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ABSTRACT

A healthcare company purchased property in eastern lowafor afacility expansion. Before the pur-
chase, aPhase | Environmental Site Assessment (ESA) revealed 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 mg/L, respectively, and 105 and 1.51 mg/kg in soil. Additional sampling delineated the vertical and
horizontal extent of contamination in the soil. Concentrations of the chlorinated solventsin both the soil and
groundwater were below levels of regulatory concern. However, the company was concerned that the Statewide
Standard for PCE in soil (780 mg/kg) might not provide adequate protection for several exposure pathwaysand
wanted to assess the risk to the public from the contamination at the site. Results of a receptor survey were
used to develop site-specific target levels (SSTLs) for contamination, using accepted human health exposure
factors, models, and chemical-specific toxicity values. Recommended remedial options allowed the company to
minimize the human health risks posed by contamination at the site.
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INTRODUCTION

Thispaper presentsthe resultsof an Environmental Site Characterization (ESC) and the
methods and results of arisk-based evaluation performed on asiteimpacted by tetrachl oroethene
(PCE) andtrichloroethene (TCE).

A healthcare company purchased several parcelsof property inthe downtown areaof an
eastern lowacity. A Phasel Environmental Site Assessment (ESA) performed ontheparcels
beforethe purchase concluded that one of the parcelswastheformer location of adry cleaning
operation. Thedry cleanersused a3000-gallon underground storage tank (UST) for storage of dry
cleaning chemicals. A previousowner removed thetank intheearly 1980’ sbut did not collect soil
samplesto eval uate whether the tank leaked.

An Environmenta Site Characterization (ESC), conducted to eval uate the extent of contamina-
tion from PCE and its degradation compounds, indicated that PCE was present at the sitein soil
gas, soil, and inthe 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 saidthat although the siteisnot enrolled in lowa sLand Recycling
Program (LRP), avoluntary cleanup program, the Statewide Standard of 780 mg/kg fromthe LRP
would apply for PCE inthesoil. Since concentrationsof PCE in soil at the sitewere below the
Statewide Standards, the IDNR required no soil remediation.

However, to ensurethe safety of patients, employees, and their neighbors, the company
proceeded to eva uate the potentia health risksposed by contamination at the site.

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, mode, and exposurefactorsfrom lowa sUnderground Storage Tank (UST) regulations
(IAC567 Chapter 135). The second set of criteriaal so used the equationsand model from lowa's
UST regulations but used exposurefactorsfrom IDNR’'sLRP (IAC 567 Chapter 137). Thesefirst
two setsof criteriaaresite-specific. Thethird set of criteria, the most conservative of thethree, was
the Statewide Standardsfrom the LRP regulationsand isnot site-specific. Theexposurefactorsfor
the UST and LRPregulationsarein Table 1.

ENVIRONMENTAL SITE CHARACTERIZATION

Previous I nvestigations

Historicd review of thesiteindicated that thelotswereexclusvely inresidentia singleand
multi-family housing through 1913. By the 1940s, the site contained oneresidenceand adry
cleaning operation. Between 1970 and 1982, theresidence wasdemolished for thererouting of a
street, and between 1982 and 1987 the dry cleanerswas demolished and the site paved for use as
anautomobilesaleslot. During paving of thelot,aUST containing dry cleaning chemicalswas
discovered, emptied, and removed. No evidenceexisted of soil or groundwater sampling after the
removal of thetank.

A Phasel ESA firstindicated the potential for contamination. Theexistence of aformer dry
cleaning facility and thediscovery of theformer UST that contained dry cleaning chemicalsconsti-
tuted a“ recogni zed environmental condition” and anareaof risk. The ESA found that dry cleaning
activitieshad occurred at the siteasearly as1940to aslateas 1987. Limited soil gassampling and
on-siteanaysisconducted inthe areabelieved to bethe site of theformer tank confirmed the
presenceof PCE inthesoil at thesite.
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Physical Setting

Continuous sampling, performed at severa boreholelocations, documented thegeol ogica
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.
Sandfilled someof theformer basements. In other areas, the surface of the site consisted of alayer
of fill materid containing pulverized limestoneroad materid and nativesoils. Below thefill materid a
light brown, highly permeabl e sand existed withintermittent clay lenses. Refer toFigure1for
locationsof soil borings.

