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ABSTRACT

A healthcare company purchased property in eastern lowafor afacility expansion. Before the pur-
chase, aPhase | environmental site assessment (ESA) reveal ed that the property was the site of aformer dry
cleaning business. Phase Il sampling and testing indicated that tetrachl oroethene (PCE) and trichloroethene
(TCE) had affected site soil and groundwater. Maximum concentrations of PCE and TCE in groundwater were
538 and 209 pg/L, respectively, and 105 and 1.51 mg/kg in soil. Additional sampling delineated the vertical and
horizontal extent of contamination in the soil. The concentrations of the chlorinated solventsin both the soil
and groundwater were below levels of regulatory concern. However, the company was concerned that the lowa
statewide standard for PCE in soil (780 mg/kg) might not provide adequate protection for several exposure
pathways and wanted to assess the risk to the public from the contamination at the site. The results of a
receptor survey were used to devel op site-specific target levels (SSTLs) for contamination, using accepted
human health exposure factors, models, and chemical-specific toxicity values. Therecommended remedial
options allowed the company to minimize the human health risks posed by contamination at the site.
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INTRODUCTION

Thispaper presentstheresultsof an environmental site characterization (ESC), consisting of
Phasel and Phase |l environmental site assessments (ESAs) and additional sampling, and the
methods and results of arisk-based evaluation performed on asiteimpacted by tetrachloroethene
(PCE) and trichloroethene (TCE). A healthcare company purchased several parcelsof property in
the downtown areaof an eastern lowacity. A Phasel ESA performed on the parcelsbeforethe
purchase concluded that one of the parcelswastheformer |ocation of adry cleaning operation.
Thedry cleanersused a3000-gallon underground storagetank (UST) for storage of dry cleaning
chemicals. A previousowner removed thetank intheearly 1980’ sbut did not collect soil samples
to eval uate whether thetank |eaked.

A Phasell ESA with additional sampling conducted to eval uate the extent of contamination
from PCE, TCE, and their degradation compounds, indicated that PCE and TCE were present in
soil gas, soil, and groundwater below the site. Field personnel collected atotal of 66 soil gas
samples, 36 soil samples, and three groundwater samplesfrom 35 locations acrossthe one-half-
acresite. The suspected location of theformer UST and the dry cleaning chemical piping had the
highest levelsof contamination.

Groundwater at the siteisabout 55 feet below ground surface (bgs). An areaapproximately
120 feet southwest of the site containsashallower groundwater unit at adepth of 15to 20 feet,
whichissuspected to be aperched water table.
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ThelowaDepartment of Natural Resources (IDNR) stated that contaminationin groundwater
at thestewasnot at alevel of concern and that they would not require additional characterization of
groundwater. ThelDNR aso said that although the stewasnot enrolled in lowa sLand Recycling
Program (LRP), avoluntary cleanup program, that the statewide standards of 780 mg/kg for PCE
and 180 mg/kg for TCE from the LRPwould apply for the soil. The statewide standardsfor soil
are based oningestion and do not takeinto account the potentia for soil leaching to groundwater.
Since concentrationsof PCE and TCE in soil at the sitewere bel ow the statewide standards, the
IDNR did not require soil remediation. However, to ensurethe safety of patients, employees, and
their neighbors, the company proceeded to eval uate the potential human health risks posed by
contamination at theste.

OBJECTIVES

The objective of thispaper isto provide datafrom an ESC and demonstrate how those data
were used to eva uate human health risksfrom contaminantsin soil and groundwater. Threediffer-
ent setsof criteriawere used to evaluate healthrisksat thesite. Thefirst set of criteriaused the
equations, model, and exposurefactorsfrom lowa sUST regulations (IDNR, 1998, Appendix A-
6). Thesecond set of criteriaal so used the equationsand model from lowa sUST regulations but
used exposurefactorsfrom IDNR'SLRP (567 |AC 137.5(4)). Thesetwo setsof criteriaaresite
specific. Thethird set of criteria, the most conservative of thethree, wasthe statewide standards
fromthe LRPregulationsand are not site specific. Theexposurefactorsfromthe UST and LRP
regulationsarein Table 1.

TheUST regulationsinlowaarerisk based. ThelDNR hasapublished Tier 1 Lookup Table
(IDNR, 1996, p. 10) whichidentifiestherisk-based screening level (RBSL) or the maximum
concentration of apetroleum constituent at asitefor aspecific exposure pathway at whichthe
receptorsfor that pathway can be considered not at risk. A receptor isan enclosed space (likea
basement), conduit, drinking or nondrinking water well, aprotected groundwater source, surface
water body, or public water supply system which, whenimpacted by chemicalsof concern, may
result in exposure to humansand aguatic life, explosive conditions, or other adverseaffectson
hedlth, safety, or theenvironment (IDNR, 1998, Appendix H). Should levelsof contamination
exceed thoseinthe Tier 1 Lookup Table, then modeling isperformed to determinethe site-specific
target level (SSTL) for achemical. The SSTL istherisk-based target level for achemical of
concern at the sourcein order to meet thetarget level at the receptor.

