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A healthcare company purchased property in eastern Iowa for a facility expansion.  Before the pur-
chase, a Phase I environmental site assessment (ESA) revealed that the property was the site of a former dry
cleaning business.  Phase II sampling and testing indicated that tetrachloroethene (PCE) and trichloroethene
(TCE) had affected site soil and groundwater.  Maximum concentrations of PCE and TCE in groundwater were
538 and 209 µg/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 solvents in both the soil
and groundwater were below levels of regulatory concern.  However, the company was concerned that the Iowa
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 develop site-specific target levels (SSTLs) for contamination, using accepted
human health exposure factors, models, and chemical-specific toxicity values.  The recommended remedial
options allowed the company to minimize the human health risks posed by contamination at the site.
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INTRODUCTION
This paper presents the results of an environmental site characterization (ESC), consisting of

Phase I and Phase II environmental site assessments (ESAs) and additional sampling, and the

methods and results of a risk-based evaluation performed on a site impacted by tetrachloroethene

(PCE) and trichloroethene (TCE).  A healthcare company purchased several parcels of property in

the downtown area of an eastern Iowa city.  A Phase I ESA performed on the parcels before the

purchase concluded that one of the parcels was the former location of a dry cleaning operation.

The dry cleaners used a 3000-gallon underground storage tank (UST) for storage of dry cleaning

chemicals.  A previous owner removed the tank in the early 1980’s but did not collect soil samples

to evaluate whether the tank leaked.

A Phase II ESA with additional sampling conducted to evaluate 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 a total of 66 soil gas

samples, 36 soil samples, and three groundwater samples from 35 locations across the one-half-

acre site. The suspected location of the former UST and the dry cleaning chemical piping had the

highest levels of contamination.

Groundwater at the site is about 55 feet below ground surface (bgs).  An area approximately

120 feet southwest of the site contains a shallower groundwater unit at a depth of 15 to 20 feet,

which is suspected to be a perched water table.
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The Iowa Department of Natural Resources (IDNR) stated that contamination in groundwater

at the site was not at a level of concern and that they would not require additional characterization of

groundwater.  The IDNR also said that although the site was not enrolled in Iowa’s Land Recycling

Program (LRP), a voluntary cleanup program, that the statewide standards of 780 mg/kg for PCE

and 180 mg/kg for TCE from the LRP would apply for the soil.  The statewide standards for soil

are based on ingestion and do not take into account the potential for soil leaching to groundwater.

Since concentrations of PCE and TCE in soil at the site were below the statewide standards, the

IDNR did not require soil remediation.  However, to ensure the safety of patients, employees, and

their neighbors, the company proceeded to evaluate the potential human health risks posed by

contamination at the site.

OBJECTIVES
The objective of this paper is to provide data from an ESC and demonstrate how those data

were used to evaluate human health risks from contaminants in soil and groundwater.  Three differ-

ent sets of criteria were used to evaluate health risks at the site.  The first set of criteria used the

equations, model, and exposure factors from Iowa’s UST regulations (IDNR, 1998, Appendix A-

6).  The second set of criteria also used the equations and model from Iowa’s UST regulations but

used exposure factors from IDNR’s LRP (567 IAC 137.5(4)).  These two sets of criteria are site

specific.  The third set of criteria, the most conservative of the three, was the statewide standards

from the LRP regulations and are not site specific.  The exposure factors from the UST and LRP

regulations are in Table 1.

The UST regulations in Iowa are risk based.  The IDNR has a published Tier 1 Lookup Table

(IDNR, 1996, p. 10) which identifies the risk-based screening level (RBSL) or the maximum

concentration of a petroleum constituent at a site for a specific exposure pathway at which the

receptors for that pathway can be considered not at risk.  A receptor is an enclosed space (like a

basement), conduit, drinking or nondrinking water well, a protected groundwater source, surface

water body, or public water supply system which, when impacted by chemicals of concern, may

result in exposure to humans and aquatic life, explosive conditions, or other adverse affects on

health, safety, or the environment (IDNR, 1998, Appendix H).  Should levels of contamination

exceed those in the Tier 1 Lookup Table, then modeling is performed to determine the site-specific

target level (SSTL) for a chemical.  The SSTL is the risk-based target level for a chemical of

concern at the source in order to meet the target level at the receptor.