Thebedrock at the siteis Devonian Wapsi pinicon Formation. Thisformation consi stsof
limestone on thetop; then dolomite, shaleand clayey limestone, followed by dolomitelimestonewith
dolomiteat thebase. The Wapsi pinicon Formationispart of the Silurian-Devonian aquifer. Ac-
cording to bedrock topography maps, bedrock in the arealies between 650 and 700 feet mean sea
level (mdl), whichisapproximately 60 to 120 feet bgs. Well logsfromthe lowaGeologica Survey
Bureau (GSB) inlowaCity indicate bedrock in the areavariesfrom 3 feet to 310 feet bgs.

A two-foot thick silty clay layer at about 10 to 12 feet bgs decreased permeability at that
depth. Water was not present abovethisclay unit on thesite; however, inamonitoring well (MW-
14) ingtalled during apetrol eum investigation on an adjacent property and located southwest of the
site, groundwater was perched abovetheclay. Groundwater at the sitewasat 55 feet bgswithin
thesand unit. (Soil boringsadvanced for the nearby petroleum contamination investigation onan
adjacent property encountered bedrock at arange of 15 to 36 feet bgsand groundwater at about
55feet bgs.) The predominant groundwater flow direction, asdetermined by the petroleum site
investigation, wasgeneraly to the south. At thesite, however, therewasno bedrock found within
105 feet of theground surface.

Soil Gas and Soil Sampling

GeoProbe™ technol ogy was used to draw soil gas samplesfrom various depthsat sampling
locationsmost likely to contain PCE. Sampling locationswere determined based on the approxi-
mate | ocation of theremoved tank at theformer dry cleaning establishment and the results of soil gas
samples. Analysisof soil gas samplestook place on site using agas chromatograph.

To confirm and correl ate data obtained from soil gas sampling and to gather dataon the
underlying stratigraphy, field personne collected 36 soil samplesfrom 24 GeoProbe™ and soil
boring locationsasindicated in Figure 1. Areasboth above and below the clay were sampled, as
well asdeeper areasat severa locations, to determinethelevel of impact inthe soil immediately
aboveand withinthewater table.

Groundwater Sampling
Two groundwater sampleswere collected during the GeoProbe™ investigation from
GeoProbe™ |ocation P-6. In addition, three monitor wells placed at two boring locationswere
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used to investigate groundwater conditionsat thesite. Twowells(MW-6A and MW-31A)
screened at ashallow depth 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) |ocated on the southwest side of the block. Groundwater samplesfrom MW-6B and
MW-14 were analyzed for volatile organic compounds (V OCs) by EPA Method SW 8260B.
MW-6A and MW-31A failed to produce water.

Sampling Results

The PCE resultsof the 66 soil gas sampl es collected ranged from non-detect to 19,485 mg/L.
Table 2 presentsasummary of resultsfor soil and soil gasbetween 10 and 25 feet bgs. The highest
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 gasanalysesalsoindicated elevated concentrationsinthe areaof B-28 (2480 mg/
L) and B-31 (2361 mg/L ) at depthsof 40 and 50 feet, respectively.

Resultsfrom the 36 soil samplescollected and analyzed for VOCs, using EPA Method
8260B, ranged from non-detect in the outer perimeter samplesto 105 mg/kg near theformer tank
location. Thehighest levelsfound wereintheareaof P-6 and P-40, both located near the sus-
pected |ocation of theformer UST and piping runs. Elevated concentrations of PCE inthe soil were
present at avariety of depthsbut generally abovetheclay layer intheareasof P-6, MW-31, and
P-34. Elevated concentrationswere a so present in an area suspected to bethedry cleaning
facility’ sbasement at P-43.

Laboratory analytical resultsindicated VVOCsother than PCE in severa samples. Table3
containsasummary of the samplelocationsand compoundsdetected. Some of these compounds,
suchas TCE and cis 1, 2-dichloroethene (DCE), are suspect breakdown products of PCE. Oth-
ers, such asmethylene chloride, may indicate other solvent use.

