 1988 31.000

1989 32.000

and PFOA deposition rates onto soil were estimated for cach
of the 19 exposure zones in the vicinity of the plant. The esti-
maled annual average historical air concentrations and (otal
deposition onito soil by exposure scenario arc presenied in
Table 9. The cxposure zone with the highest predicted air
concentrations (excluding the plant—=zone 10} was zone 5. The
dilferences in average air concentration by zone and scemario
arc low because scenarios 1, 2, and 3 all contain years with
the highest air emissions {1994 10 2003). For individual years
(not shown), the annual average air concentrations in zone 5
ranged from 0.00008 w0 0.39 pg/m’.

Similar w the estimated airborne concentrations, the zones
with the highest cstimated deposition rates of PFOA. in order
trom highest Lo lowest, are zone 10, zone 5. and zone 9. For all
of the zones, 1989 was the year with the highest deposition rate
tollowed by 1996. The thrce zones with the lowest rates are
zone 17, zone 1¥. and zoue 9. Averaged over all years and all
zones, the pereent ol the 1otal deposition due (o wel deposition
was 69% and dry deposition accounted lor the remaining 31 %.

Surface Water Modeling Resuits
The annual average concentrations of PIFOA in the Ohio

River downstream ol the plant near the waler supply wells of

imterest are presented in Table 100 The highest concentrations
for the river were found near the Lubeck well liclds, For indi-
vidual years (not shown), the caleulated PFOA concentrations

in the Ohio River near the Lubeck well ficld ranged from
0.00001 pg/L in 1951 to 0.69 pg/L, in 1999,

Predicted Soil Concentrations Over Time

I'he modei estimated historical ait deposition rates per expo-
sure yone (sce Table 9) were nsed 10 predict <oil concentrations
by zonc and year. The average predicted surlace soil concen-
trations by time period are presented in Table 1. The exposure
zone with the highest predicted soil concentrations (excluding
the plant—rzone [0} was zone S. For individual ycars (not
shown), the predicied annual average soil concentrations i
zone 5 ranged from 0.0014 o 30 pe/kg.

The results of the soil modeling were used to model the
mass flux rates of PFOA from soil to groundwater at the
Little Hocking, City of Belpre, und Lubceck well liclds. The
average predicted flux rawes by time period are presented in
Table 12. Consistent with the highest soil concentrations, the
highest flux rates are also predicted to have occurred at the
Litle Hocking well ficlds. For individual yvears (not shown),
the annual average soil flux rawes for Litde Hocking ranged
from zero o 0.004 ¢/m’-yr,

Predicled Drinking-Water Concentrations Over Time
Historical  groundwaler concentrations of  PIFOA - were

derived in accordance with the coneeptual madels for cach

wiater district whereby the contrilmtion from infilirion from
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TABLE 9
Summary of Annual Average Estimated Airbome PFOA Concentrations and Total Deposition onto
Soil by Exposurc Scenario and Zone From 1951 10 2003

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

Scenario | Scenario 2 Scenario 3 Scenario 4

Zone 1995-2003 1974 o0 2003 1951 w0 2003 1998 o 2003
Airborne Concentration pwg/m?
1 0.02 0.02 0.01 0.02
2 0.05 0.4 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 0.2 0.25
6 0.07 0.06 0.04 0.06
7 0.08 0.07 0.05 0.08
8 0.03 0.02 0.01 0.02
9 0.08 0.06 0.05 0.07
10 0.5 0.5 0.3 0.4
11 0.07 0.05 0.04 0.07
12 0.02 0.02 0.01 0.02
13 0.01 0.01 0.0 0.01
14 0.02 0.01 0.01 0.02
15 0.01 0.01 0.01 0.01
16 0.01 0.01 0.004 0.007
17 0.004 0.003 0.002 0.004
18 0.004 0.003 0.002 0.003
19 0.002 0.002 0.001 0.002
Total Deposition mg/m?*-yr
| 0.3 0.3 0.2 0.3
2 0.9 0.7 0.5 0.7
3 0.6 0.5 0.3 0.5
4 S A | 2
5 7 6 4 6
6 2 1 1 I
7 1 1 0.7 I
8 05 0.4 0.3 0.4
9 2 U 1 2
10 20 20 10 14
11 1 1 0.8 i
12 0.5 0.4 0.3 04
13 0.2 0.2 0.1 02
14 03 0.2 0.2 0.2
15 02 0.1 0.1 0.1
16 0.1 0.1 0.1 0.1
17 0.1 0.04 0.03 0.05
18 0.04 0.03 0.02 0.03
19 0.02 0.02 0.01 0.02

