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Notice and Disclaimer

Preparation of this document was funded by the U.S. Environmental Protection Agency (EPA)
under Contract No. 68-W-02-034. It was prepared for EPA’s Brownfields and Land
Revitalization Technology Support Center (BTSC), which responds to requests from EPA
regional offices, states, localities, and tribes to provide support for brownfield sites related to
the use of technology for site investigations and cleanups.

The document is intended as a primer only, not guidance. EPA recommends that users refer to
existing guidance documents (some references are provided herein) regarding vapor intrusion
characterization and mitigation techniques. The primer was subjected to the Agency’s
administrative and expert review and was approved for publication as an EPA document.
Mention of trade names or commercial products does not constitute an endorsement or
recommendation for use.

An electronic version of the primer can be downloaded from BTSC’s website at
http://www.brownfieldstsc.org. A limited number of hard copies are available free of charge by
mail from EPA’s National Service Center for Environmental Publications at the following
address (please allow 4 to 6 weeks for delivery):

EPA/National Service Center for Environmental Publications
P.O. Box 42419

Cincinnati, OH 45242

Phone: 1-800-490-9198

Fax: 301-604-3408

Email: nscep@bps-Imit.com

For further information about this document, please contact Mike Adam of EPA’s Office of
Superfund Remediation and Technology Innovation at 703-603-9915 or by e-mail at
adam.michael@epa.gov.
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1.0 BACKGROUND

Redevelopment of brownfield sites plays an important role in stimulating the economic
revitalization of communities by bringing vacant or underutilized properties into productive use
and offsetting the need to develop open land, or “green space.” Along with the normal financial
and business risks associated with developing property, brownfields redevelopers must
manage environmental risk, including that due to vapor intrusion—the migration of chemical
vapors from contaminated soil and groundwater into buildings. The core message of this
primer is that early consideration of vapor intrusion beginning during the Phase | environmental
site assessment will help ensure that redevelopment protects the health of current and future
building occupants. In addition, incorporating relatively inexpensive mitigation (prevention)
techniques into the construction of new buildings, rather than retrofitting them later, will result
in significant cost savings and help avoid the occurrence of vapor intrusion in the future.
Because there are many available, cost-effective approaches to mitigation, vapor intrusion
need not stand in the way of brownfields redevelopment.

This primer is designed for land revitalization stakeholders' concerned about vapor intrusion,
including property owners, municipalities, and real estate developers. It provides an overview
of the vapor intrusion issue and how it can affect redevelopment. It also summarizes
techniques for quickly and cost effectively assessing the potential for vapor intrusion, as well
as techniques for mitigating it.

The topics covered will familiarize stakeholders with options for addressing vapor intrusion to
help them communicate with their project contractors and consultants. The “Quick Look” box at
the beginning of each section summarizes the important points that follow. For reference, a list
of acronyms and a glossary are provided in Appendix C. Text boxes throughout the primer and
Appendices B, C, D, and E provide additional detail and resources for those readers who
would like to know more.

1.1  What Is Vapor Intrusion? Vapor intrusion is an exposure pathway—a way that people
may come in contact with environmental contaminants. Vapor intrusion exposes building
occupants to potentially toxic levels of vapors when volatile chemicals (those that readily
evaporate) present in contaminated soil or groundwater emit vapors that migrate into overlying
buildings. It is similar to the more familiar problem of radon, a gas that is emitted naturally from
soil and bedrock and enters buildings through cracks and openings in the foundation and
through porous building materials. (Text box 1.)

Both volatile chemicals and semivolatile chemicals (those that evaporate more slowly) can
pose a vapor intrusion problem. Examples of volatile and semi-volatile chemicals include
degreasers, dry-cleaning solvents, gasoline and petroleum (including benzene), naphthalene,
polychlorinated biphenyls (PCBs), and certain pesticides. Volatile chemicals are primarily

' This primer is not intended for audiences requiring in-depth technical explanations or guidance related to vapor
intrusion.
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A Quick Look at Vapor Intrusion

" Determining the potential for vapor intrusion should begin early during the Phase | environmental site

assessment.

¥  Vapor intrusion exists when volatile or semivolatile chemicals in soil or groundwater migrate toward
buildings and enter through cracks and openings in the foundation and walls.

" Inhalation of vapors may cause chronic and acute health effects.

" The potential for vapor intrusion exists even though industrial activities may have never occurred on a

property.

" States may have specific vapor intrusion guidance that needs to be considered.

IZ" The Interstate Technology and Regulatory Council’s guidance documents describe a “multiple lines of
evidence” approach to assessing vapor intrusion.

