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3. Investigative Approach to Assess Vapor Intrusion

3.1 Introduction


3.1.1 Assessment Goals

Numerous regulations in 310 CMR 40.0000 (the MCP) apply to assessment of the vapor intrusion pathway. The guidance provided in the following assessment sections is designed to assist the regulated community in complying with these regulatory requirements.

The goal of this assessment guidance on vapor intrusion is twofold:

· Provide guidance on determining the existence or absence of a complete vapor intrusion pathway at a site; and 

· Provide guidance on assessing risks associated with complete vapor intrusion pathways. 

Assessment of the vapor intrusion pathway requires a detailed and thoughtful analysis. Investigations to determine whether or not a pathway exists require several lines of evidence. This evidence can best be developed using a Conceptual Site Model (CSM), described in Section 3.2, and a thorough sampling effort, as described in Section 3.3. Once this information is compiled, the presence or absence of vapor intrusion can be determined by following the steps in Section 3.4. If a complete vapor intrusion pathway is present, associated risks can be estimated per Section 3.5.

While presented here in a linear step-by-step fashion, the assessment process is an iterative one. Throughout these sections, stopping points have been inserted that require the investigator to revisit and possibly revise the CSM. 

Assessment of the vapor intrusion pathway should proceed as site conditions warrant. Previous sections in this document provide guidance on determining whether or not a full assessment of vapor intrusion is necessary. It is important to perform this initial assessment of site conditions prior to proceeding with soil gas and indoor air investigations. Direct sampling of indoor air before gathering other site data can lead to response actions that might be unrelated to site conditions.


3.1.2 Immediate Response Actions

When evaluating the vapor intrusion pathway, several notification and remedial action requirements may be applicable under the MCP. If, at any point during the assessment process, a new release condition is discovered and the new condition is either a Substantial Release Migration or an Imminent Hazard Condition, notification is required and Immediate Response Actions described in Section 2 must be taken.


3.1.3 Mathematical Modeling 

MassDEP has identified a number of disposal sites contaminated with volatile organic compounds where the potential for vapor intrusion has been assessed principally or solely via numerical modeling, commonly using the Johnson & Ettinger vapor intrusion model. MassDEP has long-standing and clear guidance on the use and utility of modeled data, and a stated preference for measured values over modeled values where it is feasible to obtain measurements of contaminant concentrations. Among other publications and communications, this position is specifically discussed on pages 6-4, 7-48, and 7-58 of the July 1995 “Guidance for Disposal Site Risk Characterization” (http://www.mass.gov/dep/cleanup/laws/rc1.pdf). Moreover, this preference for measured data is consistent with guidance published by the U.S. EPA (citation needed) and the ITRC (citation needed), as well as other States (citation needed). Modeling is useful as a tool for developing sampling plans and evaluating future use scenarios, and as an additional line of evidence in support of other site data. It does not provide enough certainty, however, to substitute for the actual measurement of contaminant concentrations when there is potential current exposure.

Where modeling is used to estimate future exposures from vapor intrusion into buildings at sites prior to the actual construction or rehabilitation of the buildings, post-construction indoor air sampling should be conducted to confirm the vapor intrusion modeling results. Likewise, if a building is constructed with a vapor barrier and/or sub-slab depressurization (SSD) system intended to eliminate a potential vapor intrusion pathway, confirmation of the effectiveness of the barrier or SSD system should be demonstrated. Such demonstration would typically involve representative indoor air sampling under normal building operating conditions, including, at a minimum, adequate coverage of the lowest level of the building, and taking into account seasonal changes that can influence vapor intrusion.


3.1.4 Evaluation Decision Diagram(s)

In Development by ORS


3.2 Conceptual Site Model

310 CMR 40.0833(1)(a) & 40.0904(2) require an evaluation of the source, nature, and extent of site-related contamination. In order to comply with these regulations, MassDEP recommends development of a conceptual model for the entire site, as well as a conceptual model specific for the vapor intrusion pathway. These models provide a road map for assessing the vapor intrusion pathway and allow the investigator to:

· Identify data gaps;

· Develop a sampling program;

· Interpret sample results; and

· If necessary, provide a list of COCs and associated EPCs for a risk assessment. 

MassDEP recommends the ITRC guidance (2007), excerpted below, on conceptual site models and vapor intrusion. A detailed discussion of the physical processes involved in vapor intrusion is presented in Appendix A (The Physics of Vapor Intrusion).

Excerpt from Vapor Intrusion Pathway: A Practical Guideline (ITRC, 2007)
“The goal for developing a CSM in the assessment of the vapor intrusion pathway is to assemble a three-dimensional concept of the site that is as comprehensive as possible. This is based on available, reliable data describing the sources of the contamination, the release/transport mechanisms, the possible subsurface migration routes, and the potential receptors, as well a historical uses of the site, cleanup concerns expressed by the community, and future land use plans. All the important features relevant to characterization of a site should be included in a CSM, and any irrelevant ones excluded. The CSM should present both a narrative and a visual representation of the actual or predicted relationships between the contaminants at the site and receptors (building occupants), as well as reflect any relevant background levels. 

A CSM typically contains information on soils, geology, hydrogeology, the relative amount of heterogeneity, groundwater quality data, regional groundwater flow direction, well records, boring logs, and surficial features suggestive of whether the area is in a groundwater recharge or discharge area (e.g., ground cover, surface water bodies). Sources to check for this data are county soil surveys; state or federal water supply or geologic reports/maps; U.S. Geological Survey (USGS) topographic maps; geographic information systems; and federal, state, and local government or quasi-government agency records.

