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Notice

The U.S. Environmental Protection Agency (EPA) through its Office of Research and Development funded
and managed the research described here through in-house efforts and under Contract No. 68-C-02-092 to
the Dynamac Corporation. It has been subjected to the Agency’s peer and administrative reviews and has
been approved for publication as an EPA document.

All data generated in this report were subjected to an analytical Quality Assurance Plan developed by
EPA’s New England Regional Laboratory. Also, a Quality Assurance Project Plan was implemented at the
Ground Water and Ecosystems Restoration Division. Results of field-based studies and recommendations
provided in this document have been subjected to external and internal peer and administrative reviews.
This report provides technical recommendations, not policy guidance. It is not issued as an EPA Directive,
and the recommendations of this report are not binding on enforcement actions carried out by the EPA or
by the individual States of the United States of America. Neither the United States Government nor the
authors accept any liability or responsibility resulting from the use of this document. Implementation of the
recommendations of the document and the interpretation of the results provided through that
implementation are the sole responsibility of the user.



Foreword

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land, air,
and water resources. Under a mandate of national environmental laws, the Agency strives to formulate and
implement actions leading to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet these mandates, EPA’s research program is providing data
and technical support for solving environmental problems today and building a science knowledge base
necessary to manage our ecological resources wisely, understand how pollutants affect our health, and
prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency’s center for investigation of
technological and management approaches for reducing risks from threats to human health and the
environment. The focus of the Laboratory’s research program is on methods for the prevention and control
of pollution to air, land, water, and subsurface resources; protection of water quality in public water
systems; remediation of contaminated sites and ground water; and prevention and control of indoor air
pollution. The goal of this research effort is to catalyze development and implementation of innovative,
cost-effective environmental technologies; develop scientific and engineering information needed by EPA
to support regulatory and policy decisions; and provide technical support and information transfer to ensure
effective implementation of environmental regulations and strategies.

This report describes the results of an investigation conducted to assist EPA’s New England Regional
Office in evaluating vapor intrusion in homes and a commercial building near the Raymark Superfund Site
in Stratford, Connecticut. Specifically, a study was conducted to compare results of soil-gas sampling
using dedicated vapor probes, a truck-mounted direct-push technique, Geoprobe® Post-Run-Tubing
system, and a hand-held rotary hammer technique, AMS Gas Vapor Probe kit. Testing revealed some
statistically significant differences. However, the magnitude of variation was similar to that due to spatial
variability on the scale of testing (1 m). Hence for practical purposes, all three sample systems were
considered approximately equivalent. This investigation should provide confidence that the PRT and GVP
sample systems are satisfactory for collecting soil-gas samples in sandy soils, such as those present near
the Raymark site, to evaluate the potential for vapor intrusion.
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Stephen G. Schmelling, Directo
Ground Water and Ecosyste g toration Division
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Abstract

A study was conducted near the Raymark Superfund Site in Stratford, Connecticut to compare results of
soil-gas sampling using dedicated vapor probes, a truck-mounted direct-push technique - the Geoprobe
Post-Run-Tubing (PRT) system, and a hand-held rotary hammer technique - the AMS Gas Vapor Probe
(GVP) kit. A comparison of VOC concentrations using dedicated vapor probes and the GVP sampling kit
indicated that the two methods provided similar results. However, at one location, VOC concentrations
were significantly higher for dedicated vapor probes indicating potential leakage with the GVP system.
VOC concentrations using the PRT system were higher than VOC concentrations using dedicated vapor
probes by an average factor of 1.2. This is the same magnitude observed for spatial variability on a scale
of 1 m (median of 1.2 and average of 1.3 for 90 sample pairs). However, this effect did not appear to be
due to spatial variability which would result in random scatter not a consistent bias as observed. It is also
unlikely that extraction volume or sampling sequence caused the observed bias given the results of
extraction volume and sample sequence testing. VOC concentrations using the PRT system were also
higher than VOC concentrations using the GVP kit by an average factor of 2.4. Similar to the comparison
between probe and PRT sampling systems, the effect did not appear to be due to spatial variability,
extraction volume, or sequence of sampling. Thus, utilization of the PRT system resulted in observation of
higher concentrations of VOCs compared to the GVP kit and dedicated vapor probes. However, variation
in concentration was relatively minor when compared to spatial variability on the scale used for comparison
testing. Hence for practical purposes, all three sample systems can be considered approximately

equivalent.
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Executive Summary