Iz~ Contact environmental agencies to ensure that the most up-to-date and appropriate guidance is followed.

organic but also comprise metallic mercury, which is inorganic. For ease of discussion, this
primer refers to chemicals that may result in vapor intrusion as volatile organic compounds, or
“VOCs.” (Other references may refer to “volatile chemicals of concern” or “vapor-forming
chemicals.”) However, it distinguishes between volatile and semivolatile, as well as organic

and inorganic chemicals, where
necessary.

As illustrated in Figure 1, VOCs in
contaminated soil and groundwater emit
vapors that rise through the pore space
of the unsaturated zone above the
water table. (Where bedrock underlies a
property, the vapors move through
fractures and openings in the rock.)
These vapors, also known as “soil gas,”
can move laterally as well as vertically
from the source of contamination.
Lateral movement can increase as
groundwater plumes migrate away from
the source of contamination or if the
ground surface is paved or frozen,
preventing escape of vapors upwards.

The movement of soil gas is controlled
by the processes of diffusion and
advection. Diffusion causes vapors to

TEXT Box 1: VAPOR INTRUSION AND RADON

Vapor intrusion is similar to the behavior of radon. As a
result, the mitigation approaches developed for vapor
intrusion are often similar to those for radon. Radon, a
colorless, odorless gas, is formed from the decay of
radium, a radioactive element that occurs naturally in the
bedrock and soil in some areas of the country. Radon
poses a threat to the health of building occupants once the
gas migrates at high enough levels from soil and rock into
homes and the work place. According to EPA estimates,
inhalation of toxic radon decay products is the leading
cause of lung cancer among non-smokers. For more
information and EPA recommended action levels, see:
http://www.epa.gov/radon/healthrisks.html.

Today, testing for radon in buildings is common, as is the
installation of mitigation systems to prevent entry of radon.
Buildings also may be retrofitted to mitigate the problem.
As testimony to the effectiveness of these mitigation
methods, nearly two million radon retrofits have been
installed and more than a half million homes have been
constructed using radon reduction techniques. For more
information on radon mitigation, read EPA’s guide, Building
RadonOut (EPA, 2001).
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spread from the higher concentrations closest to the source of contamination toward low
concentrations in uncontaminated areas. Advection is the movement of soil gas from areas of
higher to lower pressure.

As diffusion causes vapors to rise through soil or bedrock, they tend to accumulate under
building foundations and other barriers such as pavement. These barriers create a “capping
effect,” which inhibits upward movement of vapors. Because of cracks and other openings in
building foundations, these barriers are not impenetrable. Vapor intrusion generally occurs
when advection (movement due to pressure differences) draws vapors indoors via these
openings. The pressure beneath a building is typically higher than the pressure indoors due to
a phenomenon called “building depressurization.” Depressurization causes buildings to draw
soil gas indoors. Soil gas that does not pass within the zone of influence of the building will
continue to migrate within the subsurface or escape to the atmosphere. Vapors that pass
within the zone of influence will be drawn in through cracks in the foundation or through
openings associated with utility lines, sump pumps, etc.

Depressurization is caused by “leaky” heating and ventilation systems, exhaust fans, and stack
and wind effects (Figure 1) that reduce the pressure indoors. Stack effects cause building
depressurization as a result of differences in indoor and outdoor temperatures. As warmer
indoor air rises and exits the top of the building, the resulting pressure differences induce
vapor flow into the bottom of the building. Stack effects can transport vapors to upper floors of
a building via stairwells, elevator shafts, ductwork, etc. Wind currents passing over a building
can also cause pressure differences that affect the flow of vapors into the building. For more
information on stack and wind effects, consult EPA’s Indoor Air Guide at
http://www.epa.gov/iag/schools/tfs/quide2.html.

1.2  Why Is Vapor Intrusion a Concern? Vapor intrusion poses a potential risk to the
health of residents, workers, and other occupants who breathe the vapors inside buildings. In
the past, cleanup of brownfields and other contaminated sites focused on protecting human
health by preventing exposure to contaminants through direct contact (e.g., children playing in
contaminated soil) or ingestion (e.g., residents drinking contaminated groundwater from wells).
As we have learned more about vapor intrusion, however, it has become clear that the
potential for risk of inhaling chemical vapors due to vapor intrusion may still need to be
addressed.

If vapor intrusion is a concern at a property to be developed, we recommend that a risk
assessment by qualified personnel be conducted to evaluate the degree of risk to future
building occupants. The question of risk posed to building occupants by vapor intrusion will
depend on the toxicity of the chemical, the concentration of the chemical vapor in the indoor
air, the age and health of the occupants, the amount of time the occupants spend in the
building, and other variables. In rare instances, and in extreme cases, significant buildup of
vapors from a nearby highly contaminated source (e.g., gasoline from leaking underground
storage tanks or methane from landfills) may pose an immediate risk of fire or explosion. In
other cases, at concentration levels often associated with a detectable odor, short-term
exposures may cause acute health effects such as headache, nausea, and eye and respiratory
irritation. But more commonly, the potential risk to building occupants comes from inhaling,
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over time, lesser amounts of chemical vapors that have accumulated indoors. The
contamination may not have a detectable odor; however, long-term exposure to even low-
levels of certain vapors may increase the risk of chronic health effects, such as cancer and

other diseases.

