
From companies that use volatile organic com-

pounds (VOCs) in their processes to firms that

develop land, environmental impacts to soil and

groundwater may exist from previous and current

operations. Federal environmental regulatory pro-

grams (e.g. RCRA and CERCLA), Brownfields pro-

grams, and voluntary cleanup programs impose

various requirements for investigating and remediat-

ing environmental impacts.

An emerging route of VOC expo-

sure is the air pathway which can

result in vapor migration from the

environment into buildings.

Historically, building air quality

exposures were focused on

industrial hygiene and personnel

exposures to compounds used

in the workplace. More recently,

the focus has shifted to contam-

inants found in commercial and

habitational buildings that have

resulted in poor indoor air quality (IAQ). These areas

of concern have been further expanded as a result of

external environmental exposures that can impact

IAQ, namely vapor intrusion (VI).

Awareness of VI as an environmental exposure is

increasing. However, previous human health based

risk assessments have not always evaluated this

pathway. Some closed sites may be subject to regu-

latory reopeners requiring additional risk assessment

and site investigation if land use or contamination

exposure levels change. This has the potential to

result in additional investigation and legal defense

costs for site owners along with property damage

and bodily injury claims. Inadequate evaluation of this

pathway also presents additional professional and

pollution liability for environmental contractors and

consultants. 

WHAT IS VAPOR INTRUSION?

There are several definitions of vapor intrusion available: 

– US Environmental Protection Agency (USEPA):

The entry of a specific type of contaminant, volatile

organic compounds (VOCs), to indoor air from

underlying soil and groundwater.

– Interstate Technology and Regulatory Council

(ITRC): Migration of volatile chemicals from the

subsurface into overlying buildings. Volatile

chemicals may include VOCs, select semi VOCs

(SVOCs), and some inorganic analytes, such as

mercury and hydrogen sulfide. Methane should be

considered where appropriate.

– ASTM International (ASTM): The migration of a

contaminant of concern (COC) vapor from a

subsurface soil or a groundwater source into the

indoor air environment of an existing or planned

structure.

While the three definitions vary, a common element in

each definition is the exposure pathway of vapors

entering a building. ITRC and ASTM acknowledge

that there are exposures to compounds other than

VOCs. 
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WHY THE CONCERN?

Vapor intrusion can create bodily injury, property

damage, remedial expense, and possibly toxic tort

claims against a previous or existing property owner

or developer. Exposure to vapors in ambient air is not

as critical as in confined space such as a house,

basement, or office building. Therefore, sites with

existing structures or undergoing redevelopment,

construction activities, and other land use changes

that will result in permanent structures have the

potential to result in increased VI liability.

Environmental consultants and contractors also may

be subject to increased pollution and professional lia-

bility for services provided at these sites. 

The inhalation pathway was a missing link in site

assessments when the RCRA Subtitle C, Corrective

Action Program and the CERCLA (Superfund) Hazard

Ranking System were originally established. In the

1980s, radon exposures helped raise awareness of

indoor air quality issues and external factors. VI then

appeared in July 1989 Superfund assessment

requirements and then in pathway evaluations begin-

ning in 1992.

The focus on VI increased with the ASTM Risk Based

Corrective Action standard in 1995. Next, USEPA

issued draft vapor intrusion guidance in 2002, which

remains a good overview document on the issue.

USEPA proposed various revisions to this document

in 2005. As of June 2008, the draft document is still

the primary guidance provided by USEPA. (This draft

superseded the 2001 RCRA draft Corrective Action

guidance document.

More recently, the ITRC issued a guidance document

in 2007 to address the VI issue. This document is a

widely referenced and accepted document. Finally,

ASTM issued guidance in March 2008 on assess-

ment and sampling considerations, which were

based heavily on the ITRC and USEPA guidance

documents.

Although there has been an increasing awareness,

there remains a lack of cohesive regulatory oversight

on this topic. As a result, states have proposed and

adopted different VI guidance, assessment, and

remedial requirements.

VI EXPOSURE AWARENESS

Historically, the VI pathway was considered an

insignificant exposure route. One of the sites that

helped create a wider regulatory and public aware-

ness of the VI issue was the Redfield Site in Denver,

CO. Contamination assessment activities at the site

between 1997 and 1999 eventually included indoor air

quality sampling that reveled impacts from a solvent

groundwater contamination plume. Previous risk

assessments and VI modeling had not accurately pre-

dicted this exposure. Since this time, VI has received

increasing attention from many stakeholders. 