the soil column and the contribution from surface water were  are predicted 10 have occurred at the Little Hocking water
included as appropriate. The average predicted groundwater  district. For individual years (not shown), the groundwater
concentrations by lime period for cach public water district are  concentrations ol PIFOA at Little Hocking are predicted o have
shown in Table 13. The highest groundwater concentrarions  ranged from O to 14 pgfl..
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TABLL 10
Summary of Estimated Annual Average Concentrations of PFOA in Ohio River Near Affected Water
Districts by Exposurc Sccnario

Surface water concentrations (pg/L)

Scenario | Scenario 2 Scenario 3 Scenario 4

Waler district” 1995-2003 1974 10 2003 1954 10 2003 1998 1o 2003
Lubeck 04 0.2 0.1 0.4
Tuppers Plains 0.3 0.2 0.1 03
Pomeroy 0.3 0.2 0.1 0.3

*These are the water districts that draw water from the Ohio River

TABLE 11
Summary of Annual Average Modeled PFOA Concentrations for 6-lnch Thick Layer of Surtace Soil
by Exposure Scenario and Zone From 1951 10 2003

Average PFOA surface soil concentration by exposure scenario (pg/kg)

Scenario | Scenario 2 Scenario 3 Scenario 4

Zonce 1995-2003 1974 10 2003 1951 to 2003 1998 10 2003

1 0.8 0.6 0.4 0.8

2 2 2 | 2

3 | | 0.7 1

4 5 4 2.6 5

5 22 17 I 20

6 4 3 2 4

7 3 2 2 3

8 1 09 0.6 |

Y 5 4 A 4
10 4 g% 23 37
11 4 3 2 4
12 | | 0.7 1.3
13 0.7 0.5 0.3 0.7
14 0.8 0.6 04 0.8
{5 0.5 04 0.2 0.5
L6 0.3 0.2 0.2 0.3
17 0.2 0.1 0.1 0.2
18 0.1 0.09 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-
water concentrations. In doing so, it is likely thar historical
drinking-waler concenlrations were overestilated because the
mixing model used to estimate groundwater concentrations did
not take into account the transit times of PFOA in the salu-
rated zones (i.e., transil lime in the saturated 7zone was set at
zero). This approach was used because the groundwater (ransit
lime through the sandy clay unsaturated zone was estimated
10 be much greater than the transit time through the samrmed

sand and gravel aquifer. As such, the entirc mass of PIFOA
entering the saturated aquifer was considered 10 be immedi-
arely exrracted by the production wells: clearly an implau-
sible assmuption. but this ensures that water concentrations
werc not underpredicted. Additionally, for the Tuppers Plains
and Pomecroy watcr districts, the groundwalter concentrations
were set equal to the predicled surface-water concentrations,
and thercfore the contribution of infilraton water that was
determined not to contain PFOA was neglecied. Thus, the
historical groundwaier concentrations are overestimated by nol
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TABLE 12
Summary of Annual Average Bstinutes of PTOA Flux 10 Groundwaier by Exposure Scenario and Weer District

From 1951 10 2003

Average PFOA (lux to groundwater by exposure scenario (g/m’-yr)

Scenario 1
Water district? 19952003

0.003

Litde Hocking Water Association
City of Belpre 0.0003
Lubeck Public Service District 0.0005

Scenario 4
1998 10 2003

Sceonario 3
1951 1o 2003

0.001

Scenario 2

1974 10 2003

0.002 0.003
0.0002 0.0001 0.0003
0.0005 0.0003 0.0005

"These are the water districts that are impacted by the deposition of PFOA and its subsequent transport thenigh sail 10

groundwater.

