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LIST OF VARIABLES AND PARAMETERS

Y = Empirical constant (unitless)
A, L= Dimensionless viscous sublayer thickness (unitless)
U = Viscosity of air (g/cm-s)
My, = Viscosity of water corresponding to water temperature (g/cm-s)
Pa = Density of air (g/cm® or g/m?®)
Pw = Density of water corresponding to water temperature (g/cm®)
0 = Temperature correction factor (unitless)
0., = Bed sediment porosity (L volume/L sed1ment)—un1tless
0., = Soil volumetric water content (mL water/cm? soil)
a = Empirical intercept coefficient (unitless)
A = Surface area of contaminated area (m?)
Apees = Concentration of COPC in beef (mg COPC/kg FW tissue)
A picken = Concentration of COPC in chicken meat (mg COPC/kg FW tissue)
Aegg = Concentration of COPC in eggs (mg COPC/kg FW tissue)
Ah = Area planted (m?)
Ah; = Area planted to ith crop (m?).
A, = Impervious watershed area receiving COPC deposmon (m?)
A; = Total watershed area receiving COPC deposition (m?)
A = Concentration of COPC in milk (mg COPC/kg FW tissue)
Apork = Concentration of COPC in pork (mg COPC/kg FW tissue)
Ay = Water body surface area (m?)
b = Empirical slope coefficient (unitless)
Bay,, = Biotransfer factor for beef (day/kg FW tissue)
Ba ien = Biotransfer factor for chicken (day/kg FW tissue)
Ba,,, = Biotransfer factor for chicken eggs (day/kg FW tissue)
BAF,, = Bioaccumulation factor for COPC in fish (L/’kg FW tissue)
Ba,; = Biotransfer factor for milk (day/kg FW tissue)
Ba,, = Biotransfer factor for pork (day/kg FW tissue)
BCF 4., = Bioconcentration factor for COPC in chicken
‘ (mg COPC/kg FW tissue)/(mg COPC/kg feed)—unitless
BCF,,, = Bioconcentration factor for COPC in eggs
(mg COPC/kg FW tissue)/(mg COPC/kg feed)—unitless
BCF, = Bioconcentration factor for COPC in fish
(mg COPC/kg FW tissue)/(mg COPC/kg dissolved water)—unitless
BD = Soil bulk density (g soil/cm® soil)
Br,, = Plant-soil bioconcentration factor for aboveground produce
(mg COPC/kg DW plant)/(mg COPC/kg soil)—unitless
B foragessitagelgrain = Plant-soil bioconcentration factor for forage, silage, and grain
(mg COPC/kg DW piB-vant)/(mg COPC/kg soil)—unitless
Bt roomeg = Plant-soil bioconcentration factor for belowground produce
(mg COPC/kg DW plant)/(mB-vg COPC/kg soil)—unitless
Bs = Soil bioavailability factor (unitless) -
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LIST OF VARIABLES AND PARAMETERS

Biota-sediment accumulation factor

(mg COPC/kg lipid tissue)/(mg COPC/kg sediment)—unitless
COPC air-to-plant biotransfer factor for aboveground produce
(mg COPC/kg DW plant)/(mg COPC/kg air)—unitless

- Air-to-plant biotransfer factor for COPC in forage

(mg COPC/kg DW plant)/(mg COPC/kg air)—unitless

Junge constant = 1,7x10* (atm-cm)

USLE cover management factor (unitless)

Air concentration (pg/m®)

Acute air concentration (ug/m®)

Bed sediment concentration (or bed sediment bulk density) (g/cm® or kg/L)
Drag coefficient (unitless)

Dissolved phase water concentration (mg COPC/L water)

Concentration of COPC in fish (mg COPC/kg FW tissue)

Unitized hourly air concentration from vapor phase (ug-s/g-m?)

Unitized hourly air concentration from particle phase (ug-s/g-m®)

Auverage soil concentration over exposure duration (mg COPC/kg soil)
Concentration sorbed to bed sediment (mg COPC/kg sediment)

Soil concentration at time tD (mg COPC/kg soil) ‘

Total COPC concentration in water column (mg COPC/L water column)

Total water body COPC concentration including water column and bed sediment
(g COPC/m’ water body) or (mg/L)

Unitized yearly average air concentration from particle phase (ug-s/g-m®)
Unitized yearly average air concentration from vapor phase (ug-s/g-m°)
Unitized yearly (water body or watershed) average air concentration from vapor
phase (ug-s/g-m’)

Diffusivity of COPC in air (cm?%/s)

Depth of upper benthic sediment layer (m)

Deposition term (mg COPC/kg soil-yr)

Depth of water column (m)

Diffusivity of COPC in water (cm?s)

Unitized yearly average dry deposition from particle phase (s/m?-yr)

Unitized yearly (water body or watershed) average total (wet and dry) deposition
from particle phase (s/m?-yr) ‘

Unitized yearly average wet deposition from particle phase (s/m?-yr)
Unitized yearly average wet deposition from vapor phase (s/m?-yr)

Unitized yearly (water body or watershed) average wet deposition from vapor
phase (s/m’-yr)

Total water body depth (m)

Soil enrichment ratio (unitless)
Average annual evapotranspiration (cm/yr)
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LIST OF VARIABLES AND PARAMETERS

Jos = Fraction of total water body COPC concentration in benthic sediment (unitless)
Fd v - = Fraction of diet that is soil (unitless)
F, = Fraction of plant type i grown on contaminated soil and ingested by the animal
(unitless)
Soipid = Fish lipid content (unitless)
Fw = Fraction of COPC wet deposition that adheres to plant surfaces (unitless) -
e = Fraction of total water body COPC concentration in the water column (unitless)
F, = Fraction of COPC air concentration in vapor phase (unitless)
= Henry’s Law constant (atm-m*/mol)
I = Average annual irrigation (cm/yr)
k = Von Karman’s constant (unitless) -
K = USLE erodibility factor (ten/acre)
k&, = Benthic burial rate constant (yr ')
. Kd,, = Bed sediment/sediment pore water partition coefficient
(cm® water/g bottom sediment or L water/kg bottom sediment)
Kd, = Soil-water partition coefficient (cm® water/g soil)
Kd,, = Suspended sediment-surface water partition coefficient
(L water/kg suspended sediment)
Kg = Gas phase transfer coefficient (m/yr)
K; = Liquid phase transfer coefficient (m/yr)
K, = Soil organic carbon-water partition coefficient (mL water/g soil)
K,, = Octanol-water partition coefficient
(mg COPC/L octanol)/(mg COPC/L octanol)—unitless
kp = Plant surface loss coefficient (yr ')
ks = COPC soil loss constant due to all processes (yr ')
kse = COPC loss constant due to soil erosion (yr )
ksg = COPC loss constant due to biotic and abiotic degradation (yr )
ksl = COPC loss constant due to leaching (yr ')
ksr = COPC loss constant due to surface runoff (yr ')
ksv = COPC loss constant due to volatilization (yr )
k, = Water column volatilization rate constant (yr ")
K, = Overall COPC transfer rate coefficient (m/yr)
ks = Overall total water body dissipation rate constant (yr ')
Ly = Total (wet and dry) particle phase and wet vapor phase COPC direct deposition
load to water body (gfyr)
Lpy = Vapor phase COPC diffusion (dry deposition) load to water body (g/yr)
L, = Soil erosion load (gfyr) :
Ly = Runoff load from pervious surfaces (g/yr)
Ly = Runoff load from impervious surfaces (g/yr)
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LIST OF VARIABLES AND PARAMETERS

Total COPC load to the water body (including deposition, runoff, and erosion)
(g/ym)
USLE length-slope factor (unitless)

Mass of a thin (skin) layer of belowground vegetable (g)
Mass of the entire vegetable (g)
Metabolism factor (unitless)

Fraction of organic carbon in bottom sediment (unitless)

Liquid phase vapor pressure of chemical (atm)

Solid phase vapor pressure of chemical (atm)

Average annual precipitation (cm/yr)

USLE supporting practice factor (unitless)

Concentration of COPC in aboveground produce due to direct deposition

(mg COPC/kg DW)

Concentration of COPC in plant type i ingested by the animal (mg/kg DW)
Concentration of COPC in aboveground produce due to root uptake

(mg COPC/kg DW)

Concentration of COPC in belowground produce due to root uptake

(mg COPC/kg DW)

Concentration of COPC in aboveground produce (forage and silage) due to air-
to-plant transfer (ug COPC/g DW plant tissue or mg COPC/kg DW plant tissue)

COPC emission rate (g/s)
Quantity of plant type 7 ingested by the animal (kg DW plant/day)
Quantity of soil ingested by the animal (kg/day)

Interception fraction—the fraction of material in rain intercepted by vegetation
and initially retained (unitless)

Universal gas constant (atm-m*/mol-K)

Root concentration factor

(ug COPC/g DW plant)/(ng COPC/mL soil water)

Average annual surface runoff from pervious areas (cm/yr)

USLE rainfall (or erosivity) factor (yr ")

Interception fraction of the edible portion of plant (unitless)

o

Sediment delivery ratio (unitless)

Entropy of fusion [AS/R = 6.79 (unitless)]

Slope factor (mg/kg-day)’!

Whitby’s average surface area of particulates (aerosols)
=3.5x10 cm?*/cm’® air for background plus local sources
= 1.1x10° cm?*cm? air for urban sources
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LIST OF VARIABLES AND PARAMETERS

Ambient air temperature (K)

Time period at the beginning of combustion (yr)

Length of exposure duration (yr)

Time period over which deposition occurs (or time period of combustion) &)
Melting point of chemical (K)

Length of plant exposure to deposition per harvest of edible portlon of plant (yr)
Total suspended solids concentration (mg/L)

Water body temperature (K)

Half-time of COPC (days)

Current velocity (m/s)

Dry deposition velocity (cm/s)

Average volumetric flow rate through water body (m?/yr)

Empirical correction factor for aboveground produce (forage and silage)(unitless)
Empirical correction factor for belowground produce (unitless)

Average annual wind speed (rh/s)
Unit soil loss (kg/m?-yr)

Dry harvest yield = 1.22x10" kg DW, calculated from the 1993 U.S. average
wet weight Y7 of 1.35x10" kg (USDA 1994b) and a conversion factor of 0.9
(Fries 1994)

Harvest yield of ith crop (kg DW)

Yield or standing crop blomass of the edible portion of the plant (productivity) (kg
DW/m?)

Soil mixing zone depth (cm)

Units conversion factor (kg cm?*/mg-m?)
Units conversion factor (g/ug)

Units conversion factor (kg/mg)

Units conversion factor (m-g-s/cm-ug-yr)
Units conversion factor (days/yr)

Units conversion factor (kg/ton)

Units conversion factor (g-kg/cm -m?)
Units conversion factor (kg-cm?/mg-m?)
Units conversion factor (mg-cm /kg- cm?)
Units conversion factor (mg/g)

Units conversion factor (m%/acre)

Units conversion factor (g/kg)

Units conversion factor (s/yr)
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TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 1 of 11)

Description 1
The equations in this table are used to calculate an average COPC soil concentration resulting from wet and dry deposition of particles and vapors to soil over the exposure duration. COPCs are |
assumed to be incorporated only to a finite depth (the soil mixing zone depth, Z).

The COPC soil concentration averaged over the exposure duration, represented by Cs, should be used for carcinogenic COPCs, where risk is averaged over the lifetime of an individual.
Because the hazard quotient associated with noncarcinogenic COPCs is based on a reference dose rather than a lifetime exposure, the highest annual average COPC soil concentration occurring
during the exposure duration period should be used for noncarcinogenic COPCs. The highest annual average COPC soil concentration would occur at the end of the time period of combustion
and is represented by Cs,p.