Increased VI exposure awareness

may lead to regulatory agency

reopeners and pollution liability

claims at remediated sites with

VOC contamination. There appear

to be two drivers for re-evaluating

an impacted site: 1) commonly

used models for VI pathways

were found to be inadequate for

predicting IAQ (e.g. Redfield site);

and 2) reevaluation certain VOC

toxicities and lowering of expo-

sure threshold standards is result-

ing in more scrutiny at previously

closed sites. 

Pathway evaluation is complex since many variables

can affect migration into a building. Thus, additional

sampling, modeling and risk assessment work has

been required at an increasing number of sites to fur-

ther evaluate the VI pathway. VOC toxicity is

impacted by the dose and duration of exposure,

which are often dependent on the pathway. Consider

for example that given the same concentration of

benzene in air and water that exposure via an inhala-

tion pathway is much more toxic than exposure via a

drinking water (ingestion) pathway. This increased

dosage and toxicity makes VI a concern that should

be addressed.

One of the sites 

that helped create 

a wider regulatory

and public

awareness of the 

VI issue was the

Redfield Site in

Denver, CO.
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Today, VI assessment should be considered at all

sites with VOC contamination. An important question

to ask in assessing VI exposures – is the pathway

from soil vapor to inhalation complete? If not, then an

exposure cannot occur. For the VI pathway to be

complete, all of these factors must be present:

– Source of toxic chemicals;

– Release mechanism (volatilization);

– Migration to the receptor (diffusion and advection)

– Receptors (i.e., humans);

– Contact with the receptor 

WHEN CAN VI BE AN ISSUE?

VI may be an issue if various compounds are located

at any given site in soil or groundwater: VOCs, some

SVOCs, and mercury. Drycleaners are common

sources of VOCs at commercial properties and vapor

degreasers are a common source of VOCs at indus-

trial properties. 

Key Questions

– Are VOCs or other COC sources present in

soil/groundwater?

– Has the VI pathway been considered and/or

assessed?

– What is the risk due to soil vapor concentrations

below or adjacent to the building?

– Are indoor concentrations protective of the

receptor?

– What are the soil/groundwater concentrations that

will be protective of the indoor receptor?

HOW TO INVESTIGATE?

It is important to evaluate vapor movement and

transport mechanisms (such as advection and

molecular diffusion) in soil that could allow migration

through basement foundations and building floors.

The following sections briefly present some variabili-

ties that should be considered when designing or

reviewing soil vapor investigations.

Sampling

– An investigation/field program should be

conceptualized prior to collecting and analyzing

soil gas samples.

– Various sampling techniques and collection

canisters are available. Ensure that appropriate

techniques and sample containers are used.

– Sampling should be performed outside of the

structure rather than inside to prevent false

positives.

– Measuring indoor concentrations should be a last

resort as indoor vapor concentrations are affected

by other products and VOCs present in the

building. 

Vapor Movement

Evaluate movement in soils and mechanisms to allow

vapor migration through basement/building floors.

Some complicating vapor transport mechanisms to

be aware of when designing a sampling program

should include:

– Stack effects. Buildings have unique air flows and

characteristics due to the existing heating

ventilation and air conditioning systems (HVAC). VI

into a building may be subject to vapors being

drawn into a building from the existing air

exchange system (i.e. negative pressure). This may

create a stack or chimney effect that pulls vapors

into a building and may increase indoor air VOC

concentrations.

– Seasonal variability. The time of year can affect

vapor readings. For example, Spring can have

frequent precipitation events which saturate the

soil. The saturated soil absorbs the vapors and

may result in a false negative. A sampling event at

that time could indicate lower or no soil vapors.

The same investigation during summer could

detect higher soil vapors illustrating the true

concentration. Also, during winter, vapors may

preferentially migrate to warmer indoor spaces and

create a seasonal stack effect.

– Vertical and Horizontal variability. Soil vapors

can have horizontal and vertical variability.

