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5.0 ENVIROMNTAL MEDIA CONCENTRATIONS

In this section, the results of the air dispersion and deposition modeling are used in
various fate, fransport, and uptake models in order to generate eslimates of the exposure
point concentrations of the chemicals of concem in the environmental media surrounding
the facility. ‘The mcdm concenlralions can then be combmed with data on human
_exposure to arrive at intake values which can then be compared to relevant toxicily data
in order to characterize the potential human health risks associated with the facility's
oﬁeralimm. The models employed aré based on those presented in the various U.S, EPA
" guidance, parficularly the U.S. BPA 1998 HHRAP docunient, as well ag on media-
specific physical data collected from the arcas surrounding the facility. The specific
. mlgrahon palhways and environmental media evaluatcd in this section include:

o Air- estuuates of ambient air concentrations of vapor phase and patliculate matter-

chemicals °

. ...,_J_'.'_“ ' ﬁ
o Soil--estimates of the cumulative soil concentration die to wet and dry deposition of

chemicals onto the soil and the adsorplion of vapor phase chemicals onto soil -

parlicles

o Ground water--an evalualion of the potential for chemicals deposited onto soil to
leach into ground water

o Surface water--estimates of the cumulative concentration of chemicals of concem in
surface water through air deposition, runoff, and soil erosion loading

o Tish uptake--cstimates of {he uptake of the chemicals of concer in surface water by
fish and the resultant fish tissue concentrations ‘

o Crop/plant uptake--estimates of the uptake of chemicals of concern by plants via
direct deposition on plant surface, oot uptake; and direct air to plant fransfer and the
resultant plant tissue concentration

o Liveéstock uptake: an estimate of the uptake of chemicals of concem by livestock
{hrough ingestion of lo¢ally grown feed and pasture grass and the resultant tissue
concentration, '
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51 AIR

In this section, long term average air concentrations of chemicals emitted from the kiln
and fugitive emission sonrces are calculated for the receptor locations considered in this
assessment. Tofal air concenfrations at the receptor locations are determined to be the
sum of chemicals present as both vapor phase and particu]ale bound matier.

As discussed in Section 3.0, the list of chemicals of concern for the inhalation exposure ..
p'ithway includes: all organic and inorganic chemicals identified in the kiln emissions and
modeled fugitive volatile emissions from liquid waste derived fuel storage and transfer
operations,

The emission rates used to determine the air concentrations are presented on Table 3-9,
These stack emission rates were determined from the average two-kiln emission rates for
each chemical, The LWDY fugilive emission rates were those determined by SCI-TECH
(Appendix B) as presenled on Table 3-9. The emission rates from Table 3-9 used i in this
cvaluation were the total volatile emissions for all sources.

The air concentrations of all chcmwals detected in emlssmns from the ESSROC facility
were calculated usitig the following equation:

= Q*[Fv*cyw(l-Fv)*Cy';_»]

For mereury, air concentrations were calculated for both clemental mercury and divalent .
mercury using the following cqualions:. :

Elemental Mercury C1 0. ODZQ*[FV*Cyv H1 -l"v)*Cyp]
Divalent Mercury Ca=0. 43Q*[Fv*Cyv+(1-Fv)*Cyp]

where:

Ca = air concentration (ug/m®)

Q =chemical emission rate (&/s)

Fv = fraction of chemical in vapor phase (unitless)

Cyv =unitized yearly air concentration from vapor phase (ug-s/g-m)
Cyp =unitized yearly air concentration frmu particle phase (ug-s/g-m’)
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The estimated air concentrations for all chemicals of concern (both the direct and indirect
exposure pathways) ate presented on Table 5-1.

52 SOIL

Contaminants of concem emitted from the ESSROC facility are subject to deposition
onto soil surfaces in the vicinity of the site. The cwmulative soil contaminant
concentrations are the result of two general processes: 1) wet and dry paﬁicle phase and
vapor deposition of chemicals onto the soil; and 2) the cumulative loss of contaminants

" from soil due to processes such as leaching, surface ranoff, soil erosion, and
environmental degradation.  The following sections provido' a description of the
methodologies used to calculate the dhenﬁcal—speciﬁc soil concentrations, Table 5-2
presents a summary of the chemical-specific parameters used to calculate the
concentrations of chemicals of concern in soils and Table 5-3 presents a summary of the
non-chemical dependent parameter values used to calculate the chemical concentrations
in soil.

The concentrations of the chemicals of concem in soils resulting from airbome emissions
from the BSSROC facility were estimated according to the following equations (U.S.
EPA, HHRAP, 1998). .

Carcinogens

TFor T,<T,

Y R ks*Tc)}“ _(exp* (—ks*T,)) pean
Se —(m HTc ¥ ks ViE -—.k.s‘ Equation 5 l-ﬂ

ForT, <Tc<T,
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' (D.s' *Te*Sep,
Sc=

ks .

] + (S;r,.) * (1 - e’xp[- ks* (T2 —Tc)]) Equation5-1b
6 .

(Tz —TTl) '

Noncarcinogens

_ Ds*[l-exp(- ks *Tc)]

Equation 5 -1c

Se
¢ ks
where:
S¢ = average soil concentration of chemical over exposure period
(ing chemical/kg soil) - '
Ds = Deposition term (g chemical/kg soil/yr)
T; = time period at beginning of combustion (yr)
ks = chemical soil loss constant (yr!)
Tc  =total time period over which deposiiion occurs (time period of combustion
(yrs) ' |
Cs;, =soil concentration at time Tc (mg/kg)
2 = length of exposure duration (yr)
o= Iz(?g ;g *[Fv(0.31536* Vv * Cyv+- Dyw)+ (Dydp + Dywp)*(1-Fv)]
where:

- Q  =chemical-specific emission rate (g/s)
Z = soil mixing depth (cm)
BD = soil bulk density (g soil/em?® soil) :
Fv = fraction of chemical air concentration in vapor phase (unitless)

Vdv  =dry deposition velocity (cny/s) _

Cyv  =unitized yearly average air concentration from vapor phase (ug-s/g-m°)
Dywv = unitized yearly average wet deposition from vapor phase (s/m’yr)
Dydp = unitized yearly average dry deposition from particle phase (s/m*-yr)
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Dywp =unitized yearly average wet deposition from particle phase (s/m?-yr)

As described in the U.S. BPA 1998 HIIRAP, the emission rate for mercury was adjusted
to account for that portion of mercury emifted from' combustion sources that enters the
global cyc[é and is not deposited in the area of the combustion source. Specifically, the
measured mercury emission rate (Q) was multiplied by a factor of 0.48 to account for the
loss.in the global cycle. The resulling mercury deposition value was then speciated into
divalent and methyl mercury by multiplying the mercury deposition rate by 0.98 and
0.02, respectively.

5.2.1 AR MODELING OUTPUT PARAMETERS

The air modeling output parameters used in the above-equations were estimated using the
air modeling methods described in Section 4.0. Soil concentrations were caleulated
using air modelihg scaiing factors derived for the following fhrée modeling scenarios
previously described in Section 4.0: maximum exposure area; France Park discrete
receptor; and watershed exposure. The maximum éxposure scaling factors were derived
by calculaling aveal average factors for an area extending approximately 4.0 kilometers
from the BSSROC facility: Specifically, all receptor points located outside of the
ESSROC facility boundary, and extending radially to a distance of 4.0 kilometers from
the ESSROC facility, were used to calculate the areal average values. These areal

- average values provide an estimate of reasonable maximum exposures to modeled air
emissions from the ESSROC facility. The modeled output parameters are presented in
Table 4-4. :

The France Park comple);'{,is a local recreational area located west of the ESSROC
facility. In order to evaluate potential exposures at this location, the modeled dispersion -
and deposiiioﬁ scaling factors for this discrete receptor point were used in this risk
assessment, The modeled oulput parameters are presented on Table 4-4.