A preliminary CSM documents current site conditions, such as site geology, hydrogeology, and volatile organic compound (VOC) distribution and composition relevant to soil gas migration, and should be supported by maps, cross sections, and site diagrams. A narrative description should clearly distinguish what aspects are known or determined and what assumptions have been made in its development. The CSM should provide all interested parties with a conceptual understanding of the potential for exposure to compounds of concern at a site. It is an essential tool to aid management decisions associated with the site and also serves as a valuable communication tool both internally with the site team and externally with the community. The CSM is a dynamic tool to be updated as new information becomes available, and therefore it should be amended, as appropriate, after each stage of investigation. It is especially important that the site be reasonably well characterized for the purposes of sampling plan development. The updated CSM should then contain the following information.

· Types of volatile COCs (e.g., chlorinated solvents, gasoline, jet fuel, diesel) currently or previously stored or handled at the site;

· COCs and their concentrations in soil and groundwater—the future use of the data and the regulatory requirements that will be applied to the data are used to determine the appropriate laboratory analytical methods;

· Potential sources and source areas of vapors (e.g., soil; groundwater; nonaqueous-phase liquid [NAPL]);

· Geology and hydrogeology in the area of the site;

· Approximate location of vapor sources in the subsurface and the distances (lateral and vertical) between the sources and the building;

· Current subsurface soil gas–to–indoor air migration routes (e.g., utility conduits, sewers, diffusion through vadose zone soils;

· Construction features of existing buildings (e.g., size, age, presence of foundation cracks, entry points for utilities, and number of distinct enclosed units); and

· Potential future uses for undeveloped lands based on municipal zoning laws”

-----------------------------------------------------------------------------------------------------------

Table and figure numbers are usually referred to as XXXX since the numbers will change relative to the number of tables in figures preceding these in the document. (Once the document is complete, these table and figures can be found by doing a search for “X”)

----------------------------------------------------------------------------------------------------------

3.3  Planning and Design of a Sampling Program

 TC "2.0
PLANNING THE STUDY" \f C \l "1" 

3.3.1  Planning the Study


The objective of the vapor intrusion sampling program is to:

· Develop data to determine whether or not the vapor intrusion pathways exists; and

· Develop exposure point concentrations that can be used to estimate the risks associated with the vapor intrusion pathway.


In order to meet the first objective, several media should be sampled, including groundwater, soil, subslab soil vapor, indoor air, and ambient (outside) air.  An analysis of samples from these media will provide the lines of evidence that can be used to determine if a vapor intrusion pathway exists.  The extent of sampling will vary depending upon the site.  In some cases, limited sampling rounds might be sufficient to demonstrate vapor intrusion.  Guidance on the interpretation of these lines of evidence is provided in Section 3.4.

It is the Department’s opinion that indoor air sampling should be performed in order to determine if a pathway exists.  The obvious exceptions to this rule include, of course, locations in which a building is planned for construction but has not yet been built and industrial or commercial buildings in which VOCs are currently being used or generated.  For the former, modeling can initially be used, followed up by confirmatory sampling once the building has been completed.


Sampling efforts to support risk assessment focus on indoor air.  The limited data set used to determine the existence or absence of vapor intrusion might not be appropriate in developing site-specific exposure point concentrations.   While the initial sampling results might be useful in assessing risk associated with acute exposures (i.e., Imminent Hazard Evaluations), additional sampling is often needed to support assessments of chronic exposures.
Planning a vapor intrusion sampling study includes the following steps: 
1. Identify the contaminants of concern;xe "Contaminants of concern" 
2. Determine the sampling locations, duration and frequency;

3. xe "Sampling duration"Select sampling and analytical method, considering necessary detection limits; 
4. Collection of samples; and

5. QA/QC

These steps will be discussed in the following sections.

3.3.2
Identifying Contaminants of Concern TC "2.3
Identifying Contaminants of Concern" \f C \l "2" 

In conjunction with the above discussion, it is important to identify which chemical compounds are of concern in the study and should be targeted in the analysis.

Cost is an important factor, but it should not be the primary consideration.  Above all, the quality of the data must be consistent with the RAPS XE "Response action performance standard"   provisions of the MCP XE "Massachusetts Contingency Plan" .  

The typical scenario involves a situation in which the investigator is trying to determine whether an ambient source of contamination (e.g., a groundwaterxe "Groundwater" plume or soil gasxe "Soil gas"

xe "Ambient air") containing known chemicals is potentially impacting the air in a building.  In such a scenario, it is often required that groundwater XE "Groundwater"  and/or soil gas XE "Soil gas"  tests be conducted before a target list of indoor air contaminants can be developed.  A list of contaminants found in these media should at the very least be included in the list of target analytes.  Such a study is known as a targeted study.

Additional target compounds may be added to this list based on consideration of a number of other sources of information.  Degradation products of target compounds may also be included in this list.  Information gathered during the early stages of an indoor air investigation (such as a history of the site on which the building is located and the possible source(s) of contamination) would help identify additional contaminants of concern XE "Contaminants of concern" .

When contamination is composed of a mixture of compounds, known constituents of this mixture should also be targeted as contaminants of concern XE "Contaminants of concern" .  For example, in a comprehensive investigation of a site contaminated with petroleumxe "Petroleum", the MADEP analytical approach (i.e., APH XE "APH" ) for detecting the target analytes and carbon number subgroups of concern in petroleum XE "Petroleum"  should be applied.  

