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ABSTRACT: Vapor intrusion to indoor air from volatile orgasiompound (VOC) contamination in
the subsurface is increasingly becoming a moreriampcexposure pathway when developing site
conceptual models and ultimately obtaining sitsuc Until recently, this exposure pathway was no
often considered during site characterization. difieet measurement of the vapor intrusion to indivo
pathway is typically difficult to perform due tangple collection methods and interferences to sample
such as ambient air. In order to perform validsmesnents, a thorough understanding of the sitesend
of multiple characterization tools are necessargost effective three-phase approach to assesathe
intrusion to indoor air pathway at the South MesateWQuality Assurance Fund (Arizona State
Superfund or WQARF) Registry site in Gilbert, Ariaovas implemented.

INTRODUCTION
Site Description.The subject site is a former metal plating fadiitsated within the boundaries of the
South Mesa Water Quality Assurance Revolving Fuhikcha State Superfund) Registry Site
(SMWRS). In 1983, PCE was detected in ~»
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Figure 1 — Site Location



sources of contamination were a septic systeneakagde from processing equipment. While the metal
plating facility was in operation, groundwater veasdeep as 200 ft (61 m) bgs. However, due to
decreased groundwater usage in the area, thetalslgidras risen to its current level of approxityate
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Figure 2 - Site Plar

115 ft (35 m) bgs-a rise of 85 ft (26 m). Onssianitor well (MW-AM-8S) installed in 1991 to a dept

of 165 ft (50 m) contained PCE concentrations ranging Ing/L to 300 g/L. Monitor well MW-

7D, located approximately one-mile down-gradienttr@ site, has consistently contained PCE
concentrations ranging from §/L to 60 g/L since the time of its installation in 1991.eWRous site
investigation and source removal activities wetaded on the injection well and approximately 1,100
Ibs (500 kg) of volatile organic compounds (VOCsjewemoved by Soil Vapor Extraction (SVE) from
1995-1997.

VAPOR INTRUSION ASSESSMENT METHODS

A remedial investigation (RI) and early resporat®mra (ERA) of the SMWRS for the Arizona
Department of Environmental Quality (ADEQ) was ctateol in 200?. As part of the RI, vapor
intrusion to indoor air was assessed. The litgdladundance of cobbles ) below the site prevémged
use of lower cost characterization tools, suchirastgush technologies. Therefore, an innovative
approach was utilized to minimize the number aihgserand costs. The vapor intrusion assessment
involved five phases as follows: 1) surface gesiplysurvey; 2) passive soil vapor survey; 3igctitin
of discreet soil and soil gas samples from deeapgsor) collection of discrete soil and soil gasisles
from shallow borings; and, 5) collection of indamrquality (IAQ) samples. The objectives of thpar
intrusion assessment are listed as follows: hjifigi@otential source areas; 2) characterize dolese
zone below the site; 3) obtain vertical contaminanfilgs; 4) confirm operation of the SVE system; 5)
evaluate potential health risks associated witbnrajpusion; and, 6) minimize costs.



Geophysical Survey.A surface geophysical survey consisting of a eatibn of electromagnetics and
ground penetrating radar (GPR) was performed onIMag001 to identify the location of an on-site
septic tank and associated leach pit.

Passive Soil Vapor SurveyBased on the results of the geophysical sunag agview of historic site
plans, a passive soil vapor survey using PassileG8s (PSG) samplers provided by Beacon
Environmental Services, Inc. (Beacon) was performoedbtain a surficial representation of the
subsurface PCE contamination. The passive s@ligasy was performed from May 24, 2001 through
May 31, 2001. A survey grid consisting of 40 samplats was designed (Figure 4), with the sample
points concentrated around the former injectior, aiethe former process equipment area, and at the
septic tank. The PSG sampler, which consiststaéisomaterials, was installed approximately &in (
cm) bgs for 72 hours. The results were time-waibiahd spatially variable soil gas masses thairttak
account soil vapor concentration changes andvatper transport processes.

Deep Borings. The PCE results for the passive soil vapor suakesghown on Figure 5. Based on the
passive sail vapor survey results, deep soil lohiBgl (southwest corner), LB-2 (septic tank), laBeB
(injection well) were drilled from August 20, 20Btough August 31, 2001. The borings were intended
to evaluate the extent of VOC impact within the UATherefore, the maximum driling depth was 240
ft (73 m) bgs. The borings were drilled using &M00 dual-wall percussion drill rig. In order to
obtain vertical contaminant profiles, discrete soltl soil vapor samples were collected using the
Maxisimulprobe (MSP) system. The MSP system alibescollection of discrete soil and soil vapor
samples or discrete soil and groundwater samptargeitool, that are analyzed on-site. The sampling
depths are shown on Figures 6 and 7. The selectelihgatiepths were based on the lithology of the
site. All samples were submitted to an on-siteilmé@ioratory and PCE, TCE, and 1,2-DCE using
EPA Method 8021 were reported. The mobile labgrates used to obtain rapid analytical results, thus
minimizing drilling delays. The mobile laboratoypitally provided analytical results within 30 nies!

of sample collection.