The air dispersion and deposition scaling factors for the Eel and Wabash River
watersheds were derived by calculating areal averages for all receptor points located east
of the ESSROC facility to a distance of 30 kilometers. Seclion 5.4.1.1 provides the

rationalé for this approach. The modeled oufput paramefers are presented on Table 4-4. .
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5,22 DerositTioN TivE (Tc)

The total time period over which deposition oceurs (T¢) is equal to the estimated Lifetime
of the combustor. Forthis evaluation, a time period of 30 years deposition was evaluated
for the typical and high end exposure scenarios,

523 SomMixiNeDeprn (Z) -

The soil mixing depth parameter (Z) is based on the particular activities conducted on -
* soils, For this risk assessment, soil depths of 1 cm and 20 cin were used in the soil
concentration algorithm, depending on the Iand use being evaluated. Specifically, soil -
concentralions as_suining a depth parameter value of 20 cm were used for evaluation of
the plant consumption pmhwaj(, since it is assumed (hat illing of soils would result in
contaminant disposition in soils at depths to 20 cm or more. Tor all other pathways
modeled in this risk assessment, a soil depth of 1 em was used.

5.24 BULK DENSITY (BD)

The soil bulk deusity- (BD) value was oblained from the Cass and Carroll County Soil
Survey documents (USDA 1981) published by the local soil conservation district. A soil
bulk density repi‘eséntative of the predominant soil type in Cass and Canoll Counties was
used for this assessment. The predominant soil type in Cass County is the cyclone silt
" loam. The soil survey document reports a moist bulk dénsity range for cyclone silt loam
of 1.3 to 1.5 glem?, The predominant soil type in Carroll County is tho Rockfield-
Williamston complex, The Carroll County soil survey document reports a moist bulk
density range for these soils of 1.3 to 1.45 g/em3. Based on this infonmation, a soil bulk
density value of 1.4 gfem3 was chosen.

52.5 Soi.Loss EQUATION
The soil loss constant (ks) in the soil concentration equation was calculated using the

following equation:
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ks =ksl + kse + kst -+ ksg [Equation 5-2]

where:
" ks = soil loss constant due to all processes (yr'!)
ksl = loss constant due to leaching (yr!)

ksc = loss constant due to soil erosion (yr')

ksr =- loss constant due to surface runoff (yr!)
ksg = loss constant due to degradation (yr!)

5251 Léachiug Soil Loss Constant (ksl)

The soil loss constant due to lef:.ching is calculated according to the following equation:

ksl= (P+I-R-Ev)/[(0*Z (1+( BD*Kds)o))] [Bquation 5-3]
where: - .

ksl = lossconstant due to leaching (yr')

P = average annual precipitation (cm/yr)

I = average annual irrigation (cm/yr)

R = average annual runoff (cm/yr) '

Ev = average annual evapotranspitation (con/yx)

o = soil volumetric water content (nL/cm?3)

7 = soil depth from which leaching removal occurs (cm)

BD = soil bulk density (g/fem?) - ,
Kds = soil water partitioning coefficient (inL/g)

|

Average dnmml precipitation (P)
An average annual precipitation of 96.5 em/year for the study area was obtained from the
Water Resources Data Indiana Water Year 1992 (Stewart ct al., 1992).

Irrigation(I)
Information provided in the Cass County comprehensive plan indicates that the irrigation )

potential for Cass County is good, but that an insignificant amount of land is actually
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irrigated (approximately 20 acres in 1982). For this reason, an annual average irrigation
() value of 0 emy/year was used,

Evnpotmnspim{lou ()
An evapolranspiration (E) value of 60 env/yr for the study area was obtamed from Baes
ctal. (1984) and is used in this assessment,

Lunoff (R)
An average annual inoff value (R) 30 em/year is used in this risk assessment and was
obtained from Water Resources Data for Tndiana (Stewart et al,, 1992). This is the

average value for the entire Wabash River basin (within which the entire site lies).

Soil volumetric water content (o)
A- soil volumemc water content (o) of 0.25 1mI./cm3 was used based on guidance
presenled in the inferim guidance document, I‘}us value represents volumetric water ‘

content for predominantly loamy soils,

Bulk Deush:p (BD)
A soil bulk density (BD) of 1.4 g/em3 was used, as described prevmusly

Soil Depth (Z)
As described previously, soil depths (Z) of 1 and 20 cm were used,

Soil Water Parlitioning Cocfficient (Kis)

The soil water partitioning coefficients (Kds) for the chemicals of concem were obtained”
from Appendix A-3 of the U.S. EPA 1998 HHRAP gmd'mce document., These values
are shown on Table 5-2.
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52.52 Krosion Soil Loss Constant (kse)

The soil loss constant due to erosion (kse) was calculated using the following equation:

kso = [(0.1 Xe SD ER)/(BD 2)] * [(Kdg BD)/(o+ Kdg BD)]  [Equation 5-4]

where;

kse. = soil loss constant due lo erosion (yr~ 1)

Xe = unitsoil loss (kg/m%/yr)

Kds = soil water partition cocfficient (cm3/g)

BD = soil bulk density (g/cm3)

7 = soil mixing zone depth (cm) k

= vyolumetric water content (em¥cm3)

SD = sediment delivery ratio (unitless)

ER = contaminant enrichment rafio
0.1 =unils conversion (g-kg/em2-m?)

Sediment Delivery Ralio (.S'D)
The sediment delivery ratio is calculated according (o the following equalmn presented in

the addendum to the interim guidance doctiment:

SD =a(WAp)™D ‘ : [Equation 5-5]
where: ‘

SD = sediment delivery ratio

WA= watershed surface area receiving fallout (m2) .

b = empirical slope coefficient (=0.125)

a = empirical intercept coefficient

Empirical intercept coefficients (a) have been compiled by Vanoni et al, 1975 and are
based on the area of the watershed A watershed area of 7.85 X 109 m2 (walershed area
for the Wabash River Basm) was used giving an empirical mtercept coefficient of 0.6,
This résults in an SD value of 0.035.
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Contaminant Envichment Ratio (ER) _
The enrichment ratio (ER) accounts for the fact that crosion favors the lighter soil
particles, which have higher surface area to volume ratio and are higher in nrgahic mater
content. Brichment ratios have been assigued values that range from 1 to 5. The
enrichment ratio is expected to be higher in sandy soilé as compared fo silly or loamy
soils because the finer silt particles which erode from a soil generally characterized as
sandy are more a deviation from the norm compared lo silt particles which erode from a

© soil generally characterized as silty or loamy. Based on guidance ﬁrcsented in the

addendum inferim guidance document, a value of 3 was chosen for the enrichment ratio,

Unit Soil Loss (Xe)

The unit soil loss parameter (X¢) was calculated using the universal soil loss equation:

Xeo= (R *K *LS * C * P * 907.18 ke/ton)/(4047 m%sore) [Equation 5-6]

where:
Xe = soil loss rate per unit area over time (kg/m2-yr)
R = erosivi-ty factor (yr-1) '
K = erodibility factor (tons/acrc)
LS = slopelength factor (unitless)
C- = cover management factor (unitless)

Ps = supporting practice factor (unitless)

Several of the factors included in this equation are most generally applicable to
agricultural situations, Distinctions between the tilled agricultural soils (mixing depih of
20 cm) and non-tilled soils (mixing depth of I' cin) are noted where appropriate in the
discussion of thesc factors provided below. .

Erosivity Factor (R)
The erosivity factor (R) reflects the influence of rainfall on erosion of soils. For
this risk assessment an erosivity factor of 180 was used for both the tilled and
untilled soils. This value was obtained from “Predid!ing Rainfall Erosion
Losses" (Wischeir, 1978).
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Erodibility factor ()

The crodibility factor (k) was obtained from the Cass and Carroll County Soil
Survey documents. An erodibility factor representative of the predominant soil
type in Cass and Carroll Counties was used. As described previously, the
'predominant soil type in Cass County is the cyclone silt loam. The soil survey
document for Cass County reporls an crodibility factor for cyclone silt loam of
0.28. ' '

The predominant soil fype in Carrol County is the Rockfield-Willjamston
complex. The Carroll County soil survey document reports an erodibility factor
for these soils 0f 0.37.