Figure 1. Migration of Soil Vapors to Indoor Air. Three conditions must exist for environmental-
contaminant vapors to reach the interior of buildings: vapors from contaminated soil or groundwater must
migrate to the subsurface near the building foundation, entry routes into the building must be present, and
there must be driving forces (e.g., stack and wind effects) present that can move the vapors through these

entry routes (ASTM, 2005).
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1.3 Where Is Vapor Intrusion a Concern? Vapor intrusion is a potential concern at any
building—existing or planned—located near soil or groundwater contaminated with VOCs.
EPA’s draft guidance for evaluating the vapor intrusion pathway defines “near” as
contamination within 100 feet (laterally or vertically) of buildings, unless there is a conduit that
intersects the soil gas migration route that would allow soil gas to migrate further than 100 feet
(EPA, 2002). A conduit is any passageway, such as a sand or gravel layer, buried utility line, or
animal burrow, that facilitates the flow of soil gas. The guidance further notes that vapor
intrusion is associated with contamination found in the unsaturated zone (the soil above the
water table) or in the uppermost portion of the saturated zone (just below the water table) as
opposed to deep within the saturated zone. Fluctuations in the water table level due to
seasonal precipitation changes or pumping may increase soil gas concentrations where
contamination exists.

Properties with potential VOC contamination are common in industrial and commercial areas.
They include current and former manufacturing and chemical processing plants, warehouses,
landfills, coal gasification plants, train yards, dry cleaners, and gas stations. Improper use,
storage, or transport of chemicals at these facilities may have resulted in a release of
contaminants to the environment creating the potential for future vapor intrusion issues. In
addition to industrial and commercial activities, roadside dumping, pesticide spraying, or even
improper disposal of household chemicals via a septic field may also release contaminants to
the environment. Therefore, the potential for vapor intrusion should be considered at all types
of properties considered for redevelopment.

Even “greenspace” properties that have not previously been occupied or developed may
contain VOC contamination. Because groundwater plumes and soil gas can migrate laterally,
the contamination source need not be on the property to be redeveloped to pose a vapor
intrusion problem. The actual source(s) of vapor intrusion (e.g., landfill wastes, contaminated
soil, or buried drums) may be present on a neighboring property or on a property some
distance away. Depending on the degree of contamination and geology, contaminants
dissolved in groundwater plumes can flow beneath a property from sources located a mile or
two upgradient (in the direction opposite groundwater flow and plume migration). Because of
the large size of migrating groundwater plumes, they may be the greatest contributor to the
vapor intrusion problem.

1.4 How Does Vapor Intrusion Impact Brownfields Redevelopment? Awareness of
vapor intrusion as a potential for exposure to soil and groundwater contamination has raised
concerns about public health risks and liability during property transactions. However, if vapor
intrusion is considered along with other potential exposure pathways commonly evaluated
(e.g., ingestion of or direct contact with soil and groundwater), land revitalization stakeholders
can eliminate potential health risks and facilitate transactions. Early proactive evaluation of
vapor intrusion can make available more options for the mitigation and redevelopment. In
addition, preconstruction mitigation measures are less expensive than post-construction
remediation and structure retrofits.

The potential for vapor intrusion should be considered during the Phase | or the follow-on
Phase Il environmental site assessment for any brownfield property transaction. This would
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include looking at the past history of the property, neighboring properties, site geology and
hydrogeology, and the condition of existing buildings for conditions conducive to vapor
intrusion. If the potential is found to exist, then an appropriate sampling and analysis plan for
site characterization can be developed in Phase Il so that vapor intrusion can be evaluated
and mitigated. (These topics are discussed further in Sections 2.0 and 3.0, respectively.)
Subsequent changes in the use of a property, such as converting an industrial building to loft
apartments, may require reevaluation of the vapor intrusion pathway (EPA, 2002).

The American Society for Testing and Materials (ASTM) is developing a standard to address
vapor intrusion as it can impact real estate transactions (Buonicore, 2006). The standard will
supplement the Phase | environmental site assessment process and can be designed to help
decide whether or not there is a reasonable probability that vapor intrusion could present an
environmental risk or liability.