During GeoProbe™ sampling activities, analysisof agroundwater samplecollected froma
depth of 50 to 55 feet bgsintheareaof P-6 indicated groundwater from thisdepth contained 538
ug/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
sampl e collected from thethird well, MW-6B, located near the suspected area of thetank and
screened from 92.5to 102.5 feet bgs, revealed aconcentration of 90.1 mg/L of PCE. Monitoring
well MW-14, screened at adepth of 15 to 20 feet bgs, indicated a PCE concentration of 5.4 mg/L.

Other contaminantsfound in groundwater samplesintheareaof P-6included TCE, cis 1, 2-
DCE, and chloroform.
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RISK 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,
and duration from lowa sUST regulations (lowa Department of Natural Resources, 1998). The
second set of criteriaa so used the equationsfrom these regul ations but used exposurefactorsfrom
lowa sL RPregulations (Environmental Protection Commission, 1998). Thesefirst two setsof
criteriaaresite-specific. Thethird set of criteriaisthe Statewide Standardsfrom the LRPregula-
tionsandisnot Site-specific. Table4 liststoxicity and chemical-specific human healthrisk factors.

| dentification of Receptors

Theidentification of actual and potential receptorswasthefirst stepintherisk evaluation
process. Thereceptor identification processincluded determining the presence of drinking and non-
drinking water wells, protected groundwater source, plastic drinking water lines, enclosed spaces,
and surfacewater bodies.

The Geologica Survey Bureau provided information onwellswithin 1000 feet of thesite.
Hydraulic conductivity testing reveal ed that acontaminant plume could spread beyond 1000 feet so
GSB provided information onwellswithin one-haf mileof thesite. The searchidentified eight non-
drinking water wellsand no drinking water wellswithin one-half mile (2640 feet) of thedite.

Field personnel performed three bail-downtestson thedeep well installed at the site, logging
theresultswith adatalogger. Thetest results, when analyzed by the Bouwer and Rice Method,
indicated hydraulic conductivitiesof 13.24 m/day, 8.75 m/day, and 84.57 m/day. Thehydraulic
conductivity used for therisk calculationswas 13.24 m/day becauseit wasthe median result and
also because thetiming of thetestswas closetogether and may have affected theresultsof thelast
twotests. Thishydraulic conductivity established theaquifer underlyingthesiteisintheIDNR
category of a“protected groundwater source’ sincethe hydraulic conductivity exceeded 0.44 m/
day.

Plastic drinking water linesin contact with contaminated soil or groundwater can providea
pathway for ingestion of contamination. Thecity water department stated that no plastic drinking
water lineswerein servicenear thesite.

Enclosed spaceswhere vapors can accumul ate wereaconcern. Sanitary sewerscan provide
such an enclosed space aswell asbasements. One sanitary sewer ran along the northwest side of
thesite. Anexplosmeter survey aleviated concernthat explosivelevelsof vaporswere presentin
basementsand other enclosed spacesnear the site. Potentia vapors coming from contaminated soil
and groundwater and entering the basement of thefuture healthcarefacility expanson were of
concern.

No surfacewater bodieswerelocated near the site or subject toimpact from contamination
requiring no further evaluation of thispathway.
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Groundwater Ingestion Pathway

In order to assessmore accurately the potentia impact of the contamination, field personnel
collected groundwater samplesfor VOC andys sfrom monitoring wellslocated on neighboring
properties, aswell as collecting asecond round of groundwater samplesfromthesite. Table5
presentsgroundwater sampling datasummaries. Thewellssampled included MW-6B, located at
thesite; MWs4 and 5, installed southeast of the Site during the earlier petroleum hydrocarbon
investigation; and MW-8, installed west of the site during the same petroleum hydrocarbon investi-
gation.

Thehigh concentration of petroleum hydrocarbon in MW-5 necessitated that thelaboratory
make severd dilutionsbeforeanaysis. Thisresultedinaneevated reporting limit for PCE. The
TCE concentrationin MW-5washigher than that at the Site, potentially dueto the proximity of
other off-gite sourcesof thechemical. Thesefactorsresulted in exclusion of theresultsfrom MW-5
fromtherisk evaluation. Investigation of potential off-site sourceswasoutsidethe scopeof this
project.

Of theeight compoundsidentified in groundwater at thesite, PCE, TCE, cis1,2-DCE, trans
1,2-DCE, chloroform, vinyl chloride, 1,1-DCE, and methylene chloride, thisrisk eval uation ad-
dressed 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 thesechemicalsindrinking
water. Thereporting limit for methylene chloridewas 10 mg/L andtheMCL wasfivemg/L. The
evaluationfor risk excluded methylene chloride sinceit wasnot only below the method detection
limit, but was not found in elevated concentrationsinthe soil.

