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EN SAFE 

March 27, 1998 

TO 
Mr. John Karlyk 

Soulhem Divison 

FAX (803) 820-7465 
TEL (803) 820-5624 

SUBJECT 
Explanation of foe; concentration 
UST N 12 Investigation, Memphis, Tennessee 

COMMENTS 

FAX COVER SHEET 

FROM 

Allison Dennen 

EnSafe Inc. 
FAX (901) 372-2454 
TEL (901) 372-7962 

PAGES 
5, including this cover sheet. 

Attached is part of a document that defines fac and also presents the Soil-Water Partition Equation for Migration 
to Groundwater Pathway for organic contaminants. The foe concentration detected at Nl2 (0.008) is 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 queslio~-

1hank you. 

~c:XO~ 
Alljson L. Dennen 
Task Order Mcmager 
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Equation i2 is used to calculate SSW {total soil concentrations, CJ oonespondiug to soil lcachaie 
concartr.ltioaJ (C.,..) equal to the target cmttaminant soil leachate concentration. The equ..Uon 
assumes tbat soil water, solids: and gas are eonscrve:d dwiDg sampling. lf soil gas is lost during 
sampling, 9a Should be 85SWl1ed to be :zero. Likew.ise, for inorgalJio COJl.taminallts C7'cept WCJQll)\ 

there is :no $ignificant VllpDI' praSUI;: and H' ma~· be asswucd to be zero. 

The U$ot's Gllid11:1 (U.S. EPA, 1996) deseribels how to ckvclop site~fic estimates of the soil 
parameteis needed to calailate SSLs. Default soil ~ values fol" the partition equation ate the 
same as those used for the VF =quari.oo (sec Sectimt 2.4.2) ~cepr for awncc watc:r..fi.l.lcd soil 
poro&ity (9.-). A con:sCTVative value (0.15) was nsc:d in the VF equation because the m.odel is most 
smsitive to this pan:meter. Because migration to sroand water SSlA am not partiallarly Sl:DSitivc: to 
soil ~ coattnt (see Sci;tio.n 2.S .7). a wloc 1ha:t 1$ man: typical of~ c:otlditioJu (0.30) was 
used. This value is b~ the mean field capacity (0.20) of Class B soils (Carsel et al., 191&) and 
the satmamd volumetric water CQlltent for loam· (0.43). 

K.c1 varies by chemical and soil type. Because of different influ~ on Kc1 values,. derivatiobs of Kot 
vain.es for OJ:gaDic cmnpoUDds and ruettls were waled s~y in the SSL methodology. 

2. 5.2 Organic Compounds-Partition Theory. Past research has dcmon.s:tmt.ed that. 
for hydrophobi" oiganic chemicals, soil organic: matter is the dominant smbing COlb.pcmcnt in .soil 
and that ~ is linear with respect to soil 01p1ic CJlrl:ron content (OC) as long as OC is above a critical 
level (Dragun, 1938). 'Ilwa. Kd c:an. be nonnalized with respect to soil organic camon to Ko..,,, a 
chemical-specific parti1ioning coefficient that is independent of soil type, as follO'WS': 

K..c = mganic '3bon partition ooefiiciem (Lltg) 
f0 ; "" fradion of o.i,gm:lic carbon in soil (mpng) 

Substituting into Equalion 22: 

Sot1"W11ter Partition Equation for Migration ta Ground Water P11tl11n)'! Organic 
Contaminants 
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Parameter/DeflnltJori (units) Default Source 
Ct'screening level in soft mg/kg) 

' - -
C,Jtarget leachate concentration (rng.tL) (nonzero MCLG, UCL Table 1 (MCL. noniero MCLG}; Section 

or HBL) x 20 OAF 2.5.6 (OAF for a o.s.ac~ source) 
Koe/soil orgariic carbon-water partition chemical~ see Parts 

~cient (l.lkg) 
foJorgani: carbon content of soff (kglkg) 0.002 (0.2%} Calsel et al., 1988 
8v,lwater..filled soil porosity~ 0.3 (30%) U.S.EPNORD 
8JaiMift'3d aoH porosfty (l.irJl.tol} 0.13 n·Gw 
~I soil porosity (I.pa~ Q.43 1-~ 

Pbfdry soil butk dend)' (kg/I.) 1.5 U.S. EPA. 19S1b 
p,/d particle density (kgr'L) 2.65 U.S. l:PA, 1991b 

H'/dirnensionlau Henry's mv cotas«ant rhc41, where41 isa U.S. EPA, 1991b 
conveniion fac:tor 

HIHenrv'a law QOl'IStaJ'i (ab'rHn-'¥rnol} chemlca= ~c &ff Part6 

Part s of this docwumt provides Kac valpes for organic chemicals and desmbes their de\relopmcn.t.. 