1.5 How Is Vapor Intrusion Regulated and What Guidance Is Available? Vapor
intrusion is an exposure pathway, and as an exposure pathway, it should be considered by
environmental practitioners when evaluating potential health risks from soil or groundwater
contaminated with VOCs. Both EPA and state agencies recognize the importance of this
pathway and have issued guidance documents to guide practitioners in their assessment of
the vapor intrusion pathway. In addition, several state documents also provide guidance for
evaluating and mitigating the potential health risks. At the time of this writing, however, neither
EPA nor the states regulate how assessments and mitigation must be performed.

Guidance Documents: EPA issued the OSWER? Draft Guidance for Evaluating the Vapor
Intrusion to Indoor Air Pathway from Groundwater and Soils in 2002. The premise of the
OSWER draft guidance is to use sampling data collected from outside the building, such as
soil gas, sub-slab, and/or groundwater samples discussed in Section 2.2, to estimate indoor air
concentrations of vapors. These estimates are compared to risk-based concentrations for
indoor air in residential settings. The guidance also allows evaluation of non-residential
settings through use of the Johnson and Ettinger or “J&E” model (See Section 2.3). Use of the
OSWER draft guidance is not recommended typically for sites with petroleum-related
contamination, such as former gas stations (Text box 2).

The draft guidance (EPA, 2002) suggests beginning assessment with the development of a
conceptual site model (CSM; a depiction of site conditions, see section 2.1) and leads the user
through a series of questions arranged in a three-tiered approach. If at any time in the three-
tiered approach insufficient data are available to answer the questions posed, the EPA (2002)
draft guidance recommends the collection of additional samples and site information. An
indication of a complete pathway requires an assessment of the risk resulting from breathing
the indoor air. If at any time during the approach the vapor intrusion pathway can be ruled
‘incomplete,” there is no need to proceed further. However, if site conditions or uses change in
the future, the site would be re-evaluated to determine if a complete pathway has developed
and mitigation is now necessary. For more information on this guidance, see:
http://www.epa.gov/correctiveaction/eis/vapor.htm.

2 OSWER is EPA’s Office of Solid Waste and Emergency Response.
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The Interstate Technology & Regulatory Council (ITRC)— a coalition of states, the District of
Columbia, tribal and industrial representatives, and several federal partners—recently
published Vapor Intrusion Pathway: A Practical Guideline (2007a), which is a framework
intended for use with existing state and federal guidance or policy. This framework
incorporates multiple lines of evidence and follows a 13-step approach to evaluating the
potential for vapor intrusion. Lines of evidence include the locations of sources, distribution of
groundwater contaminants and soil gas at the site, sub-slab concentrations (soil gas beneath
building foundations), indoor and outdoor air concentrations, background concentrations,
presence of conduits, and building construction plans or details. This approach helps
determine whether a site warrants no further action, additional investigation, or mitigation.
ITRC emphasizes the importance of developing an accurate CSM that is representative of site
conditions, so that it can be used to assist with planning and make sure the site data is used
properly. This guidance also provides detailed information on site investigation and mitigation
approaches.

ITRC’s companion document, Vapor Intrusion Pathway: Investigative Approaches for Typical
Scenarios (2007b), walks users through using the guidance for varying scenarios, such as
different contaminated properties (e.g., service station, dry cleaner, and industrial facility) and
different receptors (e.g., residential neighborhood, commercial building, and a vacant lot with
proposed brownfields development).

EPA has also published Guidance for Evaluating Landfill Gas Emissions from Closed or
Abandoned Facilities (EPA, 2005a). This guidance provides procedures and a set of tools for
evaluating landfill gas emissions to ambient air, soil gas migration due to landfill-gas pressure
gradients (differences in pressure), as well as vapor intrusion into buildings. The risks of
inhaling vapors can be evaluated, in addition to the hazards of both on-site and off-site
methane explosions and landfill fires.

TEXT BOX 2:
THE DRAFT EPA GUIDANCE AND PETROLEUM-CONTAMINATED SITES

Available scientific literature suggests that petroleum contamination biodegrades more readily
than most other types of VOCs; in other words, microbes found naturally in the soil can break
down petroleum into less harmful compounds relatively quickly. Although the OSWER draft
guidance allows observations of the effects of biodegradation to be considered in its approach,
it does not predict the effects of biodegradation. As a result, application of the draft guidance to
petroleum compounds may overestimate the impact of vapor intrusion, if observations are not
considered. As a result, as mentioned in Section 1.5, the guidance recommends using the
approach documented in Use of Risk-Based Decision Making in UST Corrective Action
Programs (EPA, 1995a) to assess vapor intrusion at petroleum-contaminated sites.