For al groundwater calculations, the source of PCE and TCE wasassumed to beat B6-M.
A GeoProbe™ groundwater sample collected at that | ocation yiel ded a PCE concentration of 538
mg/L and aTCE concentration of 209 mg/L.

Drinking water wells. A search by GSB for wellswithin one-half mileof thesiteyielded no
drinking water wells. Using thetransport equationsfrom IDNR’sUST regul ationsand guidance,
the concentration of PCE at one-half milefrom the sitewascal culated to be4.3 mg/L, based onthe
conservative assumption that no decay of PCE wastaking place. Thiswasbelow theMCL of five
mg/L. Groundwater flow direction (southerly), plumerange (150 degrees), and hydraulic gradient
(0.00176 ft/ft) werederived fromaTier 2 Site Cleanup Report prepared on an adjacent property.
Because the source concentration of TCE waslessthan that of PCE and theMCL for TCE was
alsofivemg/L, it wasreasoned that the TCE plume at one-half milefromthesitewasalsolessthan
theMCL. Based on the above assumption, risk from exposure through this pathway wasfound to
be minimal when measured against the site-specific requirementsof IDNR'sUST and LRPregula
tions, both of which requirethe receptor concentration not exceed theMCL.
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Statewide Standards, however, asprovided by IDNR’sLRPregulations, requirethat the
source concentration not exceed the M CL ; meaning that PCE and TCE would pose ahealth risk
when compared to this standard.

Non-drinking water wells. The Geologica Survey Bureauidentified eight non-drinking water
wellswithin aone-haf-mileradiusof thesite. Thewell determined to bemost at risk islocated
approximately one-third miledowngradient fromthesite. Sitepecifictarget levels(SSTLs) were
calculated for the source well based on amaximum acceptable concentration at the receptor well of
70mg/L PCE and 42 mg/L TCE. Thesereceptor well targetswere calculated using the UST and
L RP exposurefactor andthe UST risk equationsfromthe | DNR regulations. The SSTLswere
3900 mg/L PCE and 2100 mg/L TCE. These SSTL swere calculated using the exposurefactors
from IDNR’sLRPregulationsand equationsfrom IDNR’sUST regulations. Theactua concentra-
tionsat the sourcefor PCE and TCE were 538 mg/L and 209 mg/L, respectively, well below the
SSTLs.

Calculations based on exposurefactorsin IDNR'sUST regulationswould permit up to 360
mg/L of PCE and 210 mg/L of TCE at thereceptor well. Thiswould resultin SSTLsof 20,200
mg/L for PCE and 11,800 mg/L for TCE at the sourcewell. Based on SSTLscal culated both
ways, risk from exposure through this pathway wasfound to beminimal.

Thesitefailed when compared with the Statewide Standards because the source well must not
exceed theM CL of fivemg/L for any protected groundwater source. Table 6 summarizesthe
SSTLscalculated from each set of exposurefactors and the Statewide Standards.

Protected groundwater source. The siteisaprotected groundwater source by theIDNR
definition. The PCE concentration of 538 mg/L at the source exceeded thetwo SSTLsaswell as
the Statewide Standard. (The Statewide Standard doesnot increasefrom thefive-mg/L limitfor a
protected groundwater source.) For calculationsbased ontheIDNR'sUST and L RP exposure
factors, the SSTL for PCE at the sourcein protected groundwater was 360 and 70 mg/L, respec-
tively, without aninstitutional control inplace. For the Statewide Standards, the source may not
exceedtheMCL of fivemg/L inaprotected groundwater source.

The TCE concentration at the source, 209 mg/L, was|essthan the 210-mg/L target, based on
IDNR’'sUST exposurefactors. The TCE concentration at the source exceeded thetarget of 42
mg/L calculated based on IDNR’sL RP exposurefactors. The TCE concentration at the source
also exceeded the Statewide Standard which requiresalevel lessthanfivemg/L at any pointina
protected groundwater source.

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
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for contamination.