The following uncertainties are associated with this variable:

1) The time period for deposition of COPCs resulting from hazardous waste combustion is assumed to be a conservative, long-term value. This assumption may overestimate Cs and
CS,D. )
V) Exposure duration values (7,) are based on historical mobility studies and will not necessarily remain constant. Specifically, mobility studies indicate that most receptors that move

remain in the vicinity of the combustion unit; however, it is impossible to accurately predict the probability that these short-distance moves will influence exposure, based on factors
such as atmospheric transport of pollutants.

3) The use of a value of zero for T; does not account for exposure that may have occurred from historic operations and emissions from hazardous waste combustion. This may
underestimate Cs and Cs;p,. ‘ ‘

O] For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a greater mixing depth. This uncertainty may overestimate Cs and Csp,.

5) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing with in situ materials) in comparison to that of other residues. This

uncertainty may underestimate Cs and Cs,p.




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 2 of 11)

Equation for Carcinogens

Soil Concentration Averaged Over Exposure Duration

Ds-tD—CS‘,DJ +[CS,D.[1 -exp (ks ( T. "1D))])
sl - exp (ks (T,

(Tz - T])

for T, <D <T,

+exp(—lcs'-T,)
ks

)for I, <D




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 3 of 11)

Equation for Noncarcinogens

| Highest Annual Average Soil Concentration

s+ [1 - exp (ks tD)]

Cs, = .
where
" ' Ds = 100- Q0
s = m '[Fv (0.31536 . Vdv ¢ Cyv + DyWV) + (Dydp+Dywp) ‘ (1 - FV)]
For mercury modeling

- % [F, (0.31536  Vdv - Cyv + Dywv) + (Dydp+Dywp) - (1 - F)]

Use 0.48Q for total mercury and F, = 0.85 in the mercury modeling equation to calculate Ds. The calculated Ds value is apportioned into the divalent mercury (Hg?*) and methyl mercury
(MHg) forms based on the assumed 98% Hg®* and 2% MHg speciation split in soils (see Chapter 2). Elemental mercury (Hg") occurs in very small amounts in the vapor phase and does not
exist in the particle or particle-bound phase. Therefore, elemental mercury deposition onto soils is assumed to be negligible or zero. Elemental mercury is evaluated for the direct inhalation
pathway only (Table B-5-1).

Ds (Hg™) = 0.98 Ds
Ds (Mhg) = 0.02 Ds
Ds (Hg" = 0.0
Evaluate divalent and methyl mercury as individual COPCs. Calculate Cs for divalent and methyl mercury using the corresponding (1) fate and transport parameters for mercuric chloride
Hg?*) and methyl mercury provided in Appendix A-3, and (2) Ds (Hg?*) and Ds g) as calculated above.

- B3




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION

(SOIL INGESTION EQUATIONS)

(Page 4 of 11)

Average soil concentration over
exposure duration

mg COPC/kg
soil

Soil concentration at time tD

mg COPC/kg
soil

Deposition term

mg COPC/kg
soil-yr

Varies
U.S. EPA (1994a) and NC DEHNR (1997) recommend incorporating the use of a deposition term into the Cs equation.

Uncertainties associated with this variable include the following:

1) Four of the variables in the equation for Ds (O, Cywv, Dywv, Dydp, and Dywp) are COPC- and site-specific.
Values of these variables are estimated on the basis of modeling. The direction and magnitude of any
uncertainties should not be generalized.

) Based on the narrow recommended ranges, uncertainties associated with Vdv, F,, and BD are expected to be
low.

3) Values for Z; vary by about one order of magnitude. Uncertainty is greatly reduced if it is known whether soils
are tilled or untilled.

Time period over which deposition
occurs (time period of combustion)

100 )
U.S. EPA (1990a) specifies that this period of time can be represented by periods of 30, 60 or 100 years. U.S. EPA OSW
recommends that facilities use the conservative value of 100 years unless site-specific information is available indicating
that this assumption is unreasonable (see Chapter 6 of the HHRAP).

COPC soil loss constant due to all
processes

Varies
This variable is COPC- and site-specific, and is calculated by using the equation in Table B-1-2. The COPC soil loss
constant is the sum of all COPC removal processes.

Uncertainty associated with this variable includes the following:
COPC-specific values for ksg (one of the variables in the equation in Table B-1-2) are empirically determined

from field studies. No information is available regarding the application of these values to the site-specific
conditions associated with affected facilities.




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

) (Page 5 of 11)

T, Length of exposure duration yr 6, 30, or 40
U.S. EPA OSW recommends reasonable maximum exposure (RME) values for T
Exposure Duration : . | RME | Reference
Child Resident 6 years , U.S. EPA (1990b)
‘Subsistence Farmer Child

Subsistence Fisher Child

Adult Resident and 30 years " U.S. EPA (1990b)
Subsistence Fisher (6 child and 24 adult)
Subsistence Fanher 40 years ~ US.EPA (1994b)

U.S.EPA (1994c) recommended the following uni'eferenced values:

Exposure Duration’ - Years
Subsistence Farmer 40
Adult Resident 30
Subsistence Fisher 30
Child Resident 9

Uncertainties associated with this variable include the following:

1) Exposure duration rates are based on historical mobility rates and may not remain constant. This assumption
may overestimate or underestimate Cs and Cs,p,.
(2) . Mobility studies indicate that most receptors that move remain in the vicinity of the emission sources.

However, it is impossible to accurately predict the likelihood that these short-distance moves will influence
exposure, based on factors such as atmospheric transport of pollutants. This assumption may overestimate or
underestimate Cs and Cs,p,. '

T, Time period at the beginning of yr . E 0
combustion Consistent with U.S. EPA (1994c¢), U.S. EPA OSW recommends a value of 0 for T,.

The following uncertainty is associated with this variable:

The use of a value of 0 for T; does not account for exposure that may have occurred from historical operations
or emissions from the combustion of hazardous waste. This may underestimate Cs and Cs,y,.

B-5




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 6 of 11)

Units conversion factor

mg-cm¥kg-cm?

COPC-specific emission rate

g/s

Varies
This variable is COPC- and site-specific. See Chapters 2 and 3 of the HHRAP for guidance regarding the calculation of
this variable. Uncertainties associated with this variable are site-specific.

Soil mixing zone depth

1to 20
U.S. EPA OSW recommends the following values for this variable:

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)
Tilled 20 U.S. EPA (1990a) and U.S. EPA (1993a)

U.S. EPA (1990a) did not include a reference for these values. U.S. EPA (1993a) cites U.S. EPA (1992).

The following uncertainties are associated with this variable:

1) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a greater
mixing depth. This uncertainty may overestimate Cs and Cs,p,.

) Deposition to hard surfaces may result in dust residues that have negligible dilution in comparison to that of
other residues. This uncertainty may underestimate Cs and Cs,p.

Soil butk density

g soil/cm? soil

1.5
This variable is affected by the soil structure, such as looseness or compaction of the soil, depending on the water and
clay content of the soil (Hillel 1980), as summarized in U.S. EPA (1990a). A range of 0.83 to 1.84 was originally cited in
Hoffiman and Baes (1979). U.S. EPA (1994c) recommended a default BD value of 1.5 g soil/cm® soil, based on a mean
value for loam soil that was obtained from Carsel, Parrish, Jones, Hansen, and Lamb (1988). The vatue of 1.5 g soil/cm®
soil also represents the midpoint of the “relatively narrow range” for BD of 1.2 to 1.7 g soil/cm® soil (U.S. EPA 1993a).

The following uncertainty is associated with this variable:

The recommended BD value may not accurately represent site-specific soil conditions; and may under- or
overestimate site-specific soil conditions to an unknown degree.
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SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 7 of 11)

Fraction of COPC air concentration unitless 0to1l

in vapor phase This variable is COPC-specific. Discussion of this variable and COPC-specific values are presented in Appendix A-3.
This range is based on the values presented in Appendix A-3. Values are also presented in U.S. EPA (1994c) and NC
DEHNR (1997).

F, was calculated using an equation presented in Junge (1977) for all organic COPCs, including PCDDs and PCDFs.
U.S. EPA (1994c) states that F,, = 0 for all metals (except mercury).

The following uncertainties are associated with this variable:

1 )] It is based on the assumption of a default S; values for background plus local sources, rather than an S,
value for urban sources. If a specific site is located in an urban area, the use of the latter S; value may be
more appropriate. Specifically, the Sy value for urban sources is about one order of magnitude greater than that.
for background plus local sources, and it would result in a lower calculated F, value; however, the F, value
is likely to be only a few percent lower. ‘

) According to Bidleman (1988), the equation used to calculate F, assumes that the variable ¢ (Junge constant) is
constant for all chemicals; however, the value of ¢ depends on the chemical (sorbate) molecular weight, the
surface concentration for monolayer coverage, and the difference between the heat of desorption from
the particle surface and the heat of vaporization of the liquid-phase sorbate. To the extent that site- or
COPC-specific conditions may cause the value of ¢ to vary, uncertainty is introduced if a constant value
of ¢ is used to calculate F,.

0.31536 | Units conversion factor . | m-g-s/em-pg-yr

Vdv Dry deposition velocity cm/s 3

U.S. EPA (1994c) recommended the use of 3 cm/s for the dry deposition velocity, based on median dry deposition
velocity for HNO; from an unspecified U.S. EPA database of dry deposition velocities for HNO;, ozone, and SO,. HNO,
was considered the most similar to the COPCs recommended for consideration in the HHRAP. The value should be
applicable to any organic COPC with a low Henry’s Law Constant.

The following uncertainty is associated with this variable:

HNO,; may not adequately represent specific COPCs; therefore, the use of a single value may under- or
overestimate estimated soil concentration.

Cyv Unitized yearly average air pg-s/g-m® Varies
concentration from vapor phase This variable is COPC- and sxte-speclﬁc, and is determined by air modeling (see Chapter 3). Uncertainties associated
: with this variable are site-specific.
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SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 8 of 11)

Unitized yearly average wet s/m-yr Varies
deposition from vapor phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
with this variable are site-specific.

Unitized yearly average dry s/m’-yr Varies
deposition from particle phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
with this variable are site-specific.

Unitized yearly average wet s/m’-yr Varies :
deposition from particle phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
with this variable are site-specific.




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
(SOIL INGESTION EQUATIONS)

(Page 9 of 11)

REFERENCES AND DISCUSSION
Bidleman, T.F. 1988. “Atmospheric Processes.” Environmental Science and Technology. Volume 22. Number 4. Pages 361-367.

This reference is for the statement that the equation used to calculate the fraction of air concentration in vapor phase () assumes that the variable ¢ (the Junge constant) is constant for
all chemicals. However, this document notes that the value of ¢ depends on the chemical (sorbate) molecular weight, the surface concentration for monolayer coverage, and the difference
between the heat of desorption from the particle surface and the heat of vaponzatlon of the liquid phase sorbate. The following equatlon presented in this document, is cited by U.S. EPA
(1994b) and NC DEHNR (1997) for calculating the variable F;:

¢ 8
Fo=1-—T™T_
. POL ) ST
where

F, = Fraction of chemical air concentration in vapor phase (unitless)
c = Junge constant = 1.7 x 10" (atm-cm) : :
Sr = Whitby’s average surface area of particulates = 3.5 x 10% cm%cm? air (corresponds to background plus local sources)
P, = Liquid-phase vapor pressure of chemical (atm) (see Appendlx A-3) .