TheL RPregulationsarefor non-petroleum contamination and offer three different approaches
to determining cleanup criteria. Thefirstisbackground standards (567 |AC 137.4) that compare
concentrationsof contaminantsin soil and groundwater at asitewith concentrations of contaminants
that are naturally occurring or generally present and not related to areadily identifiablerelease. The
second approach isto usethe statewide standards (567 | AC 137.5), which represent concentra-
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tionsof contaminantsin soil and groundwater that at normal exposureviaingestion areconsidered
unlikely to poseathreat to human health. The statewide standards can be considered ascreening
concentration below which risk evaluation isnot necessary. Thethird approach used by theLRPis
site-specific standards (567 | AC 137.6) which arederived by applying exposure and risk assump-
tionsapplicableto the conditionsat aparticular site. For the purposes of thisESC, only the second
and third approaches are discussed because the sitewas | ocated in adowntown areanear severa
contaminated Sites.

Of theeight compoundsidentified in groundwater at thesite- PCE, TCE, cis1,2-
dichloroethene (DCE), trans 1,2-DCE, chloroform, vinyl chloride, 1,1-DCE and methylenechlo-
ride- thisrisk-based evaluation addressed only PCE and TCE. Cis1,2-DCE, trans1,2-DCE,
chloroform, vinyl chloride, and 1,1-DCE were each bel ow the maximum contaminant level (MCL)
for these chemicalsindrinking water. Thereportinglimit for methylenechloridewas10pg/L, and
theMCL is5pug/L. Theevauationfor risk excluded methylenechloridesinceit wasnot only below
themethod detection limit, but was not found in €l evated concentrationsin the soil.

ENVIRONMENTAL SITE CHARACTERIZATION

Previous investigations

Historicd review of thesteindicated that it wasexclusively inresidentia, single- and multi-
family housing through 1913. By the 1940s, the site contained oneresidence and adry cleaning
operation. Between 1970 and 1982, the residence was demolished for thererouting of astreet,
and between 1982 and 1987, the dry cleanerswas demolished and the site paved for useasan
automobilesaleslot. During paving of thelot, aUST containing dry cleaning chemical swasdiscov-
ered, emptied, and removed. No evidenceexisted of soil or groundwater sampling after there-
moval of thetank.

A Phasel ESA firstindicated the potential for contamination. Theexistence of aformer dry
cleaningfacility and the discovery of theformer UST that contained dry cleaning chemical consti-
tuted a*“ recognized environmental condition” and an areaof risk. The ESA found that dry cleaning
activitieshad occurred at the Site asearly as 1940 to aslateas 1987. Limited soil gassampling
during the Phasell and on-siteanalysis conducted inthe areabelieved to bethe site of theformer
UST confirmed the presence of PCE and TCE inthe soil at thesite.

Physical setting

Continuous soil sampling, performed at severa borehol el ocations, documented the geol ogical
setting of thesite. The sitestill contained the buried remnants of the basement and foundation of the
former dry cleaning facility and possibly other foundations or basementsfrom theformer residences.
Sand filled someof theformer basements. In other areas, the surface of the site consisted of alayer
of fill materia containing pulverized limestoneroad material and native soils. Below thefill materia,
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light brown, highly permeabl e sand existed withintermittent clay lenses. Refer toFigure 1 for
locationsof soil borings.

Thebedrock at the siteis Devonian Wapsi pinicon formation. Thisformation consistsof
limestone on thetop, then dolomite, shae, and clayey limestone, followed by dolomitelimestone
with dolomiteat thebase. TheWapsipiniconformationispart of the Silurian-Devonian aquifer.
According to bedrock topography maps, bedrock inthe arealies between 650 and 700 feet mean
sealevel (md), whichisapproximately 60 to 120 feet bgs. Well logsfrom thelowaGeol ogical
Survey Bureau (GSB) in lowa City indicate bedrock inthe areavariesfrom 3 feet to 310 feet bgs.

A two-foot-thick silty clay layer at about 10 to 12 feet bgswasfound below the sand. Water
was not present abovethisclay unit onthesite. However, inamonitoringwell (MW-14) installed
during apetroleum investigation (Advanced Environmental Services, Inc. 1998) on an adjacent
property and located southwest of the site, groundwater was perched abovethe clay. Groundwater
at thesitewasat 55 feet bgswithin the sand unit. Soil boringsadvanced for the nearby petroleum
contamination investigation on an adjacent property encountered bedrock at arange of 15to 36
feet bgsand groundwater at about 55 feet bgs. The predominant groundwater flow direction, as
determined by the petroleum siteinvestigation, wasgeneraly tothe south. Atthesite, however,
therewas no bedrock found within 105 feet of the ground surface.

Soil gas and soil sampling

During theadditional sampling, Geoprobe™ technol ogy was used to draw soil gassamples
from variousdepthsat sampling locationsmost likely to contain chlorinated solvents. Sampling
locationswere determined based on the approximatel ocation of theremoved UST at theformer
dry cleaning establishment and the results of the Phasell soil gassamples. Anaysisof soil gas
samplestook place on site using agas chromatograph.

To confirm and correl ate data obtained from soil gas sampling and to gather dataonthe
underlying stratigraphy, field personnel collected 36 soil samplesfrom 24 Geoprobe™ and soil-
boring locationsasindicated in Figure 1. Areasboth aboveand below the clay were sampled as
well asdeeper areasat several |ocationsto determinethelevel of impact inthe soil immediately
aboveand withinthewater table.