An average of these two factors for Cass and Carroll Counties was used for the .

soil erodibility factor (0.33) for both the tilled and untilled soils.

Topographic factor (I.S)
The topographic factor (LS) is an estimate of the expected soil loss as a function

of stcepness and length of the individual plots modeled, The indirect guidance

document uses a topograph'ic factor of 0.179, which is indicative of flat terrain
and small unit fields. For this evaluation, the topographic factor of 0.179 was
used for:both {ill and untilled soils. This value is consistent with the relatively
flat terrain of the majorily of Cass and Carroll Counties. '

Cover management factox (C) .

The cover management factor (C) reflects the influence of vegelalive cover and
cropping practices on soil erosion, As described previously, most agricultural
land in Cass and Carroll Counties is used for the row crops com and soybeans,
.which are the predominant crops grown in the area. The interim guidance
document recommends a cover management factor of between 0.1 and 0.7 for
areas where agricultural row crops are grown. Based on this guidance, a cover

management factor of 0.4 was chosen for this risk assessment.
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Support practice factox (P)

The support praclice [aclor (P) is a correction faclor that reflects the use of
surface conditioning, dikes, or other methods to control runoff/erosion, For this
assessment, a support practice factor of 1.0 is used in this risk assessment which

assumes that no such support practices are in place to §ontrol erosion,
52.5.3 Degradation Rate Constant (ksg)
The degradation rate constant term (ksg) reflects the-influence of biotic and abiotic
degradation of a chemical on its soil concentration. The degradation rate constant was
calculated using the following equation:

ksg= 0.693/t _ ' [Eqiafion 5-7]
112

The reported half lifo in soil (t;;,) for each chemical of concern evaluated via the indirect
pathways of exposure are presented on Table 5-2,

5254 XRunoff Rate Constant (ksx)

The soil loss constanf due to runoff (ksr) was calculated using ﬂ-le following equation:

ksr= R/Z*o* (1/1+(Kds * BD/o) [Equation 5-8]
where:
ksr = soil loss constant due to runoff (yr1)
R = average annual mnoff (cm/yr)
Kds = soil water parlition coefficient (cm3/g)
BD = soil bulk density (g/cm3) '
"Z = soil mixing zone depth (cm)

o = volumelric water content (cm3/cm3)

Values for each of the parameters in Equation 5-8 were those previously déseribed in this

section,
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5.2,6 CALCULATED CONCENTRATIONS OF CHEMICALS IN SOILS

The chemical-specific parameter values used in the above equations to calculate the
concentrations of chemicals of concern in soil attributable to emissions from the
ESSROC'facility are presented in Table 5-2. The values for the non chemical-specific
parameters used in the above equations are presented in Table 5-3. '

The estimated concentrations of chemicals of concern in soils atiributable to emissions
from cement kiln operations for the maximum exposure’area are presented on Table 5-4.

53 GROUND WATER

The interim guidance document outlines methods for predicting concentrations of
chemicals in ground . water as a result of deposition of contaminants emitted” from
combustors onto soil and leaching through soil to the ground water. However,
information presented in the interim final gnidance document indicates that leaching of
chemicals to ground water and subsequent ingestion of ground water is not considered a-
significant exposure pathway for combustor emissions.

Additionally, the constituents of concern for the indirect pathways of exposure evaluated
in this risk assessment are metals and semi-volatile compounds that are characteristically
persistent and bioaccumulalive in the environnient. These compounds are typically not.
mt;jabi{e in soils, but rather, tend to adsorb to soil particles. Therefore, leaching to ground
water is not considered a significant migration pathway for the constituents of concem
deposited onto soil surfaces and is not evaluated quantitatively in this risk assessment,

54 SURFACE WATER AND FISH
541 ESTIMATION OF SURFACE WATER CONCENTRATIONS

In order fo evaluate the impact of combustion emissions from the ESSROC facility on
nearby surface water bodies, the concentrations of chemicals of potential' concem in
several individual surface water bodies were determined. Specifically, in this evaluation,
potential human exposures to chemicals of concem in the following three surface water
bodies were evaluated: (1) the Eel River which is the source for Logansport's drinking
water supply; (2) the Wabash River which is assumed to represent a natural surface water
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body used for ﬁshmg and other aquatic recre'lhon, and (3) the swimming lake at France
Park,

The concentrations of chemicals in these three surface water bodies attributable to
‘emissions ﬁom the ESSROC facility were estimated using the meﬂlodology presented in
the U.S. BPA 1998 HHRAP gidance document. These methodologies estimate surface
water body chemical concentrations in the total water column. The tofal water column
concenlration for a chemical is the sum of the chemical concentration in the dissolved
phase and the chemical concentration associated with suspended solids. The partitioning

between the water and sediment varies depending on the physical and chemical properties '

_of the particular chemical, The chemical-physical properiies used to estimate surface
water concenfrations for the chemicals of concemn are prcscntéd on Table 5-5. These
values were obfained from Appendix A-3 of the U.S. EPA 1998 HHRAP guidance .
document, It is also noted, that per guidance presented in U.S. EPA 1998 HHRAP, the
chemical-specific input values for Aroclor 1254 were used as surrogate values for the
PCBs (botlh the ten congener classes and (he coplanar PCBs).

5.4.1.1 Total Chemical Load to Surface Water Bodies

The first step in estimating the concentrations of chemicals in surface water is to caleulate
the total loading to the water body using the following equation: o

Iq =F dep + Lﬁ + Lr & L0+Ldiﬂ' [Equaﬁﬂll 5'9]
where:

L, = total chemical load to the water body (glyr)

Ly, =total (wet and dry) pamcle phase and wet vapor phase deposmon (g/yl)
L,; = runoff load from impervious surfaces (g/yr)

L = runoff load from pervious surfaces (g/yx)

L, = soil erosion load (g/yx)

Ly = vapor phase chemical diffusion (dry deposition) load to water body (g/yr)

The following equation was used to estimate the dry and wet deposition loading to the
water bodies: '
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Lip= Q*[Fv* DY\‘;'WV + (1-Fv) * Dytwp] * WAW [Equation 5-10]

where:

Ldep =chemical deposition load to water body (g/yr)

Q = chemical specific emission rate (g/s)

Fv = fraction of chemical in vapor phase (unitless). -

Dywwy = unilized yearly average wet deposition froin vapor phase (s/m%y)
Dytwp = unilized yearly average lotal (wet and dry) deposition from vapor phase

(s/m?-yr)
WA,, = water body area (m”)

The air model parameter values (Dywwv and Dytwp) used to estimate surface water
concentrations of chemicals of concem via deposition are presented on Table 4-4. For
this evaluation, tlie actual Dywwv and Dytwp values modeled at the France Park receptor
point were used to estimate the chemical load duo to deposition.

For the Bel aud Wabash Rivers, the air model values shown on Table 4-4 were derived in
the following manner, The ESSROC facility lics within the Wabash River Basin, The
Eel River and the Wabash River both li¢ within the Wabash River Basin, Based on
information provided in the U.S. Geological Survey Water-Data Report for 1992, the
total drainage areas for the Ecl River and the Wabash River is 789 mile® (2.04 E+9 m?)
and 3,779 mile? (9.78B+9 m’), respectively. These values represent the total drainage
areas for these rivers upstrenm of the Logansport gauging station. As described
previously, the air dispersion and deposition modeling rates were estimated at points
radial from the ESSROC facility up to 50 kilometers (km). Therefore, the total arca of

deposition within a 50 km radius of the BSSROC facility is eqnal {0 7.85B+9 m? (e, x
(50 km)?). Since the Logansport gauging slation represents the total drainage areas for
the Rel and Wabash Rivers upstream of Logansport, it can be assumed that % of the
deposition area (i.e., 3.9 E+9 m® would contribute to chemical loading at the location
(Logansporf) where indirect exposires to surface waters are evaluated in the risk
assessment. Therefore, the watershed area for the Wabash River was estimated to be one
half of the total deposition area, 'However, it is likely that deposition rates at points
beyond 30 kilometers from the combustion source would have little or no contribution to
the total chemical loading for the watershed. Therefore, the air model values used to
model surface water exposures for the Eel and Wabash Rivers were derived by
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calenlating the areal average of those receptor points located upgradient of the
combustion source to a distance of 30 kilometers (watershed aren 1.4 E® m?). Itis noted
that the Eel River actually merges with the Wabash River at Logansport. Therefore, the
watershed area for the Eel River essentially falls within the Wabash River watershed area.