Additional technical information is available from ITRC (2007a, b) and API (2005), while some
state guidance documents, California’s and New Jersey’s, for example (Appendix B), provide
more specific direction about how to evaluate biodegradation as a factor in reducing vapor
intrusion at petroleum sites.
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States: As of this writing, at least 21 states have issued guidance documents dealing with
vapor intrusion. State guidance, where it exists, supersedes the existing EPA guidance
documents. The specific state documents and the URLSs for finding them on the Internet are
listed in Appendix A. As is evident by the titles, state guidance documents range in scope and
address varying issues related to vapor intrusion. Several state documents, like Ohio’s
Methodology for Vapor Intrusion Assessment, base their approach to assessing vapor intrusion
on the OSWER draft guidance, but have modifications. Therefore, it is recommended that
relevant state agencies be contacted concerning vapor intrusion issues to ensure appropriate
guidance is followed.

Because awareness and concern for vapor intrusion continues to grow and the science and
technology behind it continues to improve, new documents are likely to be published soon and
existing ones replaced. Therefore, stakeholders should contact appropriate state agencies to
ensure that the most up-to-date and appropriate guidance is followed. A list of contacts can be
found at: http://www.itrcweb.org/vaporintrusionresources/4 2 07VI contact list.xls.
Stakeholders also may contact their EPA Regional Brownfields Coordinator, listed in Table 1,
for information on brownfields and assistance with their vapor intrusion questions.

TeEXT BOX 3: ITRC’S SURVEY OF
STATES ON VAPOR INTRUSION

In 2004, the ITRC conducted a survey regarding
vapor intrusion regulations. A total of 41 state
agencies and Canada responded. The survey
results, which include responses to questions on
the contaminated media, evaluation of risk,
sampling procedures, and mitigation approaches,
are available to view or download at
http://www.itrcweb.org/vaporintrusion/I[TRC VI Sur

vey 8-17-05/ITRC 1 VI Survey Index.htm.
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Table 1. EPA Regional Brownfields Coordinators

EPA
Region

States/Territories
in Region

Brownfields
Coordinator

Phone

E-mail

Connecticut,
Massachusetts,
Maine, New
Hampshire, Rhode
Island, Vermont

Diane Kelley

(617) 918-1424

kelley.diane@epa.gov

New Jersey, New
York, Puerto Rico,
Virgin Islands

Ramon Torres

(212) 637-4309

torres.ramon@epa.gov

District of Columbia,
Delaware, Maryland,
Pennsylvania,
Virginia, West
Virginia

Tom Stolle

(215) 814-3129

stolle.tom@epa.gov

Alabama, Florida,
Georgia, Kentucky,
Mississippi, North
Carolina, South
Carolina, Tennessee

Mike Norman

(404) 562- 8792

norman.michael@epa.gov

lllinois, Indiana,
Michigan,
Minnesota, Ohio,
Wisconsin

Deborah Orr

(312) 886-7576

orr.deborah@epa.gov

Arkansas,
Louisiana, New
Mexico, Oklahoma,
Texas

Monica Chapa
Smith

(214) 665-6780

smith.monica@epa.gov

lowa, Kansas,
Missouri, Nebraska

Susan Klein

(913) 551-7786

klein.susan@epa.gov

Colorado, Montana,
North Dakota, South
Dakota, Utah,
Wyoming

Dan Heffernan

(303) 312-7074

heffernan.daniel@epa.qgov

American Samoa,
Arizona, California,
Guam, Hawaii,
Majuro, Nevada,
Trust Territories

Debbie Schechter
(Acting)

(415) 972-3093

schechter.debbie@epa.gov

10

Alaska, Idaho,
Oregon, Washington

Susan Morales

(206) 553-7299

morales.susan@epa.gov

Also found at: http://www.epa.qgov/swerosps/bf/corcntct.htm
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2.0 ASSESSING THE POTENTIAL FOR VAPOR INTRUSION

There are many tools available to environmental practitioners for assessing the potential for
vapor intrusion. This section summarizes several of these tools—conceptual site models,
sampling and analysis equipment, and predictive models—to familiarize land revitalization
stakeholders with common terminology and to understand the state of the science and
technology behind vapor intrusion assessments.

A Quick Look at Assessment

I Gathering sufficient information for an accurate conceptual site model is important for assessing vapor
intrusion and determining the appropriate mitigation approaches.

I The upfront cost of an early thorough site characterization can be offset by the ultimate cost savings of
installing proper mitigation early and the resulting protection of the health of building occupants.

I Information gained from environmental sampling (e.g., groundwater, bulk soil, soil gas, sub-slab soil gas,
and indoor air) and predictive modeling can be used together to build and evolve a conceptual site model.

" There are many sampling tools available for assessing vapor intrusion.

I Evaluation of vapor intrusion can be complicated by background sources of vapors commonly found in
homes, businesses, and industry.