The LRP regulations are for non-petroleum contamination and offer three different approaches

to determining cleanup criteria.  The first is background standards (567 IAC 137.4) that compare

concentrations of contaminants in soil and groundwater at a site with concentrations of contaminants

that are naturally occurring or generally present and not related to a readily identifiable release.  The

second approach is to use the statewide standards (567 IAC 137.5), which represent concentra-
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tions of contaminants in soil and groundwater that at normal exposure via ingestion are considered

unlikely to pose a threat to human health.  The statewide standards can be considered a screening

concentration below which risk evaluation is not necessary.  The third approach used by the LRP is

site-specific standards (567 IAC 137.6) which are derived by applying exposure and risk assump-

tions applicable to the conditions at a particular site.  For the purposes of this ESC, only the second

and third approaches are discussed because the site was located in a downtown area near several

contaminated sites.

Of the eight compounds identified in groundwater at the site- PCE, TCE, cis 1,2-

dichloroethene (DCE), trans 1,2-DCE, chloroform, vinyl chloride, 1,1-DCE and methylene chlo-

ride- this risk-based evaluation addressed only PCE and TCE.  Cis 1,2-DCE, trans 1,2-DCE,

chloroform, vinyl chloride, and 1,1-DCE were each below the maximum contaminant level (MCL)

for these chemicals in drinking water.  The reporting limit for methylene chloride was 10 µg/L, and

the MCL is 5 µg/L.  The evaluation for risk excluded methylene chloride since it was not only below

the method detection limit, but was not found in elevated concentrations in the soil.

ENVIRONMENTAL SITE CHARACTERIZATION

Previous investigations
Historical review of the site indicated that it was exclusively in residential, single- and multi-

family housing through 1913.  By the 1940s, the site contained one residence and a dry cleaning

operation.  Between 1970 and 1982, the residence was demolished for the rerouting of a street,

and between 1982 and 1987, the dry cleaners was demolished and the site paved for use as an

automobile sales lot.  During paving of the lot, a UST containing dry cleaning chemicals was discov-

ered, emptied, and removed.  No evidence existed of soil or groundwater sampling after the re-

moval of the tank.

A Phase I ESA first indicated the potential for contamination.  The existence of a former dry

cleaning facility and the discovery of the former UST that contained dry cleaning chemical consti-

tuted a “recognized environmental condition” and an area of risk.  The ESA found that dry cleaning

activities had occurred at the site as early as 1940 to as late as 1987.  Limited soil gas sampling

during the Phase II and on-site analysis conducted in the area believed to be the site of the former

UST confirmed the presence of PCE and TCE in the soil at the site.

Physical setting
Continuous soil sampling, performed at several borehole locations, documented the geological

setting of the site.  The site still contained the buried remnants of the basement and foundation of the

former dry cleaning facility and possibly other foundations or basements from the former residences.

Sand filled some of the former basements.  In other areas, the surface of the site consisted of a layer

of fill material containing pulverized limestone road material and native soils.  Below the fill material,
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light brown, highly permeable sand existed with intermittent clay lenses.  Refer to Figure 1 for

locations of soil borings.

The bedrock at the site is Devonian Wapsipinicon formation.  This formation consists of

limestone on the top, then dolomite, shale, and clayey limestone, followed by dolomite limestone

with dolomite at the base.  The Wapsipinicon formation is part of the Silurian-Devonian aquifer.

According to bedrock topography maps, bedrock in the area lies between 650 and 700 feet mean

sea level (msl), which is approximately 60 to 120 feet bgs.  Well logs from the Iowa Geological

Survey Bureau (GSB) in Iowa City indicate bedrock in the area varies from 3 feet to 310 feet bgs.

A two-foot-thick silty clay layer at about 10 to 12 feet bgs was found below the sand.  Water

was not present above this clay unit on the site. However, in a monitoring well (MW-14) installed

during a petroleum investigation (Advanced Environmental Services, Inc. 1998) on an adjacent

property and located southwest of the site, groundwater was perched above the clay.  Groundwater

at the site was at 55 feet bgs within the sand unit.  Soil borings advanced for the nearby petroleum

contamination investigation on an adjacent property encountered bedrock at a range of 15 to 36

feet bgs and groundwater at about 55 feet bgs.  The predominant groundwater flow direction, as

determined by the petroleum site investigation, was generally to the south.  At the site, however,

there was no bedrock found within 105 feet of the ground surface.

Soil gas and soil sampling
During the additional sampling, GeoprobeTM technology was used to draw soil gas samples

from various depths at sampling locations most likely to contain chlorinated solvents.  Sampling

locations were determined based on the approximate location of the removed UST at the former

dry cleaning establishment and the results of the Phase II soil gas samples.  Analysis of soil gas

samples took place on site using a gas chromatograph.