4

If the chemical is a solid at ambient temperatures, the solid-phase vapor pressure is converted to a liquid-pﬁase vapor pressure as follows:

P A8 (T, - T)

a

Pg RO,
where
P = Solid-phase vapor pressure of chemical (atm) (see Appendix A-3)
—A}-? = Entropy of fusion over the uoiversal gas constant = 6.79 (unitless)
T, = Melting point of chemical (K) (see Appendix A-3)
T, = Ambient air temperature = 284 K (11°C),
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Carsel, RF,, R.S. Parrish, R.L. Jones, J.L. Hansen, and R.L. Lamb. 1988. “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology. Vol.
2. Pages 11-24.

This reference is cited by U.S. EPA (1994b) as the source for a mean soil bulk density value, BD, of 1.5 g soil/em® soil for loam soil.
Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc, New York.

This document is cited by U.S. EPA (1990a) for the statement that soil bulk density, BD, is affected by the soil structure, such as looseness or compaction of the soil, depending on the
water and clay content of the soil.

Hoffman, F.O., and C.F. Baes, 1979. A Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NOREG/TM-882.
This document presents a soil bulk density range, BD, of 0.83 to 1.84.

Junge, C.E. 1977. Fate of Pollutants in Air and Water Environments, Part I. Suffet, LH., Ed. Wiley. New York. Pages 7-26.

NC DEHNR. 1997. NC DEHNR Protocol for Performing Indirect Exposure Risk Assessments for Hazardous Waste Combustion Units. January.

This is one of the source documents for the equation in Table B-1-1. This document also recommends the use of (1) a deposition term, Ds, and (2) COPC-specific F, (fraction of COPC
air concentration in vapor phase) values.

Research Triangle Institute (RTY). 1992. Preliminary Soil Action Level for Superfund Sites. Draft Interim Report. Prepared for U.S. EPA Hazardous Site Control Division, Remedial Operations
Guidance Branch. Arlington, Virginia. EPA Contract 68-W1-0021. Work Assignment No. B-03, Work Assignment Manager Loren Henning. December.

This document is a reference source for COPC-specific F, (fraction of COPC air concentration in vapor phase) values.

U.S. EPA. 1990a. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January.

This document is a reference source for the equation in Table B-1-1, and it recommends that (1) the time period over which deposition occurs (time period for combustion ), D, be
represented by periods of 30, 60, and 100 years, and (2) undocumented values for soil mixing zone depth, Z,, for tilled and untilled soil.

U.S. EPA. 1990b. Exposure Factors Handbook. March.
This document is a reference source for values for length of exposure duration, T,.
U.S. EPA. 1992. Estimating Exposure to Dioxin-Like Compounds. Draft Report. Office of Research and Development. Washington, D.C. EPA/600/6-88/005b.

This document is cited by U.S. EPA (1993a) as the source of values for soil mixing zone depth, Z, for tilled and untilled soils.

B-10




TABLE B-1-1

SOIL CONCENTRATION DUE TO DEPOSITION
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U.S. EPA. 1993a. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. External Review Draft. Office of Research and
Development. Washington, D.C. November.

This document is a reference for recommended values for soil mixing zone depth, Z, for tilled and untilled soils; it cites U.S. EPA (1992) as the source of these values. It also
recommends a “relatively narrow” range for soil bulk density, BD, of 1.2 to 1.7 g soil/cm’ soil.

U.S. EPA. 1993b. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Working Group Recommendations. Office of Solid
Waste. Office of Research and Development. Washington, D.C. September 24.

This document is a reference for the equation in Table B-i-1. It recommends using a deposition term, Ds, and COPC-specific F, values (fraction of COPC air concentration in vapor
phase) in the Cs equation.

U.S. EPA 1994a. Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste. April 15.

This document is a reference for the equation in Table B-1-1; it recommends that the following be used in the Cs equation: (1) a deposition term, Ds, and (2) a default soil bulk density
value of 1.5 g soil/cm® soil, based on a mean value for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988).

U.S. EPA. 1994b. Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-Specific Assessment Procedures. External Review Draft. Office of Research and Development.
Washington, D.C. EPA/600/6-88/005Cc. June.

This document recommends values for length of exposure duration, Tz, for the subsistence farmer.

U.S. EPA. 1994c. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Office of Emergency and Remedial Response.
Office of Solid Waste. December 14.

The value for dry deposition velocity is based on median dry deposition velocity for HNO, from a U.S. EPA database of dry deposition velocities for HNO3 ozone, and SO,. HNO, was
considered the most similar to the constituents covered and the value should be applicable to any organic compound having a low Henry’s Law Constant. The reference document for
this recommendation was not cited. This document recommends the following:

Values for the length of exposure duration, T;

Value of 0 for the time period of the beginning of combustion, T;

F, values (fraction of COPC air concentration in vapor phase) that range from 0.27 to 1 for organic COPCs

Vdv value (dry deposition velocity) of 3 cm/s (however, no reference is provided for this recommendation)

Default soil bulk density value of 1.5 g soil/em® soil, based on a mean for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988)

Vdv value of 3 cm/s, based on median dry deposition velocity for HNO, from an unspecified U.S. EPA database of dry deposition velocities for HNO;, ozone, and SO,. HNO;
was considered the most similar to the COPCs recommended for consideration in the HHRAP.

U.S. EPA. 1997. Mercury Study Report to Congress. Volume III: Fate and Transport of Mercury in the Environment. Office of Air Quality and Planning and Standards and Ofﬁce of Research
and Development. EPA 452/R-97-005. December.
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ks

Variable | .

COPC soil loss constant due to all
processes

COPC loss constant due to biotic
and abiotic degradation

TABLE B-1-2

COPC SOIL LOSS CONSTANT
(SOIL INGESTION EQUATIONS)

(Page 1 0f4)

Description

This equation calculates the COPC soil loss constant, which accounts for the loss of COPCs from soil by several mechanisms.
Uncertainties associated with this equation include the following:

0)) COPC-specific values for ksg are empirically determined from field studies; no information is available regarding the application of these values to the site-specific conditions
associated with affected facilities.
) The source of the equations in Tables B-1-3 through B-1-6 have not been identified.

Equation

ks = ksg + kse + ksr + ksl + ksv

Varies
This variable is COPC-specific and should be determined from the COPC tables in Appendix A-3.

“Degradation rate” values are also presented in NC DEHNR (1997); however, no reference or source is provided for the values.
U.S. EPA (1994a) and U.S. EPA (1994b) state that ksg values are COPC-specific; however, all ksg values are presented as zero
(U.S. EPA 1994a) or as “NA” (U.S. EPA 1994b); the basis of these assumptions is not addressed.

The following uncertainty is associated with this variable:

COPC-specific values for ksg are empirically determined from field studies; no information is available regarding the
application of these values to the site-specific conditions associated with affected facilities.




TABLE B-1-2

COPC SOIL LOSS CONSTANT
(SOIL INGESTION EQUATIONS)

(Page 2 of 4) N

| kse COPC loss constant due to soil yr! 0
‘ erosion ‘ : This variable is COPC- and site-specific, and is further discussed in Table B-1-3. Consistent with U.S. EPA (1994a), U.S. EPA
(1994b) and NC DEHNR (1997), U.S. EPA OSW recommends that the default value assumed for kse is zero because of
contaminated soil eroding onto the site and away from the site.
Uncertainties associated with this variable include the following:
) The source of the equation in Table B-1-3 has not been identified.
) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a greater mixing
depth. This uncertainty may overestimate kse. _
3) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing
with in sifu materials) in comparison to that of other residues. This uncertainty may underestimate kse.
ksr COPC loss constant due to surface yr! | _ Varies
runoff This variable is COPC- and site-specific, and is calculated by using the equation in Table B-1-4. No reference document is cited |
- for this equation; however, the use of this equation is consistent with U.S. EPA (1993). U.S. EPA (1994a)states that all ksr values
“ are zero but does not explain the basis for this assumption. ;
Uncertainties associated with this variable (calculated by using the equation in Table B-1-4) include the following:
1) The source of the equation in Table B-1-4 has not been identified.
) For soluble COPCs, leaching might lead.to movement to below 1 centimeter in untilled soils, resulting a greater mixing
‘ depth. This uncertainty may overestimate ksr.
13) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing
with in situ materials) in comparison to that of other residues. This uncertainty may underestimate &sr.
ksl COPC loss constant due to leaching | yr! Varies

This variable is COPC- and site-specific, and is calculated by using the equation in Table B-1-5. The use of this equation is
consistent with U.S. EPA (1993), U.S. EPA (1994b), and NC DEHNR (1997). U.S. EPA (1994a) states that all ks values are zero
but does not explain the basis of this assumption. -

Uncertainties associated with this variable (calculated by using the equation in Table B-1-5) include the following:

) The source of the equation in Table B-1-5 has not been identified.
) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing

with in situ materials) in comparison to that of other residues. This uncertainty may underestimate ksl.
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COPC loss constant due to
volatilization

TABLE B-1-2

COPC SOIL LOSS CONSTANT
(SOIL INGESTION EQUATIONS)

(Page 3 of 4)

This variable is COPC- and site-specific, and is further discussed in Table B-1-6. Consistent with U.S. EPA guidance (1994a) and
based on the need for additional research to be conducted to determine the magnitude of the uncertainty introduced for modeling
volatile COPCs from soil, U.S. EPA OSW recommends that, until identification and validation of more applicable models, the
constant for the loss of soil resulting from volatilization (ksv) should be set equal to zero.

Uncertainties associated with this variable include the following:

M) The source of the equation in Table B-1-6 has not been identified.

2 For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a greater mixing
depth. This uncertainty may overestimate ksv.

3) Deposition to hard surfaces may result in dust residues that have negligible dilution, (as a result of potential mixing with
in-situ materials) in comparison to that of other residues. This uncertainty may underestimate ksv.




TABLE B-1-2

COPC SOIL LOSS CONSTANT
(SOIL INGESTION EQUATIONS)

{Page 4 of 4)
REFERENCES AND DISCUSSION
NC DEHNR. -1997. Final NC DEHNR Protocol for Performing Indiréct Exposure Risk Assessments for Hazardous Waste Combustion Units. January.
This document is one of the reference documents fo'r the equations in Tables B-1-4, B-1-5, and B-1-6. This document is also cited as (1) the source for a range of COPC-specific
degradation rates (ksg), and (2) one of the sources that recommend using the assumption that the loss resulting from crosion (kse) is zero because of contaminated soil eroding onto the

site and away from the site.

U.S. EPA. 1993. Review Draft Addendurs to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Office of Health and Environmental
Assessment. Office of Research and Development. EPA-600-AP-93-003. November 10.

This document is one of the reference documents for the equations in Tables B-1-3 and B-1-5.

U.S. EPA. 1994a. Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 15.

This document is cited as a source for the assumptions that losses resulting from erosion (kse), surface runoff (ksr), degradation (ksg), leaéhing (ks?), and volatilization (ksv) are all zero.

U.S. EPA. 1994b. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste. December 14,

This document is one of the reference documents for the equations in Tables B-1-4, B-1-5, and B-1-6. This document is also cited as one of the sources that recommend using the
assumption that the loss resulting from erosion (kse) is zero and the loss resulting from degradation (ksg) is “NA” or zero for all compounds.
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TABLE B-1-3

COPC LOSS CONSTANT DUE TO SOIL EROSION
(SOIL INGESTION EQUATIONS)

(Page 1 of 5)

Description
This equation calculates the constant for COPC loss resulting from erosion of soil. Consistent with U.S. EPA (1994), U.S. EPA (1994b), and NC DEHNR (1997), U.S. EPA OSW recommends
that the default value assumed for kse is zero because of contaminated soil eroding onto the site and away from the site. In site-specific cases where the permitting authority considers it
appropriate to calculate a kse, the following equation presented in this table should be considered along with associated uncertainties. Additional discussion on the determination ofkse can be
| obtained from review of the methodologies described in U.S. EPA NCEA document, Methodology for Assessing Health Risks Associated with Multiple Exposure Pathways to Combustor
Emissions (In Press). Uncertainties associated with this equation include:

(1) For soluble COPCs, leaching might lead to movement below 1 centimeter in untilled soils, resulting in a greater mixing depth. This uncertainty may overestimate kse.
) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing with in situ materials) in comparison to that of other residues, This
uncertainty may underestimate kse.