Shallow Borings. Borings LB-4, LB-6 and LB-7 were drilled from $ampber 11, 2001 through
September 13, 2001. The locations are shown areFg These borings were intended to evaluate the
vadose zone impact below the former process equipsrea. The borings were drilled inside the
structure. Therefore, the drilling method wastéahito low-profile hollow-stem auger. Very dense
cobbles and gravels are present at approximatdly(82 m). Therefore, driling and sampling was
limited to 60 ft (18.3 m) bgs. During drilingsdrete soil and soil gas samples were collectifa(3

m) intervals using the Maxisimulprobe system.

Indoor Air Quality Sampling. The results of the passive sail vapor survesahsurface investigation
indicated a PCE sail vapor plume was present ibetegibuilding. Therefore, vapor intrusion to mdo

air was considered a potential exposure pathvilag site. ADEQ approved the use of indoor aititgjual
(IAQ) sampling to evaluate vapor intrusion into ¢ite building. Two rounds of vapor sampling were
performed; the first on June 27, 2002 and thendemoDecember 17, 2002. The IAQ sample locations
are shown on Figure 3. The IAQ sampling involvedalacement of summa-canisters at six locations
within the building. Sample 7 was collected outsl@s an ambient air sample. The summa canisters
were under vacuum and regulator was set to calteeight hour draw sample. The samples were
analyzed for VOCs using EPA Method TO-15. Sampthsoligh 3 collected on June 27, 2002 were



collected in an office suite that was vacant. mgyithe interim, the vacant space became a salasdsus
(Suite 1) and was operating as such on the Dec&m2802 sampling event.

Figure 3 — IAQ Sample Locations

VAPOR INTRUSION ASSESSMENT RESULTS

Passive Soil Vapor Survey.The PCE results for the passive soil gas sureestewn on Figure 4,
which is a concentration isopleth map that illtestréhe spatially varying mass of PCE in the sal g
PCE concentrations ranged from 200 ng to 12,000ithga mean concentration of 3,078 ng. The PSG
samplers located in the southwest corner of thatsiwed the highest PCE masses, which indicated a
possible PCE vapor plume beneath the west dide lofilding and directly below Suite 1.

Figure 4 — PCE Passive Soil Vapor Survey Results



Soil Gas and Soil SamplesThe discrete soil gas samples were analyz&igr TCE, and 1,2-DCE
and the soil samples were analyzed for VOCSs, eysetal chromium, hexavalent chromium, copper,
cyanide, nickel and zinc. The discrete soil sasqalatained non-detectable concentrations of VOEs a
concentrations of metals and cyanide that werewvbiile Arizona minimum soil cleanup levels.
However, the discrete soil gas samples contaifsntety high concentrations of PCE, particulaig t
samples collected from borings LB-1 and LB-6 (Fedgik The samples collected between 30 and 50 ft
(9-15 m) bgs, which is a predominantly sandy iateocontained the highest PCE concentrations. PCE
mass removal rates assuming a soil vapor extréotiorate of 200 scfim, are also shown on Figure 5.

Figure 5 — PCE Soil Gas Concentrations with Depth

IAQ Samples. The only two site-specific VOCs detected in &@ samples were PCE and TCE. The
results of the IAQ sampling are summarized in Tabld°’CE and TCE were detected at the highest
concentrations in Sample 2, which was locatedarSilite 1 office. Preliminary remediation goals
(PRGs) for indoor air in a commercial setting wedeulated for PCE and TCE as shown in Table 1.
Incidental lifeime cancer risks (ILCRs) were tlvaftulated for PCE and TCE in each sample. The
standard for acceptable exposure per the Nati@minGency Plan (NCP) is 1x10or one in ten
thousand ILCR (EPA, 1990). This is also definethasle maximusisk. Thede minimisrisk is
published as 1x10or one in one milion. The ILCRs can be evaluaditidually or cumulatively if
several VOCs are detected. According to the NCP, ifdivédinal and cumulative ILCR exceeds 1E-
04, remedial actions are required. If the indaiidnd cumulative ILCR falls between 13¢#hd 1x106,

then remedial actions may be considered to miniesesure. If the individual and cumulative ILGR i
less then 1x1%) then no further action is required.