Groundwater sampling

Two groundwater sampleswere collected during the Geoprobe™ investigation from
Geoprobe™ location P-6. 1n addition, three monitor wells placed at two boring locationswere
used to investigate groundwater conditionsat thesite. Twowells(MW-6A and MW-31A)
screened at shalow depths monitored water potentially located abovetheclay layer. A third well
(MW-6B), placed near well MW-6A, monitored water at adepth of 92.5to 102.5 feet bgs.
Additionaly, field personnel collected agroundwater samplefrom the existing monitoring well
(MW-14) located on the southwest side of the block, aswell asMW-4, MW-5, and MW-8
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installed during the petroleuminvestigation on the adjacent property. Groundwater samplesfrom
MW-6B and MW-14 were anayzed for volatile organic compounds (V OCs) by EPA Method SW
8260B. MW-6A and MW-31A failed to produce water because there was no perched water
abovetheclay layer at thoselocations.

Sampling results

The PCE resultsof the 66 soil gas samples collected ranged from non-detect to 19,485 ug/L.
Table 2 presentsasummary of resultsfor soil and soil gasbetween 10 and 25 feet bgs. Thehighest
concentrationsof PCE detected in soil gaswereinthe 12 to 25 bgsinterval inthe areaof P-6.
Actud soil sampling and testing inthisareaconfirmed that it contained the highest concentrations of
PCEinsoil. Soil gasanaysesa soindicated elevated concentrationsin the areaof B-28 (2480 ug/
L) and B-31 (2361 ug/L) at depthsof 40 and 50 feet, respectively.

Resultsfrom the 36 soil samples collected and analyzed for VOCsusing EPA Method 82608
ranged from non-detect in the outer perimeter samplesto 105 mg/kg near theformer UST location.
Thehighest levelsfound werein the areaof P-6 and P-40, both located near the suspected location
of theformer UST and piping runs. Elevated concentrationsof PCE inthesoil were present at a
variety of depthsbut generally abovetheclay layer inthe areas of P-6, MW-31, and P-34. El-
evated concentrationswere al o present in an areasuspected to bethedry cleaning facility’s
basement at P-43.

Laboratory analytical resultsindicated VVOCsother than PCE in severa samples. Table3
containsasummary of the samplelocationsand compoundsdetected. Some of these compounds,
suchascis1, 2-dichloroethene (DCE), are suspect breakdown products of PCE and TCE, which
areboth used asdry cleaning solvents. Others, such asmethylene chloride, may indicate other
solvent use.

During Geoprobe™ sampling activities, andysisof agroundwater samplecollected froma
depth of 50to 55 feet bgsin P-6 indicated groundwater from thisdepth contained 538 pg/L. PCE.

Two of the newly installed monitoring wells, MW-6A and MW-31A, screened from 10to 20
feet and from 14 to 24 feet, respectively, never yielded enough water for sampling. Anaysisof a
sample collected from thethird well, MW-6B, | ocated near the suspected areaof the UST and
screened from 92.5to 102.5 feet bgs, resulted in aconcentration of 90.1 pug/L of PCE. Monitoring
well MW-14, screened at adepth of 15 to 20 feet bgs, had a PCE concentrationof 5.4 pug/L.
Other contaminantsfound in groundwater samplesintheareaof P-6included TCE, cis1, 2-DCE,
and chloroform.

RISK-BASED EVALUATION
Threedifferent setsof criteriawere used to eval uate the potential human healthrisk at the site.

Thefirst set of criteriaused the equations, target risk, target hazard quotient, exposurefrequency,
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and exposureduration from lowa sUST regulations (567 |AC 135,IDNR, 1998, Appendix A-6).
The second set of criteriaa so used the equationsfrom these regulationsbut used exposurerisk
factorsfrom lowa sLRPregulations (567 IAC 137.5(3)). Thesefirst two setsof criteriaare
sitespecific. Thethird set of criteriaisthe statewide standardsfrom the LRP regulations (567 1AC
Chapter 137.5(4)) and isnot Site specific. Table4 liststoxicity and chemical-specific human health
risk factorsthat were used in the cal cul ationsreferenced above.

IDENTIFICATION OF RECEPTORS

Theidentification of actual and potentia receptorswasthefirst stepin therisk-based evalua-
tion process. Thereceptor identification processincluded determining the presence of drinking and
nondrinking water wells, protected groundwater sources, plastic (PV C) drinking water lines,
enclosed spaces(i.e., basements), and surfacewater bodies. Table6 liststhereceptors surveyed.

The GSB provided information on drinking water wellswithin 1000 feet of thesite. After
hydraulic conductivity testing, awell search wasrequested from GSB for wellswithin one-haf mile
of thesite. Thesearchidentified eight nondrinking water wellsand no drinking water wellswithin
one-half mile (2640feet) of thesite.

Field personnel performed threebail-down testson thedeep well installed at the Site, logging
theresultswith adatalogger. Thetest results, when analyzed by the Bouwer and Rice Method
(Duffield, 1996), indicated hydraulic conductivitiesof 13.24 m/day, 8.75 m/day, and 84.57 m/day.
Thehydraulic conductivity used for therisk cal culationswas 13.24 m/day becauseit wasthe higher
of thetwo closest tests. Thetiming of thelast two tests(8.75 m/day and 84.57 m/day) was close
together and may have affected theresults. Thishydraulic conductivity established theaguifer
underlying thesiteasbeinginthe DNR category of a“ protected groundwater source’ sincethe
hydraulic conductivity exceeded 0.44 m/day.

Plastic (PVC) drinking water linesin contact with contaminated soil or groundwater can
provide apathway for ingestion of contamination as some contaminants can seep through the piping
or leaksinthe piping into thedrinking water. Thecity water department stated that no plastic
drinking water lineswerein service near thesite.