TABLE 13
Summary of Annual Average Estimated PFOA Drinking Water Concentrations by Exposure Scenario and Waler
District From 1951 to 2003

Average PFOA drinking water concentration by exposure scenario (pg/l.)

Scenario 1

Scenario 2 Scenario 3 Scenario 4

Walter district! 1995-2003 1974 10 2003 1951 10 2003 1998 1o 2003
Litle Hocking Water Association 10 6 4 1

City of Belpre 1 1 0.4 1
Lubeck Public Service District 2 2 09 I
Tuppers Plains/Chester Water District 0.3 0.2 0.1 0.3
Village of Pomeroy 0.3 0.2 0.1 0.3

These are the water districts that have had quantifiable concentrations of PFOA in their drinking water.

accounting for the mixing of the surface water with the infiltra-
ton water through the unsaturated zone. Further, because the
Little Hocking and Luhcck water districrs did not come on line
until 1968 and 1970, respectively, groundwaler concentrations
in hypothetical private wells were calculaied and served as the
estimated drinking-water concenuations for the years prior o
the water districts heginning operations.

Predicted Local Produce Concentrations

The average predicied total vegetable concentrations
(including corn, beans and potatoes) by time period arc
presented in Table 14. The exposure zone with the highest
predicted vegetable concentrations (cxcluding the plani—zone
10) was zooc §.

Quantification of Total PFOA Intake by Residents
Estimatcs of the total intake of PFOA over time were made
by considering all relevant routes of potential exposure. These
exposurcs were goantified in rerms of the dose Lo an adult and
child for various combinations of yeuars rom 1951 through
2003. Dosc cstimartes (and relative contriburions to toral dose)

were developed for three pathways of exposure: inhalation,
ingestion, and dermal contact. A summary of PIOA intake by
ronte of exposore. zone, and scenario is presented in Table 15

Inhadation Dose kstimates

The estimated intakes of PFOA duc 1o inhalation of
ambienmt aiv were developed for cach exposure zone within
the air modeling domain and for the four expasure scenarios,
Excluding the plant (zone 10} PFOA intake from inhalation
was predicted to be highest in zone S. For the adult during the
time period from 1995 to 2003 the inhalation annual average
daily dose was estimated to be 0.06 pg/kg-day. For the child
during the thme period from 1998 to 2003, the inhalation annual
average daily dose (ADD) was estimated 10 be 0.05 pg/kg-day.

Ingestion of Drinking-Water Dose Estimates

The estimated intake ol PFOA from ingestion of drinking
water were cafculaied for cach exposurc zone and for each
cxposute scenario. Excluding the plant drinking water, PFOA
intake trom drinking waler was predicted o be the highest in
the Little Hocking Water District (zones 1-6) across all time
periods evaluated. For both the adult, the highest annual ADD
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TABLE 14
Sommary of Madeled Concentrations for All Vegelahles

Avcrage PFOA concentration in vegetables” (ug/kg)

Scenario | Scenario 2

Scenario 3 Scenario 4

Zone 1995-2003 1974 1o 2003 1951 10 2003 1998 10 2003
1 t 9 6 1.1
2 29 23 16 27
3 20 16 11 17
4 69 56 37 61
5 280 223 148 247
6 57 48 32 50
7 46 37 24 42
8 17 14 9 15
9 68 56 38 60

10 567 492 338 488

11 53 41 27 50

12 18 14 9 16.6

13 9 7 5 8.6

14 11 8 6 9.4

] 6.3 5 3 6.1

16 39 3 2 3.6

17 P4 2 | 2.1

18 . | 0.8 1.5

19 | 0.8 0.5 1.03

“These vegetable concentrations are the sum of concentrations for com. beans. and potatous.

duc to ingestion of drinking water was 0.2 pg/kg-day during
the time period 1995-2003.