Investigations should collect vapor samples at
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more than one depth to avoid incorrect data and

false conclusions. Similarly, a vapor plume can

have a horizontal variability starting at its source

and extending outward. Sub-slab sampling,

building footprint/perimeter, and other site

locations should be considered when developing

sampling plans. With a combined vertical and

horizontal sampling program, one can obtain a

better profile of the extent of vapor contamination. 

Models

Vapor concentration models are reportedly the sim-

plest of the fate and transport models commonly

used in risk assessment procedures. They are used

to justify and link risk based corrective action levels

to appropriate indoor air quality levels. They may also

be used to propose mitigation measures for expo-

sure concentrations that exceed regulatory action

levels. However, modeling results should be

approached with caution as they can be controver-

sial based on their assumptions. As such, models

should be developed, used, and interpreted by expe-

rienced professionals.

Once data are generated, they should be compared

to the appropriate regulatory action level(s). With the

variety of action thresholds from state to state, it is

important to determine what action levels apply to

any given situation. Next, one can evaluate what

pathway migration and exposure factors might be

considered to reduce and/or justify an appropriate

risk based corrective action level. Finally, the goal is

to use an action level that matches conditions that

could exist at any time at the subject site. 

Generalized Diagram of Soil Vapor Intrusion
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Radon has been used as an exposure indicator and

may be a useful tool in evaluating if a pathway is

complete. As noted earlier, various regulatory stan-

dards exist and these may not always consider expo-

sure routes that can be mitigated. Radon

assessment models, exposure routes, and mitigation

measures have been used to propose greatly

reduced VI exposure threshold numbers. If vapor

concentrations are identified above regulatory stan-

dards, some consultants have scrutinized the pathway

of exposure to identify mitigating factors. This

approach may be used to justify proposals to regula-

tors for increases in exposure source concentrations

based on limitations present in the exposure pathway.

Data Needs Summary

The following topics should be evaluated and consid-

ered when assessing VI pathways and exposure

potential:

– Chemical sources and location; 

– Environmental media characteristics between

groundwater, soil and building foundation;

– Building foundation characteristics;

– Building characteristics (including HVAC systems);

– Receptor activities; and 

– How sampling results will be used.

EXISTING GUIDANCE 

AND STANDARDS

The person reviewing the data generated from the

field investigation should consider the property’s end

use (industrial vs. commercial vs. residential).

Depending on that end use, different VI standards

may apply to the site. Most regulatory standards

appear to be very conservative in providing action

levels.

Regulators use different methods and levels for

assessing exposures, so it is important to know what

regulators are asking for and what data you have

available before proposing a cleanup standard for

agency evaluation.

The ASTM VI standard (E2600-08) provides guidance

on sampling schemes and other considerations. This

supplements the aforementioned ITRC and USEPA

guidance documents, which are widely recognized

and cited. ASTM emphasizes the importance of train-

ing on implementing the ASTM standard for consult-

ants and other users.

MITIGATION AND REMEDIATION

SYSTEMS 

Once VI is confirmed to be a problem, vapor mitiga-

tion and remediation systems can be considered.

Some approaches to mitigation can include:

– Building pressurization. Creating a positive

pressure in the building (or sub-slab) to prevent

vapors from entering the building. 

– Vapor barriers. Using membranes that block

vapors and allow the contamination to flow

preferentially away from indoor air space. 

– Passive ventilation systems. Using differences

in air pressure created by the wind to exhaust

vapors out into the atmosphere.

– Active ventilation systems.Using fans and other

mechanical systems to create pressure

differences and ventilation that exhaust vapors

into the atmosphere.

– Soil-Vapor Extraction (SVE) remediation

systems. Using in-ground vacuum systems and

air treatment to address the source of the

contamination and decrease concentrations over

time.

SUMMARY

Some key points to remember for this emerging

exposure pathway:

– Vapor intrusion is a real exposure. It can be a

liability for building owners, redevelopers,

contractors, and environmental professionals.

– Regulators are evaluating exposures on new and

sometimes closed sites. The VI pathway may

need to be considered during future property

transactions if it was not adequately evaluated in

the past. 
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– It is important to properly evaluate vapor

exposures and use accepted protocols.

Otherwise, false positives or false negatives may

be generated in sampling results and additional

risk assessment may be necessary. 
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how to investigate the VI pathway, but refer to

individual State standards and methodologies. 
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