A watershed area of 2.8 B*m” was used for the Eel River in the risk assessment, This
value represents 20% of the Wabash River watershed area (i.c., 1.4 Em?) used in the risk
assessmient, A factor of 20% was used to estimate the Eel River watershed area based on
the ratio of the drainage area of Eel River (789 milé;z) to the drainage area of the Wabash
River (3,779 mile?), Since the Logansport gauging station for the Wabash River is
. located downstrearin of the confluence of the Eel and Wabash Rivers, the drainage area
for the Eel River comprises a portion (20%) of the total drainage area for the Wabash _
River at Logansport. Therefore, the 20% factor was used to eslimate the watershed area
for the Eel River lying within the deposition area. ' .

The average two-kiln emission rates described previously were used in the equation.
Additionally, the emission rate for mercury was multiplicd by 0.48, for reasons described
previously. The Ly, rates for mercury were speciated into divalent and methyl mercury
by multiplying the L,,, by 0.85 and 0.15, respectively.

Local USGS aud topographic maps were used to estimate the water body surface areas
for the three surface water bodies. Since the point of exposure to' surface water is the
Logansport area and the air dispersion and deposition modeling rates were eslimated at
points radial from the ESSROC facility up-to 30 kilometers (km), a lineal distance of 30
kilometers was used to estimate the water body surface aveas for the Eel and Wabash
Rivers. The resulling water body surface arcas are 1.8 x 10°m? and 5 x 10° m? for the Eel
and Wabash Rivers, respectively.

The water body area for the France Park swimming quarry was estimated using aerial
photographs and topographic maps. A water body area of 83 m* was used for the France
- Park swimming quarry, '

" The impervious runoff load to the water body was calculated using the following
equalion; .

© Ly=Q* [Fv*Dywwv + (1 -Fv) * Dytwp] * WA; . [Equation 5-11]
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wlhiere:

L, = impervious runoff load (g/yr)
. Dywwv = unilized yearly average wet deposition fiom vapor phase (s/m*yr)
Dytwp = unitized yearly average total (wet and dry)-deposition from vapor phase
(s/m?-yr)
WA, = impervious water shed area receiving deposition (m?)

The fraction vapor and emission rates used in this equation were described previously.
The impervious water shed area represents that porlioil of the water shed covered by an
impervious surface (i.e., roads, buildings, etc.). Since the ESSROC facility is located in a
rural sefting, it was conservatively asswmned that the impervious water shed area for the
Eel and Wabash Rivers and the France Park swimming quatry comprises approximately
1% of the total water shed area. The methods for estimating the total water shed areas for
the Wabash and Eel Rivers were described previously. The method for estimating the
total water shed areas for the France Park swimming quarry is described in the following
sections,

The following equation was used (o eslimate the total loading from pervious ‘surface
runoff:

L =R * (WA, - WA)* (Sc *BD/0+Kds * BD)* 0.01  [Equation 5-12]
where:

L, = pervious surface runoff (g/yr) -
R = average annual surface minoff (cm/yt)

Sc = pollutant concentration in water shed soils (ng/kg)

BD = soil bulk density (g/em’)

Kds = soil-water partition coefficient (cm3/g) .

WA,, = lotal watershed area receiving pollutant deposition (n?)

WA, = impervious watershed area receiving pollutant deposition (n*)-
0.01 = units conversion factor (kg-cm*mg-m*) -

0 = volumelric soil water content (cm’/cm’)

An average annual runoff of 30 cm/yr was used as described previously. The soil
concentrations calculated for untilled soils under the reasonable maximum exposure
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scenario were used in this equation. A soil bulk density of 1.4 g/em® was used as
described previously. A volumetric soil water content of 0.25 and chemical-specific soil
water partition coefficients were used.

The watershed/drainage areas for the Eel and Wabash Rivers were described previously.
The watershed/drainage area for the France Park swimming lake was estimated from the -
US.G.S. Topographic Map. Based on the review of the topographic map, the
watershed/drainage area for the France Park swimming lake was estimated to be 250,914

m .

The erosion load to the water bodies was estimated using the following equation:
L, =X *(WA,-Wa)*SD*ER (Sc*Kds*BD/0 + Kds * BD) * 0,001 [Equation 5-13]
where:

Le = soil erosion load (g/yr)

Xe = unit soil loss (kg/m*yr) -

Sc = chemical concentration in watershed soils (mg/kg)

BD = soil bulk density (g/cm®) '

Kds = soil-water partition coefficient (cm3/j)

0 = volumetric soil water content (cm*cm*)

WA, = total watershed area receiving pollutant deposition (im?)
WA, = impervious walershed area receiving pollutant deposition (m?)
SD = sediment delivery ratio (unitless)

ER = soil enrichment ratio (unitless)

0.001 = units conversion factor ([g/kg]/[mg/kg))

The chemical concentration (Se), soil bulk density (BD), volumetric water content (0),
soil-water partition coefficient (Kds), total watershed ‘area (WA, lotal impervious
watershed area (WA,), unit soil loss (X,), and sediment delivery ratio (SD) parameier
values used were the same as previously described. A soil enrichment ratio of 3 was used

* in accordance with the screening level guidance document.

The load to the water body due to dry vapor phase diffusion was calculated using the
following equation: :

- L= (K, * Q*Fv * Cywv *WA,, * 10)/(/R*T*) [Equation 5-14]
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‘Lyge = dry vapor phase load to water body (g/yr)

Kv  =overall transfer rate coefficient (m/yr)
Q = chemical-specific emission rate (g/s)
Fv = fraclion of chemical in vapor phase (unitless)

Cywv =unitized yearly air concentration from vapor phase (ug-s/g-m’)
WA, =water body surface area (m”)

10 = unit conversion factor (g/ug)

H = Henry’s Law Constant (atm-m*mol)

R =niversal gas constant (atm-m*/mol-K)

Twk =water body temperature (K)

The values for Q, Fv, Cywv, H, WA, and R have been previously described. A water
body temperature of 289 K was used in this equation, The emission rate for mercury was
multiplied by 0.48, for reasons described previously. Additionally, the Ldiff for mercury

was speciated into divalent and methyl mercury by multiplying the-resulting Ldiff for
" mercury by 0.85 and 0.15, respectively.

The overall chemical transfer rate coefficient (Kv) was calculated acgording to the

following equation:

-1
Kﬁ:[]{;'-;—{}(s* A } ] * @™ Equation5—15)

where:

R*T,,

W .

Ky = overall transfer rate coefficient (m/yr)

K, =liquidphase transfer coefficient (m/yr)
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Ko = gas phase fransfer ratc coefficient (m!yf)
H  Henry’s Law Conslant (atm-m’*/mol)

R =universal gas constant (alm-m’/mol-K)
T = water body temperature (K)
0 =temperature correction factor (unitless)

The Henry’s Law Constant, universal gas constant and water body temperature parameter
values have been described previously. The default value recommended in the U,S. EPA
1998 HHRAP document of 1.026 was used for the universal temperature correction
factor.-

The liquid phase transfer cocfficient was calculated using the following equation:
For flowing rivers and sireams:

10**p_*

K
L .