Lstimated Doses from All Other Sources of Exposure

The estimated intakes of PIFOA from all other sources
(media and routes) including dermal comact with water during
showering, incidental ingestion of surface soil, dermal contact
with surface soil, and ingestion of locally grown produce were
calewlared for cach exposure zone and for the three exposure
scenarios. As with the inhalation and drinking-water ingestion
pathways, the highest intake of PIFOA for all other pathways
(excluding zone 10) was predicied for zone 5. For the adult,
the highest annual average daily dose from all other sources of
exposure was estimated to be 0.03 pg/kg-day during the time
period 1995-2003. For the child, the highest annual average
daily dose was cstimated to be 0.06 pg/kg-day.

Total Aggregate Dose

The highest predicied otal doses (excluding zone 10) are
for zones 1-6, with ol aggiegaie doses ranging (vom 0.2
to 0.3 wg/kg-day adults during the time period 1995-2003
and from 0.2 10 0.3 pg/ke-day for the child during the ume
period 1998-2003. The percent contribution of cach exposurc
pathway difters by year and zone, but overall, either inhalation
of ambicnt air or drinking-walter ingestion predominates.

Although it is believed that use of average or central
tendency exposure parameters was appropriate for ¢stimating
long-icnm exposures such as those deseribed by scenarios 14,
uncertainty around the cxposure estimates can be evaluated by
using different exposure parameter values. Because ingestion
of drinking water was the primary route of exposure ot each
of the scenarios. uncertainty around the central tendency esti-
mate was assessed by using a lower bound and upper bound
drinking-walter ingestion rate (sce Table 7). For zone 3. where
for all scenarios, the drinking water doses were highest. the
lower bound dosc ranges trom 0.08 pg/kg-day for scenario
3 10 0.2 pg/kg-day for scenario 1. The upper bound doses
range from 0.2 pg/kg-day for scenario 3 1o 0.4 pg/kg-day for
scenario . Thus, the upper bound dose might be perhaps 1.5
times higher than that estimated using the central tendency
valucs.

Risk Characterizarion

Historically, PFOA was not considered to be a chemical
that produces signmiicant woxicity nor has it been one 10 which
persons have been appreciably exposed. As a result, no risk
criicria or health benchmarks were developed for PFOA by the
U.S. EPA, ATSDR, or OSHA. In 2002, the West Virginia DEP
(WVDEP, 2002) convened a pancl of experts known as the C8
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Asscssment of Toxicity Team (CATT) to (1) determine risk-
bascd human health screening levels (SL) for PFOA in air,
water, and soil: (2) provide health risk information o the
public; and (3) determine an ccological health protective SL
for C8 in surface waler. The CATT derermined an oral healib
benchinark (or C8 of 0.004 mg/kg-day. This benchmark was
used Lo derive a sale drinking-water level ol 150 pg/L and a
s0il screening level of 240 mg/ky. Also, the CATT determined
an ambient air health benchmark for the inhalation route of
exposure of | pg/m?.

There has been sufficient interest in understanding the
possible risks to the general population due to background
intake of PFOA that a risk characterization was published
(ButenhofT et al., 2004b). In this analysis. potential health risks
were characterized using a margin of exposure (MOI3) analysis.
The MO is traditionally calculated at a dose related 1o 4 health
clleet divided by a dose related to humian exposures. An MOTE
equal to ) suggests that the human exposure dose of interest
is at the dose where there is concern fur « health impact. This
health-related dose could be pechaps an administered dose from
an animal wxicity swdy or a dose from an epidemiological
study, and the human exposure dosc could be a background
dose, an occupational dose, or a diflerent human cxposure
dose, A henchmark dosc of 3.9 mp/kg-day was developed by
Butenhoft et al. (2004b). This was based on the lower 95%
Cl of the benchmark dosc (LBMD,) bascd on the multistage
model und a 10% response for increased liver-weight-1o-hrain-
weight ratio in cynomolgus monkeys. Incrcased liver weight
effect was determined to be the most sensitive endpoint from
various rat and monkey studics. Because a background dose
level for the gencral population was not available, the blood
level in the monkey tha corresponded o the benchmark dose
was compared Lo the average PFOA blood level in the general
U.S. population, and the MOLs ranged from 1600 to 8900.