To confirm and correlate data obtained from soil gas sampling and to gather data on the

underlying stratigraphy, field personnel collected 36 soil samples from 24 GeoprobeTM and soil-

boring locations as indicated in Figure 1.  Areas both above and below the clay were sampled as

well as deeper areas at several locations to determine the level of impact in the soil immediately

above and within the water table.

Groundwater sampling
Two groundwater samples were collected during the GeoprobeTM investigation from

GeoprobeTM location P-6.  In addition, three monitor wells placed at two boring locations were

used to investigate groundwater conditions at the site.  Two wells (MW-6A and MW-31A)

screened at shallow depths monitored water potentially located above the clay layer.  A third well

(MW-6B), placed near well MW-6A, monitored water at a depth of 92.5 to 102.5 feet bgs.

Additionally, field personnel collected a groundwater sample from the existing monitoring well

(MW-14) located on the southwest side of the block, as well as MW-4, MW-5, and MW-8
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installed during the petroleum investigation on the adjacent property. Groundwater samples from

MW-6B and MW-14 were analyzed for volatile organic compounds (VOCs) by EPA Method SW

8260B.  MW-6A and MW-31A failed to produce water because there was no perched water

above the clay layer at those locations.

Sampling results
The PCE results of the 66 soil gas samples collected ranged from non-detect to 19,485 µg/L.

Table 2 presents a summary of results for soil and soil gas between 10 and 25 feet bgs.  The highest

concentrations of PCE detected in soil gas were in the 12 to 25 bgs interval in the area of P-6.

Actual soil sampling and testing in this area confirmed that it contained the highest concentrations of

PCE in soil.  Soil gas analyses also indicated elevated concentrations in the area of B-28 (2480 µg/

L) and B-31 (2361 µg/L) at depths of 40 and 50 feet, respectively.

Results from the 36 soil samples collected and analyzed for VOCs using EPA Method 8260B

ranged from non-detect in the outer perimeter samples to 105 mg/kg near the former UST location.

The highest levels found were in the area of P-6 and P-40, both located near the suspected location

of the former UST and piping runs.  Elevated concentrations of PCE in the soil were present at a

variety of depths but generally above the clay layer in the areas of P-6, MW-31, and P-34.  El-

evated concentrations were also present in an area suspected to be the dry cleaning facility’s

basement at P-43.

Laboratory analytical results indicated VOCs other than PCE in several samples.  Table 3

contains a summary of the sample locations and compounds detected.  Some of these compounds,

such as cis 1, 2-dichloroethene (DCE), are suspect breakdown products of PCE and TCE, which

are both used as dry cleaning solvents.  Others, such as methylene chloride, may indicate other

solvent use.

During GeoprobeTM sampling activities, analysis of a groundwater sample collected from a

depth of 50 to 55 feet bgs in P-6 indicated groundwater from this depth contained 538 µg/L PCE.

Two of the newly installed monitoring wells, MW-6A and MW-31A, screened from 10 to 20

feet and from 14 to 24 feet, respectively, never yielded enough water for sampling.  Analysis of a

sample collected from the third well, MW-6B, located near the suspected area of the UST and

screened from 92.5 to 102.5 feet bgs, resulted in a concentration of 90.1 µg/L of PCE.  Monitoring

well MW-14, screened at a depth of 15 to 20 feet bgs, had a PCE concentration of   5.4 µg/L.

Other contaminants found in groundwater samples in the area of P-6 included TCE, cis 1, 2-DCE,

and chloroform.

RISK-BASED EVALUATION
Three different sets of criteria were used to evaluate the potential human health risk at the site.

The first set of criteria used the equations, target risk, target hazard quotient, exposure frequency,
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and exposure duration from Iowa’s UST regulations (567 IAC 135,IDNR, 1998, Appendix A-6).

The second set of criteria also used the equations from these regulations but used exposure risk

factors from Iowa’s LRP regulations (567 IAC 137.5(3)).  These first two sets of criteria are

sitespecific.  The third set of criteria is the statewide standards from the LRP regulations (567 IAC

Chapter 137.5(4)) and is not site specific.  Table 4 lists toxicity and chemical-specific human health

risk factors that were used in the calculations referenced above.

IDENTIFICATION OF RECEPTORS
The identification of actual and potential receptors was the first step in the risk-based evalua-

tion process. The receptor identification process included determining the presence of drinking and

nondrinking water wells, protected groundwater sources, plastic (PVC) drinking water lines,

enclosed spaces (i.e., basements), and surface water bodies.  Table 6 lists the receptors surveyed.