The soil contamination sourcewas assumed to be P-40, which had a PCE concentration of
105 mg/kg and aTCE concentration of 1.51 mg/kg.

Non-drinking water wells. The nearest well could beat risk for soil leaching PCE to ground-
water under themost restrictive criteria, which wasusing the exposurefactorsfrom IDNR'SLRP
regulations. To eiminatetherisk from PCE for thispathway, the concentrationin the soil would
haveto belessthan 61.0 mg/kg. TCE in soil isalready lessthan the 12.0 mg/kg required, minimiz-
ingrisk tothenearest well from TCE at thesite.

UsingthelessrestrictiveIDNR UST exposurefactors, PCE cleared this pathway with the
SSTL being 314 mg/kg.

The Statewide Standardsfor PCE and TCE in soil remain at 780 and 180 mg/kg, respectively.
Thispathway isclear usng 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
caculated for the soil leaching to the protected groundwater source pathway. With aningtitutional
control in place, thealowable PCE at the soil sourcewascalculated at 1.9 mg/kg and the allowable
TCEwas0.41 mg/kg based on IDNR’sL RP exposurefactors. Based on IDNR'sUST exposure
factors, the SSTLswere 9.9 mg/kg and 2.1 mg/kg, respectively.

The Statewide Standard for PCE insoil, asprovided in IDNR’'SLRP, however, is 780 mg/kg
and the Statewide Standard for TCE is180 mg/kg. Thesitefailed both of the site-specific criteria
for this pathway for PCE, and TCE failed when using the LRP exposurefactors.

Groundwater vapor. The pathway isan evaluation of the potential for soil to leach to ground-
water to such an extent that vaporsfrom the groundwater become ahealth risk by migrating into
enclosed spaces. Theactual receptorsat risk for soil leaching to groundwater vapor werethe
existing basement of thetruck salesbuilding onthe site, the future basement of the new healthcare
facility, and the sanitary sewer running along thealley to the north of thesite. The SSTL for PCEin
the soil was 33.5 mg/kg in order to protect the environment of the truck salesbuilding basement
using IDNR’sLRPexposurefactors. Using theexposurefactorsfrom IDNR’sUST regulations,
theallowable PCE inthe soil was 160 mg/kg. Sincetheactua PCE concentration was 105 mg/kg,
thesitecleared thispathway for PCE using the exposurefactorsfromthe UST regulationsbut failed
whenusing thefactorsfromthe LRP.

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, thestecleared thispathway for PCE using the exposurefactorsfrom IDNR'sSUST regula-
tionsbut failed when using thefactorsfrom the LRP. Based on thelocation of the sanitary sewer,
allowable concentrations of PCE inthe soil were even higher still, so thiswasnot calculated. Soil
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leaching TCE to groundwater vapor did not pose an unacceptablerisk based on thelow concentra-
tionof TCEindtesoil.

Statewide Standardswere higher than the actual contaminant concentrationsfrom PCE and
TCE, thus passing thesitewhen using non Site-specific criteria

Groundwater Vapor to Enclosed Space Pathway

Groundwater vapor accumulation in enclosed spacesfrom existing groundwater contaminant
levels did not posearisk to human health when SSTL swere calculated based on IDNR'sUST
exposurefactors. The SSTL for PCE in groundwater was 8100 mg/L and for TCE it was 2000
mg/L, well abovetheactual concentrationsin groundwater. SSTLsfor PCE and TCE in groundwa-
ter based upontheIDNR’s L RP exposurefactorswere 1700 mg/L and 1500 mg/L, respectively.
They werea sowell abovetheactua concentrationsfor thispathway. Thispathway did not pose
an unacceptabl e risk based upon thecriteria

Statewide Standardsdo not deviate from the M CL of fivemg/L for PCE and TCE based on
thispathway.
Soil Vapor to Enclosed Space Pathway

Theexisting basement of thetruck salesbuilding wasat risk for vaporsfromthe soil dueto
PCE concentrationsinthesoil. The SSTL based on exposurefactorsfrom IDNR'sUST and LRP
regulationswere 52 mg/kg and 10.8 mg/kg, respectively. PCE concentrationinsitesoil (105mg/
kg) wasabovethetarget level. TCE concentrationsdid not posearisk for either of the site-specific
criteria. Statewide Standardsfor soil, asmentioned earlier, are 780 mg/kg for PCE and 180 mg/kg
for TCE.