The criti;aJ oipnie c=rbon eon.MD.~ foe• ~ ~sents OC below which .soiption to mhiexal surfaces 
begins to~ significant. 'This level is likely to be variable and to depend on both 1he properties of the 
soil m:id of the cbemicaJ iorbate (Curc:is et al., 1986). Attempts to quantitatively n:ha ~·to~ 
pro~ haYC been made (see McCarty et al .• 1981), but at this time them is JlO reliable method for 
estimating far:* for Spedfic chemicals and soils. Nevertheless, ~ has demoutrated ~ for 
volatile~~ hydrocubaas, foc*is about 0.001, or 0.1 porccmt OC, for many low-carbon soils 
Gd aquifer materials (Piwoni and Banerjee. 1989; Sdlwarmlb*111. and Westaa 1981). 

If mil OC is below dtis critical lew~ Equation 24 should be used with caution. This is ~specially ttue 
if soils contain significant q~ of fine-grained mineJals with high sos:ptivc properties (e.g., 
clar.i). lf soiptiCIQ ro lltillenls is signilic:aot, Equation 24 .will andeqnedict so.iption and oveiprcdict 
contaminant conccnuati.ons in ~il pore water. ~~ this ~. • level u by no mtans 1hc: c:ase fur 
all soils; Abdul et al (J 987} _foaDd 1fmt, for cmcaill organic compounds and aquifer mab:rlals~ sorption 
was linear and could be adequately mOOcled dowil to~ e:< 0.0003 by cons.iderittg Koc alom:. · 

For soils ~th significant inOtgaDic and ozgani.c' saqrtion (i.e., soils with f0~ < O.OOl)i the foll<nring 
equation has bem. developed (McCarty et al .• 19Sl; ltarickb:oft 1984): 

(15) 

where 

X;~ = · soil mmgaoie partition coefficient 
tJo = tracairm of inorganic. inaterlal 
fi.a+~c =- 1. 
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Althau&h this equation .is considmd oonceptuaUy valid. K~ whties me not available for the su.bjm: 
chemicals. Attempts to estimate Kio values by ,.lating sorption on low-<:atbon materials to 
properties such as day-size frac:tion.,. clay mineralogy, surfi1ce area. or iron-oxide content have not 
#YCalcd any consistent comlations, and serniquam:itativc methods .re probably years away (Pjwoni 
and B.aru:zjce, 1989). However, Piwoui and &urjee developed the following empirical correlation 
(by linear regression, rl = 0.15) that c.:.an be ~ to estimate Kd 'Values for hydrophobic orpnic 
c:henllc:df from. Ko.. for Jaw-carbon soils: -

log i«J = 1.01 log Ko ... 0.36 (26) 

where 

Kow ; octanol/watcr panitio.n coefficient. 

The authors indicate that this eqoati.on should provide il ~ estilbate tba:t is within. a factcr of 2 or 3 
of the actual value for nonpolar sorba:tes with log Kaw < 3.1. This Kd estiJnare em be used in 
.Equ:atioii 22 for soils with~ val.tu:$' less than OJlOl. If soxption. to inorpnies is not c:onsiden=d for 
low.-carbon soils where it: is significant. Equation 24 will undeipndict soi:ptiou and oVCipredict 
ccJlrtamiDant conccatrations in soil pore water (i.e., it will pnwide a conseIWlive cstim:4e). 

The use of med Koc: values in Equation 24 is valid only for hydrophobic, noni<mizing otganic 
chemicals. Several of the organic chcmi~ of conccm ioniu in the soil c:nviromttent,. existing in 
botb ncutml and ioniicd fonns within the nonnal soil pH iange. The relative Ml.OUllts of the ioimcd. 
and MUtnl species an: a fbnction of pH. Because 1hc SOtptiVe jJrope:ltics of these two fu.nns differ, it 
is impolQDt to consider the relztive am.orm1s of the noutral and ioniz.ed 5Pc=cics when detenninmg 
~values at a patticnlar pH. Lee et al. (1990) developed a theoretically based a)goritbrn. devdoped 
frmn 1hennodynamic equilibrium eqgations. and deinoostraicd that 1he equar:ian adeqaatC1y predicts 
Jaboratoty-measurcd Koc values for pentacblorophenol (PCP) Ad other icmizing organic acids as .a 
function of pH. 

The equation assmnes 1fJat sorbent organic carbon detcrmine.s the extent of tolption for both 1hc 
iQniied and nm:rtral species and predicts 1he ovetail SOlption of a weak or.ganic ~ CKoc,p ) as follows: 

Kqy .., ~ ~R + K,,.,,i (J • 4> JI ) (%7) 

where 

Koe.it> Koc; "" sorption coefficients for the nenttal and ioni:ed species (l.Jkg) 
!Jla .::::: (J+JOpHaph)-1 

pKa : add dissociation constmt.. 

