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Explanation of f_ conceniration 3, including this cover sheet.

UST N12 Investigation, Memphis, Tennessee

COMMENTS

Attached is part of a document that defines £ and also presents the Soil-Water Partition Equation for Migration
to Groundwater Pathway for organic contaminants. The f, concentration detected at N12 (3.008) i considered
significant and would indicate the potential for sorption of the contaminants to the soil. However, all the
contaminants detected in soil are below their respective action levels.

Please call if you have any questions.
Thank you,

22 T

Allison L. Dennen
Task Order Manager
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Equation 22 is used 1o calculate SSLs (iotal zoil concentrations, Cy) corresponding o soil lcachate
concentrations (Cw) equal to the target comtaminant soil leackate comecentration. The equation
assumes that soil water. solids, and gas arc conscrved during sampling. If soil gas iz lost during
sampling, 0, should be assumed to be zero. Likewise, for inorganic contaminants excspt mercury,
there is no sipnificant vapor pressur and H' may be assumed to be zerg,

The User's Guide (U.S. EPA, 1996) describes how 1o develop site-specific cstimates of the soil
parameters needed to ealoulate SSLs. Default soil parameter values for the pantition equation are the
same a5 those used for the VF cquation (sco Section 2.4.2) except for average water-filled soil
porozity (8,). A conservative value (0.15) was used in the VF equation because the model iz most

sensitive to this parameter, Becanse migration o gronnd water SSLs are not particularly sensitive
soil water content (see Section 2.5.7), 2 valne that is more typical of subsurface conditions (0.30) was
wsed. This value i8 between the mean field capacity (0.20) of Class B soils (Carsel et al,, 1948) and
the saturated volumetric water contert for loam (0.43).

K, varies by chemical and soil type. Because of different influences on K4 values, detivations of K,y
values for organic compounds and metals were treated scpamtely in the SSL methodology.

2.5.2 Organic Compounds—Partition Thoory. Past rescarch has demonstrated that,
for hydrophobic organic chemicals, soil organic matter is the dominant sorbing component in soil
and that K, is linear with respect to soil organic csrhon content (OC) as long as OC is above a critical
{evel (Dragun, 1938). Thus, K, can be normalized with respect to soil organic carbon to K, a
chemical-specific partitioning cogfficient that is independent of soil type, as follows:

Ky = Kex foc : (23)

where

K,.= preanic carbon partiton cocfiicient (L/kg)

f,. = fraction of orzanic carbon in soil (mg/mg)
Substitmting intn Equation 22:
Soil-Water Partition Equation for Migration to Ground Water Pathway: Organic
Contaminants _ -

€. +0.H' {24}
C =C, (I{ncfﬁ) +
P»
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ParameterMDafinition (units) Deafault Source
Cy'screening level in solt mogrkg) . - -
Cw/target leachate concentration (mg/L) {ronzero MCLG, MCL, | Table 1 (MCL, nonzero MCLG); Section

or HBL) » 20 DAF 2.5.6 (DAF for a 0.5-acre source)
Koe/soll organic carbon-water partition chemical-specific _ sap Part &
coafficient (Lfkg) '

foo/organic carbon content of soil (kg/kg) 0.002 (0.2%) Carsel of al,, 1688
6y/water-fillad soil porosity (Lucew/l-s8) 0.3 {30%) - U.S. EPA/ORD
8/air-filled 5ol porosity {aivlech) _ 0.13 n-8,
nitotai soll porosity {Lpore/lsor) 0.43 1-polps
po/dry okl bulk density (kL) 1.5 ~U.S. EPA, 1991b
po/50f particle density (gL} 2.85 U.S, EPA, 1991b
H'idimensionless Henry's law constant Hx41l, where 41 B a U.8. EPA, 1991h

‘ conversion factor
HiHeney's law constant (atrmem/inol) chemicakspecific see Part 5

Part 5 of this document provides Ke. values for organic chemicals and describes their development.