The 1S, FPA has issued a draft hazard assessmem (ULS.
LEPA, 2002) and a draft nsk asscssment (U.S. EPA, 2005a). In
the draft risk assessment, U.S. EPA used a margin of cxposure
(MOE) analysis to describe the potential for adverse health
clfects associated with exposure W PFOA. The MOEs were

bascd on lowest observed adverse eltect levels (LOAEL) of

3 mg/kg-day in the cynomolgus monkey during a 6-mo study,
where inereased liver weight was the observed ctlect, T mg/kg-
day in the male rat during a 2-gencration reproductive study
where 'l body weights were the critical elfect, and a no-
observed-adverse-cliect level (NOAEL) of 10 mg/kg-day in a
female rat during o 2-yr repeal dose study. Additionally, the
U.S.EPA cvaluated developmental endpoints where NOAELs
ranged from 3 1o 10 mg/kg-day in Fl male and female rat
pups. Again, because background dosce levels of PFOA were
not available for the general human population. the MOEs were
calculated by comparing the animal blood levels that corre-
sponded o the various NOAELs and LOAELS to the average
U.S. general population blood level. The dralt MOLEs ranged
from 398 (o 16,789 for the acult endpoints and from 10,484 10

0 D.J. PAUSTENBACH ET Al

78,546 tor the developmental endpaints. The U.S, EPA noted
that the developmental endpoinis do not include all relevant
Juvenile exposure periods (e.g.. lactation period). It should be
noted that although the U.S. EPA evaluated the carcinogenicity
data in the draft rAsk assessmient, @ quantGiive risk assess-
ment was not conducted and there is some disagreement over
whether the data support a “likely™ cancer descriptor (U.S.
EPA. 2005h).

In the absence of a standard health benehmark (or PFOA,
an MOE analysis was conductled as a mcans ol vader-
standing potential health nsks due w0 releases ol PFOA from
Washinglon Works. The MOEs were calculaied using the
adnunistered benchmark dose of 3.9 mg/kg-day developed by
ButenholT et al. (2004b). The MOEs were calculaied using
averaged daily doses for residents potentially cxposed for 9,
30. or 53 yr and are presented in Table 16. The highest poten-
tial doses and consequently the lowest MOLEs were calculated
lor residents living closest to the plamt during the time period
1995-2003. The MOCLs for these years ranged Trom approxi-
mately 9000 to 13000, These values are similar 10 or higher
than those calculated by Butenhott et al. (2004h) and the U.S.
EPA (2002) for the general population. However, the MOEs
for the residents were calculated using the administered dosce,
whereas Butenhoff et al. (2004b) and the U.S. [IPA (2002)
calculated MOEs based on a comparison of background blood
levels of PFOA 1o the animal blood levels that corresponded
to the adminisiered dose. The MOEs for the population near
the Washington Works are much greater than the mimmally
acceprable MOT values of 100-1000 (Europcan Commission,
2000) und indicate that the likelihood of adverse health eficets
due o exposure 10 PFOA, based on currently available infor-
mation, is extremely low.

DISCUSSION

In this analysis, the temporal modeled estimates of PIFOA
concentrations in various environmental media were based on
numerous assinmptions involving mass halance, emissions, faie
und transport characteristics, and other factors. The degree off
uncertainty in the PFOA dose estinites is directly infTuenced
by the relative accuracy of the exposure paint concentrations,
and it is therelore important o assess the degree to which the
actra) measured concentrations are consistent with the model
estimated values.