The GSB provided information on drinking water wells within 1000 feet of the site.  After

hydraulic conductivity testing, a well search was requested from GSB for wells within one-half mile

of the site.  The search identified eight nondrinking water wells and no drinking water wells within

one-half mile (2640 feet) of the site.

Field personnel performed three bail-down tests on the deep well installed at the site, logging

the results with a datalogger.  The test results, when analyzed by the Bouwer and Rice Method

(Duffield, 1996), indicated hydraulic conductivities of 13.24 m/day, 8.75 m/day, and  84.57 m/day.

The hydraulic conductivity used for the risk calculations was 13.24 m/day because it was the higher

of the two closest tests.  The timing of the last two tests (8.75 m/day and 84.57 m/day) was close

together and may have affected the results.  This hydraulic conductivity established the aquifer

underlying the site as being in the IDNR category of a “protected groundwater source” since the

hydraulic conductivity exceeded 0.44 m/day.

Plastic (PVC) drinking water lines in contact with contaminated soil or groundwater can

provide a pathway for ingestion of contamination as some contaminants can seep through the piping

or leaks in the piping into the drinking water.  The city water department stated that no plastic

drinking water lines were in service near the site.

The potential for vapor accumulation in enclosed spaces was a concern.  Sanitary sewers can

provide such an enclosed space as well as basements.  One sanitary sewer ran along the northwest

side of the site.  An explosimeter survey alleviated concern that explosive levels of vapors were

present in basements and other enclosed spaces near the site.  Vapors coming from contaminated

soil and groundwater and entering the basement of the future healthcare facility expansion were of

concern.  No surface water bodies were located near the site or subject to impact from contamina-

tion, requiring no further evaluation of this receptor pathway.

For each potential receptor identified, the Tier 2 Guidance, Appendix B-2 from the UST

regulations (IDNR, 1998 567 IAC 135), provided the equations to determine the RBSL for
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groundwater and soil to protect actual and potential receptors.  The RBSL is the maximum contami-

nant concentration allowed at the point of exposure for a receptor at which the receptor can be

classified as not at risk.  For PCE and TCE, both classified as noncarcinogens, the RBSL for

groundwater ingestion was determined by the following equation (IDNR, 1998, Appendix A-2):

Where:
RBSL

w
   = risk-based screening level for the contaminant in water (mg/L)

THQ    = target hazard quotient for individual constituents (unitless)
R

f
D

o
   = oral chronic reference dose (mg/kg-day)

BW    = body weight (kg)
AT

n
   = averaging time of exposure for noncarcinogens

IR
w

   = daily water ingestion rate (L/day)
EF    = exposure frequency (days/year)
ED    = exposure duration (years)

For each receptor identified, the RBSL was calculated twice, once using risk and exposure

factors from IAC 567 Chapter 135 and then again using risk and exposure factors from IAC 567

Chapter 137.  After each RBSL for groundwater was calculated, the SSTLs at the source (C
s
) for

groundwater could be calculated from the contaminant transport equation provided in the Tier 2

Guidance (IDNR, 1998, Appendix B-1) using the RBSL as C(x):

Where:
X = distance in the x direction downgradient from the source (m)
erf(f) = error function
C(x) = chemical concentration in groundwater at x  (ug/L)
C

s
= source concentration in groundwater (groundwater concentration at x=0)

                (uglL)
S

w
= width of the source (perpendicular to x) (m)

S
d

= vertical thickness of the source (m)
U = groundwater velocity (pore water velocity); u=Ki/q

e

K = hydraulic conductivity (cm/yr)
I = groundwater head gradient (cm/cm)
θ

e
= effective porosity

λ = first-order decay coefficient, chemical specific (d-1)
α

x
, α

y
, α

z
       = dispersivities in the x, y, and z directions, respectively (m)

The same procedure was followed to determine the RBSL and SSTL for the soil pathways.
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Groundwater ingestion pathway
In order to more accurately assess the potential impact of the contamination, field personnel

collected groundwater samples for VOC analysis from monitoring wells located on neighboring

properties, as well as collected a second round of groundwater samples from the Site.  Table 5

presents groundwater sampling data summaries.  The wells sampled included MW-6B, located

at the site; MWs 4 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.