The potential for vapor accumulation in enclosed spaceswasaconcern. Sanitary sewerscan
provide such an enclosed space aswell asbasements. One sanitary sewer ran along the northwest
sdeof thesite. Anexplosmeter survey aleviated concernthat explosivelevelsof vaporswere
present in basementsand other enclosed spacesnear thesite. Vapors coming from contaminated
soil and groundwater and entering the basement of thefuture healthcarefacility expans onwereof
concern. No surfacewater bodieswerelocated near the site or subject to impact from contamina-
tion, requiring no further eval uation of thisreceptor pathway.

For each potential receptor identified, the Tier 2 Guidance, Appendix B-2 fromthe UST
regulations (IDNR, 1998 567 | AC 135), provided the equationsto determinethe RBSL for
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groundwater and soil to protect actual and potentia receptors. The RBSL isthe maximum contami-
nant concentration alowed at the point of exposurefor areceptor at which the receptor can be
classified asnot at risk. For PCE and TCE, both classified asnoncarcinogens, the RBSL for
groundwater ingestion was determined by thefollowing equation (IDNR, 1998, Appendix A-2):

THQ* R, D, * BW* AT, * 02088
U mg O years

RB =
g hod IR, * EF * ED

Where:
RBSL,, =risk-based screeninglevel for the contaminant inwater (mg/L)
THQ  =target hazard quotient for individua constituents (unitless)
RD,  =ora chronicreference dose (mg/kg-day)
BW =body weight (kg)

AT, = averaging time of exposurefor noncarcinogens
IR, =daily water ingestion rate (L/day)

EF = exposurefrequency (days/year)

ED = exposureduration (years)

For each receptor identified, the RBSL was cal cul ated twice, once using risk and exposure
factorsfrom | AC 567 Chapter 135 and then again using risk and exposurefactorsfrom |AC 567
Chapter 137. After each RBSL for groundwater was ca culated, the SSTL s at the source (C)) for
groundwater could be cal cul ated from the contaminant transport equation provided inthe Tier 2
Guidance (IDNR, 1998, Appendix B-1) using the RBSL asC(x):

C(x) =C, expér;( %— /1+ %erf @fﬁeﬁ @iﬁé

Where:
X =distanceinthex direction downgradient from the source (m)
erf(f) =eror function
C(x) = chemical concentrationingroundwater at x (ug/L)
C, = source concentration in groundwater (groundwater concentration at x=0)
(uglL)
S, =width of the source (perpendicular tox) (m)
S, =vertical thicknessof the source (m)
U =groundwater velocity (porewater velocity); u=Ki/q,
K = hydraulic conductivity (cm/yr)
I = groundwater head gradient (cm/cm)
0, =effectiveporogty
A =firg-order decay coefficient, chemica specific (d?)
0,0, = dispersivitiesinthex, y, and z directions, respectively (m)

The same procedure wasfollowed to determinethe RBSL and SSTL for the soil pathways.
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Groundwater ingestion pathway

In order to more accurately assessthe potentia impact of the contamination, field personnel
collected groundwater samplesfor VOC andys sfrom monitoring wellslocated on neighboring
properties, aswell as collected asecond round of groundwater samplesfromthe Site. Table5
presentsgroundwater sampling datasummaries. The wells sampled included MW-6B, |ocated
at the site; MWs4 and 5, installed southeast of the site during the earlier petroleum hydro-
carbon investigation; and MW-8, installed west of the site during the same petroleum
hydrocarbon investigation.

Thehigh concentration of petroleum hydrocarbon in MW-5 necessitated that thelaboratory
make severd dilutionsbeforeanaysis. Thisresultedinaneevated reporting limit for PCE. The
TCE concentrationin MW-5, which was downgradient from the site, was higher than that at the
site, potentialy dueto the proximity of other off-site sourcesof thechemical. Thesefactorsresulted
inexclusion of theresultsfrom MW-5from therisk-based evaluation. Investigation of potentia off-
site sourceswas outsidethe scope of thisproject, although historical evidenceindicated that other
drycleanerswereat onetimelocated inthevicinity.

Of the eight compounds identified in groundwater at the site- PCE, TCE, cis 1,2-DCE,
trans 1,2-DCE, chloroform, vinyl chloride, 1,1-DCE and methylene chloride- thisrisk-based
evaluation addressed only PCE and TCE. Cis1,2-DCE, trans1,2-DCE, chloroform, vinyl
chloride, and 1,1-DCE were each bel ow the maximum contaminant level (MCL ) for these
chemicalsindrinking water.

For al groundwater calculations, the source of PCE and TCE wasassumedto be P-6. A
Geoprobe™ groundwater sampl e collected at that | ocation yiel ded aPCE concentration of 538 g/
L and aTCE concentration of 209 pg/L .