Mecasurements of airborme PIOA concentrations in the
community were not available at the tme of our analysis.
Howcver, DuPont recently performed a comparison of modeled
to measured air concentrations at the facility fenceline (Barton
ct al., 20006). Results showed the ISCST3 model overpre-
dicted 32% ol the time, and was in agreement 68% of the
time (i.c., both modeled and measured values were below the
method detection limut) and ncver under predicted the ficld
data. However, the model estimates were about sixfold higher
than measured values (well within that considered acceprable
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TABLE 16

Margin of Exposure (MOE)

Summury {or Total Dasc

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

Public water service provider Exposure zone 1995-2003 1974-2003 1951-2003 1998-2003
Lirrle Hocking Water Association | 18,000 30,000 51,600 20,000
2 18.000 28,000 48.000 19.000
3 18.000 29,000 49,000 19,000
4 17,000 26,000 44,000 18,000
5 13,000 20,000 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
Lubeck Public Service District 9 73,000 80,000 130,000 78,000
Plam 10 4900 8000 13.000 4700
Lubeck Public Service District 11 77.000 85,000 140,000 81,000
12 100,000 109.000 180,000 110,000
13 110.000 140,000 220,000 120,000
14 110,000 150,000 220,000 110,000
15 110,000 150,000 250.000 120,000
16 140.000 280,000 440,000 130,000
17 150,000 360.000 590.000 130,000
18 150,0(%) 390,000 640.000 130,000
19 150,000 430.000 740,000 130,000
Tuppers Plains 20 640,000 1,100,000 1,800,000 630,000
Village of Powmcroy 21 650,000 1,100,000 1,800,000 640,000

Note. The MOF is the ratio of the health benchmark (3.9 mg/kg-day )

for this kind of modeling). Thus, although measured commu-
niry air concentrations were not available, these results support
historical evaluations of the ISCST3 model that indicated that
it 1s an approach that yiclds reasonable estimates and is more
likely 1o overpredict, rather than underpredict, actual airborme
concentrations (NCEA, 1998).

At the time of this analysis, only two soil borings lrom
beyond the plant fenceline were available for comparison
purposes were tested tor the presence of PFOA. However. in
the tuture additional soil samples are likely 10 be collected
and these can be used to verify the model. To compare the
modeled soil concentration, which is an anal average value,
10 the ransient values represented by soil borings, a weighted
average soil concentration should be caleulated for the vertical
soil profile for both the measured and modeled data. Such a
comparison is reasonable because the weighted average repre-
sents the total mass of PFOA in the soil column (which reflects
long-term average deposition) rather than the vertical concen-
tration profile during | day. This comparison was conducted
for the two soil borings collected at the Littke Hocking Waler
Authority propernty and the modeled cstimaies for zone 5. The
results indicate that the modeled concentrations under predicted
the measured concentrations {1.c., 14 wg/kg modeled versus 18
irg/kg measured). Although this data sc is very limited, the

1o the caleulated dose (mg/kg-day).

analysis shows that the model reasonably predicted the soil
cConcentralions.

In addition o the soil borings, mcasurements of PFOA
concentrations in cistern water were collected in zones 4 (2002)
and 11 (2001, 2002). A cislern is a reservoir or conlainer
used 10 store rainwater lor uses such as imigation. Because the
source of PFOA 10 these cisterns could only huve been the
result of air deposition, the cisiera measurements were uselul
in cvaluating the reasonableness of the air deposition modeling
estimates and hence surlace soil concentration estimates. The
modeled cistern annual average concentrations were caleulated
by dividing the deposition rate of PFOA by the water volume.
To estimate the cisternt water volumes, the lower bound volume
was set equal 1o the recharge rate (1otal rainfall minus cvapo-
trunspiration) in the soil for cach zone, and the upper bound
volume was set equal o the total rainfall amount for zones 4
and ] 1. Tor zone 4, the modeled concentrations ranged from 1.4
10 0.8 pg/l. and the average measured concentration was 3 g/l
(n=12). Tor zonc 1. the modeled concentrations ranged from
0.610 12 pg/L and the average measured concentration was 2.5
g/l (n=235). This comparison indicates that the air deposition
modeling was rcasonably accurate in predicting surface soil
concentralions.