The critical orpanic carbon comtent, £, , represents OC below which somption to mineral surfaces
begins to be sgnificant. This level is likely to be variable and to depeid on both the properties of the
soil and of the chemical sorbate (Curtis et al., 1986). Attzmpts to quantitatively mlate fo.* to such
propestics have been made (see McCarty et al, 1981), but at thic trme there is no reliable method for
estimating f..* for spzeific chemicals and soils. Nevertheless, research has demonstrated that, for
volatile halogenmted hydrocarbons, £,.*is abour 0.001, or 0.1 perceat OC, for many low-carbon soils
and aquifer materials (Piwoni and Banexjee, 1989; Schearzenbach and Westall, 1981).

If soil OC is balow this critical leve], Equation 24 should be wsed with cantion. This is especially tue
if soils contain significant quantities ofﬁne-gramndmmmlsmthh:ghwxpmnmpemu (eg.,
clays). I sorptian to minerals is significant, Equation 24 will underpredict sorption and overpredict
eontammant concentrations in soil pore water. However, this f,,* level is by no means the case for
all soils; Abdv) ot 21, (1937) found that, for certain organic compounds and aguifer materials, sorpuou
washm:aranduuﬂdbcadcqzmlymud:laddownmfm=00003bymdmg1{walm )

For soils with significan inorganic and organic sorption {ic., foils with f,, < 0.001), the following
equation has been developed (MeCarty et al , 1981; Karickhoff, 1984):

Ky = (Koe £ac) + (Ko £io) (25)
where
X = goil inorganic partition cocfficient
fo = fraction of inorganic material
fw"'foc = l.
38
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Although this equation i considered conceptuallv valid, K, values are not available for the subject
chemicals. Attemnpts to estimate K;, values by relating sorption on low-carbon materials to
properties such as clay-size fraction. clay mineralogy, surface area, or iron-oxide content have not
revealed any consistent corrclations, and semiquantitative methods are probably vears awas: (Prwoni
and Banerjee, 1989). However, Piwoni and Banerjee developed the following empirical correlation
(by linear regression, r2= 0.85) that can be used to estimate Ky values for hydrophobic organic
chemiczls from K., for low-carbom soils: ’ ‘

log Kg = 1.01 Jog Kow - 0.36 ' - (26)

where
Kow = octanol/water partiion coefficient.

The authors indicate that this equation should provide a Ky estimate that is within 2 factor of 2 or 3
of the actual value for nonpolar sorbates with log K, < 3.7. This K¢ estimate can be used
Equation 22 for soils with f,, valucs less than 0.001. If sorption to inorganics is not considersd for
low-carbon soils where it is significant, Equation 24 will underpredict sorption and overpredict
contaminant concentrations m soil pore water (ie., it will provide a conservative estimade). -

The use of fixed K, values in Equation 24 is valid only for hydrophobic, nonionizing organic
chemicals. Sevaral of the organic chemicals of concern ionize in the soil environment, existing m

. both nentral and ionized forms within the normal soil pH range. ‘The relative amounts of the ionjzed

L g o

and nevtral species are a fimction of pH. Because the sorptive propeities of these two forms differ, it
is important to consider the relative amounts of the neutral and jonized specics when detenmining
Koo values at a particular pH. Lee et al. (1990) developed a theoretically based algorithm, developed
from thermodynamic equilibrium equations, and demonstraicd that the equation adequately predicts
Jaboratory-measured K. values for pentachtorophenol (PCP) and other ionizing organic acids as 2
funetion of pH.

