DRAFT-FINAL

6.0 EXPOSURE PATHWAY ANALYSIS

This section presents the equations and factors used to calculate individual chemical
intakes from exposure to the media-specific chemical concentrations modeled in Section
5.0. As described previously, exposures were modeled for the following populations:

Farmer (adult and child);
Fisherman (adult and child);
Typical resident (adult and child);

Exposures were evaluated for both typical and high end exposure scenarios. In
combination, the fypical and high end exposure scenarios serve to bound the potential
exposures estimated for the population surrounding the facility. The typical exposure
scenario evaluates risk using exposure assumptions set at their central tendencies for the
populations being evaluated. '

The high' end exposures are calculated to provide a reasonable upper bound to the
potential risks associated with exposure to emissions from the kiln stacks. The high end
exposure scenario was defined by setting one or more of the exposure assumptions to
upper bound or maximum values while keeping other exposure assumptions at their
typical values. Site-specific and population-specific information as well as technical
judgment were employed in arriving at an appropriate mix of high end and typical
exposure values. This mix of high end and typical exposure assumptions yields a
reasonable maximum exposure.

For both the typical and high end exposure scenarios, both child and adult exposures were
estimated. Child exposures are presented, in addition to adult exposures, because for
some scenarios evaluated a child's activity patterns are-such that their exposure, when
corrected for body weight, may exceed that of an adult. The child was generally assumed
to be from 1 to 7 years of age for most of the scenarios evaluated,

In general, U.S. EPA recommended exposure factors were used where site-specific data
was unavailable. Sources for these exposure factors include: the indirect exposure
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- guidance document (U.S. EPA 1990), U.S. EPA's Risk Assessment Guidance for
Superfund (RAGS) (U.S. EPA 1989a), Estimating Exposures to Dioxin-Like Compounds
(U.S. EPA 1992a), and the U.S. EPA 1998 IIHRAP guidance document. When
appropriate, exposure parameters known or ihought to be more representative of the
population of Cass and Carroll Counties were used in lieu of guidance recommended
values.

Lastly, it is noted that several of the exposure parameters used in the equations described
in this section are standard to all scenarios. These include the child and adult body
weights (assumed to be 15 kg and 70 kg, respectively) and an exposure duration of 30
years for the typical adult population and 6 years for the child population for all
scenarios. It should be noted that the exposﬁre duration of 30 years represents U.S.
EPA's estimate of an upperbound residency period for all populations. A shorter
exposure duration (e.g., nine years) has been determined to be the average for residency

~ at any location on a nationwide basis. Use of the 30-year exposure period for the adult
exposure durations, therefore, may overestimate the average exposure duration for local
~ populations. However, the nine year value was not selected for use in the typical
exposure scenarios because of the site's rural site setting and the relatively large study -
arca considered which suggest that a typical residency period within the study area may
exceed nine years. 5 '

61 EXPOSURETO AIR

The following equation was used fo estimate inhalation cﬁposurcs to all chemicals
present in emissions from the ESSROC facility.

Intake (mg-kg/day) = CA*FR*IR*ET*ED*EF*0.001/BW*AT [Equation 6-1]

where:
CA = concentration in air (ug/m’)
FR = fraction respirable (unitless)
IR == inhalation rate (m*/hour)-
ET = exposure time (hours/day)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW =body weight (kg)
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AT = averaging time (days)
0.001 = conversion factor ug/m® to mg/m?

The primary factors affecting daily intake are the assumed inhalation rates, the daily

exposure duration and the modeled air concentrations. Inhalation rates of 0.6 m3/hour

and 0.83 m3 hour were used for the child and adult populations, respectively (U.S. EPA,

1997a) for both the typical and the high end exposure scenarios. These inhalation rates -
are based on an individual involved in light activity. Exposure times of 24 hours/day was

assumed for the child and adult populations for both the typical and high end exposure

scenarios. '

The exposure frequency for the child and adult populations was assumed to be 350
days/year based on U.S. BPA guidance (U.S. EPA, 1991a) for both scenarios. As
discussed above, exposure durations of 30 years for adults and 6 years for children were
chosen for both exposure scenarios. Averaging times of 2,190 and 10,950 days were
used to evaluate exposures to noncarcinogenic compounds by the child and adult
populations, respectively. An averaging time of 25,550 days was used for both the child
and adult populations for exposure to carcinogenic compounds.