006-0133-0144779
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Model estimated surfacc water concentrations of PFOA
were comparcd to measured values oblained [rom sumples
collected in the Ohio River at locations near the public water
supply wells considered in this assessment. For each ot these
locations, there was only one year (2002) of data available for
comparison. Sampling data representative of a single day at
cach location indicates that PFOA average concentrations in
surface water ranged from 0.11 10 0.35 pg/L. The modeled
concentrations that represent predicted annual average concen-
trations ranged from Q.12 to 0.16 pg/L. Although the measured
data set is admittedly limited, this comparison suggests that
the modeled surface water concentrations are reasonable and
useful for estimating the contribution of surface water PFOA
to the groundwater.

Little Hocking (Zone 5) Modeled and Measured
Public Well Data
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The results of the model cstimated groundwaler concen-
trations were compared to the public well daw. For cach of
the water districts, there were between one and seven years
of sampling data available lor compirrison (sce Table 2).
Figure 8 shows a comparison of modeled and measured
groundwaler concentrations of PFOA. These indicale that
modeled concentrations exceeded measured concentrations for
all water districts except Tuppers Plains. Specifically. the
average ratio ol modeled to measured groundwater concentra-
tions was 4.1 for the water districts.

The generally high bias of the estimaled groundwater
concentrations is not unexpectled because most of the air, soil.
and water model parameters were sclected based on site condi-
tions and were not adjusted via a calibration process. The only
parameter that was adjusted was the condition of the land cover
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(percent covered by vegetation) o ensure that the amount of
water recharge Irom rainfall that was predicted by the model
was consistent with values from the literature. Furthermore.
modeling was performed using fairly conservative U.S. EPA
models (ISCST3 and PRZM).

A himited sensitivity analysis of the air dispersion and mass
balance components of the exposure model was also conducted.
For the air dispersion modeling, it wis assuimed that atl PFOA
emissions were in the partculate phase. To evaluate the sensi-
tivity of this parameter, the model was also run o determine
the historical groundwater concentrations il it was assumed
that 100% ol the cmissions were as a vapor, Since vapors do
not deposit readily, it was anticipated that soil and ultimatcly
groundwater concentrations would be inconsistent with data
collected near the plant over the years. As shown in Figure 9,
the 1009 particulate and 100% vapor emission profiles for
Littic Hocking result in groundwater coneentrations Lhat repre-
sent the upper and lower bounds of measured data, respectively.
This figure shows that the “all vapor scenario” vnder predicts
groundwater concentrations for the years where seasonally
represenlalive data were available (1 2 5), by factors of three-
to fourfold. which suggests that the assumption that PFOA was
emitled as a particolale was reasonable.

A simple soitree mass balance calculation veritied that all
of the APFO uscd at the plant was accounted for in the
various environmental media by the model (that is, the amount
released over time cqualed the amount contiined in the various
environmental media and nonenvironmenlal compartments)
(Tablc 17). The calculations show that the sum of the total
mass of PTFOA in cach of the compartments eqguals the total
amount of APFO used at the plam for each year. In short,
the 2,464,200 1b APTO used by the facility over the 50 yr
cquals the sum of PFOA predicied to be present in cach of the
environmental media and non-environmental compartments.

The accuracy of the predicted groundwater concentrations
can be assessed (within an order of magnitude) using the
ISCST2 meodeled deposition rates, and an estimagdon of the
delay timne or lag between deposition of tie PFOA and comple-
tion of transit through soil to the top of the water 1able. This
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FIG. 9. Comparison of modeled and measured groundwater concentra-

tions when 0% vapor versne 100%  particulawe air emission protiles were
considered.

was done by dividing the ISCT3 modcled deposition rale lor
the last 10, 20. or 30 yr by the rainfall recharge rate and
the fraction of wtal recharge from rainfall. The results of this
approach, using lag times of 10, 20, and 30 yr, are presented
in Figure 10,