Soil-gas sampling is widely used as a reconnaissance tool to help delineate the areal extent of ground-
water contamination and both the areal and vertical extent of vadose zone contamination by volatile
organic compounds (VOCs). Soil-gas sampling is often followed by ground-water and/or soil sampling to
quantify contamination in these media. Since soil-gas data is generally not used to evaluate the need for
corrective action or attainment of remedial goals, quality assurance and control (QA/QC) considerations
associated with soil-gas sampling are often less stringent compared to ground-water or soil sampling.
However, EPA’s recent draft guidance on vapor intrusion (EPA, 2002) allows the quantitative use of soil-
gas data along with empirical attenuation factors or the Johnson-Ettinger Model (1991) to directly assess
potential exposure from vapor intrusion. Thus, collection of representative soil-gas samples could be
critical to this endeavor. Representative soil-gas data refers to collection of a sufficient number of properly
located samples within an area and depth of concern subject to adequate QA/QC measures.
Implementation of QA/QC measures ensures that observed concentrations reflect true soil-gas

concentrations in the vicinity of a probe during sampling.

There are a number of important QA/QC issues relevant to soil-gas sample collection. One issue not
addressed in the literature is the equivalence of direct-push/hammer soil-gas sampling techniques with
dedicated vapor probes. Dedicated probes are generally considered a reliable method for soil-gas
sampling because of the use of a layer of bentonite to isolate a sand-packed screened interval. However,
direct-push/hammer soil-gas sampling techniques have become common to support vapor intrusion
investigations because they are more convenient (ability to sample the same day as probing) and less
expensive compared to installation of dedicated probes. Also, direct-push/hammer techniques allow
collection of soil-gas samples close to a building minimizing concern regarding interpolation and

extrapolation of soil-gas concentrations beneath a building.

In this investigation, concentrations from soil-gas samples collected using dedicated vapor probes were
compared with samples using the Geoprobe Post-Run Tubing (PRT) system and AMS Gas Vapor Probe
(GVP) kit. The PRT system is one of the most commonly used truck-mounted direct-push soil-gas
sampling systems in the United States. The PRT system can be used to collect soil-gas samples to depths
up to 20 m. The hand-held rotary hammer GVP kit is suitable for shallow soil-gas sampling (up to 4 m) but
allows access within 1 m of a building. These two methods were selected for evaluation because of their

common use.
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Soil-gas sampling was conducted at one to three depths at several locations near the Raymark Superfund
site in Stratford, Connecticut. Surficial soils in the soil-gas sampling areas are very permeable consisting
of sand or a mixture of sand and gravel. A peristaltic pump with Masterflex® tubing, variable-area PVC
flowmeter, and landfill gas meter were used in line to extract air, measure flow rates, and measure gas (O,,
CO,, and CH,) concentrations during purging. A peristaltic pump and one-liter Tedlar bags were used for
sampling. Purging and sampling occurred at a flowrate of 0.5 standard liters per minute (SLPM). On-site
gas chromatography (GC) analysis was conducted by EPA's New England Regional Laboratory using their
standard operating procedure. Air samples from each Tedlar bag were injected into two portable GCs with
results compared to ensure consistency. Tedlar bag sampling and on-site analysis provided near real-time
data. Detection limits for on-site analysis were 2 — 5 ppbv for VOCs of concern. Container, field, probe,
and travel blanks demonstrated that Tedlar bags used to collect samples, coolers used to transport
samples, PRT and GVP sample systems used to extract samples, and atmospheric air were not a source

of VOCs at detection limits of concern. Replicate samples indicated excellent sample precision.

A mass-balance equation was used to estimate internal volume exchanges necessary to purge dedicated
probe, PRT, and GVP systems prior to sample collection. Simulations indicated that if air within a sample
system had initially been reduced to zero concentration because of direct exposure to atmospheric air,
extraction of 2.2 to 3.0 internal volumes prior to sampling would ensure that VOC concentrations of air
entering a sample vessel would be 90 to 95% of VOC concentrations of soil-gas entering a sampling
system. This would be the most conservative condition and representative of PRT and GVP sample
systems. A zero concentration would not be expected for a dedicated vapor probe which had been sealed
for months prior to sampling. Purge testing at a dedicated vapor probe indicated concentration stabilization
after only one internal volume exchange. In this investigation, at least 2 internal volumes of air were
removed from dedicated vapor probes prior to sample collection. At least 3 internal volumes of air were

removed from PRT and GVP sample systems prior to sample collection.