All of the parameter values used to estimate inhalation intakes are summarized in Table
6-1.

6.2 EXPOSURE TO SOIL

Intake of chemicals of concern in soil may occur through the ingestion and dermal
absorption exposure routes. The concentrations of the chemicals of concern in untilled
soils, using the maximum exposure area air parameter values previously determined in
- Section 5.2 and shown on Table 4-4, were used in this evaluation. These concentrations
are used to evaluate the high end and typical exposure scenarios, respectively. Untilled
soil concentrations were selected because they represent soil concentrations in areas
where the majority of an individual exposure is expected to occur.
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The following sections summarize the methods used to estimate the intakes for the
chemicals of concern in soil through the incidental ingestion and dermal absorption
pathways.

6.2.1 INCIDENTAL INGESTION

The following equation was used to estimate the magnitude of incidental ingestion of
chemicals of concern in soil attributable to emissions from the ESSROC facility.

Intake (mg-kg/day) = CS*IR*CF*FI*EF*ED/BW*AT [Bquation 6-2]

‘where:
) CS = chemical concentration in soil (mg/kg)

IR = soil ingestion rate (mg/day)
CF = conversion factor (10° kg/mg)
F1 = fraction ingested from contaminated source
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

The soil ingestion rates used to estimate intake are the soil ingestion rates for children and
adults as recommended by the U.S. EPA (U.S. . EPA, 1991a). For children, a soil
ingestion rate of 200 mg/day was used, and for adults a soil ingestion rate of 100 mg/day
was used. These daily soil ingestion rates account for incidental soil ingestion as a result
of normal day-to-day activities. - '

The exposure frequency for the child and adult populations was assumed to be 350
days/year based on U.S. EPA guidance (U.S. EPA, 1991a). The fraction of soil ingested
from contaminated sources was assumed to be 1.0 for all scenarios. As previously stated,
exposure durations of 30 years for an adult and 6 years for a child were used for both the
typical and high end exposure scenarios. Averaging times of 2,190 and 10,950 days were
used to evaluate exposures to noncarcinogenic compounds by the child and adult
populations, respectively. An averaging time of 25,550 days was used for both the child
and adult populations for exposure to carcinogenic compounds. ‘
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The parameter values used to estimate soil intakes via ingestion are summarized in Table
6-1.

6.2.2 DERMAL ABSORPTION

The following equation was used to estimate the magnitude of dermal absorption of
chemicals of concern in soil attributable to emissions from the ESSROC facility.

Intake (mg-kg/day) = CS*CF*SA*AF*ABS*EF*ED/BW*AT [Equation 6-3]

where:
CS = chemical concentration in soil (mg/kg)
CF = conversion factor (10 kg/mg)
SA = skin surface area (cm*/event)
AF = soil to skin adherence factor (mg/cm?)
ABS = absorption factor (unitless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW =body weight (kg)
AT = averaging time (days)

The total skin surface area exposed was estimated to be 970 cm? and 1,890 cm? for the
child and adult typical exposure populations, respectively, and 2,440 cm’ and 4,950 cm®
for the child and adult high end exposure scenarios, respectively. These values represent
a conservative reasonable estimate of skin surface area exposed year round. It is noted
that more skin surface would be exposed during the summer months and less during the
winter months. 7

A soil to skin adherence factor of 0.2 mg/cm? was used for all populations and scenarios
modeled and is based on U.S. EPA guidance.

Absorption factors of 1% and 10% were used for inorganic and semi-volatile organic
compounds (Ryan et al. 1987), respectively, with one exception. An absorption factor of
3% was used for dioxins based on U.S. EPA guidance (U.S. EPA, 1992a). In using these
default dermal absorption factors, it is noted that these default values represent the dermal
absorption 'efﬁcieﬁcy (i.e., 1 or 10%) of the particular compound relative to its oral
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absorption efficiency. These default values are considered relative absorption factors and
- not absolute absorption factors. '

The body weight, exposure frequency, exposure duration, and averaging time values were
the same as those used in the soil ingestion equation for both the typical and high end
€XpOosure scenarios. ' ‘ '

The parameter values used to estimate soil intakes via dermal absorption Table 6-1
summarizes.