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 Chapters 135 (IDNR’sUST regulations) and |AC 567 Chapter 137 (IDNR’'sLRPregula-
tions). Thecalculationsweredesigned to project the potential for risk and do not predict future
conditions. Chemical-specific parameters used werefrom public sources(U.S. Department of
Energy, 1999).

Groundwater

Based upon site-specific 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 receptorseval uated, whichincluded eight non-drinking water wellslocated
withinaone-haf mileradiusof thesite.
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Theaquifer underlying the Sstewasaprotected groundwater source by theIDNR definition.
PCE concentrations exceeded the cal culated SSTL swhether being calculated usng IDNR'sUST
or LRPexposurefactors. TCE concentrationsexceeded themore stringent SSTL calculated with
theexposurefactorsin IDNR’sLRP regulations but passed using factorsfrom IDNR'sUST
regulations

The Statewide Standard for PCE or TCE in groundwater isfivemg/L and not site-specific.
PCE and TCE concentrationsboth exceed fivemg/L .
Soil

Concentrationsof PCE and TCE in the soil were considered arisk dueto the ability of the
contaminant to leach into the groundwater, potential ly putting the non-drinking water wellsand the
protected groundwater sourceat risk inthefuture. Calculationsalso indicated that contaminants
leaching from the soil could elevate contaminant level sin the groundwater to an extent that vapors
from the groundwater could become aproblemin enclosed spacesin thevicinity of thetruck sales
building. Theseconclusonsarefromthesite-pecific criteria. According to the non-site specific
Statewide Standards, thelevel of risk isacceptable.

Vaporsmoving directly from the soil into enclosed spacesal so presented arisk to the sales
building basement according to thecriteriaused for thisevauation.

The Statewide Standardsfor PCE and TCE in soil are 780 mg/kg and 180 mg/kg, respec-
tively. Contaminantsarewell bel ow these concentrations.

RECOMMENDATIONS

Groundwater

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

Although the concentrations of PCE and TCE in the groundwater at the site exceeded State-
wide Standards provided in IDNR’sLRPregulations, theIDNR has stated that the concentrations
do 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 insde 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 interpol ated concentrations between datapoints. Thisshould adequately protect thefuture
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basement from vapors.

After excavation, theonly soil pathway whichwould remain affected by the soil contamination
according to risk ca culations, would bethe soil leaching 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
demoalition of thetruck salesbuilding, thisshould provide adequate protection would be afforded to
the public from contaminated soil at thesite.
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Tablel. Exposurefactorsfor non-residentia zoninginaprotected groundwater source.?

IOWA'S UST IOWA'S LRP
REGULATIONS REGULATIONS
ATc - Averaging time for carcinogens (years) 70 70
ATn - Averaging 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) 107 5x10°
or 1x10°8¢

THQ - Target hazard quotient (unitless) 1.0 0.02¢

' or 0.20°

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

®(lowa Department of Natural Resources, 1998)
¢(Environmental Protection Commission, 1998)

¢ Pathway dependent

© For Cancer Group C chemicals such as 1,1-DCE

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

Proceedings of the 1999 Confer ence on Hazar dous Waste Resear ch

13



Table2. Soil gasand soil PCE analytical resuilts.

14

DEPTH P-2 P-4 | P-5 P-6 P-7 P-9 | B-20| B21 | P-22 | B-23 | B-24 | P-25 | B-26 | B-27
(FEET)
10-15 | 57607 | 8522 | 20172 | 89.3° | 40342 [ 1595° | 7152 | 405* | 2982 1912 1092 | 4532
81732 13¢
15-20 149352
20-25 194852 1442 | 796* | 1942 | 2332 | 2792 | 380* | 2022 | 492
13000° NDe¢ | ND°¢ | NDc [ ND¢ [ ND¢
DEPTH | 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
(FEET)
10-15 | 603* | 388* | 51.6° 14.6° ND¢ ND¢ ND¢ NDe NDe NDe¢ ND¢
15.1¢ 6.3° 10.3°
15-20 5.4¢ 13.4° | 362° | 41.5° | 105,000° 37.8°
20-25 | 835* | ND? 4592
54.5¢ |1 ND¢
“s0il gas(Hg/L)

bsoil sample, field andlyzed (ug/kg)
°soil sample, laboratory analyzed (Lg/kg)
ND = not detected
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Table3. Other contaminant concentrations.