The EPA (Toxic Organic) TO Methods XE "TO methods"  and other analytical method XE "Analytical methods" s listed in Table XXXX of this document generally include a baseline list of analytes.  These methods include a large number of the compounds often seen at sites.  The targeted study should be conducted using one of these methods and then modifying it, if necessary, to include additional analytes of concern which may not be included in the default list. 


In some cases where there are no targeted data from other media or other information from which to compile a list of target analytes, a general reconnaissance or baseline study can be used to compile a preliminary list of contaminants of concern XE "Contaminants of concern" .  This study would probably be best conducted using one of the all-encompassing collection methods XE "Collection methods"  such as TO-14/15.  Such a method incorporates mass spectrometry XE "Mass spectrometry"  which can identify unknowns (see Sec. 3.3.3).


For additional discussion on characterizing contaminants of concern XE "Contaminants of concern" , please consult the MCP XE "Massachusetts Contingency Plan"  Guidance Document (MADEP, 1995a), Section 2.2 entitled “Determining the Nature and Extent of Contamination”. 


3.3.3   Sampling Conditions:  Locations, Duration and Frequency

As mentioned, collecting samples from a variety of environmental media will develop lines of evidence that can then be evaluated to determine whether or not vapor intrusion is occurring.  Additional sampling of indoor air will allow for development of an exposure point concentration that can be used to assess the risks associated with such a pathway.  Therefore, sampling and analysis of groundwater, soil gas, indoor air, and ambient air will be part of the vapor intrusion sampling plan.  This section discusses where to sample these media (locations), the length of time to collect samples (duration), and how often to collect samples (frequency).


Decisions on sampling locations, duration and frequency require an understanding of the inherent variability associated with sampling environmental media.  In order to provide adequate lines of evidence and to develop a conservative exposure point concentration, elements of spatial variability, temporal variability and measurement variability must all be addressed in the sampling plan.  



3.3.3.1
Selecting Sampling Locations to Address Spatial Variability


Contaminant concentrations are known to vary spatially in all environmental media.  Depending upon soil characteristics in the saturated zone, contaminant concentrations can differ greatly among different locations at the same depth.  Similarly, contaminant levels in the same monitoring well change with the depth of the sample.  The degree of subslab soil gas contamination can vary widely depending on the location under the slab.  This variation is often due to heterogeneous soil conditions, preferential pathways, and the source of contamination.


Indoor air contamination varies spatially as well.  The subsurface variability mentioned above will account for part of this spatial variation among different buildings.  Buildings overlying higher subsurface contamination will tend to experience a greater degree of vapor intrusion.  Individual building characteristics will also influence vapor intrusion at each location.  Preferential pathways caused by utility conduits, as well as foundation integrity impede or allow vapor intrusion.

The following sections provide guidance on how to select locations for groundwater, soil gas, and indoor air sampling.

Groundwater     


With respect to groundwater, the locations around and under buildings, as well as the depth of sampling, must be considered when installing and sampling groundwater monitoring wells. (p 30 ITRC)  Generally speaking, contaminant concentrations in water from wells that are in closer proximity to the building in question may provide the most useful information as to the type and extent of contamination that may potentially be affecting the indoor environment.  In addition, it is the contaminants at the top of the water table (i.e., water/vadose zone interface) that are the most likely to partition to the soil pore space and impact indoor air.  With investigation of a groundwater plume flowing towards an inhabited structure, at least one of the monitoring wells should be situated upgradient from the potentially impacted building.  If there is no contamination detected at the water/vadose zone interface in proximity to the building(s) under study, and other site-related groundwater parameters indicate that this situation will not change in the future, it may potentially be concluded that there is no risk of vapor intrusion from groundwater.  However, if a groundwater plume has not yet reached steady-state conditions, there are a number of site-related parameters that should be evaluated to determine the potential for vapor intrusion in the future.  The following types of information pertaining to groundwater are very useful in predicting movement of a plume:

· Groundwater flow direction

· Vertical and horizontal gradients

· Seasonal variation in the above

· Tidal influences

· Effects of groundwater withdrawal

· Rate of groundwater flow movement

· Integrity of any confining units or other barriers to migration of groundwater

· Distance and flow from the source to the receptor
· Groundwater dispersion, dilution and recharge rates

It is sometimes possible to use pre-existing shallow groundwater data (i.e., data that were collected prior to initiation of a vapor intrusion study) to draw conclusions about the potential for vapor intrusion.  However, it is important to know the details of the well installation (e.g., its depth, its location relative to the plume, etc.) in order to make an informed decision as to its applicability to the investigation.  Information on the vertical profile of the contaminants in the water table should also be obtained for assessing the potential for volatiles to off-gas from the water.
In many cases, groundwater monitoring wells are not installed at the groundwater/vadose zone interface.  Use of information from these wells may result in incorrect estimates of contamination, resulting in erroneous conclusions regarding the potential for vapor intrusion.  A groundwater screening length of 10 feet water table thickness or less is recommended as a practical limit for evaluating vapor intrusion evaluations.  For more specific information on the proper way to install monitoring wells for the evaluation of vapor intrusion, see Appendix XXX at the end of this document.
Soil

To be completed
Soil Gas


With respect to soil gas and indoor air, the specific buildings as well as the locations within these buildings to be sampled are important parameters to consider.  In addition, it is important to take samples in a manner that approximates human exposure.  Since concentrations of contaminants among impacted buildings and parts of a building can vary substantially, it is important that the sampling results represent this variability.

Studies and agency experience have shown that vapor concentrations beneath slabs can be highly variable (from point to point), and that it is not always the case that the highest levels will be found in the center of the structure.