Equation

_01-X,-SD-ER Kd,-BD

kse
BD-Z 0,,+ (Kd BD)

Variable ]~ . Description

| kse COPC loss constant due to soil 0

| erosion Consistent with U.S. EPA (1994), U.S. EPA (1994b), and NC DEHNR (1997), U.S. EPA OSW recommends that the default
value assumed for kse is zero because of contaminated soil eroding onto the site and away from the site.

uncertainty may overestimate kse.

. " 0.1 Units conversion factor

X, Unit soil loss Varies
This variable is site-specific and is calculated by using the equation in Table B-4-13.

The following uncertainty is associated with this variable:
All of the equation variables are site-specific. Use of default values rather than site-specific values for any or all of

these variables will result in unit soil loss (X,) estimates that are under- or overestimated to some degree. Based on
default values, X, estimates can vary over a range of less than two orders of magnitude.




SD

Sediment delivery ratio

TABLE B-1-3

COPC LOSS CONSTANT DUE TO SOIL EROSION

unitless

(SOIL INGESTION EQUATIONS)

(Page 2 of 5)

_ Varies
This value is site-specific, and is calculated by using the equation in Table B-4-14.

Uncertainties associated with this variable include the following:

' 1) The recommended default values for the empirical intercept coefficient, 4, are average values that are based on

studies of sediment yields from various watersheds. Therefore, those default values may not accurately represent
site-specific watershed conditions. As a result, use of these default values may under- or overestimate SD.
) The recommended default value for the empirical slope coefficient, b, is based on a review of sediment yields from
- various watersheds. This single default value may not accurately represent site-specific watershed conditions. As
a result, use of this default value may under- or overestimate SD.

ER

Soil enrichment ratio

unitless

Inorganics: 1

‘ Organics: 3
COPC enrichment occurs because (1) lighter soil particles erode more than heavier soil particles, and (2) concentration of
organic COPCs—which is a function of organic carbon content of sorbing media—is expected to be higher in eroded material
than in in-situ soil (U.S. EPA 1993). In the absence of site-specific data, U.S. EPA OSW recommends a default value of 3
for organic COPCs and 1 for i morgamc COPCs. This is consistent with other U.S. EPA guidance (1993), which recommends
arange of 1 to 5 and a value of 3 as a “reasonable first estimate.” This range has been used for organic matter, phosphorus,
and other soil-bound COPCs (U.S. EPA 1993); however, no sources or references were provnded for this range. ER'is
generally higher in sandy soils than in silty or loamy soils (U.S. EPA 1993).

The following uncertainty is associated with this variable:

The default ER value may not accurately reflect site-specific conditions; therefore, kse may be over- or
underestimated to an unknown extent. The extent of any uncertainties will be reduced by using county-specific ER
values.

BD

Soil bulk density

g soil/cm®
soil

15
This vanable is affected by the soil structure, such as looseness or compaction of the soil, depending on the water and clay
content of the soil (Hillel 1980), as summarized in U.S. EPA (1990). A range of 0.83 to 1.84 was originally cited in Hoffinan
and Baes (1979). U.S. EPA (1994b) recommended a default BD value of 1.5 g soil/cm® soil, based on a mean value for loam
soil that was taken from Carsel, Parrish, Jones, Hansen, and Lamb (1988). The value of 1.5 g soil/cm?® soil also represents
the midpoint of the “relatively narrow range” for BD of 1.2 to 1.7 g soil/cm?® soil (U.S. EPA 1993).

The following uncertainty is associated with this variable:

The récommended soil bulk density value may not accurately represent site-specific soil conditions.
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Soil mixing zone depth

TABLE B-1-3

COPC LOSS CONSTANT DUE TO SOIL EROSION

(SOIL INGESTION EQUATIONS)

(Page 3 of 5)

1t020
U.S. EPA currently recommends the following values for this variable:

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)
Tilled 20 U.S. EPA (1990a) and U.S. EPA (1993a)

U.S. EPA (1990) daes not provide a reference for these values. U.S. EPA (1993) cites U.S. EPA (1994a).

Uncertainties associated with this variable include the following:

€)) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting in a greater
mixing depth. This uncertainty may overestimate kse.

(¥ Deposition to hard surfaces may result in dust residues that have negligible dilution in comparison to that of other
residues. This uncertainty may underestimate kse.

Soil-water partition coefficient

mL water/g
soil
(or cm®
water/g
soil)

Varies
This variable is COPC-specific. A detailed discussion of this variable and COPC-specific values are presented in
Appendix A-3.

The following uncertainty is associated with this variable:

Uncertainties associated with this parameter will be limited if Kd, values are calculated as described in
Appendix A-3.

Soil volumetric water content

0.2
This variable is site-specific, and depends on the available water and on soil structure; 0,, can be estimated as the midpoint
between a soil’s field capacity and wilting point, if a representative watershed soil can be identified. However, U.S. EPA
OSW recommends the use of 0.2 mL/cm® as a default value. This value is the midpoint of the range 0.1 (very sandy soils) to |
0.3 (heavy loam/clay soils) recommended by U.S. EPA (1993) (no source or reference is provided for this range) and is
consistent with U.S. EPA (1994b).

The following uncertainty is associated with this variable:

The default 9, value may not accurately reflect site-specific or local conditions; therefore, kse may be under- or
overestimated to a small extent, based on the limited range of values.




TABLE B-1-3

COPC LOSS CONSTANT DUE TO SOIL EROSION
(SOIL INGESTION EQUATIONS)

(Page 4 of 5)
REFERENCES AND DISCUSSION

Carsel, R.F.,, R.S. Parish, R.L. Jones, J.L. Hansen, and R.L. Lamb. 1988. “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology. Vol.
2. Pages 11-24,

This document is cited by U.S. EPA (1994b) as the source for a mean soil bulk density, BD, value of 1.5 g soil/cm? soil for loam soil.
Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc. New York.

This document is cited by U.S. EPA (1990) for the statement that soil bulk density, BD, is affected by the soil structure, such as looseness or compaction of the soil, depending on the
water and clay content of the soil.

Hoffinan, F.O., and C.F. Baes. 1979. A Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NUREG/TM-882.
This document presents a soil bulk density, BD, range of 0.83 to 1.84.
NC DEHNR. 1997. Final NC DEHNR Protocol for Performing Indirect Exposure Risk Assessments for Hazardous Waste Combustion Units. January.

This document is one of the sources that recommend using the assumption that the loss resulting from erosion (kse) is zero because of contaminated soil eroding onto the site and away
from the site. .

U.S. EPA. 1993. Review Draft Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Office of Health and Environmental
Assessment. Office of Research and Development. EPA-600-AP-93-003. November 10.

This document is one of the reference documents for the equations in Tables B-1-3 and B-1-5.

U.S. EPA. 1990. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January. :

This document presents a range of values for soil mixing zone depth, Z, for tilled and untilled soil. The basis or source of these values is not identified.

U.S. EPA. 1993. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. External Review Draft. Office of Research and
Development. Washington, D.C. November 1993. ‘

This document is the source of a range of COPC enrichment ratio, ER, values. The recommended range, 1 to 5, has been used for organic matter, phosphorous, and other soul-bound
COPCs. This document recommends a value of 3 as a “reasonable first estimate,” and states that COPC enrichment occurs because lighter soil particles erode more than heavier soil
particles. Lighter soil particles have higher ratios of surface area to volume and are higher in organic matter content. Therefore, concentration of organic COPCs, which is a function of
the organic carbon content of sorbing media, is expected to be higher in eroded material than in insitu soil.

This document is also a source of the following:
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TABLE B-1-3

COPC LOSS CONSTANT DUE TO SOIL EROSION
(SOIL INGESTION EQUATIONS)

(Page 5 of 5)

A “relatively narrow range” for soil bulk density, BD, of 1.2 to 1.7 g soil/cm’ soil

COPC-specific (inorganic COPCs only) Kd, values used to develop a proposed range (2 to 280,000 mL water/g soil) of Kd, values

A range of soil volumetric water content (8,,,) values of 0.1 mL water/cm? soil (very sandy soils) to 0.3 mL water/cm’ soil (heavy loam/clay soils) (however, no source or
reference is provided for this range)

A range of values for soil mixing zone depth, Z,, for tilled and untilled soil

U.S. EPA. 1994, Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 15.

U.S.EPA. 1994a. Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-specific Assessment Procedures. External Review Draft. Office of Research and Development.
Washington, D.C. EPA/600/6-88/005Cc. June.

This document is the source of values for soil mixing zone depth, Z,, for tilled and untilled soil, as cited in U.S. EPA (1993).

U.S. EPA. 1994b. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste. December 14.

This document recommends (1) a default soil bulk density value of 1.5 g soil/cm’ soil, based on a mean value for loam soil that is taken from Carsel, Parrish, Jones, Hansen, and Lamb
(1988), and (2) a defauit soil volumetric water content, 8,,,, value of 0.2 mL water/cm’® soil, based on U.S. EPA (1993).




|| This equation calculates the COPC loss constant due to runoff of soil. Uncertainties associated with this equation include the following;

1 (1) For soluble COPCs, leaching might result in movement to below 1 centimeter in untilled soils, resulting in a greater mixing depth. This uncertainty may overestimate ksr.
) Deposition to hard surfaces may result in dust residues that have negligible dilution in comparison to that of other residues. This uncertainty may underestimate ksr.

COPC loss constant due to runoff

Il RO | Average annual surface runoff from
pervious areas :

TABLE B-1-4

COPC LOSS CONSTANT DUE TO RUNOFF
(SOIL INGESTION EQUATIONS)

(Page 1 of 5)

Description

Equation

RO . 1

b=z |17 (kd,-BD/B,,)

) Varies .
This variable is site-specific. According to U.S. EPA (1993), U.S. EPA (1994b), and NC DEHNR (1997), average annual
surface runoff, RO, can be estimated by using the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and
Troise 1973). According to NC DEHNR (1997), estimates can also be made by using more detailed, site-specific procedures
for estimating the amount of surface runoff, such as those based on the U.S. Soil Conservation Service curve number equation
(CNE). U.S. EPA (1985) is cited as an example of such a procedure.

The following uncertainty is associated with this variable:

To the extent that site-specific or local average annual surface runoff information is not available, default or
estimated values may not accurately represent site-specific or local conditions. As a result, ks! may be under- or
overestimated to an unknown degree. ‘ ‘
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VVarhhl'e

Description

TABLE B-1-4

COPC LOSS CONSTANT DUE TO RUNOFF
(SOIL INGESTION EQUATIONS)

(Page 2 of 5)

Value

6.

Soil volumetric water content

0.2
This variable depends on the available water and soil structure; if a representative watershed soil can be identified, 8,,, can be }
estimated as the midpoint between a soil’s field capacity and wilting point. U.S. EPA OSW recommends the use of 0.2 i
mL/em?® as a default value. This value is the midpoint of the range 0.1 (very sandy soils) to 0.3 (heavy loam/clay soils), which §
is recommended by U.S. EPA (1993) (no source or reference is provided for this range), and is consistent with U.S. EPA
(1994b) and NC DEHNR (1997).

The following uncertainty is associated with this variable:

The default 6,, value may not accurately reflect site-specific or local conditions; therefore, kse may be under- or
overestimated to a small extent, based on the limited range of values.