Table 1. Indoor Air Quality PCE and TCE Analytical  Results
Sample PCE? TCE® Combined
Number Location Date ppbv ng/m® CILCR® ppbv my/m*> | CILCR® CILCR®
1 Suite 1 — 6/27/02 20 135.6 9E-07 0.97 5.21 1E-06 2E-06
Floor 12/17/02 13 88.14 6E-07 1.2 6.44 2E-06 3E-06
2 Suite 1 — 6/27/02 57 386 3E-06 0.94 5.05 1E-06 4E-06
Office 12/17/02 180 1220.4 9E-06 4.0 21.48 6E-06 2E-05
1AQ-1 11/21/07 0.85 5.9 4E-08 <0.5 <2.8 NA 4E-08°
3 Suite 1 — 6/27/02 16 108.48 8E-07 0.81 4.35 1E-06 2E-06
Mezzanine | 12/17/02 17 115.26 8E-07 0.78 4.19 1E-06 2E-06
4 Suite 4 — 6/27/02 <0.50 <3.39 NA <0.50 <2.69 NA NA
Floor 12/17/02 NS NS NS NS NS NS NS
5 Suite 5 — 6/27/02 2.0 13.56 9E-08 <0.50 <2.69 NA 9E-08
Floor 12/17/02 NS NS NS NS NS NS NS
6 Suite 3 — 6/27/02 55 37.29 3E-07 0.76 4.08 1E-06 1E-06
Floor 12/17/02 7.0 47.46 3E-07 0.61 3.28 9E-07 1E-06
7 Outside 6/27/02 <0.50 <3.39 NA <0.50 <2.69 NA NA
12/17/02 <0.50 <3.39 NA 0.67 3.60 1E-06 1E-06
EPA Region 9 PRG' 0.099 0.32 NA 0.003 0.017 NA NA
Commercial PRG 21.09 143 NA 0.667 3.58 NA NA
ILCR Acceptable Exposure NA NA 1E-04 NA NA 1E-04 1E-04
Standard®
ILCR de minimus Exposure NA NA 1E-06 NA NA 1E-06 1E-06
Standard

a. PCE results reported in parts per billion of vapotume (ppbv) and micrograms per cubic meter

(my/m?®). NS — not sampled.
b. TCE results reported in parts per billion of vapmiume (ppbv) and micrograms per cubic meter

(my/m?®). NS — not sampled.

c. CILCR — Commercial Incidental Lifetime Cancer RisKA indicates not applicable due to laboratory
non-detect concentrations.

d. Combined CILCR = PCE CILCR + TCE CILCR.

e. The combined CILCR for sample IAQ-1 collected on21107 does not exceed 1E-06. Therefore,
according to the National Contingency Plan (NCPjurther action is required.

f.  Environmental Protection Agency (EPA) Region 9 irelary Remediation Goal (PRG) for ambient
air (EPA 2004).

g. Incremental Lifetime Cancer Risk (ILCR) acceptaistposure standard per the NCP.

Though the individual and combined ILCRs for P@E aCE did not exceed the acceptable
exposure standard of 1] ®ecause the combined ILCR exceeded 1ADEQ decided to proceed
with an early response action (ERA) to removedhiees of the vapor intrusion to the Suite 1 office.

REMEDIAL ACTIVITES

In July 2004, a nested vapor extraction well wstslled in the southwest corner of the site, ifeeht
as VW-7 on Figures 2 and 3. The approximatelysadfinfluence (ROI) for a vapor well at the wites
determined to be approximately 60 ft (18m). Tieesel/W-7 was installed at a location where thesROI
for VW-5 and VW-7 would overlap beneath the buidilvW-5 and VW-7 were connected to the
existing SVE system located in the eastern pafitre site. The SVE system was started in Septemb
2004. The remedial goal was to reduce PCE andcd@fentrations in the Suite 1 office to an ICLR les
than 1x16. Influent PCE concentrations at the start ofatioer in September 2004 were 310,000
micrograms per cubic meter (UJfmSVE system operation continued to August 20@shasymptotic
vapor concentrations between 950 piginal 1,100 pg/frhad been achieved. On November 21, 2007,
an IAQ sample identified as IAQ-1 on Figure 3 amd able 1 was collected from the Suite 1 office. A



shown in Table 1, the PCE concentrations in the $uiffice was reduced to 5.9 ugfom a high of
1,220.4 pg/on December 17, 2002. TCE was not detected in thevidev@1, 2007 sample. The
combined ILCR is 4xI%) which is less than the 1X0Therefore, ADEQ subsequently approved
completion of the ERA.

CONCLUSIONS

The passive soil vapor survey proved to be affestive, rapid and accurate method to delinkate t
areal extent of the vadose zone impact and idegtifjossible source areas. The passive soil vapor
survey also indicated the area of the site wheer watrusion was a potential exposure pathwayge Th
follow-up depth-specific soil gas and IAQ samplimggrams confirmed the results of the passive soil
vapor survey. The operation of the SVE systermdSRA successfully reduced the PCE and TCE
concentrations in the Suite 1 office to below #tetdished cleanup goal.
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