(p 23 ITRC)    Soil gas data may be useful in helping to characterize the nature and extent of contamination that is present in the vicinity of a building.  The U.S. EPA divides soil gas samples into several types, including near-slab samples, which are collected within about 10 feet outside of a building’s foundation, exterior samples, which are collected 10 feet or more from the building’s perimeter, shallow samples, which are taken about 5 feet below ground surface and may be any of the above types and subslab soil gas samples  which are collected in the space immediately below a building’s basement or slab.  Subslab samples are preferable to the other types of soil gas samples due to the proximity of the sample location to the receptor and the elimination of background contamination when the sample is collected properly.

At least two probes should be installed in a typical single family home; more in larger buildings.  These probes should generally be permanent, to allow for multiple sampling rounds, and should be installed in inconspicuous areas such as utility closets or beneath stairs.  Detailed guidance on installing and sampling soil gas probes is provided in Appendix XXXX of this document.

It is important that soil gas sampling probes be installed within the footprint of the building being investigated, generally through a concrete slab on the lowest level of the structure (e.g., basement).  Soil gas probes installed outside of the footprint of a structure may produce data with a negative bias, as indicated in Figure II-4.

Indoor Air – Deciding Which Buildings to Sample

The first step in addressing spatial variability for indoor air is to identify the buildings that need to be sampled. Plumes of contaminated groundwater passing under a building are one of the more common sources of site-related indoor air contamination.  In a scenario in which contaminated groundwater XE "Groundwater"  is the suspected source of indoor air contamination, it is highly recommended that groundwater XE "Groundwater"  testing results be used to help focus the indoor investigation on site-related chemicals. (p 23 ITRC)

Depending on the extent and nature of contamination, there may be one or multiple potentially impacted buildings associated with a site.  If only a single building is impacted, then the choice of which building to sample is easy.  However, often a groundwater plume may affect a variety of off-site buildings and, due to resource limitations, a choice must be made as to which of the buildings are most likely to be impacted by vapor intrusion.
Toward this end, MassDEP does not generally recommend sampling buildings where area groundwater contains contaminants below their GW-2 standards.  This approach is presented under Section 2.XXX of this Guidance.  Investigators consider the important exceptions to this recommendation, such as the presence of a dirt floor in the basement.
There are cases where it might be inappropriate to sample a building because of the building use.  Buildings directly impacted by indoor or outdoor sources of the contaminants under investigation (e.g., automobile repair garages when investigating certain petroleum fractions, dry cleaners when investigating tetrachloroethylene, etc.) are not good candidates for indoor air sampling.  In these cases, it might be difficult to determine whether or not a vapor intrusion pathway exists.

For all other buildings, it is important to sample and analyze indoor air.  There are many factors that influence the extent of vapor intrusion from the subsurface (see Table XXXX).  The interplay among all of these factors ultimately influences contaminant concentrations in the indoor air.  Because of these variables, it is difficult to predict vapor intrusion for any given building, making indoor air data invaluable for assessing the pathway.  Consideration of these factors can be helpful in interpreting results of indoor air monitoring, in particular when comparing the results of multiple sampling events.

Table XXXX.  Factors That May Influence Indoor Air Contaminant Concentrations

	Factor
	Description

	Environmental factors that may influence soil vapor intrusion



	Soil condition and type
	Dry, coarse-grain soil facilitates migration of soil gas whereas soil gas migrates more slowly through wet, fine soil or organic soil  

	Volatile chemical concentrations
	The potential for vapor intrusion increases with higher groundwater or soil contaminant concentrations and with the presence of NAPL.

	Subsurface contamination
	In general, the potential for vapor intrusion decreases with increasing distance and depth from the contaminated plume

	Groundwater features
	Vapors entering the vadose zone from contaminated groundwater are not likely to partition to indoor air where the contaminated aquifer is overlain by a clean water “lens” created by an upper aquifer system or significant downward groundwater gradients.

Fluctuations in the groundwater table may result in contaminant “smear zones”—which are areas of subsurface soil contamination within the range of depths where the water table fluctuates.  Chemicals floating on the top of the water table can sorb onto soils as the water table fluctuates.  Sorption of chemical can influence their gaseous and aqueous phase diffusion in the subsurface and rate at which they migrate. 

	Groundwater flow
	The potential for vapor intrusion is higher when groundwater flow is towards the potentially impacted building

	Surface confining layer
	Impermeable or confining ground layers including frost, pavement, an underground liner, etc. may prevent or slow soil gas migration.  These structures may also prevent rain from reaching soil, thereby producing drier soil conditions that increase potential for vapor intrusion.

	Fractures in bedrock and/or tight clay soils
	Fractures in bedrock and desiccation fractures in clay can increase potential for vapor migration in horizontal and vertical directions beyond that expected for unfractured bedrock or clay as well as movement of groundwater along spaces in fractures.

	Underground conduits
	Underground conduits surrounded by highly permeable materials (relative to native materials) may turn into preferential pathways for vapor migration.
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Meteorological factors
	Temperature – Cold weather will cause heated air within a building to rise, creating a stack effect.  Air will be drawn in from lower levels and exhausted through leaks in the upper level of the structure, increasing the likelihood that soil vapor will be taken in from the basement and lower level (See figure 1). 

Barometric Pressure – The relative pressure differential between the inside of a building and outside may also influence contaminant flow.

Wind – On a windy day, the wind exerts a pressure to the outside of the building relative to the inside, thus creating a condition of underpressurization within that building and causing air to be drawn into the building (potentially containing contaminants).  Differences in barometric pressure can also influence the relative pressure differential between the inside of a building and outside, thus influencing contaminant flow as well.