*3 1536%107 [L'qmmon 5-16]

For quiescent lakes or ponds:

0.5 -0.67 )
K, =0, )H{ 2| o K2 ) 1 *3.1536*107 [Equation 5-17]
‘ Py 4 ) \p,*D,

where:

K,  =liquid phase transfer coefficient (m/yr)
Dw = diffusivity of chemical in water (cm?s)
u  =current velocity (m/s)
d, =total water body depth (m)
3.1536 x 107 = units conversion factor (s/yr)
Cd . = drag coefficient (0.0011, unitless)

. W =average annual wind speed (m/s)
P, =density of air (0.0012 g/em’)
Dy = density of water (1 g/enr’)
k  =von Karman’s coefficient (0.4, unitless)
lambda, = dimensionless viscous sublayer thickness @)
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u, = viscosity of water corresponding to watex temperature (0.0169 g/cm-s)

The chemical-specific water diffusivities were obtained from the U.S. EPA 1998 HHRAP
guidance. Tor chemicals with no water diffusivity values, a water diffusivity value was
derived according to the following equation presented in Section A3.3.5 of the U.S. EPA
1998 HHRAP document

Dw =22x10%/(MW)**

The following total water body depths (d,) wero used in this equation: Bel River — 1.83
m; Wabash River —2.43 m; and France Park swimming lake — 10.03 m. Consistent with
the air dispersion modeling, an averége annual wind speed of 2.16 m/s was used in the
above equalibn. . )

A current velocity of 0,092 m/s was used for the Eel and Wabash Rivers. This value was
obtained by dividing the average volumetric flow rate (6.75x1 0® m%y1) by the cross-
sechonal area of the Wabash River (240 m ) L

For flowing rivers and streams, the K{, value used in the overall transfer coefficient rate
equation was 36,500 m/yr. For quiescent lakes or ponds, the KG was calculated
according to the following equation: . '

kﬂ 33 0,67
o #3,1536x107 [Bquation 5-18]

K= (c“*w) 7 p

The parameter values for K4 have been described previously.
54,12 Total Water Body Concentratmn

The total concentration of chemicals of concern in the 1nd1v1dual water bodies (water
" column plus bed sediment) was calculated according to the following equation:

Cyn =L VE* £t kg ¥ WA, * (d5+dy)  [Equation'5-19]

where:
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Coa =total walelbody concentrahon (water column and bed sediment) (mg/L)

L, = total chemical load to water body (g/yr)
Vi, =average volwmnelric flow rate through the water body (m*/yr)
fe = fraction of total waterbody concentration in water column (unitless)
d,,  =depth of water column (m)
dy,  =depth of upper benthic layer (m)
. WA, =waterbody surface area (m?)
kyu  =lotal waterbody dissipation rate constant (yr")

The total load to the water body (L) and waterbody area (WA,) parameter values
previously described were used. In accordance with the U.S. BPA 1998 HHRAP
guidance document, a value of 0,03 m was used for the depth of upper benthic layer for
all three waterbodies. The following waterbody depths were used Eel River - 1.8 m;
Wabash River - 2.4 m; and France Park swimming quarry - 10 m,

The average volumetric flow rates for the Eel and Wabash Rivers were obtained fron
U.S. Geological Survey Data (Stewart et al., 1992). The volumetric flow rate for both the
Eel and Waba'sh Rivers ave 6.75 x 10* m*yr. For the France Park swimming quarty, the
flow rate was assumed to be equal to the average anmual inflow.” The average annual
inflow to the lake was estimated by multiplying the average annual runoff and the
drainage area plus the surface area of the lake. The resulting flow rate for the France Park
swimming quany is estimated to be 76,805 m*/yr. :

- 54.1.3 'Water Columm Fraction

The fraction of total waterbody concentration present in the water column (f,,) was
calculated according to the following equation:

(Lkdy, *TSS*1410°)*a._/d,

we

tion 5-19
feu= L+ ka,, * LSS *1¥10° ¥ d, 1 dz-+ (o, + kd,, *q,)*db, /d. [Bquation 5-19]

fbs = I‘fm

where;
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f,

we

= fraction of total water body contaminant concentration in water column
(unitless) :

kd,, - = suspended sediment/surface water partition coefficient ((L/kg)

TSS = total suspended solids (mg/L)

10¢® = conversion factor (kg/mg)

d,c = depthof water column ()

dys - =depth of upper benthic layer (m)

0, = bedsediment porosity (L /L)

kd,, = bottom sediment/sediment pore water partition coefficient (L/kg)

'Cps = bed sediment concentration (g/em®)
" £, = fraction of total waterbody contaminant concentration in bed sediment
(unitless) ) : . ;

The depth of water column and depth of benthic layer paramefer values previously cited
were used in this equation, The chemical-speciﬁc"suspcnded sediment/surface water
(Kd,,) and bed sediment/sediment pore (Kd,,) partition coefficient values were obtained
from Appendix A-3 of the U.S. EPA 1998 HHRAP document. In accordance with the
HHRAP document, the Kd,, and Kd,, values for Aroclor 1254 were used as surrogate .
values for the coplanar and total congener PCBs,

For chemicals with no Kd,, or Kd,; values, the following equations presented in Section
A.3.3.8 of the U.S. EPA 1998 HHRAP guidance were used: ’

Kdsw = £ * Koo
Kdbs = f,,,, * Koc
Values of 0,075 and 0.04 were used for £, and f,10 Tespectively.

Based on information presented in the screening level guidance document, values of 0.6
and 1.0 glem® were used for the bed sediment porosity and the bed sediment
concentration parameters. A value of 0.03 m was used for the depth of the upper benthic
layer. A value of 10 mg/L was used for total suspended solids for the France Park
swimming quarry, This value represents a conservative high end value for this particular
‘ paramecter, A TSS value of 96 mg/l was used for the Eel and Wabash Rivers. This is the
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annual mean monitoring data for the U.S.G.S. water quahty station on the Whue River, a
tributary of the Wabash (Stew*art etal., 1992),

The following equation was used to calcuhte the total waterbody dlsmpahon rate constant
used in Equahon 5-19;

" k= five * kv 1 fbs * kb [Equation 5-20]

where:
kg  =total waterbody dissipation rate constant (yr™)
i = fraction of total waterbody concenlration in water column (unitless)
kv =water column volatilization rate (yr")
fis = fraction total water body concentration in benthic sednnent (unitless)
k,  =Denthic burial rate constant (yr"')

The fraction total water body concentration (f,,), water column volailization rate ™),
and fraction fotal water body concentration in the bcnt]uc sediment (f,,) were calculated
ﬂccnrdiug to the equations described previously,

The following equation was used to calculate the benthic burial rate constant (ky):
ke, = [(Xe*WAL*SD*10’-Vﬁc*TSS)fWAW*TSS]*[(TSS*10*‘)/Cb,*db;] [Bquation5-21]

" where:

k,  =benthic burial rate constant (y1"")

Xe  =unitsoil loss (kg/n*yr) :

WA, = tolal waler shed area receiving deposmon (m®)
SD  =sediment delivery ratio (unitless)

10> =conversion factor (kg) |

Vfx  =average volumelric flow rate through water body (m’/ yI) -
TSS = lotal suspended solids (mg/L)

WA,, =water body surface area (m?)

10° = unils conversion factor (kg/mg)

Cys - =bed sediment concentration (g/em,)

Dy, = depthof upper benthic sediment layer (n)

The paraineters_ values used in Equation 5-21 have been described previously.
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" The following equation was used to calculate the concentration of chemicals present in
the total water column:

o= oo * Coua s H/,0) . [Bquation 5-22]
where:
Cyr = total concentration in water column (mgIL)
AN = fraclion of total waterbody conceniration in water column (umtless)
C.x = total waterbody concentration (mg/L)
d,, = depth of upper benthic layer ()
die = depth of water column (m)

The total water conceniration was calculated using Equation 5-18. The other parameter
values used in Equation 5-22 have been previously described.

The following equation was used to calculate the concentration of chemicals present in
the dissolved fraction of the total water body: - ' '

Cyy = Cied1 +Kd, ¥ TSS * 10° : [Equation 5-23]
‘where: ; A

Cyy = dissolved phase water concenfration (ng/L)

C .o = total concentration in water column (mg/L)

Kd,, =suspended sediments/surface water partition cocfﬁment (Lfkg)
TSS =total suspended solids (mg/L)

The parameter values used in Equation 5-23 have been described previously.