6.3 - EXPOSURE TO SURFACE WATER

Intake of chemicals in surface water may occur through several exposure routes,

including:

o Ingestion of surface water used for drihking water;
 Incidental ingestion of surface water while swimming;

« Dermal contact with surface water while swimming; and
« Consumption of fish from surface water.

Three surface water bodies were evaluated in this assessment: the Eel River which is
Logansport's water supply, the Wabash River assumed to be used for recreational
purposes including recreational fishing and swimming; and France Park, a local
recreation spof. The concentrations of chemicals of concern in these water bodies are
presented in Table 5-6.

6.3.1 INGESTION OF DRINKING WATER

The following equation was used to estimate the intakes of chemicals from ingestion of
drinking water obtained from the Eel River and used as a municipal water supply.

Tntake (mg-kg/day) = CW*IR*EF*ED/BW*AT [Bquation 6-4].
where:
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CW = chemical concentration in water (mg/liter)
IR = ingestion rate (liters/day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time (days)

For this scenario, the dissolved phase (Cdw) chemical concentration was used. The
dissolved phase fraction was used because the municipal water supply for Logansport is
treated with clarifiers and filters, which will remove chemicals adsorbed to suspended
solids. ' |

Adults were assumed to ingest water a rate of 2 L/day for both the typical and high end
scenario. .Children were assumed to ingest 1 L/day for both scenarios (U.S. EPA, 1997a).

The body weight, exposure frequency, exposure duration, and averaging time values were
the same as those used in the soil ingestion equation for both the typical and high end
exposure scenarios.

6.3.2 INCIDENTAL INGESTION OF WATER

Individuals involved in recreational activities involving water could incidentally ingest
water. The following equation was used to estimate the intakes of chemicals from
incidental ingestion of water during recreational activities.

Intake (mg-kg/day) = CW*IR*ET*EF*ED/BW*AT ' [Equation 6-5]

where:
CW = chemical concentration in water (mg/L)
IR = ingestion rate (liters/hour)
ET = exposure time (hours/event)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW =body weight (kg)
AT = averaging time (years)

The chemical concentrations in the dissolved phase for the Wabash River and the
swimming lake at France Park were used to estimate the chemical intakes associated with
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incidental ingestion of water while swimming (Equation 6-5) for the typical and high end
exposure scenarios, respectively. An ingestion rate of 50 ml/hour, an exposure time of
2.6 hours/event were assumed for both the typical and high end exposure scenarios.
Exposure frequencies of 7 and 20 days/year (U.S. EPA, 1997a) were used for the typical
and high end exposure scenarios, respectively. | '

The body weight, exposure duration, and averaging time values were the same as those
used in the soil ingestion equation for both the typical and high end exposure scenarios.

6.3.3 DERMAL ABSORPTION

' The following equation was used to estimate the intakes of chemicals that could occur by
dermal absorption while swimming,

Tntake (mg-kg/day) = CW*SA*PC*ET*EF*ED*CF/BW*AT  [Equation 6-6]

where:
CW = chemical concentration in water (mg/L)
SA = skin surface area available for contact (cm?)
PC = dermal permeability constant (cm/hour)
ET = exposure time (hours/event)
EF = exposure frequency (days/year)
ED = exposure duration (years)
CF = volumetric conversion factor for water (llter/cm )
BW = body weight (kg)
AT = averaging time (days)

. The dissolved fraction chemical concentrations in the Wabash River and the swimming
lake at France Park were used to estimate intakes associated with dermal absorption for
the typical and high end exposures, respectively.