I Predictive model results involve a certain amount of uncertainty, which can be minimized by using as
many site-specific measurements as possible.

2.1 Developing the Conceptual Site Model: Developing a conceptual site model (CSM) is
an important first step for assessing contaminated sites and the potential for vapor intrusion.
Briefly, a CSM is a picture and narrative of the site contamination: how it got there, whether or
not it is migrating or degrading, its distribution across the site, who might be exposed to it, and
what risk-reduction strategies are most feasible. CSM development actually begins during the
Phase | environmental site assessment with collection and evaluation of site history and
reconnaissance information. During subsequent site characterization activities, the CSM can
be augmented and refined, as necessary, with site-specific information on source areas,
contaminant properties, stratigraphy, hydrogeology, exposure pathways, and potential
receptors.

Building and refining a thorough CSM may involve a combination of techniques and tools to
understand the subsurface, but specifically, investigations for vapor intrusion often include
collecting samples of soil, groundwater, soil vapor, and/or indoor air. Investigators may use
sampling in combination with predictive models. These topics are discussed further in Sections
2.2 and 2.3. Gathering sufficient information for a CSM is important for assessing vapor
intrusion and determining cleanup and mitigation approaches. Developing a CSM by
aggregating this information helps focus attention on areas where uncertainties in site
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information exist, and direct further
information gathering and sampling efforts to
where they may be needed most. Reducing
these uncertainties and developing a robust
CSM can provide more reliable results when
implementing the appropriate approaches to
assessing vapor intrusion, or the predictive
models in Section 2.3.

Sample collection and analysis as well as
other site assessment activities used to
develop the CSM can be expensive; however,
the expense of thorough, upfront
characterization can be offset by the ability to
plan for proper mitigation. Decisions
regarding the number and types of samples to
collect, where to collect them, and how to
analyze them while minimizing costs can be
improved using EPA’s Triad approach. (See
Text box 4.) Consistent with the Triad, ITRC
(2007a) describes CSM development as an
iterative sampling process where additional
data is collected only when it is necessary to
meet the needs of “making informed
decisions.” EPA encourages Triad in
developing a CSM and managing uncertainty.

More information on development of CSMs
can be found in the draft OSWER (EPA,
2002) and ITRC (2007a) (includes a checklist)
guidances.

2.2 Sampling and Analysis: Collecting
samples for chemical analysis is the primary
way in which a CSM is augmented and
refined with site-specific data. Sampling not
only helps evaluate the amount of
contamination present beneath or inside a
building, it can help environmental
practitioners identify the source and extent of

TEXT BOX 4: WHAT IS TRIAD?

Triad is a collaborative approach that helps land
revitalization stakeholders work toward faster, better,
and cheaper site characterization and cleanup,
setting the stage for appropriate redevelopment.

Systematic Dynamic
Project

Work Plan
Planning

Strategies
ncertainty 3
agefnt
Real-Time Measurement
Technologies

Triad uses these guiding principles:

A systematic planning process, which includes
participation of all stakeholders to determine
the types of data required and to develop a
dynamic work strategy that guides the project
but maintains the flexibility to make decisions
and adapt as data are analyzed.

Transparent discussion of uncertainty
management, data representativeness, and
end goals.

An evolving CSM that can be updated and
used at all stages of the project and is updated
through a dynamic work strategy.

Innovative sampling and data management
technologies to help manage uncertainty
involved in taking and analyzing samples
Project teams that have effective
communication, trust, and diverse expertise in
appropriate fields.

This framework allows all stakeholders to have the
opportunity to review the same information as they
participate in the decision-making process. Early

Involvement by regulators is important for success.

EPA’s Triad Resource Center (www.triadcentral.org)
has resources to guide stakeholders through the
Triad approach.

contamination, possible receptors, and risk levels. The sampling tools and analytical
techniques selected for an investigation will depend, in a large part, on the current CSM.

Table 2 summarizes the advantages and disadvantages of the various options for sampling:
groundwater, bulk soil, soil gas, sub-slab soil gas, and indoor air. The following subsections
briefly describe some of the tools available for collecting these samples. Additional information
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on these tools as well as common laboratory and field-based analytical methods for soil gas
and air samples, is contained in Appendix B. Readers seeking more information on sampling
tools and sampling strategies can find it in Appendix B of ITRC’s guideline (ITRC, 2007a).
Although not discussed here, supplemental data for the multiple-lines-of-evidence approach,
including differential pressure measurements, meteorological data, and chemical fingerprinting
(ITRC 2007a), may provide valuable information to refine the CSM.