Moisture – Rainy, wet conditions produces saturated soil around a building, whereas the soil is drier underneath the building’s foundation.  Soil gas XE "Soil gas"  tends to migrate towards the drier soil, thus increasing the likelihood that it will enter the indoor air through advection or diffusion See figure 2).

Under extremely wet conditions, a groundwater lens may form over the contaminated plume in the vadose zone acting as a barrier for vapor intrusion.
Wet conditions may also affect the permeability of structures (e.g., causing swelling of window and doorframes, reducing infiltration).



	Biodegradation processes
	Depending upon environmental conditions (e.g., soil moisture, oxygen levels, pH, mineral nutrients, organic compounds, and temperature), the presence of appropriate microbial populations, and the degradability of the volatile chemical of concern, biodegradation in the subsurface may reduce the potential for vapor intrusion (e.g., readily biodegradable chemicals in soil vapor may not migrate a significant distance from a source area while less degradable chemicals may travel farther.)

	Presence of a building
	If there is a building overlying or in the vicinity of contaminated soil, and the building is of negative pressure relative to the surrounding environment, the building will act as a “pressure sink” and will tend to draw soil gas XE "Soil gas"  towards it.

	Operation of HVAC systems (i.e., exhaust fans/vents), chimneys/flues, gas/oil furnaces and mechanical equipment (e.g., clothes dryers or exhaust fans/vents)
	Operation may create a pressure differential between the building and the surrounding soil that influences migration of vapor-phase contaminants toward and into the building.  A stack effect may be created as air is exhausted in upper levels of the building, causing an enhancement of vapor intrusion.

	Heated building
	See Meteorological factors – Temperature above

	Air exchange rates
	The rate at which outdoor air replenishes indoor air may affect the rate of vapor intrusion and indoor air quality.  This rate is mainly determined by three processes, including infiltration, natural ventilation and mechanical ventilation.  Older drafty buildings generally have higher infiltration and ventilation rates than newer “energy-efficient” buildings.  Natural ventilation describes the movement of air through open doors and windows.  Mechanical ventilation describes any system or device which mechanically moves air through a building. 

	Foundation type
	Earthen floors and fieldstone walls may serve as preferential pathways for vapor intrusion.

	Foundation integrity
	Expansion joints or cold joints, wall cracks or block wall cavities may serve as preferential pathways for vapor intrusion.

	Subsurface features that penetrate the building’s foundation
	Foundation perforations for subsurface features (e.g., electrical, gas, sewer or water utility pipes, sumps, and drains) may serve as a preferential pathway for vapor intrusion.


Indoor Air - Identifying Sampling Locations Within A Building


In addition to designating the buildings in which air sampling will be conducted, the workplan should also define the locations within these buildings that will be sampled.  Sampling locations within the building should be chosen based on the available information about the contaminant plume as well as the characteristics of the building and the exposure pattern of its occupants.  One source of building-specific information is the Indoor Air Quality Building Survey (found in Append ix XXXX), which should be administered during the planning stages of the indoor air sampling study.

If the purpose of the study is to establish whether vapor intrusion is occurring, the focus of the investigation will typically involve a combination of soil gas, indoor air and ambient air samples.  These samples may be used in a qualitative way to determine whether measured concentrations in indoor air may be the result of vapor intrusion.  


However, if the intent of the study is to characterize indoor air contaminant concentrations for risk assessment purposes, then a more focused indoor air study is in order.  The specific sampling locations included in the study design should include the areas in which the occupants spend time in the building.  For example, in a residential building, residents will spend a certain amount of time sleeping (perhaps on a higher floor), a certain amount of time in the kitchen, perhaps preparing food and eating, and a certain amount of time just generally “living”, perhaps in the living room, in the den or even the basement playing, doing laundry, working on a hobby, etc.  The specific rooms within the house to be sampled should reflect as closely as possible, the occupants’ exposure patterns.


It is generally recommended that both the occupied (or living) areas as well as basement areas be sampled to identify contamination and to trace contamination in the building.  At the very least, sampling points within a building should include the VOC infiltration point (i.e., often the basement of a building) and primary living area.  It is also useful to take an outdoor (ambient) sample in the vicinity of the building being tested to provide information on ambient concentrations of VOCs.

 
Finally, sample collection should be done in such a way as to approximate human exposures:  Samplers should be situated in the breathing zone, approximately 3-5 feet off the ground (and lower if the receptors of concern are children as for a daycare center or school). Samples should be taken in a location where there is good air circulation, such as in the center of the room.  Representative areas in the building should be selected based upon high activity use areas and near potential pathways (i.e., floor drains, sumps, ventilation grilles, etc.).  As discussed above, manipulation of airflow should not be done prior to sampling.  However, the sampling locations should be selected by investigating airflow patterns in the study area.  For example, placement of a sampler under a supply air diffuser could dilute the true amount of a compound in the air based on the accelerated velocity of air from the diffuser.  Samplers should not be placed adjacent to windows or exterior walls where drafts may be present.  

Ambient Air

Outdoor sources of pollution can affect indoor air quality due to the exchange of outdoor and indoor air in buildings through natural ventilation, mechanical ventilation or infiltration. Outdoor sources of volatile compounds include automobiles, lawn mowers, oil storage tanks, dry cleaners, gasoline stations, industrial facilities, etc.  Therefore, as previously discussed, it is generally recommended that ambient (outdoor) air samples be collected in conjunction with any indoor air samples.