The equation assumes that sorb:nf organic carbon determines the extent of sorption for both the
ionized and nevtral species and predicts the ovenall sorption of a weak organic acid (Ko, ) as follows:

Kocp = Ko Oa + Koci (1 -9 5) Tz
where
Koo Kaeij = sorption coefficients for the nemtral and ionized species (Likg)
o, = (1 + 10pE-pEa )l
pKa = arjd dissociation constant

This equation was used to develop K. values for ionizing organic acids as a function of pH, as
described in Past 5. The User's Guide (U.S. EPA, 1996) provides guidance on conducting site-specific
measurements of soil pH for estimating K, valves for iomizing ofganic compounds. Becanse 2
national distribution of soil pH valnes is not available, a median U.S. ground water pH.(6.8) from the
STORET database (U.S. EPA, 1992a) is used as a defauk soil pH value that is represcmative of
subsurface pH comditons.
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2.5.3 inorganics (Metalg)—Partition Theory. Equation 22 is used to estrmate $5Ls for
merals for the migration o ground water pathiway. The derivatiop of K4 values is much more
complicated for metals than for organic compomds. Unlike organic compounds, for which K 4 values
are largely controlled by a single parameter (soil organic carbom), Ky values for metals are
significamtly affected by a variety of zail conditions. The most significant parameters are pH.
oxidation-reduction conditions, iron oxide coment, soil organic matter comtent, cation exchanee
capacity, and major ion chemistry. The number of significamt influcnsing parameters, their
vanability in the ficld, and differences in experimental methods yesult in a wide range of K4 valaes for
individua) metals reported in the licegatare (over 5 onders of magnitade). Thus, it is much more
difficult 1o derive geperic Ky valnes for metals than for orgamics. :

The K4 values used to generate S5Ls for Ag, Ba, Be, Cd, Cr+2, Cu, Hg, Ni, and Zn were developed
uging an equilibrium geochemical speciation model (MINTEQ2). The values for As, Cr6*, Se, and Th
were taken from empirical, pH-dependent adsotpiion relationships developed by EPA/ORD. Metal
K4 values for SSL application =re presented in Part 5, along with 2 description of their developtnent
and Limitations. As with the ionizing organics, K¢ values are selected as a fanction of site-specific soil
pH, and metal K4 values corresponding to a pH of 6.8 are used as defaults where site-specific pH
measwements a not available.

2.5.4 Assumptions for Soll/Water Partition Theory. The following assumptions are
iraplicit in the SSL partitioning methodology. These assumptions and their implications for SSIL
acecuracy should be read and understood before using this methodology to calculate SSLs.

| There is no contaminzot loss due to volatifization or degradstion. The source is
considersd to be infinits; ie., thege processes do not reduce seil leachate concentrations
over time. This is 2 consereative assumption, especially for smaller sites,

2. Adsorption is linear with comcentration. The methodology assumes that adsorption
is independent of concentration (i¢., the Freundhich exponent = 1). This has been
reported 0 be true for varions halopenated hydrocarboms, polynuclear aromatic
bydrocarbans, benzene, and chlosinated benzenes. In addition, this assumption is valid at
low concentrations (e.g., at levels close to the MCL) for most chemicals, As
concentrations imcrease, however, the adsorption isothenn can depart from the linear.

Stadies on trichloroethane (TCE) and chiorobenzens indicate that departure from Linear
is in the pomconservative dircction, with adsorhed concemtrations being lower than -
predicted by a lincar isotherm. However, adequate information is not available to
cstablish nonlinear adsomption isathems for the chemicals of mterest. Furthermore, since
the SSis are detived st relatively low target soil leachate concentrations, departores from
the bnear at high conéentrations do not significantly fnfluence the accuracy of the
results.

3. The system is at equilibrium with respect te adserption. This ignores
adsorption/desorption kingtics by assaming that the soil and pore water concentrations
are at equilibrium levels. In gther words, the pore-water residence time is assumed 1o be
longer than the time it takes for the system 1o reach equilibriom conditions.

Thiz agsumption is comservative. If equilibrium condidons am not met, the
concentration in the pore water will be less than that predietzd by the methodalogy. The
kinetics of adsorption are pot adequately understood for a snfficient number of chexnicals
and site conditions to consider equikibrinm kineties in the methodology.
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