Equation 6-6 uses a dermal permeability constant (PC) to estimate the flux of chemicals
‘through skin during water exposures. Dermal permeability constants arc chemical-
specific and the methods used to determine the dermal permeability constants are
presented in Appendix C. An exposure time of 2.6 hours/event was used for both
scenarios. As with incidental ingestion, adult and child exposure frequencies of 7
days/year for the typical scenario and 20 days per year for the }ﬁgh end scenario were
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used to estimate dermal exposure by swimming. Estimates of exposed skin surface area
were obtained from U.S. EPA guidance (U.S. EPA, 1997a). The 50th percentile total
body surface area of adult males (19,400 cm2) was used in the equation for adults. The
50th percentile total body surface areas of males ages 1 to 7 years (7,280 cm?2) was used
in the equation for children. These surface areas were used for both the typical and high
end exposure scenarios. '

Body weights, averaging times, exposure durations, and exposure frequencies were the
same as used for the incidental ingestion of surface water while swimming.

6.3.4 INGESTION OF FisH

The following equation was used to estimate the intakes of chemicals due to ingestion of
locally caught fish. )

Intake (mg-kg/day) = CR*IR*FI*EF*ED/AT [Equation 6-7]

where:

Cf= chemical concentration in fish (mg/kg)

IRf = fish ingestion rate (kg/kg BW/day) :
FI = fraction ingested from contaminated source (unitless)
EF = exposure frequency (days/year)

ED = exposure duration (years)

AT = averaging time (days)

The concentrations of chemicals of potential concern in fish were estimated using the
equation and available bioaccumulation and bioconcentration factors, as described in
Section 5.4.2. For the high end adult exposure scenario, a fish consumption rate of 32
g/day representing the average of the 95 percentile consumption rates from published
freshwater recreational fishing surveys conducted in Michigan and Wisconsin (U.S. EPA
Exposure Factors Handbook; Volume IT, Chapter 10, 1997) was used. This value was
divided by the standard adult body weight of 70 kg to give a consumption rate of 0.00045
kg/kgBW/day. For the high end child exposure scenario, the U.S. population 95%
percentile consumption rate for children 0 to 9 years of age of 0.00035 kg/kgBw/day was

used.
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For the typical exposure scenario, a fish consumption rate representing the U.S.

‘populatioﬁ average of 14.3 g/day for adults was divided by the adult body weight and
adjusted by 50% to account for the fraction of total consumption attributed to freshwater
sources. This results in a consumption rate of 0.000102 kg/kg BW/day for an adult. For
child typical exposures, the U.S. population average consumption rate of 0.000188
kg/kgBW/day for children 0 to 9 years of age was used.

For the high end exposure scenario, it was assumed that a fisherman would obtain 25% of
his fish diet from the Wabash River. Therefore, the fraction fish ingested from the-
‘Wabash River for the fisherman under the high end scenario was assumed to be 0.25.
The fraction ingested from the impacted source was assumed to be 0.1 for the typical

exposure scenario.

- Averaging times, exposure durations, and exposure frequencies were the same as those
.used in the soil ingestion equation and are presented on Table 6-1.

6.4 EXPOSURE TO PLANTS

Th¢ following equation was used to estimate the intake of chemicals of concemn from the

consumption of plants.
Intake (mg-kg/day) = Cp*IRp*FI*EF*ED/AT [Equation 6-8]
where:

Cp = chemical concentration in plant (mg/kg)

IRp = plant ingestion rate (kg/kg BW/day)

FI = fraction ingested from contaminated source (unitless)
EF = exposure frequency (days/year) “
ED = exposure duration (years)

AT = averaging time (days)

The predicted vegetable concentrations used as intakes for these equations were those
determined in Section 5.5 and presented on Table 5-9.
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Intakes rates for all three home produced vegetable categories evaluated in this risk
assessment for both the typical and high end exposure scenarios were derived from data
presented in U.S. EPA 1997a and described in the U.S. EPA 1998 HHRAP guidance
document. The ingestion rates described in the U.S. EPA 1998 HHRAP guidance
document were derived from a 1987-1988 USDA National Food Consumption Survey.