Soil mixing zone depth

1t0 20
U.S. EPA OSW recommends the following values for this variable:

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)

| Tilted 20 U.S. EPA (1990a) and U.S. EPA (19932)

U.S. EPA (1990) does not provide a reference for these values. U.S. EPA (1993a) cites U.S. EPA (1994a).
Uncertainties associated with this variable include the following:

3] For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting in a greater
mixing depth. This uncertainty may overestimate ksr.

) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing
with in sifu materials) in comparison to that of other residues. This uncertainty may underestimate ksr.

Soil-water partition coefficient

mL water/g
soil (or cm®
water/g
soil)

Varies
This variable is COPC-specific. A detailed discussion of this variable and COPC-specific values are presented in
Appendix A-3.

The following uncertainty is associated with this variable:

Uncertainties associated with this parameter will be limited if Kd, values are calculated as described in Appendix
A-3,




BD

Soil bulk density

g soil/lcm?
soil

TABLE B-1-4

COPC LOSS CONSTANT DUE TO RUNOFF
(SOIL INGESTION EQUATIONS)

(Page 3 of 5)

e

15 %
This variable is affected by the soil structure, such as looseness or compattion of the soil, depending on the water and clay ||
content of the soil (Hillel 1980), as summarized in U.S. EPA (1990). The proposed range was originally cited in Hoffiman
and Baes (1979). U.S. EPA (1994b) recommended a default soil bulk density value of 1.5 (g soil/em?® soil), based on a mean |
value for loam soil that is taken from Carsel, Parrish, Jones, Hansen, and Lamb (1988). The value of 1.5 (g soil/cm’ soil) also f
represents the midpoint of the “relatively narrow range” for BD of 1.2 to 1.7 (g soil/cm® soil) (U.S. EPA 1993).

The following uncertainty is associated with this variable:

The recommended soil bulk density value may not accurately represent site-specific soil conditions.
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TABLE B-1-4

COPC LOSS CONSTANT DUE TO RUNOFF
(SOIL INGESTION EQUATIONS)
(Page 4 of 5)

REFERENCES AND DISCUSSION

Carsel, R.F., R.S. Parrish, R.L. Jones, J.L. Hansen, and R.L, Lamb, 1988, “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology. Vol.
2. Pages 11-24,

This document is cited by U.S. EPA (1994b) as the source of a mean soil bulk density, BD, value of 1.5 (g soil/cm?® soil) for loam soil.

Geraghty, J.J., D.W. Miller, F. Van der Leeden, and F.L. Troise. 1973. Water Atlas of the United States. Water Information Center, Port Washington, New York.
This document is cited by U.S. EPA (1993), U.S. EPA (1994), and NC DEHNR (1997) as a reference to calculate average annual runoff, RO. This reference provides maps with isolines
of annual average surface water runoff, which is defined as all flow contributions to surface water bodies, including direct runoff, shallow interflow, and ground water recharge. Because

these values are total contributions and not only surface runoff, U.S. EPA (1994) recommends that the volumes be reduced by 50 percent in order to estimate surface runoff.

Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc. New York.

This document is cited by U.S. EPA (1990) for the statement that soil bulk density, BD, is affected by the soil structure, such as looseness or compaction of the soil, depending on the
water and clay content of the soil.

Hoffman, F.O., and C.F. Baes. 1979. A Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NUREG/TM-882.
This document presents a soil bulk density, BD, range of 0.83 to 1.84.
NC DEHNR. 1997. NC DEHNR Protocol for Petfbrming Indirect Exposure Risk Assessments for Hazardous Waste Combustion Units. January.

This document is one of the source documents that cites the use of Table B-1-4; however, this document is not the original source of this equation (this source is unknown). This
document also recommends the following:

. Estimation of annual current runoff, RO (cm/yr), by using the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and Troise 1973) or site-specific procedures,
such as using the U.S. Soil Conservation Service curve number equation (CNE); U.S. EPA (1985) is cited as an example of such a procedure.
. Default value of 0.2 (mL water/cm? soil) for soil volumetric water content (9,,)

U.S. EPA. 1985. Water Quality Assessment: A Screening Procedure for Toxic and Conventional Pollutants in Surface and Ground Water—Part I (Revised. 1985). Environmental Research
Laboratory. Athens, Georgia. EPA/600/6-85/002a. September.

This document is cited by NC DEHNR (1997) as an example of the use of the U.S. Soil Conservation Service CNE to estimate site-specific surface runoff.

U.S. EPA. 1990. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January.

This document presents a range of values for soil mixing zone depth, Z, for tilled and untilled soil; the basis for, or sources of, these values is not identified.
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TABLE B-1-4

COPC LOSS CONSTANT DUE TO RUNOFF
(SOIL INGESTION EQUATIONS)

(Page 5 of 5)

U.S. EPA. 1993. Addendum to the Methodology  for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. External Review Draft. Office of Research and
Development. Washington, D.C. November.

This document recommends the following:

. A “relatively narrow range” for soil bulk density, BD, of 1.2 to 1.7 (g soil/cm® soil)

. A range of soil volumetric water content, 0,,, values of 0.1 (very sandy soils) to 0.3 (heavy loam/clay soils) (the original source of, or reference for, these values is not
identified)

. A range of values for soil mixing depth, Z,, for tilled and untilled soil (the original source of, or reference for, these values is not 1dent1ﬁed)

. A range (2 to 280,000 [mL water/g soil]) of Kd, values for inorganic COPCs

. Use of the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and Troise 1973) to calculate average annual runoff, RO

U.S. EPA. 1994a Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-specific Assessment Procedures. External Review Draft. Office of Research and Development.
‘Washington, D.C. EPA/600/6-88/005Cc. June.

This document presents a range of values for soil mixing zone depth, Z,, for tilled and untilled soil as cited in U.S. EPA (1993).

U.S. EPA. 1994b. Revised Draft Guidance for Performing Screening Level Risk Analyses bat Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Offices of Emergency and Remedial Response. Office of Solid Waste. December 14.

This document recommends the followmg

. Estimation of average annual runoff, RO, by using the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and Troise 1973)
. Default soil bulk density, BD, value of 1.5 g soil/cm® soil, based on the mean for loam soil that is taken from Carsel, Parrish, Jones, Hansen, and Lamb (1988)

. Default soil volumetric water content, 0,,,, value of 0.2 (mL water/cm® soil), based on U.S. EPA (1993)
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TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 1 0f6)

Description
This equation calculates the constant for COPC loss resulting from leaching of soil. Uncertainties associated with this equation include the following:

For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting in a greater mixing depth. This uncertainty may overestimate ks, !
Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing with in situ materials) in comparison to that of other residues. This
uncertainty may underestimate ks,
The original source of this equation has not been identified. U.S. EPA (1993) presents the equation as shown here. U. S EPA (1994b) and NC DEHNR (1997) replaced the numerator
as shown w1th “q” deﬁned as average annual recharge (cm/yr)

P +I-RO-E,
8,,Z,[1.0 + (BD Kd,/8,,)]

1
|
Equation V i
|
|

ksl =

| Deseription -

COPC loss constant due leaching

Average annual precipitation 18.06 to 164.19

This variable is site-specific. This range is based on information presented in U.S. EPA (1990), representing data for 69
selected cities (U.S. Bureau of Census 1987; Baes, Sharp, Sjoreen and Shor 1984). The 69 selected cities are not identified;
however, they appear to be located throughout the continental United States, U.S. EPA OSW recommends that site-specific
data be used.

The following uncertainty is associated with this variable:

To the extent that a site is not located near an established meteorological data station, and site-specific data are not }
available, default average annual precipitation data may not accurately reflect site-specific conditions. As a result, }
ks may be under- or overestimated. However, average annual precipitation data are reasonably available; therefore, E
uncertainty introduced by this variable is expected to be minimal. “




TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 2 of 6)

I Average annual irrigation cm/yr 0 to 100

This variable is site-specific. This range is based on information presented in U.S. EPA (1990), representing data for 69
selected cities (Baes, Sharp, Sjoreen, and Shor 1984). The 69 selected cities are not identified; however, they appear to be
located throughout the continental United States.

The following uncertainty is associated with this variable:

To the extent that site-specific or local average annual irrigation information is not available, default values
(generally based on the closest comparable location) may not accurately reflect site-specific conditions. As a result, |
ksl may be under- or overestimated to an unknown degree.

RO Average annual surface runoff from cm/yr Varies
pervious areas This variable is site-specific. According to U.S. EPA (1993), U.S. EPA (1994b), and NC DEHNR (1997), average annual

: surface runoff can be estimated by using the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and Troise
1973). According to NC DEHNR (1997), this estimate can also be made by using more detailed, site-specific procedures,
such as those based on the U.S. Soil Conservation Service CNE. U.S. EPA (1985) is cited as an example of such a procedure.

The following uncertainty is associated with this variable:
To the extent that site-specific or local average annual surface runoff information is not available, default or

estimated values may not accurately represent site-specific or local conditions. As a result, ks! may be under- or
overestimated to an unknown degree.

E, Average annual evapotranspiration cm/yr 35to 100

This variable is site-specific. This range is based on information presented in U. S. EPA (1990), representing data from 69
selected cities. The 69 selected cities are not identified; however, they appear to be located throughout the continental United
States.

The following uncertainty is associated with this variable:
To the extent that site-specific or local average annual evapotranspiration information is not available, default

values may not accurately reflect site-specific conditions. As a result, &s/ may be under- or overestimated to an
. . unknown degree.
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TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 3 of 6)

Description o Units | 7 ) Value

Soil volumetric water content mL 0.2

water/em® | This variable is site-specific, and depends on the available water and on soil structure; if a representative watershed soil can
soil be identified, 0,, can be estimated as the midpoint between a soil’s field capacity and wilting point. U.S. EPA OSW s

recommends the use of 0.2 mL/cm’ as a default value. This value is the midpoint of the range of 0.1 (very sandy soils) to 0.3

(heavy loam/clay soils) recommended by U.S. EPA. (1993) (no source or reference is provided for this range) and is consistent

with U.S. EPA (1994b) and NC DEHNR (1997).

The following uncertainty is associated with this variable:

The default 6, value may not accurately reflect site-specific or local conditions; therefore, ksl may be under- or
overestimated to a small extent, based on the limited range of values.

Soil mixing zone depth 1t020
U.S. EPA OSW recommends the following values for this variable;

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)
Tilled 20 U.S. EPA (1990a) and U.S. EPA (1993a)

U.S. EPA (1990) does not provide a reference for these values. U.S. EPA (1993c¢) cites U.S. EPA (1994a).

Uncertainties associated with this variable include the following:

1) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting in a greater
mixing depth. This uncertainty may overestimate ksl. ’

@ Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing
with in situ materials) in comparison to that of other residues. This uncertainty may underestimate ks/.




TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 4 of §)

Value

15
This variable is affected by the soil structure, such as looseness or compaction of the soil, depending on the water and clay
content of the soil (Hillel 1980), as summarized in U.S. EPA (1990). A range of 0.83 to 1.84 was originally cited in Hoffinan
and Baes (1979). U.S. EPA (1994b) recommended a default soil bulk density value of 1.5 g/cm?, based on a mean value for
loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988). The value of 1.5 g/cm’ also represents the midpoint of the
“relatively narrow range” for BD of 1.2 to 1.7 g/cm® (U.S. EPA 1993).

The following uncertainty is associated with this variable:

The recommended soil bulk density value may not accurately represent site-specific soil conditions.

i
|
|

:

|

i BD Soil bulk density - g soil/em’
soil
|
Kd, Soil-water partition coefficient cm’ water/g
soil

Varies
This variable is COPC-specific. A detailed discussion of this variable and COPC-specific values are presented in
Appendix A-3.