The high concentration of petroleum hydrocarbon in MW-5 necessitated that the laboratory

make several dilutions before analysis.  This resulted in an elevated reporting limit for PCE.  The

TCE concentration in MW-5, which was downgradient from the site, was higher than that at the

site, potentially due to the proximity of other off-site sources of the chemical.  These factors resulted

in exclusion of the results from MW-5 from the risk-based evaluation.  Investigation of potential off-

site sources was outside the scope of this project, although historical evidence indicated that other

drycleaners were at one time located in the vicinity.

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- this risk-based

evaluation addressed only PCE and TCE.  Cis 1,2-DCE, trans 1,2-DCE, chloroform, vinyl

chloride, and 1,1-DCE were each below the maximum contaminant level (MCL) for these

chemicals in drinking water.

For all groundwater calculations, the source of PCE and TCE was assumed to be P-6.  A

Geoprobe™ groundwater sample collected at that location yielded a PCE concentration of 538 µg/

L and a TCE concentration of 209 µg/L.

Drinking water wells.  A search by GSB for wells within one-half mile of the site yielded no

drinking water wells.  Using the transport equations from IDNR’s UST regulations and guidance

given above, the concentration of PCE at one-half mile from the site was calculated to be 4.3 µg/L,

based on the conservative assumption that no decay of PCE was taking place.  This was below the

statewide standard of 5.0 µg/L.  Groundwater flow direction (southerly), plume range (150 de-

grees), and hydraulic gradient (0.00176 ft/ft) were derived from a Tier 2 Site Cleanup Report

prepared on an adjacent property (Advanced Environmental Services, Inc., 1998).  Because the

source concentration of TCE was less than that of PCE and the statewide standard for TCE was

also 5.0 µg/L, it was reasoned that the TCE plume at one-half mile from the site was also less than

the statewide standard.  Based on the above assumption, risk from exposure through this pathway

was found to be minimal when measured against the site-specific requirements of IDNR’s UST and

LRP regulations, both of which require the receptor concentration not exceed 5.0 ug/L.
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Statewide standards, however, as provided by IDNR’s LRP regulations, require that the

source concentration not exceed the statewide standard, meaning that PCE and TCE would be at

unacceptable levels when compared to this standard.  Since, however, it can be shown that no

drinking water wells are present, site-specific standards can be developed.

Nondrinking water wells.  The GSB identified eight nondrinking water wells within a one-

half-mile radius of the site.  The well determined to be most at risk is located approximately one-

third mile downgradient from the site (Well #1).  Site-specific target levels (SSTLs) were calculated

for Well #1 in the groundwater source area, based on a calculated RBSL at the well of 70 µg/L

PCE and 42 µg/L TCE.  Table 6 gives the SSTLs required to protect Well #1.  The SSTLs for

Well #1 were calculated twice, once using the UST exposure factors and once with LRP exposure

factors.  Both calculations used the UST risk equations given above.  The most restrictive SSTLs of

3900 µg/L PCE and 2100 µg/L TCE were calculated using the exposure factors from IDNR’s LRP

regulations and equations from IDNR’s UST regulations.  The actual concentrations at the source

for PCE and TCE were 538 µg/L and 209 µg/L, respectively, well below the SSTLs.  No risk is

indicated for Well #1 based on these calculations.

Calculations for RBSLs based on exposure factors in IDNR’s UST regulations would permit

up to 360 µg/L of PCE and 210 µg/L of TCE at Well #1.  This would result in SSTLs of  20,200

µg/L for PCE and 11,800 µg/L for TCE at the groundwater source.  Based on SSTLs calculated

both ways, no risk from exposure through this pathway was found.  Table 6 summarizes the SSTLs

calculated from each set of exposure factors and the statewide standards.

Protected groundwater source.  The site is a protected groundwater source by the IDNR

definition.  The PCE concentration of 538 µg/L at the source exceeded the two calculated SSTLs

as well as the statewide standard.  For calculations based on the IDNR’s UST and LRP exposure

factors, the SSTL for PCE at the source in protected groundwater was 360 and 70 µg/L, respec-

tively, without an institutional control in place.  An institutional control is a restriction on use or

access to a site to eliminate or minimize exposure to contaminants (IDNR, 1998, Appendix H).  An

example of an institutional control applicable for this pathway would be a deed restriction to prevent

the installation of wells on the property.