Assessing spatial variability in outdoor air is difficult.  The investigator might choose to sample outdoor air on all sides of a building.  However, often due to resource constraints, it might be possible to sample only one outdoor location.  Security concerns might also limit outdoor sampling location options.  If only one sample can be obtained, ideally it should be collected from the upwind side of the building, 


3.3.3.2  Selecting Sampling Duration and Frequency to Address Temporal 



Variability 

As with spatial variability, contaminant concentrations in environmental media will vary over time.  Depending on the media, changes in contaminant levels in one location, be it groundwater, soil gas, or indoor air, might occur over a day, across seasons, or over a number of years.  Temporal variability in groundwater, soil gas and indoor air can be addressed both in the duration and frequency of sampling.  Consideration of these parameters in the sampling plan is discussed in the following sections.

Groundwater


A variety of factors likely influence the temporal variation of contaminant concentrations in groundwater.  As the groundwater levels changes across the seasons, the contaminant soil might come in and out of contact with groundwater, thereby changing the amount of chemical movement into water.  During periods of heavy rainfall, groundwater contamination might become somewhat diluted by the influx of clean water or a ‘freshwater lens’ might develop in the more surficial groundwater layers.  In order to adequately describe contamination levels in groundwater, each monitoring well location should be sampled quarterly before fully determining the potential for vapor intrusion.

Soil                            

 To be Completed
Soil Gas


 Whereas “worst case” indoor-air impacts to a structure are often in the winter months (December to March), maximum sub-slab vapor concentrations may occur during the early fall, just before heating systems are activated.  Under this model, vapor levels build up under the slab over the spring and summer months, via diffusion processes.  While such a scenario has been observed at certain sites, other site-specific variables (e.g., depth to groundwater) could lead to alternative results.   However, at a minimum, it would be advisable to require the testing of (permanent) sub-slab soil probes during the early fall (September – October) and during the winter months (January – February).

Indoor Air


Selection of indoor air sampling duration XE "Sampling duration"  and frequency for a study is important for several reasons.  The first concerns the need to address variability when determining if the pathway is complete.  To do this, the investigator needs to match the air monitoring method to the pattern of potential air contamination.  The sampling durationxe "Sampling duration" that is selected should yield as representative a sample as possible.  Daily fluctuations in contaminant concentration could be due to such factors as meteorological parameters (e.g., temperaturexe "Temperature", wind conditions, barometric pressure, moisture), usage patterns affecting emission rate (e.g., as in the case of a building impacted by fumes emitted from a gasoline pumping station), and the characteristics of the building being impacted (e.g., an old drafty building would have a higher ventilation ratexe "Ventilation rate" than an energy-efficient building).   

The second concerns the evaluation of health effects.  Is the scope of the study to determine whether an acute health hazard may exist in conjunction with breathing the air or is the concern longer-term (i.e., subchronic or chronic) health effects?  In other words, is the exposure of interest an Emergency Response xe "Emergency response" -type situation or is it a longer-term exposure situation where the exposure of interest is a time-weighted average for risk assessment XE "Risk assessment"  purposes?  Each of these questions would be addressed by a different monitoring approach.  Generally speaking, characterizing exposures adequately to permit assessment of longer-term effects would be more resource-intensive than would be the requirements to characterize an acute exposure.
Whatever the duration of an indoor air-sampling event, the results are usually used to represent exposures that occur over much longer periods of time (from several months to a lifetime).  In planning the duration of a sampling event, a balance must be struck between the need to collect samples that are reasonably representative of the desired exposure and the financial and technical constraints of available technologies.


For residential buildings, a period of 24 hours is recommended as the minimum sampling time period.  This will allow the investigator to capture fluctuations in vapor intrusion due to changing conditions throughout the day and night.  For commercial buildings, a period of 4 hours during regular business hours is recommended as the minimum sampling duration XE "Sampling duration"  for collecting indoor air data XE "Risk assessment" .  However, depending on the nature of the source, longer sampling durations may increase confidence in measured concentrations.  
To obtain an estimate of long-term conditions XE "Chronic exposures" , the sampling approach should involve multiple sampling components over several seasons.  Ideally the sampling data should be obtained over at least three seasons (to include winter and spring) and should, at a minimum, encompass periods of high groundwater XE "Groundwater"  (typically during spring in New England);  winter conditions such as with the heating system operating with minimal air exchange XE "Air exchange" ;  and a rain event when the pressure and temperature XE "Temperature"  gradients between the inside of the building and the outdoor environment are maximized.  In this way, the data collected will be representative of a range of conditions, including the “worst-case” time of year.
Occasionally the purpose of an indoor air study may be to characterize short-term (e.g., several weeks to several months) exposure or to serve as the basis for making a decision on whether a building should be evacuated.  Under such conditions, it may be defensible to conduct the sampling study under conditions that do not represent “worst-case”;  however, conclusions regarding long-term exposures cannot be made based on the results of this one study.  In such a case, the best approach to take is to select the most representative schedule to target sampling objectives and to record the meteorological parameters and other conditions discussed above to facilitate subsequent interpretation of the monitoring results.
The MassDEP generally recommends that at least four sampling rounds be conducted before final conclusions and recommendations are made.  However, the factors discussed above may influence the inclusion of additional sampling rounds.  Figure XXXX below offers some simple guidance to help in the determination of how many sampling rounds are required. XE "Confirmatory sampling
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Ambient Air


Representative ambient air samples should be located to minimize bias toward obvious sources of volatile chemicals (e.g., automobiles, lawn mowers, oil storage tanks, gasoline stations, industrial facilities). Outdoor air samples should be collected and analyzed by the same method as for indoor air samples and generally for the same time periods. Consider collecting basic meteorological data during the sampling event.
            If ambient air is the suspected source of contamination, pertinent effects such as meteorological conditions (e.g., wind, temperature, etc.) or days on which a particular source may be more likely to be emitting contaminants should be considered when deciding when to sample. For example, in the case of a gasoline station, the hours of operation or perhaps the days on which refilling of storage tanks occurs would be important to consider.