The following uncertainty is associated with this variable:

Uncertainties associated with this parameter will be limited if Kd, values are calculated as described in Appendix
A-3,
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TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 5 of 6)
REFERENCES AND DISCUSSION

Baes, C.F., R.D. Sharp, A.L. Sjoreen and R.W. Shor. 1984. “A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides through Agriculture.”
Prepared for the U.S. Department of Energy under Contract No, DEAC05-840R21400,

For the continental United States, as cited in U.S. EPA (1990), this document is the source of a series of maps showing: (1) average annual precipitation (P), (2) average annual irrigation
(D), and (3) average annual evapotranspiration isolines.

Carsel, R.F., R.S. Parrish, R.L. Jones, J.L. Hansen, and R.L. Lamb. 1988. “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology. Vol.
2. Pages 11-24,

This document is cited by U.S. EPA (1994b) as the source for a mean soil bulk density value, BD, of 1.5 g soil/cm® soil for loam soil.

Geraghty, J.J., D.W. Miller, F. Van der Leeden, and F.L. Troise. 1973. Water Atlas of the United States. Water Information Center, Port Washington, New York.

This document is cited by U.S. EPA (1993), U.S. EPA (1994b), and NC DEHNR (1997) as a reference for calculating average annual runoff, RO. This document provides maps with
isolines of annual average surface runoff, which is defined as all flow contributions to surface water bodies, including direct runoff, shallow interflow, and ground water recharge.
Because these volumes are total contributions and not only surface runoff, U.S. EPA (1994b) recommends that the volumes be reduced by 50 percent in order to estimate average annual
surface runoff,
This document presents a soil bulk density, BD, range of 0.83 to 1.84.

Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc. New York, New York.

This document is cited by U.S. EPA (1990) for the statement that soil bulk density, BD, is affected by the soil structure, such as looseness or compaction of the soil, depending on the
water and clay content of the soil. ’

Hoffman, F.O., and C.F. Baes. 1979. A Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NUREG/TM-882.
This document presents a soil bulk density, BD, range of 0.83 to 1.84.
NC DEHNR. 1997. NC DEHNR Protocol for Performing Indirect Exposure Risk Assessments for Hazardous Waste Combustion Units. January.

This document is one of the source documents that cites the use of the equation in Table B-1-5. However, the document is not the original source of this equation. This document also
recommends the following: )

. Estimation of average annual surface runoff, RO (cm/yr), by using the Water Atlas of the United States (Geraghty, Miller, Van der Leeden, and Troise 1973) or site-specific

procedures, such as using the U.S. Soil Conservation Service CNE; U.S. EPA 1985 is cited as an example of such a procedure.
A default value of 0.2 (mL water/cm® soil) for soil volumetric water content, 0,.
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TABLE B-1-5

COPC LOSS CONSTANT DUE TO LEACHING
(SOIL INGESTION EQUATIONS)

(Page 6 of 6)
U.S. Bureau of the Census. 1987. Statistical Abstract of the United States: 1987. 107th edition. Washington, D.C.

This document is a source of average annual ;jrecipitation (P) information for 69 selected cites, as cited in U.S. EPA (1990); these 69 cities are not identified.

U.S. EPA. 1985. Water Quality Assessment: A Screening Procedure for Toxic and Conventional Pollutants in Surface and Groundwater. Part I (Revised 1985). Environmental Research
Laboratory. Athens, Georgia. EPA/600/6-85/002a, September.

This document is cited by NC DEHNR (1997) as an example of the use of the U.S. Soil Conservation Service CNE to estimate RO. -

U.S. EPA. 1990. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January.

This document presents ranges of (1) average annual precipitation, (2) average annual irrigation, and (3) average annual evapotranspiration. This document cites Baes, Sharp, Sjoreen,
and Shor (1984) and U.S. Bureau of the Census (1987) as the original sources of this information, )

U.S. EPA. 1993. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. External Review Draft. Office of Research and
Development. Washington, D.C. November,

This document is one of the reference sources for the equation in Table B-1-5; this docurnent also recommends the following:

A range of soil volumetric water content, 0,,, values of 0.1 (very sandy soils) to 0.3 (heavy loam/clay soils); the original source or reference for these values is not identified. -
A range of values for soil mixing depth, Z,, for tilled and untilled soil; the original source reference for these values is not identified.

A range (2 to 280,000 {mL water/g soil]) of Kd, values for inorganic COPCs

A “relatively narrow range” for soil bulk density, BD, of 1.2 to 1.7 (g soil/cm® soil)

This document is one of the reference source documents for the equation in Table B-1-5. The original source of this equation is not identified. This document also presents a range of
values for soil mixing depth, Z, for tilled and untilled soil; the original source of these values is not identified. Finally, this document presents several COPC-specific Kd, values that
were used to establish a range (2 to 280,000 [mL water/g soil]) of Kd, values. .

'U.S. EPA. 1994a. Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-specific Assessment Procedures. External Review Draft. Office of Research and Development. Washington,
D.C. EPA/600/6-88/005Cc. June.

This document presents values for soil mixing depth, Z,, for tilled and untilled soil, as cited in U.S. EPA (1993).

U.S. EPA. 1994b. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste. December 14,

This document recommends (1) a default soil volumetric water content, 6,,, value of 0.2 (mL water/cm? soil), based on U.S. EPA (1993), and (2) a default soil bulk density, BD, value of
1.5 (g soil/cm® soil), based on a mean value for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988).
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TABLE B-1-6

COPC LOSS CONSTANT DUE TO VOLATILIZATION

(SOIL INGESTION EQUATIONS)

(Page 1 of 6)

Dcuripﬁon

N This equation calculates the COPC loss constant from soil due to volatthnon. Consistent with U.S. EPA guidance (1994) and based on the need for additional research to be conducted to

{ determine the magnitude of the uncertainty introduced for modeling volatile COPCs from soil, U.S. EPA OSW recommends that, until identification and validation of more applicable models,

J the constant for the loss of soil resulting from volatilization (ksv) should be set equal to zero. In cases where high concentrations of volatile organic compounds are expected to be present in the
i soil and the permitting authority considers calculation of ksv to be appropriate, the equation presented in this table should be considered. U.S. EPA OSW also recommends consulting the
methodologies described in U.S. EPA NCEA document, Methodology for Assessing Health Risks Associated with Multiple Exposure Pathways to Combustor Emissions (In Press),

i Uncertainties associated with this equation include the following:

(1) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting ina greater mixing depth, This uncertainty may overestimate ksv,
) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing with in situ materials) in comparison to that of other residues. Th1s ‘

uncerw,mty may underestlmate Ir.s'v

COPC loss constant due to
volatilization

_| 31536 - 107 |,
ZKd -R-T,-BD

Equation

0.482- W 7%

Consistent with U.S, EPA guidance (1994) and based on the need for additional research to be conducted to

determine the magnitude of the uncertainty introduced for modeling volatile COPCs from soil, U.S. EPA OSW

recommends that, until identification and validation of more applicable models, the constant for the loss of soil
| resulting from volatilization (ksv) should be set equal to zero.

0.482

Empirical constant

unitless

This is an empirical constant calculated during the development of this equation.

0.78

Empirical constant

unitless

This is an empirical constant calculated during the development of this equation.

-0.67

Empirical constant

unitless

This is an empitical constant calculated during the development of this equation.

-0.11

Empirical constant

unitless

This is an empirical constant calculated during the development of this equatioh.

3.1536x 10"

Units conversion factor

siyr




TABLE B-1-6

"COPC LOSS CONSTANT DUE TO VOLATILIZATION

(SOIL INGESTION EQUATIONS)

(Page 2 of 6)

Henry’s Law constant

atm~m%mol

Varies
This variable is COPC-specxﬁc A detailed discussion of this variable and COPC-specific values are presented
in Appendix A-3.

| The following uncertainty is associated with this variable:

Values for this variable, estimated by using the parameters and algorithms in Appendix A-3, may
under- or overestimate the actual COPC-specific values. As a result, ksv may be under- or
overestimated.

' Soil mixing zone depth

cm

1t020
U.S. EPA OSW recommends the following values for this variable:

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)
Tilled 20 . U.S.EPA (1990a) and U.S. EPA (1993a)

US.EPA ‘(1990) does not provide a reference for these values. U.S. EPA (1993a) cites U.S. EPA (1994a).
Uncertainties associated with this variable include the following:

) For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting
in a greater mixing depth. This uncertainty may overestimate Zsr.

) Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of
potential mixing with in situ materials) in comparison to that of other residues. This uncertainty may
underestimate ksv. '

Kd,

Soil-water partition coefficient

cm’® water/g soil

Varies
This variable is COPC-specific. A detailed discussion of this variable and COPC-specific values are presented
in Appendix A-3.

The following uncertainty is associated with this variable:

Uncertainties associated with this parameter will be limited if Kd, values are calculated as' described
in Appendix A-3.

Universal gas constant

atm-m*mol-K

8.205x 10
There are no uncertamtles associated with this parameter.
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TABLE B-1-6

COPC LOSS CONSTANT DUE TO VOLATILIZATION
(SOIL INGESTION EQUATIONS)

(Page 3 of 6)

Definition

Ambient air temperature
This variable is site-specific. U.S. EPA (1990) also recommends an ambient air temperature of 298 K.,

The following uncertainty is associated with this variable:

To the extent that site-specific or local values for the variable are not available, default values may not
accurately represent site-specific conditions. The uncertainty associated with the selection of a single
value from within the temperature range at a single location is expected to be more significant than
the uncertainty associated with choosing a single ambient temperature to represent all localities.

Soil butk density g soil/em® soil 1.5

This variable is affected by the soil structure, such as looseness or compaction of the soil, depending on the
water and clay content of the soil (Hillel 1980), as summarized in U.S. EPA (1990). A range of 0.83 to 1.84
was originally cited in Hoffman and Baes (1979). U.S. EPA (1994b) recommended a default soil bulk density
value of 1.5 g/em®, based on a mean value for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988).
The value of 1.5 g/cm® also represents the midpoint of the “relatively narrow range” for BD of 1.2 to 1.7 g/cm®
(U.S. EPA 1993).

The following uncertainty is associated with this variable:

The recommended soil bulk density value may not accurately represent site-specific soil conditions.

Average annual wind speed 39

Consistent with U.S. EPA (1990), U.S. EPA OSW recommends a default value of 3.9 m/s. See Chapter 3 for
guidance regarding the references and methods used to determine a site-specific value that is consistent with air
dispersion modeling.

The following uncertainty is associated with this variable:

To the extent that site-specific or local values for this variable are not available, default values may
not accurately represent site-specific conditions. The uncertainty associated with the selection of a
single value from within the range of windspeeds at a single location may be more significant than the
uncertainty associated with choosing a single windspeed to represent all locations.
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Viscosity of air g/em-s 1.81 x 10
' U.S. EPA OSW recommends the use of this value, based on Weast (1980). This value applies at standard
conditions (20°C or 298 X and 1 atm or 760 mm Hg).

The viscosity of air may vary slightly with temperature.

Pa Density of air g/em’ ‘ 0.0012 o :
| U.8. EPA OSW recommends the use of this value, based on Weast (1980). This value applies at standar
conditions (20°C or 298 K and 1 atm or 760 mm Hg).

The density of air will vary with temperature.

D, Diffusivity of COPC in air cm?/s Varies ,
This value is COPC-specific. A detailed discussion of this variable and COPC-specific values are presented in
Appendix A-3.
The following uncertainty is as;sociéted with this variable:

The default D, values may not accurately represent the behavior of COPCs under site-specific
conditions. However, the degree of uncertainty is expected to be minimal.