The TCE concentration at the source, 209 µg/L, was less than the 210-µg/L RBSL, based on

IDNR’s UST exposure factors.  The TCE concentration at the source exceeded the RBSL of 42

µg/L calculated, based on IDNR’s LRP exposure factors.  The TCE concentration at the source

also exceeded the statewide standard, which requires a level less than 5.0 µg/L at any point in a

protected groundwater source.  The concentrations of PCE and TCE present in the protected

groundwater source make this site low risk because although there are no drinking water wells

present, the hydraulic conductivity makes it a potential drinking water source.
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Soil leaching to groundwater pathway
The concern with the soil leaching to groundwater pathway is that contaminants in the soil will

continue to leach to the groundwater, increasing the chance of groundwater exceeding its target level

for contamination.

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

105 mg/kg and a TCE concentration of 1.51 mg/kg.

Nondrinking water wells.  The nearest well, Well #1, could be at risk for soil leaching PCE

to groundwater under the most restrictive criteria, which was using the exposure factors from

IDNR’s LRP regulations (567 IAC 137.5(4)).  To eliminate the risk from PCE for this pathway, the

concentration in the soil would have to be less than 61.0 mg/kg.  TCE in soil is already less than the

12.0 mg/kg required, making the risk to Well #1 negligible from TCE at the site.  Using the less

restrictive IDNR UST exposure factors (IDNR, 1998, Appendix A-6), PCE cleared this pathway

with the SSTL being 314 mg/kg.  The statewide standards for PCE and TCE in soil remain at 780

and 180 mg/kg, respectively.  This pathway does not pose a risk using statewide standard criteria.

Protected groundwater source.  Based on calculations using either the IDNR’s UST or LRP

exposure factors, the concentrations of PCE and TCE in the soil at the source exceeded the SSTLs

calculated for the soil leaching to a protected groundwater source pathway.  With an institutional

control in place to prevent the installation of wells, the allowable PCE at the soil source was calcu-

lated at 1.9 mg/kg, and the allowable TCE was 0.41 mg/kg based on IDNR’s LRP exposure

factors (567 IAC 137.5(4)).  Based on IDNR’s UST exposure factors (IDNR, 1998, Appendix

A-6), the SSTLs were 9.9 mg/kg and 2.1 mg/kg, respectively. The statewide standard for PCE in

soil, as provided in IDNR’s LRP, however, is 780 mg/kg, and the statewide standard for TCE is

180 mg/kg.  The site was determined to be high risk for this pathway because of the combined risk

for soil leaching into already contaminated groundwater.

Groundwater vapor.  The groundwater vapor pathway requires evaluation of the potential for

soil to leach to groundwater to such an extent that vapors from the groundwater become a health

risk by migrating into enclosed spaces.  The actual receptors at risk for soil leaching to groundwater

vapor were the existing basement of the truck sales building on the site, the future basement of the

new healthcare facility, and the sanitary sewer running along the alley to the north of the site.  The

SSTL for PCE in the soil was 33.5 mg/kg in order to protect the environment of the truck sales

building basement using IDNR’s LRP exposure factors (567 IAC 137.5(4)).  Using the exposure

factors from IDNR’s UST regulations (IDNR, 1998, Appendix A-6), the allowable PCE in the soil

was 160 mg/kg.  Since the actual PCE concentration was 105 mg/kg, this pathway presented no

risk for PCE using the exposure factors from the UST regulations but was high risk when using the

factors from the LRP.
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In order to protect the environment of the future facility basement, the SSTL for PCE was

56.6 mg/kg (IDNR’s LRP exposure factors) or 270 mg/kg (IDNR’s UST exposure factors).

Again, the site was cleared of risk for this pathway for PCE using the exposure factors from

IDNR’s UST regulations but was determined to be high risk when using the factors from the LRP.

Based on the location of the sanitary sewer, allowable concentrations of PCE in the soil were even

higher still, so this was not calculated.  Soil leaching TCE to groundwater vapor did not pose an

unacceptable risk based on the low concentration of TCE in site soil.

Groundwater vapor to enclosed space pathway
Groundwater vapor accumulation in enclosed spaces from existing groundwater contaminant

levels did not pose a risk to human health when SSTLs were calculated based on IDNR’s UST

exposure factors (IDNR, 1998, Appendix A-6).  The SSTL for PCE in groundwater was 8100 µg/

L, and for TCE it was 2000 µg/L, well above the actual concentrations in groundwater.  SSTLs for

PCE and TCE in groundwater based upon the IDNR’s LRP exposure factors (567 IAC 137.5(4))

were 1700 µg/L and 1500 µg/L, respectively.  They were also well above the actual concentra-

tions for this pathway.  This pathway did not pose an unacceptable risk based upon the criteria.