The following equation was used to calculate the concentration of chemicals sorbed to the
bed sediments:

Cbb = ﬂ's * thot* (deslobs.—l— de! ® CBS) ¥ (d\\‘a * dbs)fdbs) [Equation 5‘24]

where:

C,  =concentration sorbed to bed sediments (mg/kg)
f, = fraction of total waterbody concentration in bed sediment (unitless)
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dy,  =depth of water column (in).

dy,  =depth of upper benthic layer (m)

0y,  =bed sediment porosity (L, /L)

Kd,, =bed sediment/sediment pore water partition coefﬁment (L/kg)
Cps  =Ded sediment concentration (g/cm?)

The parameter values used in Bquation 5-24 have been deseribed previously,

Table 5-6 presents the estimated surface water concentrations for fhe tofal water,
dissolved,-and bed sediment fractions of the total water body. The estimated chemical
concentrations presented on Table 5-6 represent the chemical concentrations under the
typical exposure scenario (i.e., exposure duration of 30 years).

5.4.2 ILESTIMATION OF F1SH CONCENTRATIONS

It was assumed that fish in natural waterbodies are caught and consumed by humans. To -
evaluate the significance of cuusmmng fish from local water bodies, concenirations for
¢ach chemical of concern in ﬁsh were estimated for the Wabash River.

Concentrations of chemicals of potential concem in fish were estimated using the
methods presented in the U.S. EPA 1998 HHRAP guidance document, These methods
use bioaccumulation factors (BAYs), baoconcentratlon factors (BCFs) or biota-to-
sediment accuwmulation factors (BSAF), which account for uptake of chemicals by aquatic
organisms from either the dissolved or the bed sediment fractions of the fotal water body
column.

The resulting chemical concentrations in fish attributable to the dissolved water or bed
sediment fractions is dependent on the physical propertics of the individual chemical of
concern. These physical properties are reflected in the parlicular uptake factors (e.g.,
" BCF, BAF, BSAF) for the chemical. For this evaluation, the fish uptake factors for the
chemicals of concem were obtained from the U.S. EPA 1998 HHRAP guidance
document, These factors are presented on Table 5-5.

The following equation was used to estimate concenfrations of the chemicals of concern
in fish from the d;ssolvcd fraclion of the total waterbody usmg the bioconcentration
factox '

bf - Fbillesrochomrishriskmal dog 06




DRAFT-FINAL

' Cpp = Cyy * BCE . [Equation 5-25]
where:

Cp,, = concentration of chemicals in fish (mg/kg tfssue)
C,, = dissolved phase water concentration (ng/L)
BCT = Bioconcentration factor for cheinical (L/kg)

The following cquation was used to estimate the conceniration of the chemicals of
concern in fish from uptake from the dissolved phase of the total water column using the
bioaccumulation factor:

Cpa = Ciy * BAF ' [Equation 5-26]

where:

Csp. = fish concentration (ing/kg tissue)
C,, =dissolved phase water concentration (ng/L)
BAF = bioaccumulation factor (L/kg)

For mercury, the estimated dissolved water concentrations for the divalent and methyl
-forms of mercury species are summed, The resulling sum is multiplied by the BAF for
methyl mercury to estimate a total methyl mercury fish concentration,

- The following equation was used to estimate the concentration of chemicals of concern in.

fish resulting from uptake from the bed sediment fraction of the tolal water body using
the biota-fo-sediment accumulation factor: ' :

Cran = Cyp *fira ¥ BSAF/OC, g _ [Equation 5-27]

where;

Cyy = fish concentration (mg/kg tissue)
C, = conceniration of chemical sorbed to bed sediment (img/kg)
F,fp,d = fish lipid content (fraction)

. BSAF = biota to sediment accumulation factor (unitless)

0C,, = fraction of organic carbon in bottom sediment (unitless)
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A fish lipid content of 0.07 and a fraction organic carbon in boftom sediment value of
0.04 were used based on information provided in the HHRAP guidance document,

. Table 5-6 presents the estimated fish concentrations for the Wabash and Eel rivers under
the typical exposure scenario (i.e., exposure duralion of 30 years).

55 . CHEMICAL CONCENTRATION IN PLANTS

Information provided in the Indiana Agricultural Statistics 1997-98 mdlcates that
approximately 83% of the land use in Cass County and approximately 95% of the land
use in Carvoll County would be classified as land in farms. The predominant crop grown
in both counties is corny, with over 100,000 acres planted in each county. In 1997,
approximately 53% of the agricultural land in Cass County and approximately 50% of the
-agricultural land in Carroll County were planted with comn. Soybeans were the next
largest crop with approximately 30% of Cass and 28% of Carroll county agriculfural
lands used to produce this crop. Combined, corn and soybean'; account for approximately
80% of the agricultural land use in both counties. Olher crops grown in ecach county
include wheat and oats, however, in ferms of harvested acres, each of thése Crops
" accounted for 4% or less of the total planted acres in each county. A figure on the
number of agricultural acres used for pasture is not presented in the Tndiana Agricultural
statistics. The Cass County Development Plan (CPC 1985) indicated that in 1982
approxnnately 7% of the agricultural land in Cass Counly,was used for pasture,

I'or this risk assessment, the major ‘lngCllI(ul‘al land use in Cass and Carroll Counties
(i.e., corn) is evaluated. Com producllon and use of pasture land accounts for over 65%.
of the agricultural land use in Cass County (and likely a similar figure for Carroll
County), Furthermore, these land uses account for the major sources of animal feed to
which locally grown livestock may be exposed, which will be used as inputs to the
equations presented in this section, Specifically, the production of corn also accounts for
the productlon of both silage and grain animal feeds. ‘

Statistics on the frequency of home gardening in Cass and Carroll Counties could not be
obtalued The practice, however, is assumed to be conunon throughout both counties,
For this risk assessment, it is assumed that most rural households within the study area
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utilize home gardens as a source of a portion of their vegetable diets.. Furthermore, it is
assumed that these household home gardens consist of different combinations of
vegetables that fall into one of three basic plant type categories: aboveground protected,
aboveground unprotected, and below ground. These three plant i:ype categories received
their respective designations based on the mechanisms with which they accumulate
chemicals. Therefore, the "generic home garden" modeled in this risk assessment is
assumed to consist of a variely of vegetable which fall into one of the following three
* plant type categories:

Aboveground Protected (e.g., sweet com, snap beans)
Aboveground Unprotected (e.g., tomatoes, spinach)
Below Ground (e.g., camrots, potatoes)

These vegetables were selected 1ot only because they are commonly grown in home
gardeus but also because they include at least one plant from the variety of erop types
assumed to accumulate chemicals by the pathways described below.

" In this section, the chemical concentration in the crops and home vegetables of concern

are estimated. There are threé standard mechanisms by which chemicals emitted into the
environment can bioaccumulate in plants, These mechani'sms are uptake through plant
roofs, direct deposition onto exposed plant surfaces, and the transfer of vapor phase
contaminants directly to plant pars by adsorption. These processes cach combine to -
result in a total chemical concentration in a partiéula'l plant part. The ecquations
developed by U.S. BPA f01 determining the total concentration of a chenucal in a plant
by all routes of uptake is:

P = Prt+Pd+Pyv . ' [Equation 5-28]

where:
P = total concentration of the chemical in the plant part (mg/kg)
Pr- = concentration in plant part due to root uptake (mg/kg)
Pd = concentration in plant part due to direct dry and wet deposition (mg/kg)
Pv = conceniration in plant part due to vapor uptake (mglkg)
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A description of the methods for liludc]ing each of the above pathways of plant uptake for
the crops and home garden vegetables modeled in this risk assessment is provided below. .
In reviewing these equations, it should be noted that not all edible plant parts acquire
chemicals by all three pathways of chemical uptake, For instance, a root crop such as a
potato, will only accumulate chemicals by root upfake and it is not subject to divect
deposnlmn or vapor phase uptake.