Groundwater and Bulk Soil Sampling: Groundwater sampling helps indicate whether a
source in the unsaturated zone is contaminating groundwater, which may result in vapor
intrusion occurrences downgradient (in the direction of groundwater flow) of the source. The
OSWER draft guidance (EPA, 2002) allows the use of groundwater sampling results to
estimate the vapor concentrations expected inside a building due to vapor intrusion.

The guidance does not recommend that bulk soil samples be used, because it is not possible
to rule out a potential vapor intrusion problem based on soil sample data. However, it may be
possible to show a problem does exist, particularly when the contamination is limited to
semivolatile organic compounds (SVOCSs). In any case, both soil and groundwater sampling
are critical in the development of a CSM by helping to locate and delineate potential sources
and plumes, identify potential receptors of contamination, and choose a cleanup approach.
Guidelines for choosing groundwater sampling locations are included in Appendix B.

Soil Gas Sampling: Like groundwater samples, soil gas samples are used in the OSWER
draft guidance to estimate expected indoor air concentrations. Soil gas sampling and analysis
results tend to be most reliable where the contaminant concentrations are high and soils are
more permeable (in other words, they allow for freer movement of soil gas). Soil gas sampling
is limited to the unsaturated zone above the water table and cannot be performed at sites
directly underlain by bedrock or having less than five feet of soil depth.

Soil gas samples collected near a known source of contamination best represent source vapor
concentrations. Collecting soil gas samples that most closely represent the vapor intrusion to a
building often requires collecting soil gas samples close to the building. However, sampling too
close to the building could potentially damage the building or lead to inaccurate results.
Vertical profiling—taking samples at several depths in one location—is recommended to get a
sense of vertical distribution of vapors near the building, although sampling at shallow depths
(less than five feet) is to be avoided due to possible influence of atmospheric or “ambient” air
on the sample (EPA, 2002). For buildings constructed slab on grade, deep soil gas samples
should be collected to offset any bias due to ambient air that could occur by sampling too close
to the ground surface.

Because of the complex distribution of contaminants and soil layers beneath a site, soil gas
concentrations may vary widely across a property. Because soil gas samples are collected
outside the footprint of the building, they may not accurately represent the contaminant
concentrations present under the building as a result of the capping effect. Properties to be
developed with no existing buildings present an additional problem because soil gas samples

12
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Table 2. Sampling Options for the Assessment of Vapor Intrusion

Option Pros Cons
Groundwater ¢ Indicates whether or not a ¢ Does not represent vapor
sampling contaminant source in the concentrations at the source.

unsaturated zone is
contaminating groundwater.
Helps assess potential
downgradient impacts of vapor
intrusion.

e Can be performed at properties
having no existing buildings.

¢ Requires utility clearance to drill
boring for monitoring well.

¢ Requires legal access agreement
and permit.

Bulk soil sampling

e Search and delineate extent of
contamination in the unsaturated
zone.

e Can be performed at properties
having no existing buildings.

¢ VOC loss on sampling may be
significant.

¢ Vapor concentrations may be
underestimated.

¢ Requires utility clearance to drill
boring.

¢ Requires legal access agreement
and permit.

Soil gas sampling

¢ Near the source, it provides an
estimate of source vapor
concentration.

¢ Near buildings, it can be
performed without entering the
structure.

e Can be performed at properties
having no existing buildings.

¢ Significant lateral and vertical spatial
variability.

¢ Results may not be representative of
vapor concentrations under
buildings.

¢ Requires utility clearance to advance
probe.

e Requires legal access agreement.

Passive soil gas
survey

¢ Can cost-effectively identify hot
spots or areas of needing
additional investigation.

o Easy to perform.

¢ Works better than other soil gas
sampling methods in low-
permeability soil.

e Can be performed at properties
having no existing buildings.

¢ Yields semi-quantitative results.

e Data reported in mass, not
concentration.

e There is a two- to three-week delay
in results.

Sub-slab sampling of
vapors beneath
buildings

o Establishes vapor concentration
directly below indoor air space.
Closest subsurface sample to
receptors.

e Method is intrusive.

¢ Requires legal access agreement
and entry into buildings.

e Cannot be performed at properties
having no existing buildings.

Indoor air sampling

¢ Indoor air concentrations directly
measured.

¢ Indoor contaminants and lifestyle
sources may bias the data.

e Method is intrusive.

¢ Requires legal access agreement
and entry into buildings.

e Cannot perform at properties having
no existing buildings.

Table adapted from EPA, 2007.

13




BROWNFIELDS TECHNOLOGY PRIMER
VAPOR INTRUSION CONSIDERATIONS FOR REDEVELOPMENT

Figure 2. Installation of Soil Gas Probe Near a House. Soil gas probes are a
primary method of collecting samples to measure soil-gas chemical concentrations.
Photo Courtesy of H&P Mobile Geochemistry in Carlsbad, CA.

collected from an open field will under-predict concentrations that collect under buildings due
to the capping effect.