This equa:tion was used to develop K~ valuts for ionizing organic acids as a fundltm. of pH; as 
described in Pan 5. The User's Guide (U.S. EPA,. l9~6) pmrides guidanoo on a;ind:ucting ~c:cific 
mearurcm.ents of soil pH fo:r c::stimating Koc wlues for i.Miz.ing organic;: compounds. Because a 
national distribution of soil pH valnes is not avai1able, a median U.S. ground 9IRl'er pH.(6.8) from 1he 
STORET database (U.S. EPA. 1992a.) is used as a default soil pH value 1hat is reprcsc:rttaliv of 
subsur&ce pH conditioos. 
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2.S.3 lnorganics (Metals}-Partition Theory. Equatiml 22 is \1Sed io estimate SSLs for 
metals for the migration to ground water pathwa)'. The dcrivati.QU of K4 vmues is much more 
COlllplicated fbr metals than for oiganie compoUQds. Unlike oxgamc compowuh; for which 1{41 v.ll.ucs 
are largely controlled by a single pa.runner (Boil orpic carbon), X.. value$ for metals m 
significantly affe~ed by a variety of soil conditions. lbe inost significant paratneten: ue pH, 
oxic:h¢ioD.-red.uction wndi.ticms, iron oxide co.ment,. soil organic matter ~. oation exchange 
capacity, and major ion chcmiStJ:y. The number of' sipi.fi.ca:nt influencing panu:ni=ters, their 
wrlability in the field, amt diffimm.cos in aperim=tal melhod:o n:.suh in a wide 18JtSC or Ka valms for 
individual nietDl.s repmted in She- litcialtue (over 5 ord.cts of magnitude). Thus,. it is much mote 
diffiailt to derive gea.etic Ki:i values for metals 1han for OJpDU:s. · 

The K, values used to pncrat.c SSL$ .fbr Ag, Ba. Be, ~ Cr+J~ Cu, Hg, Ni, and Zn were developed 
using an eqllilibriwn geochanical specialion model (MINTEQ2.). Tho values for Al, Cr6-"", Se, and Th 
were 1akcn from ernpirical, pff-depcndat adsotption tclatiODSbips developed by EPA/ORD. Metal 
~ value! for SSL appfu;ation arc pn:JCnted in Part S, along with ll desm:iption cf their developnum.t 
alld limi:tarions . .& with the inni ziu,g oigaaios. x., ~s are seleercd as a function of m-spcei1ie soil 
pH. and m=tal K41 valuer corir:sponding to a pH of 6.a are u"'1 as d.efAu1ts ~ sitlHpecific pH 
mcasurmncmu an: not avai18ble. 

2.5.4 Assumptions for SolUWater Partition Theory. The fol.lowin3 assumptions arc 
implicit in 1hc: SSL partitioning nurthodology: The.re auurnptions r:md llteft implitatioru for SSL 
accurticy dwldtJ be re«! and unduSVJod be.fen UJtng dJis Wll!thodo/ogy to t:nlCMftde SSLI. 

l. There is no contmJ.bumt lass dae to velaliliutioa or degndstio11. The Sotlll:e is 
considered to be infinite; i.e .• these pmcesses do not ndn<:e soil Jcacba:re aaa.cemmtious 
over time. This is a conservative assumption, espedally tor sma&r sitc:s. 

2. Adtorption is liaur 'trith co•eatratio.. The :methodology asswn.cs that =adsotptian 
is hldepcmdent of coru:cmrahon (ie~ tM Fzcnndlich exponent .. 1). This has bGm 
reported to be tnl.e for various halogenated hydtocarbOD$, polynuclear .ucmalic 
hydrocarbons. beiazenc, and <1hJorina1ed bemcoes. 1n addm.on, 1IW imum.ption is valid at 
low c;onQCAttatiOOi (e.g., at levels close to the MCL) for most chemicals. As. 
~ increase, ~; tbe adsotpti.m isothcnn can depart from the limm'. 

Studies on trichloroedume (TCE) and chlorobc:mCAe mdic:ate 1bat dcpmure from linear 
ls in the au111:onacrvatin: direction,. wi1h adsorbed eoitcc:rttratitms being lower than · 
predietcd. by a linear isDthcmt. However, adequ• information is not available 1o 
emblish nonlinear adsOlpdon isathemis for the chemicals of intm:st. Funhei:more. since 
the SSLs are deriwd at relatively low 'target soil lt:achate concentralioD.s. dcpanure11 ftom 
the linear at high conte.rtt:ations do not signi:fieamly .tufluence the accutacy of the 
results. 

3. Tbe _system is at eqvilibrium •it• res,ect to adsorption. This igqores 
adSt:nption/deaoiption kin=tics by assaming 1ha1 the soil and pon; waler con.cenuations 
ii.le at equilibrinm. levels. Jn otber wotds, the poie-wm:« ll'5ide:uce time is assamed to be 
longer 'Chan the time it talces tbr the systan to reach equilibrium conditi~. 
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ThU assumption is co111crvativ-e. If equih"brlum conditions an: n,at met. the 
con=utndion in the JlOIC water will b¢ less than that ~d by the methodology. The 
.ldDt:tics of ad.soxption are not adequately llJ1demix>d for a safficlent n.11tnber of chemic:als 
and site conditions to consider equilibrium. kinetics in tho md:hodology. 
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