A4 Surface area of contaminated area m? 1.0
See Chapter 5 for guidance regarding the calculation of this value.

B-35




TABLE B-1-6 :

COPC LOSS CONSTANT DUE TO VOLATILIZATION
(SOIL INGESTION EQUATIONS)

(Page 5 of 6)
REFERENCES AND DISCUSSION

Carsel, RF,, R.S, Parrish, R.L. Jones, J.L. Hansen, and R.L. Lamb, 1988, “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology. Vol.
2. Pages 11-24,

This document is cited by U.S. EPA (1994b) as the source of a mean soil bulk density value, BD, of 1.5 (g soil/cm® soil) for loam soil,

Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc. New York, New York.

Hoffiman, F.Q., and C.F. Baes. 1979. 4 Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NUREG/TM-882.
This document presents a soil bulk density, BD, range of 0.83 to 1.84.

NC DEHNR. 1997. NC DEHNR Protocol for Performing Indirect Exposure Risk Assessments for Hazardous Waste Combustion Units. January.
This document is one of the source documents that cites the use of the equation in Table B-1-6,

U. S. EPA. 1990. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January.

This document recommends the following:

. A range of values for soil mixing zone depth, Z, for tilled and untilled soil; however, the source or basis for these values is not identified
. A default ambient air temperature of 298 K
. An average annual wind speed of 3.9 m/s; however, no source or reference for this value is identified.

U.S. EPA. 1993. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. External Review Draft. Office of Research and
Development. Washington, D.C. November.

This document is one of the reference source documents for the equation in Table B-1-6; however, the original reference for this equation is not identified.

This document also presents the following:

. A range of values for soil mixing depth, Z, for tilled and untilled soil; however, the original source of these values is not identified.
. COPC-specific Kd, values that were used to establish a range (2 to 280,000 [mL water/g soil]) of Kd; values for inorganic COPCs
J A “relatively narrow range” for soil bulk density, BD, of 1.2 to 1.7 (g soil/cm® soil)

U.S. EPA. 1994. Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. April 15.
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U.S. EPA. 1994a. Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-specific Assessment Procedures External Review Draft. Office of Research and Development. Washington,
D.C. EPA/600/6-88/005Cc. June. ‘ ‘

This document presents value for soil, mixing depth, Z, for tilled and untilled soil as cited in U.S. EPA (1993).

U.S. EPA. 1994b. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Waste. Attachment C, Draft Exposure Assessment
Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste. December 14.

This document recommends a default soil density, BD, value of 1.5 (g soil/cm?® soil), based on a mean value for loam soil that is taken from Carsel, Parrish, Jones, Hansen, and Lamb
(1988).

Weast, R.C. 1980. Handbook of Chemistry and Physics. 61st Edition. CRC Press, Inc. Cleveland, Ohio.

This document is cited by NC DEHNR (1997) as the source recommended values for viscosity of air, 14,, and density of air, p,.
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(CONSUMPTION OF ABOVEGROUND PRODUCE EQUATIONS)
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Description

The equations in this table are used to calculate an average COPC soil concentration resulting from wet and dry deposition of particles and vapors to soil over the exposure duration. COPCs are |
assumed to be incorporated only to a finite depth (the soil mixing zone depth, Z,). j

The COPC soil concentration averaged over the exposure duration, represented by Cs, should be used for carcinogenic COPCs, where the risk is averaged over the lifetime of an individual.
Because the hazard quotient associated with noncarcinogenic COPCs is based on a reference dose rather than a lifetime exposure, the highest annual average COPC soil concentration occurring |
during the exposure duration period should be used for noncarcinogenic COPCs. The highest annual average COPC soil concentration would occur at the end of the time period of combustion
and is represented by Cs,p.

The following uncertainties are associated with this variable;

¢y
@

€)

@
(&)

The time period for deposition of COPCs resulting from hazardous waste combustion is assumed to be a conservative, long-term value, This assumption may overestimate Cs and
CSm.

Exposure duration values (75) are based on historical mobility studies and will not necessarily remain constant. Specifically, mobility studies indicate that most receptors that move
remain in the vicinity of the combustion unit; however, it is impossible to accurately predict the probability that these short-distance moves will influence exposure, based on factors
such as atmospheric transport of pollutants.

The use of a value of zero for T; does not account for exposure that may have occurred from historic operations and emissions from hazardous waste combustion. This may
underestimate Cs and Cs,p,. )
For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils and, resulting a greater mixing depth. This uncertainty may overestimate Cs and Cs,p.
Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing with in situ materials) in comparison to that of other residues. This
uncertainty may underestimate Cs and Csp.
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Equation for Carcinogens '

Soil Concentration Averaged Over Exposure Duration ’

Ds-tD-Cs,, Cs,p
* ‘[1 -exp (ks (T, - D))
Cs =

ks ks
= : T, <tD<T,
@, - T) Jor T 2
W (- ke o - ks« T '
G | lp.@Ch D]\ R CRT) )
ks - (D - T) ks ks
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Equstion for Noncarcinogens
Highest Annual Average Soil Concentration
_ Ds - [1 - exp (-ks-D)]

ks

Cs,p

_100-Q

s

[F, (0.31536 - Vdv - Cyv + Dywv) + (Dydp + Dywp) - (1 - F,)]

For mercury modeling

100-(0.480)
Z-BD

Ds = [F, (0.31536 + Vav - Cyv + Dywv) + (Dydp + Dywp) * (1 - F)]

Use 0.480 for total mercury and F, = 0.85 in the mercury modeling equation to calculate Ds. The calculated Ds value is apportioned into the divalent mercury (Hg?*) and methyl mercury
(MHg) forms based on the assumed 98% Hg?* and 2% MHg speciation split in soils (see Chapter 2). Elemental mercury (Hg®) occurs in very small amounts in the vapor phase and does not
exist in the particle or particle-bound phase. Therefore, elemental mercury deposition onto sols is assumed to be negligible or zero. Elemental mercury is evaluated for the direct inhalation
pathway only (Table B-5-1).

Ds (Hg*) 0.98 Ds
Ds (Mhg) 0.02 Ds
Ds (Hg") 0.0

Evaluate divalent and methyl mercury as individual COPCs. Calculate Cs for divalent and methyl mercury using the corresponding (1) fate and transport parameters for mercuric chloride
divalent mercury) and methyl merc provided in Appendix A-3 , and (2) Ds (Hg> Ds (MHzg) as calculated above.

—




Average soil concentration over
exposure duration

TABLE B-2-1

SOIL CONCENTRATION DUE TO DEPOSITION
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mg COPC/kg soil

(Page 4 of 11)

|| Csp Soil concentration at time tD mg COPC/kg soil
Ds Deposition term mg COPC/kg soil- Varies
yr U.S. EPA (1994a) and NC DEHNR (1991) recommend incorporating the use of a deposition term into the Cs equation.
Uncertainties associated with this variable include the following:
) - Five of the variables in the equation for Ds (Q, Cyv, Dywv, Dywp, and Dydp) are COPC- and site-specific.
Values of these variables are estimated on the basis of modeling. The direction and magnitude of any
uncertainties should not be generalized.
) Based on the narrow recommended ranges, uncenamtles associated with Vdv, F,, and BD are expected to be
low.
3) " Values for Z; vary by about one order of magnitude. Uncertainty is greatly reduced if it is known whether
soils are tilled or untilled.
tD Time period over which deposition yr 100
occurs (time petiod of combustion) U.S. EPA (1990a) specifies that this period of time can be represented by periods of 30, 60 or 100 years. U.S. EPA
OSW recommends that facilities use the conservative value of 100 years unless site-specific information is available
indicating that this assumption is unreasonable (see Chapter 6 of the HHRAP Protocol).
ks COPC soil loss constant due to all yr! Varies

processes

This variable is COPC- and site-specific, and is calculated by usmg the equation in Table B-2-2. The COPC soil loss
constant is the sum of all COPC removal processes.

Uncertainty associated with this variable includes the following:
COPC-specific values for ksg (one of the variables in the equation in Table B-2-2) are empirically

determined from field studies. No information is available regarding the appllcatlon of these values to the
site-specific conditions assoclated with affected facilities.
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Length of exposure duration 6, 30, or 40
U.S. EPA OSW recommends the following reasonable maximum exposure (RME) values for T5:

Exposure Duration RME Reference

Child Resident 6 years U.S. EPA (1990b)
Subsistence Farmer Child

Subsistence Fisher Child

Adult Resident and 30 years U.S. EPA (1990b)
Subsistence Fisher (6 child and 24 adult)

Subsistence Farmer 40 years U.S. EPA (1994b)
U.S. EPA (1994c) recommended the following unreferenced values:

Exposure Duration Years
Subsistence Farmer 40
Adult Resident 30
Subsistence Fisher 30
Child Resident 9

Uncertainties associated with this variable include the following:

(1) Exposure duration rates are based on historical mobility rates and may not remain constant. This assumption
may overestimate or underestimate Cs and Cs,p.
) Mobility studies indicate that most receptors that move remain in the vicinity of the emission sources;
’ however, it is impossible to accurately predict the likelihood that these short-distance moves will influence
exposure, based on factors such as atmospheric transport of pollutants. This assumption may overestimate or
underestimate Cs and Cs,p,.

Time period at the beginning of 0
combustion Consistent with U.S. EPA (1994bc), U.S. EPA OSW recommends a value of 0 for 7.

The following uncertainty is associated with this variable:

The use of a value of 0 for T} does not account for exposure that may have occurred from historical operation
or emissions from the combustion of hazardous waste. This may underestimate Cs and Cs,p,.
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Units conversion factor
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SOIL CONCENTRATION DUE TO DEPOSITION
(CONSUMPTION OF ABOVEGROUND PRODUCE EQUATIONS)

mg-cm?kg-cm?

COPC emission rate

g/s

(Page 6 of 11)

Varies :

This variable is COPC- and site-specific. See Chapters 2 and 3 of the HHRAP for guidance regarding the calculation
of this variable.

Soil mixing zone depth

1to 20
U.S. EPA OSW recommends the following values for this variable:

Soil Depth (cm) Reference
Untilled 1 U.S. EPA (1990a) and U.S. EPA (1993a)
Tilled 20 U.S. EPA (1990a) and U.S. EPA (1993a)

U.S. EPA (1990a) does not include a reference for these values.

The following uncertainties are associated with this variable:

1 For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a
greater mixing depth. This uncertainty may overestimate Cs and Cs,p,.

) Deposition to hard surfaces may result in dust residues that have negligible dilution in comparison to that of
other residues. This uncertainty may underestimate Cs and Cs,;,.

BD

Soil bulk density

g soil/em’ soil

15
This variable is affected by the soil structure, such as looseness or compaction of the soil, depending on the water and

| clay content of the soil (Hillel 1980), as summarized in U.S. EPA (1990a). A range of 0.83 to 1.84 was originally cited

in Hoffman and Baes (1979). U.S. EPA (1994c) recommended a default BD value of 1.5 g/cm’, based on a mean value
for loam soil that was obtained from Carsel, Parrish, Jones, Hansen, and Lamb (1988). The value of 1.5 g/em® also
represents the midpoint of the “relatively narrow range” for BD of 1.2 to 1.7 g/em® (U.S. EPA 1993a).

The following uncertainty is associated with this variable:

The recommended BD value may not accurately repfesent site-specific soil conditions; and may under- or
overestimate site-specific soil conditions to an unknown degree.
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Description Value

F, Fraction of COPC air concentration unitless Otol
in vapor phase This variable is COPC-specific. Discussion of this variable and COPC-specific values are presented in Appendix A-3.
This range is based on the values presented in Appendix A-3. Values are also presented in U.S. EPA (1994c) and NC |
DEHNR (1997).