For the vegetable categories modeled in this risk assessment, the consumption rates are as
follows:

~Plant (Plant Group) Consumption Rate (kg DW/kg BW/day)

. Adults Children
Sweet Comn (Protected) 0.00057 0.00077
Potatoes (Belowground) 0.00014 0.00022
Spinach (Exposed Aboveground) 0.0003 0.00042

The fraction of vegetables consumed by local residents/farmers under the typical and high
end exposure scenario that are grown on contaminated soil were determined from data
presented in Table 5-7 of U.S. EPA 1990. This data presents the percentage of plant
foods produced at home. There is significant uncertainty in this data in that it is based on
a one time limited three day study. However, in the absence of more specific data on this
subject, these data are used as a reasonable estimate of the likely fraction of these crops
that are home grown. Table 5-7 of U.S. EPA 1990 presents data for four populations: all
urbanization, central city, suburban and non-metropolitan. Data for the nonmetropolitan
population is thought to best represent an upper bound for the majority of home
gardening residents of Cass and Carroll Counties ‘and is used for the typical exposures
‘modeled in this risk assessment. For the vegetables included in the generic home garden
under the typical and high exposure scenarios these fractions were determined to be:

Typical High End
Sweet Comn ' 0.34 0.67
Potatoes 0.065 0.22
Spinach 017 - 0.33

It'should be noted that in addition to the uncertainty in this data due to its being based on
a single three day study, there is also uncertainty presented by the fact that the above
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fractions represent home grown vegetables only and that some residents may consume
other locally grown vegetables (i.e., traded with neighbors or purchased at local garden
stands). This uncertainty is lessened somewhat by the fact that Cass and Carroll counties -
are not significant producers of garden type vegetables for export. As stated previously,
over 85% of the crbpland in the area is used for production of just two crops (comn and

soybeans).

Averaging times, exposure durations, and exposure frequencics used to estimate
exposures to home grown vegetables were the same as those used in the soil ingestion
equation. ‘

6.5 EXPOSURE TO MEAT, POULTRY, AND DAIRY PRODUCTS

Chemical intake from the consumption of meat, poultry and dairy products was
calculated by multiplying the concentration of pollutant in the food product by the
consumption rate of that product and by the fraction of that product produced in an area
impacted by kiln emissions. The equation expressing this relationship is presented as
follows.

Intake (mg-kg/day) = Ct*IR**FI*EF*ED/AT - ‘ [Equation 6-9]

where:
Ct = chemical concentration in animal product (mg/kg)
IRt = product ingestion rate (kg/kg BW/day) -
FI = fraction ingested from contaminated source (unitless)
- BF = exposure frequency (days/year) '
ED = exposure duration (years)
AT = averaging time (days)

The consumption rates for animal products used in this equation are those presented in

Table 5-8 of U.S. EPA 1990. The 50th percentile consumption rates for adults and
children are presented below (all are presented in units of kg DW/kg BW/day):
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Adult Child
Beef 0.00054 0.0012
Dairy 0.00072 0.00380
Pork 0.00033 0.00096
Poultry 0.00011 0.00035
Eggs 0.00012 ~ 0.00053

For the typical and high end exposure scenarios, the fractions of animal products

consumed by local residents that is raised on feed from areas impacted by the kiln
 emissions was determined from data presented in Table 5-9 of U.S. EPA 1990. The data
used to evaluate the intake rates for the populations modeled in this assessment were the
percentages for non-metropolitan populations presented in this table. No specific
recommendations for these fractions are presented in U.S. EPA 1990. U.S. EPA (1992a)
cites a survey of 900 rural farm households in developing high end fractions of 0.44 and
0.4 for beef and dairy products, respectively. These data are used for determining the
fraction of animal products for the typical and high end exposure scenario as listed below:

~ Typieal High End
Beef 0.15 ‘ 044
Dairy 0.031 0.40
Pork 0.09 0.44
Poultry 0.08 0.44
Eggs 0.079 0.44

Body weights, averaging times, exposure durations and exposure frequencies were the
same as those used for the soil ingestion equation and are presented in Table 6-1.