To allow a comparison of dedicated probe, PRT, and GVP sampling systems, it had to be demonstrated
that the act of sample collection did not affect sample results at the system being sampled or at other
nearby sample locations. Increasing internal volume exchanges or pre-sample air extraction volume in
excess of a purging requirement could increase the possibility of collecting a soil-gas sample not
representative of some integrated volume of soil around a screened interval. If properly sampled, VOC
concentrations should remain relatively constant unless air is drawn in from a nearby region of lower or
higher vapor concentration. To evaluate the impact of pre-sample internal volume exchanges on sample

results, ten soil-gas samples were collected after various (starting with zero) internal volume exchanges at
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one PRT and one dedicated vapor location sampling location. In the test using the PRT system, up to 9
liters of air and 74 internal volume exchanges were extracted with little impact on vapor concentration. In
the test using the dedicated vapor probe, up to 103 liters or internal volume exchanges were extracted with
little impact on vapor concentration (1 internal exchange equaled 1 liter). Thus, it is unlikely that pre-

sample air extraction impacted sample results at the systems being sampled.

To evaluate the potential impact of air extraction at one location on sample results at a nearby location and
depth, three samples were taken non-sequentially from each sampling system. For example, at one
location, the PRT system was sampled first, followed by the GVP system, followed by sampling at the
dedicated probe. The sequence was then changed to sampling at the GVP system, followed by sampling
at the dedicated vapor probe, followed by sampling at the PRT system and so on until three samples had
been obtained from each system at each depth. A comparison of first and third VOC concentrations for
locations and depths where three samples were collected indicated that sample collection at a one location
did not impact sample results at another location. Also, coefficients of variation for the three samples were

generally below 10% again indicating little impact.

Another potentially complicating factor in comparing vapor concentrations from dedicated probe, PRT, and
GVP sampling systems is spatial variability. PRT and GVP sampling locations were positioned relatively
close (usually within 1 m) to dedicated vapor probes to minimize the effect of spatial variability on soil-gas
concentration. To assess the presence and magnitude of spatial variability at this scale, soil-gas sampling
was conducted at three depths at five locations separated by 0.46 m (1.5’) in a cross-like pattern using the
PRT sampling system. In general, variation in VOC concentration with location at each depth was present

but relatively minor.

Sampling systems were compared using data from all locations and depths. A comparison of VOC
concentrations using dedicated vapor probes and the GVP sampling kit indicated that the two methods
provided similar results (p = 0.31 for two-tailed paired t-Test, p > 0.2 for two-tailed non-parametric Wilcoxon
Signed Rank Test). However, at one location, O,, CO,, and VOC concentrations were noticeably different

for sampling systems indicating potential leakage with the GVP system.

VOC concentrations using the PRT system were not statistically equivalent to VOC concentrations using
dedicated vapor probes (p = 0.009 for two-tailed paired t-Test, p < 0.01 for two-tailed non-parametric
Wilcoxon Signed Rank Test). VOC concentrations using the PRT system were higher than VOC

concentrations detected using dedicated vapor probes by an average factor of 1.2. This is the same
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magnitude observed for spatial variability on a scale of 1 m (median of 1.2 and average of 1.3 for 90
sample pairs). However, this effect did not appear to be due to spatial variability which would result in
random scatter not a consistent bias as observed. It is also unlikely that extraction volume or sampling

sequence caused the observed bias given results from extraction volume and sample sequence testing.

VOC concentrations using the PRT system were also not statistically equivalent to VOC concentrations
using the GVP kit (p = 0.03 for two-tailed paired t-Test, p < 0.01 for two-tailed non-parametric Wilcoxon
Signed Rank Test). VOC concentrations using the PRT system were higher than VOC concentrations
detected using the GVP kit by an average factor of 2.4. Similar to the comparison between probe and PRT
sampling systems, the effect does not appear to be due to spatial variability, extraction volume, or

sequence of sampling.

Thus, utilization of the PRT system resulted in observation of higher concentrations of VOCs compared to
the GVP sampling system and dedicated vapor probes. However, the magnitude of variation was relatively
minor especially when to compared to variation on a scale of 1 m due to spatial variability. Hence for

practical purposes, all three sample systems can be considered approximately equivalent.

This testing was conducted in highly permeable soils where the potential for leakage from direct-
push/hammer soil-gas sampling systems would be expected to be low compared to less permeable soils
such as silt and clay. Thus, the results of this investigation should not be extrapolated to other soil textures
where additional investigation is needed. Also, only one direct-push and one rotary hammer method was
evaluated for comparison with dedicated vapor probes. Thus, the results of this investigation should not be

extrapolated to other direct-push/hammer soil-gas sampling techniques.
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