3.3.3.3  Additional  Sampling Considerations Pertinent to Indoor Air


In addition to the meteorological and climatological factors addressed above that pertain to all environmental media, there are a number of additional, directly controllable factors that relate exclusively to indoor air.  These factors may directly influence indoor air contaminant concentrations and are important to address when planning an indoor air study.

Obviously, monitoring should not be done while pollutant-generating activities (especially those in which the same pollutants will be generated as those being monitored) are taking place.  Indoor activities such as smoking, and use of sprays, solvents, paints, etc. should be suspended during this time.  Outdoor activities such as lawn mowing, painting, asphalting, sanding, etc. should also be suspended during this time (depending on the pollutants being generated).

In addition, indoor sources identified as potential contributors of VOCs to the indoor air should be removed, if feasible.  While it is acknowledged that it is not practical to suggest that every object or household product identified as “a potential source” be removed from a building, it is noted that there are often blatantly obvious sources of contaminants, especially sources that might be off-gassing the same compounds as the COCs being investigated, which may be removed easily if identified.  Such sources might include recently dry-cleaned clothing, solvents or other products which are improperly stored or noticeably off-gassing.

To achieve a worst-case type scenario, it is often specified that the building to be tested should be sealed (i.e., windows and doors should be kept closed) during this time, and if possible, for a period of at least twenty-four to forty-eight hours before monitoring is conducted.  Although evaluation of worst-case exposures may be the objective for some studies, this endpoint is not always the main objective.  Such a situation might be the case when evaluating data for subchronic exposure XE "Subchronic exposure"  situations or short-term hazard evacuation decisions.  Such an evaluation focuses on current short-term exposures and thus should be based actual data.  Often, a more realistic exposure estimate is sought.  In part, the decision as to whether the building should be sealed depends on the typical habits of the occupants.  If an occupant usually keeps the building tightly sealed, then opening several windows and a front door would not be “typical” for that particular occupant whereas it could be quite representative for another individual who usually has several windows open.  Common sense should dictate the final action to be taken.  For example, leaving several windows open on an extremely gusty and windy day would probably not be a representative scenario. 

In the interests of sampling under realistic conditions, it is generally recommended that mechanical ventilation systems be operated in a manner consistent with the usual pattern of operation for that building.  There are certain facts that should be considered.  Often, investigators, in an attempt to minimize potential dilution of contaminant concentrations in indoor air, will recommend turning off all mechanical ventilation systems during sampling.  While this approach may be quite defensible in the case of mechanical fans installed in open windows, this may not always be true such as in the case of a mechanical system which draws make-up air from the basement and circulates it to other parts of the building.  An example of such a system is a forced hot-air heating system.  Operation of such a heating system produces temperature XE "Temperature"  and pressure differentials and may actually have the tendency to draw contaminants into the building.  The pressure differential between inside and outside a structure is greatest when windows and doors are kept closed and the heating system is operating.  In such a case, the heating system will create a stack effect which draws contaminants into the building.  In addition, gas and oil-fired heating systems generally use air in the building (when good make-up air is not provided) to support combustion, thereby further increasing the pressure differential.

  In New England, operation of a mechanical heating system would appear to be the norm in the colder months.  While the use of ventilation fans during the summer may also be typical for some residents, increased ventilation may dilute samples.  Thus, suspension of such ventilation may be more justifiable for a short period of time during which monitoring is conducted than would turning off the heating system.  Having a highly diluted sample could potentially defeat the purpose of doing sampling in the first place.  Ultimately, common sense should be used to obtain a sample that is reasonably realistic relative to the norm for New England and the norm for that building.


When the objectives of a study include the investigation of microenvironmental effects, the question as to whether certain parts of the building should be isolated arises.  The source potential of the microenvironment of interest may be determined by closing the door leading to the particular area of interest within the study building and sampling that area.  The decision as to whether or not this measure makes sense for a particular building should be made in accordance with the sampling study objective.


3.3.4 Selection of Sampling/Analytical Methods
Groundwater

Sampling of groundwater involves placement of monitoring wells, drawing water samples and conducting analyses to generate concentration data.  (from ITRC) Since it is the contaminants at the top of the water table that present the greatest potential for vapor intrusion, groundwater should be sampled at the air-water interface.  Installation of groundwater wells should not be submerged below the top of the water table.  A groundwater screening length of 10 feet water table length or less is recommended as a practical limit for evaluating vapor intrusion evaluations.  Monitoring wells should be designed with the proper filter packs, slot sizes and annular seals.  Before being sampled, monitoring wells should be purged to remove stagnant water that may not be representative of actual groundwater conditions.  Submersible pumps and bladder pumps are the preferred methods for drawing samples as they minimize sample loss.  See Appendix XXXX2.0 at the end of this document for details regarding the proper placement and sampling of monitoring wells. 