Drinking water wells. A search by GSB for wellswithin one-half mileof thesiteyielded no
drinking water wells. Using thetransport equationsfrom IDNR’sUST regulationsand guidance
given above, the concentration of PCE at one-half milefromthe sitewascalculated tobe4.3 ug/L,
based on the conservative assumption that no decay of PCE wastaking place. Thiswasbelow the
statewide standard of 5.0 pug/L. Groundwater flow direction (southerly), plumerange (150 de-
grees), and hydraulic gradient (0.00176 ft/ft) werederived fromaTier 2 Site Cleanup Report
prepared on an adjacent property (Advanced Environmental Services, Inc., 1998). Becausethe
source concentration of TCE waslessthan that of PCE and the statewide standard for TCE was
aso5.0ug/L, it wasreasoned that the TCE plume at one-haf milefromthesitewasalsolessthan
the statewide standard. Based on the above assumption, risk from exposurethrough this pathway
wasfound to be minima when measured against the site-specific requirementsof IDNR'sUST and
L RPregulations, both of which require the receptor concentration not exceed 5.0 ug/L.
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Statewide standards, however, asprovided by IDNR’'sLRPregulations, requirethat the
source concentration not exceed the statewide standard, meaning that PCE and TCE would beat
unacceptablelevel swhen compared to thisstandard. Since, however, it can be shownthat no
drinking water wellsare present, site-specific standards can be devel oped.

Nondrinking water wells. The GSB identified eight nondrinking water wellswithinaone-
haf-mileradiusof thesite. Thewell determined to bemost at risk islocated approximately one-
third miledowngradient fromthesite (Well #1). Site-specifictarget levels(SSTLs) werecalculated
for Well #1 in the groundwater source area, based on acalculated RBSL at thewell of 70 pg/L
PCE and 42 ug/L TCE. Table6 givesthe SSTLsrequired to protect Well #1. The SSTLsfor
Well #1 were cal culated twice, onceusing the UST exposurefactorsand oncewith LRP exposure
factors. Both caculationsused the UST risk equationsgiven above. Themost restrictive SSTLsof
3900 pg/L PCE and 2100 pg/L TCE were calculated using the exposurefactorsfrom IDNR’sLRP
regulationsand equationsfrom IDNR'sUST regulations. Theactua concentrationsat the source
for PCE and TCE were 538 ug/L and 209 pg/L, respectively, well below the SSTLs. Noriskis
indicated for Well #1 based on these cal culations.

Calculationsfor RBSL sbased on exposurefactorsin IDNR'sUST regulationswould permit
upto 360 pg/L of PCE and 210 pug/L of TCE at Well #1. Thiswould resultin SSTLsof 20,200
po/L for PCE and 11,800 pg/L for TCE at the groundwater source. Based on SSTLscalculated
both ways, no risk from exposure through this pathway wasfound. Table6 summarizesthe SSTLs
calculated from each set of exposurefactorsand the statewide standards.

Protected groundwater source. Thesiteisaprotected groundwater source by theIDNR
definition. The PCE concentration of 538 ug/L at the source exceeded thetwo calculated SSTLs
aswell asthe statewide standard. For calculationsbased ontheIDNR’'sUST and L RP exposure
factors, the SSTL for PCE at the sourcein protected groundwater was 360 and 70 pug/L, respec-
tively, without aningtitutiona control inplace. Aningtitutional control isarestriction onuseor
accessto asiteto eliminate or minimize exposureto contaminants (IDNR, 1998, Appendix H). An
exampleof aningtitutional control applicablefor thispathway would be adeed restriction to prevent
theinstallation of wellson the property.

The TCE concentration at the source, 209 pg/L, waslessthan the 210-pg/L RBSL, based on
IDNR’'sUST exposurefactors. The TCE concentration at the source exceeded the RBSL of 42
Mg/l calculated, based on IDNR’sLRP exposurefactors. The TCE concentration at the source
also exceeded the statewide standard, which requiresalevel lessthan 5.0 ug/L at any pointina
protected groundwater source. The concentrationsof PCE and TCE present in the protected
groundwater source makethissitelow risk because athough thereare no drinking water wells
present, the hydraulic conductivity makesit apotential drinking water source.
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Soil leaching to groundwater pathway

The concernwith the soil leaching to groundwater pathway isthat contaminantsin the soil will
continueto leach to the groundwater, increasing the chance of groundwater exceeding itstarget level
for contamination.

The soil contamination source was assumed to be P-40, which had a PCE concentration of

105 mg/kg and aTCE concentration of 1.51 mg/kg.

Nondrinking water wells. The nearest well, Well #1, could beat risk for soil leaching PCE
to groundwater under themost restrictive criteria, which wasusing the exposurefactorsfrom
IDNR'sLRPregulations (567 IAC 137.5(4)). To eiminatetherisk from PCE for thispathway, the
concentration in the soil would haveto belessthan 61.0 mg/kg. TCEinsoil isaready lessthanthe
12.0 mg/kg required, making therisk to Well #1 negligiblefrom TCE at thesite. Usingtheless
restrictiveIDNR UST exposurefactors (IDNR, 1998, Appendix A-6), PCE cleared thispathway
withthe SSTL being 314 mg/kg. The statewide standardsfor PCE and TCE in soil remainat 780
and 180 mg/kg, respectively. Thispathway doesnot posearisk using statewide standard criteria

Protected groundwater source. Based on calculationsusing either theIDNR'SUST or LRP
exposurefactors, the concentrations of PCE and TCE inthe soil at the source exceeded the SSTL s
calculated for the soil leaching to aprotected groundwater source pathway. With aningtitutiond
control in placeto prevent theinstall ation of wells, the all owable PCE at the soil sourcewascalcu-
lated at 1.9 mg/kg, and thealowable TCE was 0.41 mg/kg based on IDNR’s L RP exposure
factors (567 |AC 137.5(4)). Based on IDNR’sUST exposurefactors (IDNR, 1998, Appendix
A-6), the SSTLswere 9.9 mg/kg and 2.1 mg/kg, respectively. The statewide standard for PCE in
soil, asprovidedin IDNR’sLRP, however, is 780 mg/kg, and the statewide standard for TCE is
180 mg/kg. Thesitewasdetermined to behigh risk for this pathway because of the combined risk
for soil leaching into aready contaminated groundwater.