bf - Ebillesrochumuiskiriskmal.doc _ 92






TABLES







TYNIS-1dvdad

1 98eg

@8@ oEH_H. mamﬁoﬁw v

Amww.—uﬁﬂv 101087 qou&owp¢ sV

Ervsffare&mmﬂwe“”“r?! '
Qﬁgo\..ﬁou 2Ty uuu.ﬁam urjs = (¢-0 wonenby)
i 15¢| PTD
Amdwﬁv ﬂom m noaubnuunoo omﬂu>< = mo, (eI NIOS
T B TR T D R R Y
o . (@) 1A A Apog ﬂ M
lunM%ﬁ%k@}.h&f:LMWﬁiE.? !.W-ﬂ.m._m?vér; r..._u.m .@
@33&@3 monﬂeﬂm amsodxy = Eici
%‘..HL.FQ: Eml-.w_..m :
Amﬁ\wM u.od u&um .m uo@gdoo =3
YRS RN (c-9 nonenby)
omﬁuu%.ﬂoauno wa\wﬁu [10S T TORERUAINOD) S5LIAY = S uonsa3uy 11os
_._.*omm 01 **omﬁ T | =x0S60T  #x061°C (sAep) sum ], SWIFRISAY = .Hd'
G R R
ﬁﬂamb nounuﬁ amsodxg = I
2 ﬁ%@
(1-9 wonenby)
SeyenonIed pue
oBmhmBM nonoﬁm M,_m asend rodeA
) R ORe s UGB S| ~Tonelequ IV
Iaeurereg uonenbg

vuerpu] 9Iodsuesoy
J0YUSSH

muonw«dwm 2L JOJ PIs[) SIN[EA I9JoWRIeJ

1-9 3IqeL




7 a8eq

ﬁmhmE omuI], mﬁwﬁuﬁw = .H<
il
.u o La...ﬁ_ﬁm..ﬁ..? .....M.&. m.%‘.tl_

AnEu\uﬂau .va M .S.“ .HEomm monum.EoU oﬁoﬁﬂo > 1
._mh‘_,..s kel L %ﬁm‘,mﬁ ?.w..?kmu. nﬁ
Aﬁu@w.amwu moﬂosgum ouumomxm

e e i

e ) lw% LR h___% m ﬁzw&_r.._r{z.m... oigene
. (anog/mo) yreisno)y prmuEum ?Euum Um (9-9 wonenby)
B E__,%, . e SRS o500 [eTeq
umﬂoo%.ﬁuﬂﬁogo /3ur) HB.n M T nonahauunoo Haoﬂﬁuﬂu = EU IoTE M\ 90RIING

HHOGIIG R _ e e

(31 19310 4pod = ME

; E %E ul nmpmwﬂv{. ,_.Lptr:u_

= mm
RSO A (59 wonenba)
$0°0 : uonsaguy
jisniE a@%ﬁ%% S e opmng

**omm 0T %061 m u.%omm oH 5 @mE aur, Jur3 ﬂup&‘n.ﬁ‘_

s.., M ] Tt (ATt 2 :
TR i % R fi, R

9 m mﬂnub .nonm.BQ ohao&nm Qm
i n@._ . (-9 wonenby)
[ uonsafuy
S ;W%mm&ﬁ 5] 1o1ep, Sy

PV PIO
Iaourered woyenbyg
PUg 93IH

ruerpuy 9iodsueSoy

DJ0YSSH
suonenby aXeny 10 Pas)) SONEA JIjdwered

1-9 2Iqe L,

TYNI-L3vHQ



TYNId-LdVEa

¢ o8eg

"STIXOIP I0J %€ pPUe {SorueS10 J0J %401 ‘SommedIonT I0] 9,1 :aIe pasn s1o3oe] nondiosqy ?.v
-monyenba aYeyu oy Ur pasn st (Teak 1od skep §o¢ sowm s1eak (L) SAep (5567 J0 oun] SMSeIoAY Ue ‘SuSOUIOIED JO T4 s

YRR S %% Y,

L ht..:frkﬁ !