5.5.1 PLANT CHLMICAL CONCENTRATION DUE TO RooT UPTAKE (Pr)

The following equation was used to calculate the concentration of chemicals of concem -
attributable to root uptake in below ground produce used for human consumption:

Prelow = (Cs * By, * VG rootveg) [Equation 5-29]

Estimation of the chemical-specific soil concenlrations used in Equation 5-29 have been
described previously and are presented in Table 5-4. The plant-soil bioconcentration
factor (Br,y,,) for organic chemicals is a funclion of the water solubility of the chemical
while the Br,,, for inorganic chemicals is a function of the bioavailability of the
compound in soil. The plant-soil bioconcentration factors used in Equation 5-29 were
obtained from Appendix A-3 of the 1998 U.S. TPA HHRAP gmdance document, These
factors are presented on Table 5-8. .2

Chemicals uptake through soil also occurs in above ground plants. For above ground
planls ‘modeled for human consumption, a plant-soil bioconcentration factor Br,, ‘was
used in equation 5-29. Similarly, for plants used as forage, a Brro,,sa Factor was '\pphcd to
Equation 5-29. The Br,, and Biy,,,, factors were obtained from Appen(lm A-3 of the U.S.
BPA 1998 HHRAP guldmce Tor chemicals without Br,, or Bry,,,. factors, factors were
derived using the regression equations presented in A.3_.4.3 of the U.S. EPA 1998

HHRAP guidance document. These regression equalions vse the logKow of the chemical -

to derive the plant-soil bioconcentration factors.

The empirical correction -factor (VGrootveg) accounts for chemical loss during
preparation (i.e., washing, peeling) of below ground produce for human consumplion;
— Therefore, an empirical correction factor of 0.01 was used in Equation 5-29 only in the
estimation of the chemical concenlrallons -in below ground produce for human
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consumption. The VGrootveg empirical comrection factor was dropped from Equation 5=
29 when estimaling the chemical concenfrations due to root uptake’ for aboveground
protected and unprotected produce for human consumption and forage and silage used for
animal feed,

552 PLANT CONCENTRATION DUE T0 DIRECT DEPOSITION
Pollutants can be deposited on exposed plant surfaces by both dry and wet (precipitation
related) deposition. This pathway of chemical uptake is only considered important for

leafy plant parts and exposed produce. Protected produce and root crops are assumed to
be unaffected by this pathway of uptake. The equation for determining this is:

Pd=1000*Q¥*(1-Fv)¥[Dydp+(Fw*Dywp]*Rp*[1.0-expkP*T)}/(¥p *kp)[Bquation 5-30]

Where: !
Pd  =chemical concentratton in plant part due to dnect deposmon
(mg/kg)
= chemical-specific emlssmn rate (g/s)
Fv - = fraclion of chemical air concentration in vapor phase (mnllcss.)
Dydp = unitized yearly dry deposition from particle phase (s-m*-yr)
Fw = fraction of wet depos:tlon that adheres to plants (unitless)
Dywp = unitized yearly wet deposition from particle phase (s/m2-year)
Rp . =interception fraction of the edible plant part (unitless)
Tp  =length of plant exposure to deposition before harvest (yrs)
kp  =plant surface loss coefficient (yr!)
Yp  =vyield or standing crop biomass of the edible portion of the plant

(kgDW/m?)
1000 = conversion factor (mg/g)

5.5.2.1 Dryand Wet Deposition (Dydp and Dywp)

The dry (Dydp) and wet (Dywp) deposition rates were determined in Section 4.0.
Additionally, the emission rates described previously were used in this equation, The
emission rate for mercury was mulliplied by a factor of 0.48 for reasons described
previously. The concentration of mercury in the plant altributed to deposiiion was
speciated into divalent and methyl mercury by multiplying the mexcury concentration by
0.78 and 0.22, respectively.
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5.52.2 Traction Wet Deposition (I'yw)

A value of 0.6 for Fw is recommended when applying this niethodology to hydrophobic
contaminants such as dioxins, PCBs, other organic chemicals whose log Kow exceeds
3.0, or cationic metals. Foi anionic metals an Fw of 0.20.is used.

5523 Inlterccpt‘ion Fraction (Rp)

The interceplion fraction is a factor that accounts for the fact that all chemicals depositing
per square meter will not land on edible plant parts. The interceplion fiaction is
essentially that fraction of the surface arca per square meter that would be covered by
edible plant parts during the growing season. Because of the diversity in the 'plams
modeled, this factor should be determined for individual crops of crop types. In this
section, methodologies. for determining the interception fractions for pasture grasses,
silage, leafy vegetables, ~and exposed produce are presented.

Rp - Pasture Grasses and Silage

The Rp values used in equation 5-30 for pasturc grasée's and silage were obtained from
the U.S. EPA 1998 HHRAP guidance document. These values are 0.5 for forage (pasture
grasses) and 0.46 for silage.

Rp - Exposed Produce

The Rp value for leafy vegetables was used to represent exposed produce. An Rp value
‘of 0.39, as presented in the U.S. BPA 1998 HHRAP guidance document, was used in this
assessment for aboveground protected and unprotected produce used for human
consumplion, b . )

5.5.2.4 Plant Exposure Time (Tp)

This variable is defined as the amount of time that the edible plant part is exposed to
direct deposition. For animal forage including pasture grasses, the appropriate Tp values
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have been determined to be 0.12 yr (assuming an average of 30 days between successive
grazing and 60 days between successive hay harvests).

U.S. BPA has. not determined suggested values for Tp for other field crops and garden
vegetables. In lieu of actual site specific data for crops affected by direct deposition, U.S.
EPA recommends that-a value of 0.164 yrs (corresponding to approximately 60 days) be
used for this value, This is a reasonable time period for the duration of exposure of the
edible portions of most of the garden vegetables modeled in this assessment.

55,25 Plant Surface Loss Cocfﬂciept Xp)

The plant surface loss coefficient, Kp, accounts for several environmental processes by
which deposited materials are removed from plant surfaces, These proce§ses include
wind removal, water removal and growth dilution. As presented in the U.S. EPA 1998
HHRAP guidance document, a value of 18 yr! is recommended, as the value for the
surface loss coefficient for chemicals that do not degrade or degrade very slowly.

55.2.6. Yield (Yp)

Consistent with.the U.S. BPA 1998 HHRAP guidance document, yields of 0.2l4, 0.8, and
2.24 were used for forage, silage, and ahoye—ground plants for livman consumption,
respectively.

553  PLANT POLLUTANT CONCENTRATIONS DUE TO AIR-TO-PLANT TRANSFER

Vapor phase pollutants can be adsorbed directly onto exposed plant parts. This pathway
is most important for leafy plants and to a lesser extent exposed produce. The
recommended equation for modeling chemical uptake by this pathway is presented
below: ' ’

Py = Q * Fv * [(Cyv *Bv,, * VG,)/pa] " [Bquation 5-31]

where:
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Pv = chemical conceniration in plant due to air-to-plant transfer (ug/g) or .
(ng/kg)
Q = chemical-specific emission rate (g/s)

Cyv  =unitized yearly vapor-phase air conceniration (ug-s/g-m3)

Bv,, =airto plant biotransfer factor ((ug/g dry plant)/(ug/g air)) (umlless)
pa  -=density of air (g/m?)

VG,, =surface/volume ratio correclion factor

The chemical-specific air-to-plant (ransfer factors were obtained from Appendix A-3 of
the U.S. EPA 1998 HTHRAP guidance document, Chemical-specific ait-to-plant transfex
factors for forage (Bvyyge) ‘were used in Equation 5-31 to estimate chemical
concentralions in forage, These values are presented on Table 5-7. For those chemicals
for which no Bv,, or Bvy,,., factors werc availablé in the U.S. EPA 1998 HHRAP the
factors were derived in the following manner,

- As presented in U.S. BPA 19934, the air-to-plant biotransfex factor (Bv,&) calculated on a
mass fo mass basis can be determined from a more generalized air-to-plant biofransfer
factor presented on a volume to volume basm (Bvol)

"By | = [(1-.19(g/L)*Bv01)l(0.15 *770)] - [Eq'uafion 5_-32]

"Bvol has been determined expcrnnentally for fourtcen chemicals (Bacei et ‘1] 1992) and
an empirical relationship for Bvol was determined to be:

Bvol = 10*[(1.065 * log Kow) - (log(H/RT)) - 1.654] [Equatic;n 5-33] |

where: s
Byol = volumetric air-to-leaf transfer factor, unitless (ug/L wet leaffug/L air)
H = contaminant Henry's Law constant (atm-m3/mol)
R = ideal gas constant, 8.205 x 105 atm™mol -degK
T = temperature, 298.1 K ;
770 = grass leaf density (g/L)
0.15 = fraction of grass dry weight
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Consistent with recommendations in the U.S. BPA 1998 HHRAP, a surface/volume ratio
correclion factor VGag value of 0,01 was used in Equation 5-31 for all chemicals with
log Kow greater than 4.0 to estimate the uptake of chemicals via ait-to- -plant transfer for
exposed produce for human consumption, A value of 1.0 was used for all che]mcals with
a log Kow less than 4.0 for exposed produce for human consumption. Surl‘ace/volmne
ratio correction factors of 1.0 and 0.5 were used for forage and silage, respectively.