Groundwater vapor. Thegroundwater vapor pathway requires eval uation of the potential for
soil toleach to groundwater to such an extent that vaporsfrom the groundwater becomeahealth
risk by migrating into enclosed spaces. Theactua receptorsat risk for soil leaching to groundwater
vapor werethe existing basement of thetruck salesbuilding onthe site, the future basement of the
new healthcarefacility, and the sanitary sewer running along thealey to thenorth of thesite. The
SSTL for PCE inthe soil was33.5 mg/kgin order to protect the environment of thetruck sales
building basement using IDNR’sLRP exposurefactors (567 IAC 137.5(4)). Usingtheexposure
factorsfrom IDNR’'SUST regulations (IDNR, 1998, Appendix A-6), theallowable PCE in the soil
was 160 mg/kg. Sincetheactua PCE concentration was 105 mg/kg, this pathway presented no
risk for PCE using the exposurefactorsfrom the UST regulations but was high risk when using the
factorsfromthe LRP.
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In order to protect the environment of the futurefacility basement, the SSTL for PCE was
56.6 mg/kg (IDNR’sLRP exposurefactors) or 270 mg/kg (IDNR'sUST exposurefactors).
Again, thesitewascleared of risk for thispathway for PCE using the exposurefactorsfrom
IDNR’sUST regulations but was determined to be high risk when using thefactorsfromthe LRP.
Based onthelocation of the sanitary sewer, alowable concentrations of PCE inthe soil wereeven
higher still, sothiswasnot calculated. Soil leaching TCE to groundwater vapor did not posean
unacceptablerisk based on thelow concentration of TCE insitesoil.

Groundwater vapor to enclosed space pathway

Groundwater vapor accumulation in enclosed spacesfrom existing groundwater contaminant
levelsdid not posearisk to human health when SSTLswere calculated based on IDNR'sUST
exposurefactors (IDNR, 1998, Appendix A-6). The SSTL for PCE in groundwater was 8100 pg/
L, andfor TCE it was 2000 pug/L, well abovetheactua concentrationsin groundwater. SSTLsfor
PCE and TCE in groundwater based upon theIDNR’sL RP exposurefactors (567 |AC 137.5(4))
were 1700 pg/L and 1500 pg/L, respectively. They were also well above the actual concentra-
tionsfor thispathway. Thispathway did not pose an unacceptablerisk based upon the criteria.

Soil vapor to enclosed space pathway

Theexisting basement of thetruck salesbuilding wasat risk for vaporsfrom the soil dueto
PCE concentrationsinthesoil. The SSTLsbased on exposurefactorsfrom IDNR'sUST and LRP
regulationswere 52 mg/kg and 10.8 mg/kg, respectively. The PCE concentrationin sitesoil (105
mg/kg) wasabovethe RBSL. TCE concentrationsdid not posearisk for either of the site-specific
criteria. Duetoitslocation, thefuture basement of the new facility wasnot at risk for exposureto
unacceptable vapor concentrations of PCE or TCE from existing contamination.

CONCLUSIONS

These conclusionswere based upon model s, equations, and exposurefactorsfoundinlAC
567 Chapter 135 (IDNR’sUST regulations) and |AC 567 Chapter 137 (IDNR’sLRPregulations).
Thecal culationswere designed to project the potentia for risk and do not predict future conditions
such astheaddition of wellsor basementsinthevicinity of thesite. Chemical-specific parameters
used werefrom public sources(U.S. Department of Energy, 1999).

Groundwater

Based upon site-gpecific evaluations of risk and using exposurefactorsfrom IDNR’'sUST and
LRPregulations, concentrationsof PCE and TCE in groundwater did not pose an unacceptablerisk
of exposureto the actua receptorseva uated, whichincluded eight nondrinking water wellslocated
withinaone-haf mileradiusof thesite.

Theaguifer underlying the siteisaprotected groundwater source by theIDNR definition.
PCE concentrations exceeded the calculated SSTL s, whether being calculated using IDNR'’s

Jour nal of Hazar dous Substance Resear ch VolumeTwo 6-11



UST or LRP exposurefactors. TCE concentrations exceeded the more stringent SSTL calcu-
lated with the exposurefactorsin IDNR’sL RP regul ations but passed using factorsfrom IDNR’s
UST regulations.

The statewide standard for PCE or TCE in groundwater is5.0 pg/L and not site specific. As
mentioned above, the statewide standard providesascreening level below whichrisk posed by
contaminantsis cons dered to be non-existent and risk eva uationisnot required. PCE and TCE
concentrations both exceed 5.0 ug/L.

Soil

Concentrationsof PCE and TCE inthe soil wereconsidered arisk duetotheahility of the
contaminant toleach into thegroundwater, potentialy putting thenondrinking water wellsand the
protected groundwater sourceat risk inthefuture. Caculationsa so indicated that contaminants
leaching fromthesoil could € evate contaminant level sinthe groundwater to an extent that vaporsfrom
the groundwater could becomeaproblem in enclosed spacesinthevicinity of thetruck salesbuilding.
Theseconclusonsarefromthesite-gpecific criteria. Statewide standardsdo not addresssoil leaching.

Vaporsmoving directly from the soil into enclosed spacesal so presented arisk to the sales
building basement, according to the criteriaused for thiseval uation.