F, was calculated using an equation presented in Junge (1977) for all organic COPCs, including PCDDs and PCDFs.
U.S. EPA (1994c) states that F, = 0 for all metals (except mercury).

The following uncertainties are associated with this variable:

) 1t is based on the assumption of a default S; value for background plus local sources, rather than an Sy
value for urban sources. If a specific site is located in an urban area, the use of the latter Sy value may be
more appropriate. Specifically, the Sy value for urban sources is about one order of magnitude greater than
that for background plus local sources, and it would result in a lower calculated F,, value; however, the F,
value is likely to be only a few percent lower. ;

2 According to Bidleman (1988), the equation used to calculate F, assumes that the variable ¢ (Junge constant) |
is constant for all chemicals; however, the value of ¢ depends on the chemical (sorbate) molecular weight, the |
surface concentration for monolayer coverage, and the difference between the heat of desorption from
the particle surface and the heat of vaporization of the liquid phase sorbate. To the extent that site- or

COPC-specific conditions may cause the value of ¢ to vary, uncertainty is introduced if a constant value

of ¢ is used to calculate F,.

0.31536 | Units conversion factor m-g-s/cm-pg-yr

Vdv Dry deposition velocity cm/s 3
. U.S. EPA (1994c¢) recommended the use of 3 cm/s for the dry deposition velocity, based on median dry deposition
velocity for HNQ; from an unspecified U.S. EPA database of dry deposition velocities for HNOs, ozone, and SO,.
HNO, was considered the most similar to the COPCs recommended for consideration in the HHRAP. The value
should be applicable to any organic COPC with a low Henry’s Law Constant.

The following uncertainty is associated with this variable:

HNO; may not adequately represent specific COPCs; therefore, the use of a single value may under- or
overestimate estimated soil concentration.

Cyv Unitized yearly average air pg-s/g-m’ Varies
concentration from vapor phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
with this variable are site-specific.
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Unitized yearly average wet 2 Varies
deposition from vapor phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
) with this variable are site-specific.

Unitized yearly average dry ‘ ' Varies
deposition from particle phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
"1 with this variable are sne-speclﬁc

Unitized yeatly average wet - 2 Varies
deposition from particle phase This variable is COPC- and site-specific, and is determined by air modeling (see Chapter 3). Uncertainties associated
i ) with this variable are site-specific.
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REFERENCES AND DISCUSSION

Bidleman, T.F. 1988. “Atmospheric Processes.” Environmental Science and Technology, Volume 22. Number 4. Pages 361-367.

This reference is for the statement that the equation used to calculate the fraction of air concentration in vapor phase (F,) assumes that the variable ¢ (the Junge constant) is constant for
all chemicals. However, this document notes that the value of ¢ depends on the chemical (sorbate) molecular weight, the surface concentration for monolayer coverage, and the difference
between the heat of desorption from the particle surface and the heat of vaporization of the liquid-phase sorbate. The following equation, presented in this document, is cited by U.S.
EPA (1994b) and NC DEHNR (1997) for calculating the variable F,:

c*S;
P+ 8,

Fraction in vapor phase (unitless)

Junge constant = 1.7 x 10 (atm-cm)

Whitby’s average surface area of particulates = 3.5 x 10% cm%cm® air (corresponds to background plus local sources)
Liquid-phase vapor pressure of chemical (atm) (see Appendix A-3)

If the chemical is a solid at ambient temperatures, the solid phase vapor pressure is converted to a liquid-phase vapor pressﬁre as follows:

P8 1)
P, R T

M a

= Solid-phase vapor pressure of chemical (atm) (see Appendix A-3)
Entropy of fusion over the universal gas constant = 6.79 (unitless)

Melting point of chemical (K) (see Appendix A-3)
Ambient air temperature = 284 K (11°C) .
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Carsel, R.F.,, R.S. Parrish, R.L: Jones, J.L. Hansen, and R.L. Lamb. 1988 “Characterizing the Uncertainty of Pesticide Leaching in Agricultural Soils.” Journal of Contaminant Hydrology Vol
2. Pages 11-24.

This reference is cited by U.S. EPA (1994b) as the source for a mean soil bulk density value, BD, of 1.5 (g soil/cm’® soil) for loam soil.
Hillel, D. 1980. Fundamentals of Soil Physics. Academic Press, Inc. New York.

This document is cited by U.S. EPA (1990a) for the statement that soil bulk density, BD, 1s affected by the soil structure, such as looseness or compactlon of the soil, depending on the
water and clay content of the soil.

Hoffman, F.O., and C.F. Baes, 1979. 4 Statistical Analysis of Selected Parameters for Predicting Food Chain Transport and Internal Dose of Radionuclides. ORNL/NOREG/TM-882.
) This document presents a soil bulk density range, BD, of 0.83 to 1.84. - |

Junge, C.E. 1977. Fate of Pollutants in Air and Water Environments, Part I. Suffet, LH., Ed. Wiley. New York., Pages 7-26.

NC DEHNR. 1997. NC DEHNR Protocol for Performing Indirect Exp;)sure Risk Assessments for Hazardous Waste Combustion Units. January.

This is one of the source documents for the equation in Table B-1-1. This document also recommends the use of (1) a deposition term, Ds, and (2) COPC-spec1ﬂc F, (fraction of COPC
air concentration in vapor phase) values. .

Research Triangle Institute (RTI). 1992. Preliminary Soil Action Level for Superfund Sites. Draft Interim Report. Prepared for U.S. EPA Hazardous Site Control Division, Remedial Operatibns
Guidance Branch. Arlington, Virginia. EPA Contract 68-W1-0021. Work Assignment No. B-03, Work Assignment Manager Loren Henning. December.

This document is a reference source for COPC-specific F, (fraction of COPC air concentration in vapor phase) values.

U.S. EPA. 1990a. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental Criteria and Assessment Office. Office of
Research and Development. EPA 600-90-003. January.

This document is a reference source for the equation in Table B-2-1, and it recommends that (1) the time period over which deposition occurs (time period for combustion ), 2D, be
represented by periods of 30, 60 and 100 years, and (2) undocumented values for soil mixing zone depth, Z, for tilled and untilled soil.

U.S. EPA. 1990b. Exposure Factors Handbook. March.
This document is a reference source for values for length of exposure duration, T,
U.S. EPA. 1992. Estimating Exposure to Dioxin-Like Compounds. Draft. Office of Research and Development. Washington, D.C. EPA/600/6-88/005b.

This document is cited by U.S. EPA (1993a) as the source of values for soil mixing zone depth, Z, for tilled and untilled soils.
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U.S. EPA. 1993a. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Extemnal Review Draft. Office of Research and
Development., Washington, D.C, November.

This document is a reference for recommended values for soil mixing zone depth, Z, for tilled and untilled soils; it cites U.S. EPA (1992) as the source of these values. Italso
recommends a “relatively narrow” range for soil bulk density, BD, of 1.2 to 1.7 (g soil/cm’ soil).

U.S. EPA. 1993b. Addendum to the Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Working Group Recommendations. Office of Solid
Waste. Office of Research and Development. Washington, D.C. September 24.

This document is a reference for the equation in Table B-2-1. It recommends using a deposition term, Ds, and COPC-specific F, values (fraction of COPC air concentration in vapor
phase) in the Cs equation.

U.S.EPA. 1994a. Draft Guidance for Performing Screening Level Risk Analysis at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft Exposure Assessment Guidance for
RCRA Hazardous Waste Combustion Facilities. Office of Emetgency and Remedial Response. Office of Solid Waste. April 15.

This document is a reference for the equation in Table B-2-1; it recommends that the following be used in the Cs equation: (1) a deposition term, Ds, and (2) a default soil bulk density
value of 1.5 g/cm’, based on a mean value for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988).

U.S. EPA. 1994b. Estimating Exposure to Dioxin-Like Compounds. Volume III: Site-Specific Assessment Procedures. External Review Draft. Office of Research and Development.
Washington, D.C. EPA/600/6-88/005Cc. June.

This document recommends values for length of exposure duration, T, for the subsistence farmer.

USS. EPA. 1994c. Revised Draft Guidance for Performing Screening Level Risk Analysis at Combustion Facilities Burning Hazardous Wastes. Office of Emergency and Remedial Response.
Office of Solid Waste. December 14.

The value for dry deposition velocity is based on median dry deposition velocity for HNO; from a U.S. EPA database of dry deposition velocities for HNO3 ozone, and SO,. HNO; was

considered the most similar to the constituents covered and the value should be applicable to any organic compound having a low Henry’s Law Constant. The reference document for
this recommendation was not cited. This document recommends the following:

Values for the length of exposure duration, T,

Value of 0 for the time period of the beginning of combustion, T;

F, values (fraction of COPC air concentration in vapor phase) that range from 0.27 to 1 for organic COPCs

Vav value (dry deposition velocity) of 3 cm/s (however, no reference is provided for this recommendation)

Default soil bulk density value of 1.5 g/cm?, based on a mean for loam soil from Carsel, Parrish, Jones, Hansen, and Lamb (1988)

Vv value of 3 cn/s, based on median dry deposition velocity for HNO, from an unspecified U.S. EPA database of dry deposition velocities for HNO;, ozone, and SO,. HNO;
was considered the most similar to the COPCs recommended for consideration in the HHRAP.

U.S. EPA. 1997. Mercury Study Report to Congress. Volume III: Fate and Transport of Mercury in the Environment. Office of Air Quality and Planning and Standards and Office of Research
and Development. EPA 452/R-97-005. December.
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Description
This equation calculates the COPC soil loss constant, which accounts for the loss of COPCs from soil by several mechanisms.

Uncertainties associated with this equation include the following:
) COPC-specific values for ksg are empirically determined from field studies; no information is available regarding the application of these values to the site-specific conditions

associated with affected facilities. ﬂ
2 The source of the equations in Tables B-2-3 through B-2-6 have not been identified.

Equation

ks = ksg + kse + ksr + ksl + ksv

COPC soil loss constant due to all

processes
ksg COPC loss constant due to biotic yr! ) ' Varies
and abiotic degradation This variable is COPC-specific and should be determined from the COPC in Appendix A-3,

“Degradation rate” values are also presented in NC DEHNR (1997); however, no reference or source is provided for the values.
U.S. EPA (1994a) and U.S. EPA (1994b) state that ksg values are COPC-specific; however, all &sg values are presented as zero
(U.S. EPA 1994a) or as “NA” (U.S. EPA 1994b); the basis of these assumptions is not addressed.

The following uncertainty is associated with this variable:

COPC-specific values for ksg are efnpirically determined from field studies; no information is available regarding the
application of these values to the site-specific conditions associated with affected facilities.
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COPC loss constant due to soil
erosion

(CONSUMPTION OF ABOVEGROUND PRODUCE EQUATIONS)

TABLE B-2-2

COPC SOIL LOSS CONSTANT

(Page 2 of 4)

This variable is COPC- and site-specific, and is further discussed in Table B-2-3. Consistent with U.S. EPA (1994a), U.S. EPA
(1994b) and NC DEHNR (1997), U.S. EPA OSW recommends that the default value assumed for kse is zero because of
contaminated soil eroding onto the site and away from the site.

Uncertainties associated with this varjable include the following:

1) The source of the equation in Table B-2-3 has not been identified.

2 For soluble COPCs, leaching might lead to movement to below 1 centimeter in untilled soils, resulting a greater mixing
depth. This uncertainty may overestimate kse.

€)] Deposition to hard surfaces may result in dust residues that have negligible dilution (as a result of potential mixing
with in situ materials) in comparison to that of other residues. This uncertainty may underestimate kse.

COPC loss constant due to surface
runoff