The emission rate for mercury was multiplied by a factor of 0.48 for reasons described
previously. The calculated plant concentration:for mercury due to air-to- plant fransfer
was speciated into divalent and methyl mercury by multlplymg the mercury concentration
by 0.78 and 0.22, respeclively.

5.54 CALCULATED PLANT CONCENTRATIONS

The estimated total concenrations of each chemical of concern in each of lhe plant types
modeled under the typical exposure scenario (i.e., exposure duration of 30 years) is
presented in Table 5-8.

56 UPTAKE OF CHEMICALS BY LIVESTOCK

This risk assessment evaluates potential human exposures to chemicals that could
potentially accumulate in a number of livestock products. These-products include beef,

- pork, pouliry, dairy products and é‘ggs.

Significant numbers of caftle and.hogs are raised in both Cass and Carroll County. For
the year 1997, the numbers of head of these livestock are shown below

| Cass County Carroll County
AllHogs | _ 90,800 : 261,000
Breeding 12,000 23,200
Pig Crop 154,000 375,000
All Caitle 12,400 6,400
Beef Cows ) 3,600 1,600

Milk Cows - ) Not Disclosed Not Disclosed
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Milk Production (1bs.) Not Determined Not Determined

" Chicken and egg production nunbers for Cass and Carroll County were not available in
the 1996-97 Agricultural Statistics, For this risk assessment, it was assumed that chicken
and egg production in these counties is typical of Indiana as a whole. As seen above,
specific sfalistics for dairy cow and milk production in these two counties was not
presented. In Carroll County production stalistics were not presented because less than
500 dairy cattle were present. The figures for milk cows in Cass County were listed as
not disclosed. Iowever, according to the Logansport/Cass County Chamber of
Commerce, 30 million pounds of milk were prodiced in Cass County in 1989,

In order to determine the concentration of chemicals in animal products consumed by
Inmans, equations accounting for uptake of ingested chemicals in feed are required. The
U. S. EPA 1998 HHRAP guidance document recommends the following equalidn for
determining the chemical concentration in animal products: -

= [summation(Fi * Qpi * Pi) + (Qs * Sc*Bs)] * Ba; * MF ~ [Equation 5'-_34)

where:
A = chemical concentration in ammal tissue, freshweight (mg/kg)
Fi = fraction of the ith plant type grown on contaminated soils
Qpi = quantity of ith plant type consumed by animal, dry weight (kg/day)
Pi = coucenfration of chemical in ith plant group, dry weight (mg/kg DW)
Qs = quantity of soil consumed by animal, (kg/day)

Sc = concentration of chemical in soils (mg/kg)

Bs = =soil bicavailability factor (unitless)

Ba  =biolransfer factor for the ith animal tissue modeled (d'ly/kg FW tissue)
MF  =metabolism factor (unitless)

5.6.1 TRACITON PLANT GROWTH ON CONTAMINATED SOIL (10)]

" Given the relatively large study area, a conservalive approach would be to assume that the
fraction of feed grown in areas impacted by deposited chemicals is 1.0. Without site
specific data that would suggest that significant quantities of feed originate from outside -
areas, this assumption js used in this risk assessment.
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5.62 QUANTITY PLANTS CONSUMED (QP)

Animals from which food products are derived consume.a variety of feed materials. For
beef and dairy cattle these include grain, forage (pasture grasses) and silage. As
presented in U.S. BPA 1990, the average consumption rate (in dry weight) for beef cattle
from each of these categories has been determined to be 0.47 kg/day grain, 8.8 kg/day
forage, and 2.5 kg/day silage. For dairy calle, the average grain, forage, and silage
consumption rates were determined to be 3.0 kg/day, 13.2 kg/day, and 4.1 kg/day. These
average values are used for predicting _béef and dairy product chemical concentrations.

For hogs, an average feed rate of 4.3 kg DW/day has been determined, Hogs are assumed
to consume 70% grain (3.3 kg/day) and 30% silage (1.4 kg/day). Because hogs are not
grazing animals, {hey are assumed not to eat forage,

The reported average ingestion rate for chickens is 0.2 kg/day. 100% of the average
ingestion rate is assumed to be grain,

5,63 QUANTITY SOIL CONSUMED (QS)

The quantity of soil consumed by an animal is of greatést concern for grazing animals,
Because pastures are infrequently tilled, deposited chemicals may tend to accumulate in
the near surface soils. The soil ingestion rates presented in this risk asséssment are
asstiimed to be a licl'centage (approximately 3-4%) of the total forage intake of the animals
modeled. For this risk assessment, as presented in the U.S. EPA 1998 HHRAP guidance
document, the average soil ingestion rates for beef and dairy catlle are assumed to be 0.5
and 0.25 kg/day, respectively.

As discussed in U.S. EPA 1990, hogs and poultry are not grazing animals, However,
éach of these animals likely ingests some soil during feeding. As recommended in U.S.
BPA 1993a, values of 8% of total fced ingestion rate for hogs and 3% of total feed
ingestion rate for chickens are used in this risk asscssment. These values come out to
0.37 and 0.022 kg/day, respectively.
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5.6.4 PLANT CONCENTRATION (P1)

The quaniity of chemical in the plant groups consumed by the modeled livestock (grain,
forage (pasture grass) and sxlage) were determined accordlng to the methods presented in
Section 5.5.

5.6.5 SoIL CONCENTRATION (SC)

The concentration of chemicals in soils that may be consumed by grazing animals were
determined accmdmg to the methods presented in “Section 5.5 and assuming that
deposited cheuucals are mixed within the top 1 cm of soil. '

5.6.6 BIO TRANSEER FACTORS (BA)

Biotransfer factors, as presented in the above ecquation, relate the concentration of
chemicals in animal tissue to the daily intake of chemicals from all sources. - These
factors are both chemical and tissue specific,

In this risk -assessment, the biotransfer factors for chemicals of concern were obtained
from Appendix A-3 of the U.S. EPA 1998 HHRAP guidance document and are presented
in Table 5-9,

The methods described in Section A.3.5.2, A.3.5.3 of the U.S. BPA 1998 HHRAP were
used for defermining Ba's for the other animal products modeled in this risk assessment
(i.e., pork, chicken and eggs). Specifically, for organic compounds except dioxin and
furans, the Ba,,, was obtained by multiplying the Ba,,, factor by the-beef '(23%) to pork
(19%) fat content ratio of 1.2 (23/19). Similarly, the By factor was obtained by
multiplying the Ba,,, time the beef to chicken fat content ratio of 0.8,

The Ba,,, factors for organic compounds excepf dioxins and furans were obtained using
the following regression equation presented in A.3.5.3 of the U.S. EAPA 1998 HIRAP
guidance document:

Log Ba,,,=-5.1 + log Kow " [Bquation 5-35]
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Animal transfer factors for other classes of chemicals (mefals, dioxins/furans, PCBs)
were obtained from Appendix-A-3 in the U.S. BPA HHRAP guidance document.

567 CALCULATED ANIMAL PRODUCT CONCENTRATIONS
The eslimafed total concentrations of-each chemical of concern in cach of the animal

products modeled under the typical exposure scenario (i.c., exposure duration of 30 years)
are presented in Table 5-10.
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