The statewide standardsfor PCE and TCE in soil are 780 mg/kg and 180 mg/kg, respectively.
Contaminantsarewell bel ow these concentrations.

RECOMMENDATIONS

Groundwater

Attaching an environmental easement to the property deed, and possibly on adjoining proper-
ties, that would prevent theinstall ation of drinking and nondrinking water wellswould provide
protection against ingestion of contaminated groundwater.

Although the concentrations of PCE and TCE inthe groundwater at the site exceeded state-
widestandardsprovidedinIDNR’'sLRPregulations, the IDNR has stated that concentrationsdo
not warrant further investigation of the site dueto the depth and compl exity of the hydrogeologic
system and the potentia for commingled plumesfrom off-site sources.

Soil

Excavation of an areaapproximately 15 feet square by 15 feet deep, centered on thelocation
of sample P-40, would remove soil inside of the cal culated 50-mg/kg soil plume. A level of 50 mg/
kg would clear the soil leaching to groundwater ingestion pathway for the nearest well and for soil
leaching to groundwater vapor for the basement of the new hospital facility. Inactuality, the concen-
tration of remaining PCE in the soil will probably be much lower than 50 mg/kg, dueto theway the
model interpolated concentrations between datapoints. Thisshould adequately protect thefuture
basement from vapors.
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After excavation, theonly soil pathway which would remain affected by the soil contamination,
according to risk ca culations, would bethe soil |eaching to protected groundwater source and soil
leaching to groundwater vapor to the existing basement of thetruck salesbuilding. Withaningtitu-
tional control in placeto eliminatethe extraction of groundwater near the siteand the planned
demolition of thetruck saesbuilding, adequate protection would be afforded to the public from
contaminated soil at thesite.
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Tablel. Exposurefactorsfor non-residentia zoningin aprotected groundwater source?.

lowas UST lowa's LRP

Regulations® Regulations®
ATc-Averaging time for carcinogens (years) 70 70
ATnAveraging time for non-carcinogens (years) 25 70
BW-Body weight (kg) 70 70
ED-Exposure duration (years) 25 70
EF-Exposure frequency (days'year) 250 365
TR-Target risk for carcinogens (unitless) 1x10“or 1x10°% 5x10°®
THQ-Target hazard quotient (unitless) 1.0 0.02¢ or 0.20f

2 A protected groundwater source is an aquifer with a hydraulic conductivity (K) of 2 0.44 meters/day.

®(lowa Department of Natural Resources, 567 |AC 1351998)-¢(Environmental Protection Commission, 567 IAC
137 1998) ¢ Pathway dependent, ¢ For Cancer Group C chemicalssuchas1,1-DCE.

fFor Cancer Groups D and E chemicals such as PCE and cis 1,2-DCE.

Table?2. Soil gasand soil PCE and TCE analytical results.

5:?;;] P-2 [ P-4 P5 P-6 P-7 P-9 | B-20 | B-21| P-22| B-23| B-24 | P-25 | B-26| B-27
89 3¢ 7152
10-15 | 57607 | 8522 | 20172 ) 40347 | 1595°| 13¢ | 405 | 2982 1912 1092 | 453°
81732
<5.0¢
15-20 14935?
19485° 2332 | 279* | 3807 | 2022 | 492
20-25 13000¢° 1443 | 796% | 1942 | NDc [ ND°¢ | ND¢ | ND¢ | ND¢
<120¢ <5.0¢| <5.0¢| <5.0¢ | <5.0¢| <5.0¢
Depth
(Feet) B-28 | B-29| B-31 B-32 | MW-14 | P-34 | P-35 | P-37 | P-38 | P-39 P-40 P-42 | P-44
14.6° | NDe¢ NDe
51.6° NDe¢ | ND¢ | ND¢ ND¢ NDe¢
10-15 | 603* | 388° d 15.1°| 6.3° . 10.3° .
8.1 5.0° | <500 <5.0¢ | <5.0¢| <5.0¢| <5.0¢ <5.0¢ <5.0
15-20 5.4¢ 13.4° | 362° | 41.5°| 105,000° 37.8°
<1.0¢ <5.0¢| 30.5¢| <5.0¢ 1,510¢ <5.0¢
8352 | ND2
20-25 | 54.5° | NC¢ 4592
<5.0¢ | <5.0¢

ag0il gasfor PCE (mg/L), ® soil sample, field analyzed for PCE (mg/kg), © soil sample, laboratory
analyzed for PCE (mg/kg), 9 soil sample, laboratory analyzed for TCE (mg/kg), ND = not detected
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Table3. Other contaminant concentrations.