Soil gas probes are the primary tools for collecting soil gas samples (Figure 2). Where sub-
slab sampling is impractical, probes can be installed adjacent to a structure at an angle to
sample underneath a building. Care should be taken to avoid significant disturbance of the soll
when installing probes. The installation and use of soil gas probes are explained in Appendix
B.

Passive Soil Gas Survey: A passive soil gas survey is another line of information that can be
used to evaluate soil gas for vapor intrusion. These surveys are often used to direct other
sampling. Passive soil gas samplers consist of an adsorbent material in a container that is
placed in a small-diameter boring in the unsaturated zone, typically at a depth of less than
three feet (Figure 3). The device is left underground for a set period of time—usually one to two
weeks—before the adsorbent material is retrieved and analyzed for masses of contaminants.

Passive soil samplers estimate the total mass of each contaminant (essentially the total
amount measured in grams) accumulated over the time they are left underground—typically
one to two weeks. This approach does not yield concentrations of soil gas contaminants (the
amount per a given volume); thus, the results are not directly comparable to those from soil
gas probes.

14
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concreTe

Figure 3. Examples of Passive Soil Gas

Samplers. Passive samplers measure total mass of
contaminant that accumulates over the time they are
left in the ground. These samplers can add a line of
evidence to the CSM that can help identify hot spots

and preferential pathways.

Top two photos courtesy of Beacon Environmental Services, Inc. Bel

Air, MD. Bottom three photos courtesy of W.L. Gore & Associates,
Inc. Elkton, MD.

Because the adsorbent material irreversibly
accumulates contaminants and over a
longer period of time than active sampling,
short-term variations in soil gas movement
will have less of an impact on detecting
contaminants, and smaller amounts of
contaminants can be detected.

Use of passive soil gas samplers can help
confirm the presence of contaminants in
soil gas. However, the absence of a
detection of contaminants in a sampler
does not necessarily mean a complete
absence of contaminants in the soil gas, as
soil gas distribution in the subsurface
typically is not uniform and the sampler
may not be located in an optimal area to
intercept the gases.

However, many of these samplers are
usually deployed at once, often in a grid
pattern over the area of concern; and by
comparing contaminant masses measured
across a property, passive soil gas
sampling can augment a CSM by helping
to identify the location of sources, “hot
spots” (areas of high concentrations), and
preferential pathways. Unlike soil gas
probes, passive soil gas samplers can also
be used to detect some SVOCs.

Sub-Slab Sampling: Sub-slab samples
are samples of soil gas collected just
beneath the building foundation, whether a

basement floor or slab-on-grade. Soil gas probes designed specifically for sub-slab sampling

are used to collect samples (Appendix B).

Sub-slab samples should be located beneath areas of the slab where there are no cracks or
openings nearby. Avoiding cracks and openings is important for calculating the attenuation
factor® that is used in predictive models and vapor intrusion guidance. This may not be easy
because cracks and openings may not be obvious, and furniture, appliances, utilities, etc. may

® The attenuation factor is a measure of how soil and building properties limit the intrusion of organic vapors into

overlying buildings. It is defined as the concentration of the contaminant in the indoor air divided by the
concentration of the contaminant in soil gas or groundwater.
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limit access to certain desired sampling points. In addition, care must be taken to avoid
structural damage and drilling holes through rebar, utilities, etc.

Sub-slab samples are thought to better represent potential vapor intrusion concentrations and
potential risk than soil gas samples collected outside the building footprint. Additionally,
investigators may use sub-slab samples to distinguish the contribution of vapor intrusion to
indoor concentrations, because sub-slab sampling is generally not biased by indoor sources of
contaminants the way indoor air sampling can be. However, the primary obstacle to obtaining
sub-slab samples, is that they require access to the building and drilling &-inch-diameter holes
in the foundation, which may not be allowed by the building owner.

ITRC’s guideline (ITRC, 2007a) includes a rule of thumb that if sub-slab concentrations are
1,000 to 10,000 times greater than the target indoor levels, then the probability of
unacceptable vapor intrusion is sufficient to warrant proactive mitigation without further
characterization. This scenario may not be valid for all sites, but it points out that the property
owner will have to decide when costs of further site characterization are more than mitigation.

Indoor Air Sampling: Where possible, samples of the indoor air should be collected to aid in
the assessment of vapor intrusion. Deciding where and when to collect samples is important
as indoor air and ambient air (the surrounding outdoor air) samples tend to exhibit
considerable degree of variability over time. Concentrations of vapors can vary from home to
home on the same block by a couple of orders of magnitu