As shown in Figure 10, the 30-yr lag time appears o best
predict the measured data for the Litle Hocking Water Associ-
ation, This is consistent with the modeled data, which suggest
that the lag time lor the transport of PIFOA deposited on the soil
surface Lo the water table (for the Little Hocking water district)
was approximalely 23 yr. As discussed previously. in the
groundwater modeling analysis, the travel time of PFOA from
the bortom of the unsaturated zone through the sarrated aquiter
10 the water supply wells was not incorporated in the calcula-
tions. This 1s duc 10 the assumption that the transport of PFOA
was limnited primarily by thesilly clay in the unsaturated zone.
The reasonable agrecment between the modeled and measured
groundwater concentrations confins that the lag time is due
10 the unsaturated zone ansport. It is acknowledyged that our
tfourfold over estimate of the concentrations may be a result
of uncertainty and/or variability in the true size disiribution of’
particulate cmissions (Figure 9) or neglecting the transit time
through the saturated zone (Figure 10); however, the available
data are far 100 sparse for concluding that our estimares arc
significantly diffcrent than the concentrutions which will he
measured in the future.

High confidence exists in our predictions of the distribution
of the airbome cmissions in the environment. Ficld studies indi-
cale that the [SCST3 model gencerally predicts annual average
air concentrations within onc order of magnitude and, in some
cases within a faclor of three- or fourfold of ficld measure-
ments (NCEA. 1998). Further, the U.S. EPA validation ol the
model showed rcasonable accurucy of the gravitational dry and
wel deposition functions, although they typically overpredict
deposition rates at locations near the source of release, and
underpredict deposilion at a distance greater than 3.2 km (i.c.,
2 miles). It should be noted, however, that for the PIFOA anal-
ysis, all of the arcas included in the air modeling were within
3.2 km (i.c., 2 miles) except for the new Lubeck wells. Uncer-
tainty associaled with the air dispersion modeling conductled
in this asscssment is primarily associated with our less-than-
perlect knowledge of the particulate size distribution, metcoro
logical dara, and the impact of wind speed and wind direction.

In our analysis, recent information was incorporated which
indicated that the APTO at this facility was released as a
particle with a specific size distribution (Burton et al.. 20006).
This information is consistent with the physical/chemical prop-
erlics of APTFO, since the vapors leaving the stack would be
expected to condense o a fume (i.c., particulate torm). Recem
community air sumples indicate that PFOA was not detecled
in the vapor phase.

The uncertainty in the meteorological datasct is primarily
associated with the use ol sile specitic data for the four most
recent years and extrapolation of these data 1o previous years.
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COMMUNITY EXPOSURI TO PFOA 55

Simple Groundwater Model for Little Mocking:
Groundwater Concentration Equals Deposition Rate (10, 20 or 30 years
previous) divided by Rainfall Recharge Rate multiplicd by Fraction of
Total Recharge from Raintall Recharge
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FIG. 10, Simple groundwater mixdel using Litle Hockiog air deposition raes

and raintall recharge in conjunction with various lag (ines.

To conduct the extrapolation, annual rainfall amounts for the
local arca were used 1o select which of the site specific data
sets should be considered representative for the year. Because
wind speed/wind direction was not highly variable, only hourly
rainfall amounts may have affected acrial deposition rartes,
However, because cach of the four years of sile specitic data
included high, low and medium raintull rates, hourly rainfall
rates would likely have been equally overestunated and under-
estimated throughout the year und would not likely have an
impact on acrial deposition rates as an annual average.

In summary, the primary exposure pathway by which
persons Jiving near this production facility received exposure ©
airborne cmissions of PFOA was through ingestion of drinking
water. A comparison ol the expected intake of PFOA by ciu-
zens living near this lacility with several risk criteria indicates
that adverse health effects would not have been expected w
occur. The methods used to estimate historical PFOA concen-
trations in the environment ncar the plant were shown 1o be
reasonable. although they likely overestimated Lhe actual expo-
sure ol residents. Over time, it is almost certain that additional
data will he collected in groundwater, surlace witer, and the
soil that will characterize the precision of our cstimates.
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