SOIL SAMPLE IDENTIFICATION AND DEPTH

B-6A B6-CA B28-A P38 P40 P40 P43
22'-24 .75 24'-26' 15 125 15 9.5
(Hgkg) (Hgkg) (Hgkg) (Hgkg) (Hgkg) (Hgkg) (Hgkg)
CONTAMINANT
n-butylbenzene 3,670 17.2 57.6 10,300
sec- butylbenzene 2,350 445 7,260
isopropylbenzene 207 1,060
p-isopropyitoluene 1,690 12.6 79.6
n-propylbenzene 1,180 4,360
1,2,4-trimethylbenzene 2,900 20.7 5,710
1,3,5-trimethylbenzene 204 2,110
TEH as Diesel 1,000 530 12
methylene chloride 56.2 55.4
trichloroethene 214 305 1,510
chlorotoluene 53
tert-butylbenzene 4,730
2-chlorotoluene 394
ethylbenzene 398
xylenes, total 927
cis 1,2-dichloroethene 9.6
GROUNDWATER SAMPLE IDENTIFICATION AND DEPTH
B6-M B6-W MW-6B
51' 91 92'-102'
(ugL) (ugL) (ugL)
trichloroethene 209 13.7 185
cis 1,2-dichloroethene 55
chloroform 33
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Table4. Toxicity and chemical-specific human hedthrisk factors®,
Carcinogen Sk’ RD.° SF¢ RD?
Class
CARCIN- chloroform B2 6.1e-3 1.0e-2 8.1e-2 none
OGENS : :
vinyl chloride A 1.90 none 3.0e-1 none
methylene B3 7.50e-3 6.0e-2 1.65e-3 8.57e-1
chloride
NON- tetrachloroethene none 5.2e-2 le-2 2.0e-3 1.70e-1
CARCIN- -
OGENS trichloroethene none 1.1e-2 6.0e-3 6.0e-3 none
cis1,2- D none 1.0e-2 none none
dichloroethene
trans 1,2- none none 2.0e-2 none none
dichloroethene
1,1- C 6.0e-1 9.0e-3 1.2 none
dichloroethene
aJ.S. Department of Energy, 1999
boral dopefactor
ordl referencedose
dinhal ation dopefactor
finha ation referencedose
Table5. Groundwater sampling summary for PCE and TCE.
BORING/WELL NUMBER DATE PCE(ug/L) TCE(ugL)
B6-W 8/4/98 50.3 13.7
B6-M 8/7/98 538 209
MW-14 8/11/98 54 <10
MW-6B 8/21/98 90.1 18.5
MW-6B 12/8/98 33.1 53
MW-5 12/8/98 <200 575
MW-4 12/8/98 <10 <10
MW-8 12/8/98 17.9

16
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Table6. Summary of sourcetarget levels.

MEDIA PATHWAY RECEPTOR PCE TCE PCE TCE PCE TCE
Chap. 135 Chap. 135 Chap. 137 Chap. 137 | Statewide | Statewide
Exp. Factors | Exp. Factors | Exp. Factors | Exp. Factors | Standards | Standards
(UsT) (usT (LRP) (LRP)
Receptor Well 20200 11800 3900 2100 5 5
Groundwater
(mglL) Protected GW- 360 210 70 42 5 5
Actual PCE | Groundwater | Ng ca
=538 Ingestion
Actudl TCE Protected GW- 950 550 180 110 5 5
=209 w/IC
All
Receptor Well 314 65.0 61.0 12.0 780 180
Protected GW- 5.6 1.2 1.08 0.23 780 180
No IC?
) ) Protected GW- 9.9 21 19 0.41 780 180
) Sail Leaching | \wic
Soil (mgkg) to All
Actual PCE | Groundwater
=105 GW Vapor- 160 14.0 335 10.5 780 180
=151 Basement
GW Vapor- 270 238 56.6 17.8 780 180
New Facility
Soil Vapor to | All 52 4 10.9 34 780 180
Enclosed
Space
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Figurel. Samplinglocations.
B =Sail boring

P = GeoProbe™ |ocation
MW = Monitoring well
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