& U
ot Jeta A VN i 12

O EAAG]

ﬁmmoﬁauo omos @nﬁﬁﬂﬂnoo Ho.ﬂ ﬁuumowﬁ nonwﬁ.m g

(6-9 wonenba)

R S0 e O S oD T wonsaguy
Aw&mﬁv ponvo.a [EWITY Tl UORERUIOUOY) = 1| 10NPOIT [LIUnTy
v L ey
(s1e9£) monem( smsodxy = QI
b :Nm. sl :v.wmmmmuffwm;i“rﬂ.gw&. ... ,.ram
. mwmuwﬁav oum.nom uﬂmﬁﬁﬂnou wox paisadm acuumu._m =13
. IR SEREETHOn SR LI| (-9 wonenby)
(83/3wm) Jueg wr wonenuasuo)) = d)| wonssBuy yuerd
: Lﬂ%ﬁ&kﬂ&ﬁﬁhﬁ%&:ﬁhﬁ:iﬁ
(s1eak) monem(y oun»omxm
G e
(ssoprum) ooﬂ_om voumna.ﬂng woxy uﬁumﬂ nonuﬁm =11
: , s b Sk
0G0 200050} BTEE OSSR (L-0 wonenby)
Srads-eoTman) @wﬁ TS 0 TOREnTOON0) [P = 30| oSO8 st
Py PO NPy PIHD
IjameIed monenby
pud yStH TeadAL, .
vueipuy 41odsuedo]
DOYSSH :
suonenbs syelu] 10, Pas() SoN[eA JojommeIe
1-921qeL













DRAFT-FINAL

7.0 TOXICOLOGICAL EVALUATION

The purpose of the toxicological evaluation is to weigh available evidence regarding the
potential for particular chemicals to cause adverse effects in exposed individuals, and to
provide where possible, an estimate of the relationship between the extent of exposure to
a contaminant and the increased likelihood and/or severity of adverse effects. The U.S.
EPA has performed the toxicity assessment step for numerous chemicals and has made
available the resulting toxicity information and toxicity values. This information is
available in both the Integrated Risk Information System (IRIS, U.S. EPA 1998), a
computerized toxicological database system, and the Health Effects Assessment
Summary Table (HEAST, U.S. EPA 1997), which are updated quarterly. For the
purposes of this risk assessment, U.S. EPA developed toxicity available in the above
sources is used.

71  CARCINOGENS

Exposure to contaminants may elicit both carcinogenic and non-carcinogenic responses.
The carcinogenic response is assumed to be a "non-threshold" effect: any exposure, no
matter how small is assumed to increase the potential for cancer. Carcinogenic slope
factors (both oral and inhalation) are used to quantify the risk from exposure to
carcinogens. The slope factor is an upper 95% confidence limit on the probability of
response per unit intake of chemical over a lifetime. The inhalation slope factor is a
measure of internal dose and is expressed in units of (mg/kg/day) i

In some cases, quantitative estimates of carcinogenic risk from inhalation exposures are
also expressed as "unit risks" presented in units of ug/m3. The unit risk is a measurement
of the risk from exposure per unit concentration of the compound in air. For carcinogenic
compounds for which only unit risks were available, the unit risks (in units of ug/m3)
were converted to inhalation slope factors (in units of mg/kg/day)-!) using standard U.S.
EPA exposure assumptions (i.¢;, a 70 kg body weight and 20 m3/day inhalation rate),
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7.2  NON-CARCINOGENS

For non-carcinogenic effects, protective mechanisms are believed to exist that must be
overcome before an adverse effect is manifested. As a result, a range of exposures from
zero to some finite value can be tolerated by an organism with little or no change of
expression of adverse effects. The U.S. EPA has developed reference doses (RfD) for
many compounds. The RfD is an estimate of a daily intake by peopl_e (including

sensitive subpopulations) that is likely to be without an appreciable risk of adverse health
 effects during a lifetime.

The RfDs are based on oral and inhalation roﬁtes of exposure. The RfDs established for
the oral route are used to evaluate intakes from ingestion of water, ingestion of soils,
ingestion of vegetable and beef food products, and dermal absorption-of contaminants
through exposure to contaminated soil or water.

The inhalation RID, like the oral RfD, represents an internal dose and is expressed in
units of mg/kg/day. Additionally, the U.S. BPA has also derived inhalation reference
concentrations (RfC) which are expressed in wnits of mg/m3. The RfC provides an
‘estimation of the concentration of a compound in air, which when exceeded, indicates the
potential for the occurrence of noncarcinogenic adverse health effects. In order to
evaluate the exposures in this risk assessment, RfCs were converted to RfDs (expressed’
in terms of internal doses or mg/kg/day). - The inhalation RfCs were converted to
inhalation reference doses using standard U.S. EPA exposure assumptions (i.e., a 70 kg
body weight and 20 m3/day inhalation rate).