Soil vapor to enclosed space pathway
The existing basement of the truck sales building was at risk for vapors from the soil due to

PCE concentrations in the soil.  The SSTLs based on exposure factors from IDNR’s UST and LRP

regulations were 52 mg/kg and 10.8 mg/kg, respectively.  The PCE concentration in site soil (105

mg/kg) was above the RBSL.  TCE concentrations did not pose a risk for either of the site-specific

criteria.  Due to its location, the future basement of the new facility was not at risk for exposure to

unacceptable vapor concentrations of PCE or TCE from existing contamination.

CONCLUSIONS
These conclusions were based upon models, equations, and exposure factors found in IAC

567 Chapter 135 (IDNR’s UST regulations) and IAC 567 Chapter 137 (IDNR’s LRP regulations).

The calculations were designed to project the potential for risk and do not predict future conditions

such as the addition of wells or basements in the vicinity of the site.  Chemical-specific parameters

used were from public sources (U.S. Department of Energy, 1999).

Groundwater
Based upon site-specific evaluations of risk and using exposure factors from IDNR’s UST and

LRP regulations, concentrations of PCE and TCE in groundwater did not pose an unacceptable risk

of exposure to the actual receptors evaluated, which included eight nondrinking water wells located

within a one-half mile radius of the site.

The aquifer underlying the site is a protected groundwater source by the IDNR definition.

PCE concentrations exceeded the calculated SSTLs, whether being calculated using IDNR’s
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UST or LRP exposure factors.  TCE concentrations exceeded the more stringent SSTL calcu-

lated with the exposure factors in IDNR’s LRP regulations but passed using factors from IDNR’s

UST regulations.

The statewide standard for PCE or TCE in groundwater is 5.0 µg/L and not site specific.  As

mentioned above, the statewide standard provides a screening level below which risk posed by

contaminants is considered to be non-existent and risk evaluation is not required.  PCE and TCE

concentrations both exceed 5.0 µg/L.

Soil
Concentrations of PCE and TCE in the soil were considered a risk due to the ability of the

contaminant to leach into the groundwater, potentially putting the nondrinking water wells and the

protected groundwater source at risk in the future.  Calculations also indicated that contaminants

leaching from the soil could elevate contaminant levels in the groundwater to an extent that vapors from

the groundwater could become a problem in enclosed spaces in the vicinity of the truck sales building.

These conclusions are from the site-specific criteria.  Statewide standards do not address soil leaching.

Vapors moving directly from the soil into enclosed spaces also presented a risk to the sales

building basement, according to the criteria used for this evaluation.

The statewide standards for PCE and TCE in soil are 780 mg/kg and 180 mg/kg, respectively.

Contaminants are well below these concentrations.

RECOMMENDATIONS

Groundwater
Attaching an environmental easement to the property deed, and possibly on adjoining proper-

ties, that would prevent the installation of drinking and nondrinking water wells would 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’s LRP regulations, the IDNR has stated that concentrations do

not warrant further investigation of the site due to the depth and complexity of the hydrogeologic

system and the potential for commingled plumes from off-site sources.

Soil
Excavation of an area approximately 15 feet square by 15 feet deep, centered on the location

of sample P-40, would remove soil inside of the calculated 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.  In actuality, the concen-

tration of remaining PCE in the soil will probably be much lower than 50 mg/kg, due to the way the

model interpolated concentrations between data points.  This should adequately protect the future

basement from vapors.
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After excavation, the only soil pathway which would remain affected by the soil contamination,

according to risk calculations, would be the soil leaching to protected groundwater source and soil

leaching to groundwater vapor to the existing basement of the truck sales building.  With an institu-

tional control in place to eliminate the extraction of groundwater near the site and the planned

demolition of the truck sales building, adequate protection would be afforded to the public from

contaminated soil at the site.
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Table 2.  Soil gas and soil PCE and TCE analytical results.
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a A protected groundwater source is an aquifer with a hydraulic conductivity (K) of ³ 0.44 meters/day.
b (Iowa Department of Natural Resources, 567 IAC 1351998), c (Environmental Protection Commission, 567 IAC
137 1998), d Pathway dependent, e For Cancer Group C chemicals such as 1,1-DCE.
f For Cancer Groups D and E chemicals such as PCE and cis 1,2-DCE.

Table 1.  Exposure factors for non-residential zoning in a protected groundwater sourcea..
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Table 3.  Other contaminant concentrations.