SOIL SAMPLE IDENTIFICATION AND DEPTH

CONTAMINANT P-6 P-6 B28-A P38 P40 P40 P43

22'-24' .75 24'-26' 15 12.5' 15 9.5
(ugkg) | (ugkg) | (ugkd) | (ugkg) | (ugkg) | (ugkg | (ugkg)

Tetrachloroethene 13,000 89.3 54.5 362 105,000 | 503

n-Butylbenzene 3,670 17.2 57.6 10,300

sec-Butylbenzene 2,350 44.5 7,260

| sopropylbenzene 207 1,060

p-1sopropyltoluene 1,690 12.6 79.6 ND

n-Propylbenzene 1,180 4,630

1,2,4-Trimethylbenzene 2,900 20.7 5,710

1,3,5- Trimethylbenzene 204 2,110

Hytrocabore s Diecd | 1000 | S0 | 2

Methylene chloride 56.2 55.4

Trichloroethene 214 305 1,510

Chlorotoluene 53

tert-Butylbenzene 4,730

2-Chlorotoluene 39%4

Ethylbenzene 398

Xylenes, total 927

cis 1,2-Dichloroethene

GOUNDWATER SAM PLE IDENTIFICATION AND DEPTH

P-6 P-6 MW-6B
51 91' 92'-102'
(Mgl) | (ugL) (glL)
Tetrachloroethene 538 50.3 90.1
Trichloroethene 209 13.7 18.5
cis 1,2-Dichloroethene 55
Chloroform 3.3
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Table4. Toxicity and chemical-specific human hedthrisk factors®,

CAS | Cancer SF ¢ RD, SFe RDf
No. | Group® | (mgkg-day)™* | (mgkg-day)*| (mgkgday)* | (mgkg-day)*
Chloroform 67663 B2¢ 6.1e-3¢ 1.0e-29 8.le-2" none
Carcinogens Vinyl chloride 75014 AP 1.90" none 3.0e-1" none
Methylene chloride 75092 B29 7.50e-3¢ 6.0e-2¢9 1.65e-3 8.57e-1
Tetrachloroethene 127184 D 5.2e-2¢ le-29 2.0e-3¢ 1.70e-1i*
Trichloroethene 79016 none 1l.1le2¢ 6.0e-3¢ 6.0e-3¢ none
Non-Carcinogens | cis 1,2-Dichloroethene 156592 D none 1.0e-2" none none
trans 1,2-Dichloroethene | 156605 [ none none 2.0e-29 none none
1,1-Dichloroethene 75354 C 6.0e-19 9.0e-3¢ 12n none

4U.S. Department of Energy, 1999)

°IDNR, 567 |AC Chapter 137, lowal and Recycling Program and Response Action Standards,
Table 1. Standardsfor Groundwater, lowalL and Recycling Program, (Current as of October 4,
1999)

°Oral Slope Factor

dOral Reference Dose

®Inhal ation S ope Factor

Inhalation Reference Dose

9TheU.S. Environmental Protection Agency’s(EPA’S) Integrated Risk Information System (IRIS),
Internet: www.epa.gov/iris Current asof October 4, 1999.

hEPA's Health Effects Assessment Summary Tables (HEAST), 9200.6-303 (97-1), EPA-540-R-
97-036, PB97-921199, July 1997.

"The Inhalation Slope Factor was cal culated frominhal ation unit risk asdescribed in Supplemental
Guidancefrom RAGS: Region4 Bulletins, Human Hedlth Risk A ssessment (I nterim Guidance)
(USEPA, November 1995).

IInhalation Chronic RFC* (20/70). United States Environmental Protection Agency. November
1995. Supplementa Guidanceto RAGS: Region 4 Bulletins, Human Health Risk Assessment
(Interim Guidance). Waste Management Division, Office of Health A ssessment.

“The Risk Assessment Program has contacted the Superfund Program and been given provisiona
valueswhich should beused for DOE-ORR projects. Thisvaueshould beclearly documented as
provisional. For other projects, the Superfund Health Risk Technical Support Center should be
contacted directly (513) 569-7300.
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Table5. Groundwater sampling summary for PCE and TCE.

. TCE (mg/L)
Boring/Well Number Date PCE (mglL) _Statevmde Statewide Standard =
Standard = 5ug/L
Sug/L
P-6 (91 feet bgs) 08/04/98 50.3 137
P-6 (51 feet bgs) 08/07/98 538 209
MW-14 08/11/98 5.4 <1.0
MW-6B 08/21/98 90.1 18.5
MW-6B 12/08/98 331 53
MW-5 12/08/98 <200 575
MW-4 12/08/98 <1.0 <1.0
MW-8 12/08/98 17.9 17
Table6. Summary of source SSTLS.
M EDIA PATHWAY RECEPTOR PCE TCE
Chap. 135 Chap. 137 ; Chap. 135 | Chap. 137 ;
Exp(U FSa_cr)tors Exp(.LFRa'(D:)tors mﬂz ExpzU F;%tors Exp(.LFRa;)tors gza’;ﬂi
Groundwater (ng/L) Groundwater Well #1 20200 3900 5 11800 2100 5
Actual PCE = 538 Ingestion
Actual TCE = 209 Egtgw Gw- 360 70 5 210 42 5
\T,ﬁ;eféaiﬁw 950 180 5 550 110 5
Soil (mg/kg) Soil Leaching to | Well #1 314 61.0 780° 65.0 12.0 180°
Actual PCE = 105 Groundwater
Actual TCE = 1.51 ::rgtleged GwW- 5.6 1.08 7800 12 0.23 1800
\T,ﬁ;eféeiﬁw- 9.9 1.9 780° 2.1 0.41 180°
GW Vapor-
Truck Sales 160 33.5 780° 14.0 10.5 180>
Basement
ﬁ\éVNVFa;f“rlty 270 56.6 780° 23.8 17.8 180°
Eroilgglég)xe All 52 10.8 780° 4 3.4 180°
a |C=institutiona control
b Statewide standardsfor soil are based oningestion and do not address|eaching or vapor.
Bold vauesindicatean SSTL lessthan the current source concentreation.
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Figurel. Sampling locations.
B =Sail boring

P = Geoprobe™ |ocation
MW =Monitoringwell
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