73  TOXICITY DATA FOR CHEMICALS OF CONCERN

As described previously, toxicological data used in this risk assessment was obtained
from both U.S. EPA's IRIS and HEAST databases. The most recent IRIS files were
reviewed for each chemical of concern and, if foxicity values were available for a
particular compound, those values were used. If toxicity values were not available in
IRIS for a particular compound, the HEAST files were reviewed and relevant toxicity
values presented in that source were used in the risk assessment.  Additionally, if
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toxicological data were not available in IRIS or HEAST, available toxicological data
presented in Appendix A-3 of the U.S. EPA 1998 HHRAP guidance document was used.

Table 7-1 presents the carcinogenic and noncarcinogenic toxicity data for the chemicals
identified or estimated to be emitted from the ESSROC facility. Included on this table
are ora_i and inhalation slope factors for the carcinogenic compounds and oral reference
doses and inhalation reference concentrations for noncarcinogenic compounds. |

The toxicity data for some of the chemicals presented on Table 7-1 is worthy of note.

“Currently, toxicity data exists for only one chlorinated dibenzo-p-dioxin isomer (2,3,7,8
TCDD). However, U.S. EPA has established procedures for estimating potential risks
from exposure to mixtures of chlorinated dibenzo-p-dioxins. Specifically, the U.S. EPA
has developed toxicity equivalent factors (TEF) for various dioxin isomers. The TEFs
were developed based on the similar structure-activity relationship between dioxin
isomers. For this risk assessment, the TEF factors developed by U.S. EPA are used to
determine risks for the individual dioxin and furan isomerg to 2,3,7,8-TCDD equivalents.

Additionally, in-evaluating the potential risks associated with exposure to carcinogenic
polynuclear aromatic hydrocarbons (PAHs), the oral slope factor for benzo(a)pyrene
times the relative potency factor for the particular carcinogenic PAH was used as the
toxicity value.

Similarly, for noncarcinogenic PAHs with Henry’s Law Constant of 1E* atm-m*mole or
higher and molecular weight less than 200 g/mole and which do not have a Rfd, the Rfd
for pyrene was used as a surrogate toxicity value. For all other noncarcinogenic PAH
which do not have a RfD, the Rfd for fluoranthene was used as a surrogate value.

The toxicity values used to evaluate exposure to the coplanar polychlorinated biphenyls
(PCB) and the individual total congener PCB classes were derived according to the
methods described in the 1998 U.S. EPA HHRAP guidance document. For the coplanar
PCBs, toxicity equivalency quofients (TEQ) have been derived. The potential risks
associated with the coplanar PCBs are evaluated by multiplying each individual TEQ by
the carcinogenic slope factor for 2,3,7,8-TCDD. For the individual classes of total PCB
congeners, a carcinogenic slope factor of 2 (mg/kg/day)-1 was used. For noncarcinogenic
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exposures to PCBs, the oral reference dosé of 2E-5 mg/kg-day for Aroclor 1254 was
used. '

74  CHEMICALS WITH NO TOXICITY VALUES

As described in Section 3.1.2.1, there were several chemicals of potential concern for
which inhalation toxicity data (both carcinogenic and noncarcinogenic) was not available
in IRIS or HEAST. Because no U.S. EPA verified toxicity data is available for these
éhemicals, they can not be evaluated quantitatively for either the indirect of the direct
exposure pathways. The absence of U.S. EPA verified toxicity data for these compounds
introduces some uncertainty in this risk evaluation.

Additionally, it is noted that tokicity values (both carcinogenic and noncarcinogenic)
were not available in IRIS or HEAST for lead. It is U.S. EPA's opinion that the
evaluation of risks posed by this compound using standard risk assessment procedures is
not appropriate. Therefore, an alternative approach using the Integrated Exposure Uptake
Biokinetic Model (IEUBK) was used to evaluate exposure to lead. A description of the
miethods used to evaluate lead exposures and the results of the evaluation are presented in
Section 8.5. |
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