TNANIMATNOC

HTPEDDNANOITACIFITNEDIELPMASLIOS

6-P
'42-'22

(µ )gk/g

6-P
'57.11

(µ )gk/g

A-82B
'62-'42

(µ )gk/g

83P
'51

(µ )gk/g

04P
'5.21

(µ )gk/g

04P
'51

(µ )gk/g

34P
'5.9

(µ )gk/g

enehteorolhcarteT 000,31 3.98 5.45 263 000,501 305

n enezneblytuB- 076,3 2.71 6.75 003,01

ces enezneblytuB- 053,2 5.44 062,7

enezneblyporposI 702 060,1

p eneulotlyporposI- 096,1 6.21 6.97 DN

n enezneblyporP- 081,1 036,4

enezneblyhtemirT-4,2,1 009,2 7.02 017,5

enezneblyhtemirT-5,3,1 402 011,2

elbatcartxElatoT
leseiDsasnobracordyH

000,1 035 21

edirolhcenelyhteM 2.65 4.55

enehteorolhcirT 412 5.03 015,1

eneulotorolhC 3.5

enezneblytuB-tret 037,4

eneulotorolhC-2 493

enezneblyhtE 893

latot,senelyX 729

sic enehteorolhciD-2,1

HTPEDDNANOITACIFITNEDIELPMASRETAWDNUOG

6-P
'15

(µ )L/g

6-P
'19

(µ )L/g

B6-WM
'201-'29

(µ )L/g

enehteorolhcarteT 835 3.05 1.09

enehteorolhcirT 902 7.31 5.81

sic enehteorolhciD-2,1 5.5

mroforolhC 3.3



Journal of Hazardous Substance Research6-16 Volume Two

SAC
.oN

recnaC
puorG b

FS
o

c

)yad-gk/gm( 1-

R
f
D

o
c

)yad-gk/gm( 1-

FS
i
e

)yad-gk/gm( 1-

R
f
D

i
f

)yad-gk/gm( 1-

snegonicraC

mroforolhC 36676 2B g 3-e1.6 g 2-e0.1 g 2-e1.8 h enon

edirolhclyniV 41057 Ah 09.1 h enon 1-e0.3 h enon

edirolhcenelyhteM 29057 2B g 3-e05.7 g 2-e0.6 g 3-e56.1 l 1-e75.8 j

snegonicraC-noN

enehteorolhcarteT 481721 D 2-e2.5 k 2-e1 g 3-e0.2 k 1-e07.1 k,j

enehteorolhcirT 61097 enon 2-e1.1 k 3-e0.6 k 3-e0.6 k enon

enehteorolhciD-2,1sic 295651 D enon 2-e0.1 h enon enon

enehteorolhciD-2,1snart 506651 enon enon 2-e0.2 g enon enon

enehteorolhciD-1,1 45357 C 1-e0.6 g 3-e0.9 g 2.1 h enon

a(U.S. Department of Energy, 1999)
bIDNR, 567 IAC Chapter 137, Iowa Land Recycling Program and Response Action Standards,
Table 1. Standards for Groundwater, Iowa Land Recycling Program, (Current as of October 4,
1999)
cOral Slope Factor
dOral Reference Dose
eInhalation Slope Factor
f Inhalation Reference Dose
gThe U.S. Environmental Protection Agency’s (EPA’s) Integrated Risk Information System (IRIS),
Internet: www.epa.gov/iris/  Current as of 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.
iThe Inhalation Slope Factor was calculated from inhalation unit risk as described in Supplemental
Guidance from RAGS:  Region 4 Bulletins, Human Health Risk Assessment (Interim Guidance)
(USEPA, November 1995).
jInhalation Chronic RFC * (20/70).  United States Environmental Protection Agency.  November
1995.  Supplemental Guidance to RAGS:  Region 4 Bulletins, Human Health Risk Assessment
(Interim Guidance).  Waste Management Division, Office of Health Assessment.
kThe Risk Assessment Program has contacted the Superfund Program and been given provisional
values which should be used for DOE-ORR projects.  This value should be clearly documented as
provisional.  For other projects, the Superfund Health Risk Technical Support Center should be
contacted directly (513) 569-7300.

Table 4.  Toxicity and chemical-specific human health risk factorsa.
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Table 5.  Groundwater sampling summary for PCE and TCE.
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Table 6.  Summary of source SSTLs.

a  IC = institutional control
b  Statewide standards for soil are based on ingestion and do not address leaching or vapor.
Bold values indicate an SSTL less than the current source concentration.
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Figure 1. Sampling locations.
B = Soil boring
P = GeoprobeTM location
MW = Monitoring well