There are a variety of available water methods that may be used to analyze groundwater samples.  The US EPA 8000 series testing methods from SW-846 (US EPA, 1997) are sufficient for determining the presence of contaminants in the course of investigating the extent of a disposal site.  The US EPA 500 series drinking water methods (US EPA, 1988), which have a more sensitive detection limit, should be used to analyze samples from drinking water supply wells.  The MassDEP VPH/EPH methodology for sampling and evaluation of groundwater should be used for sites contaminated with petroleum.  The appropriate method should be selected based on the required detection limits for the particular chemicals under study.


The New Jersey Department of Environmental Protection (NJDEP) assembled a list of alternative groundwater methods that focus on determining the quality of very shallow groundwater (see Table D-1 in Appendix XXXX2.0 for this information).

Soil

To be completed.
Soil Gas, Indoor Air and Outdoor Air

The choice of a sampling method for collecting air samples should consider a number of factors.  The methodology should be able to detect compounds at environmentally relevant levels.  The monitoring equipment employed should be reasonably lightweight and compact for ease of transport.  The equipment should be easy to calibrate and use in the field.  The methodology should produce results which are accurate and reproducible with a minimum of artifactual and contamination problems.  Finally, the methodology should allow for sampling periods which are representative of occupants’ exposure time.  Based upon these criteria, the MassDEP generally recommends use of Summa evacuated canisters for most sites to collect soil gas, indoor air and ambient air.  While other collection methods exist, evacuated canisters are currently state of the art, appear to be the most reliable, and achieve the best detection limits of the available methodologies for petroleum constituents and chlorinated organic compounds.  

The general approach for conducting sampling using evacuated canisters is the same across media.  The canisters are fitted with calibrated flow controllers.  Once the top valve on each canister is opened, the canister can be set to fill with air slowly.  Summa canisters are generally analyzed by US EPA TO-14/15 or the MassDEP APH procedures.

  In accordance with Methods TO-14/15/17 of the EPA “Compendium”, the canister vacuum can be used as the driving force (with the calibrated flow controller) to collect air at a fixed flow rate over a prescribed averaging time (e.g., 40 cc/minute over 2 hours using a 6 liter canister).  Care should be taken to leave the canister under some vacuum at the conclusion of the event to ensure sufficient driving force to collect a steady flow rate until the end of the sampling event.  Samples collected under vacuum may need to be pressurized with the addition of inert gas prior to analysis.  Sampling equipment is available which actively pumps air through a calibrated flow controller into the canister, which results in a pressurized canister (up to 2 atmospheres) and a sample containing a higher volume than the previously described method.  Special care must be taken with the pressurized sampling equipment to ensure that none of the components that contact the air sample prior to the canister become contaminated and compromise subsequent samples.  Samplers should be flushed with zero air or clean nitrogen between samples.  Appendix XXXX4 discusses protocols that can be followed to address and prevent sampler cross-contamination.  The capability of taking multiple aliquots from canister samples is an advantage of the method.

The sampling approach for soil gas is somewhat more complex as it involves the initial installation of sampling probes through which the samples are to be collected. The MassDEP recommends that soil gas be sampled using at least two probes installed within the footprint of the building being investigated, generally through a concrete slab on the lowest level of the structure (e.g., basement).  These probes should preferably be permanent, to allow for multiple sampling rounds and should be installed in inconspicuous areas such as utility closets or beneath stairs.
It is not necessary to obtain “time weighted average” samples of sub slab soil gases.  However, care should be exercised to avoid sampling at too high a rate or via too high a vacuum, as this can lead to short-circuiting.  The California EPA and US EPA staff have recommended a maximum sampling rate of 0.1 to 0.2 Liters/minute.6   Empirical and mathematical evaluations of “purge volume” concerns indicate that pre-evacuation of 5 probe volumes should suffice6.  For a ½ inch diameter probe cored 4 inches into/through a basement slab, 5 probe volumes would equate to approximately 250 mL .

While use of Summa canisters is appropriate for most petroleum-based and chlorinated organic contaminants typically encountered at sites, there are a variety of compounds (i.e., such as carbonyls, PCBs, etc.) that are not conducive to being sampled using this methodology.  For these compounds that fall outside of the typical range of compounds, the EPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air (US EPA, 1984) should be consulted for specific methods that target these compounds.  

See Appendix XXXX for additional information on soil gas sampling and analysis.

3.3.5 Quality Assurance/Quality Control


In order to monitor the quality of the results obtained in all media, it is crucial that quality assurance/quality control (QA/AC) techniques be routinely incorporated into the sampling design for each media.  Quality assurance XE "Quality assurance"  (QA) is a well-defined, integrated series of management activities involving planning, implementing, documenting, assessing and reporting that assure that data are of known and documented quality.  Quality Control XE "Quality control"  (QC) is an integrated series of technical activities that measure whether and how well the goals established in the quality assurance XE "Quality assurance"  component were met.

Before the sampling and analysis phase of a project begins, there must be a

discussion of the data quality objectives XE "Data quality objectives"  (DQO XE "DQO" s) for the project.  Data quality indicators XE "Data quality indicators"  (DQI XE "DQI" s) are developed during the development of the DQOs as quantitative measures of the achievement of quality objectives.  The US EPA uses the acronym PARCCS to define six DQIs:  Precision XE "Precision" , Accuracy XE "Accuracy" , Representativeness, Comparability, Completeness and Sensitivity.  These indicatorsxe "Completeness"

xe "Comparability"

xe "Representativeness" are used together with data quality control XE "Quality control"  measurements to define the quality of the data collected for the purpose of risk assessment XE "Risk assessment" .
Sampling and analytical quality control is addressed using a Quality Assurance Project Plan (QAPP).  This tool defines the sampling and analytical quality control measures that can be used to assess the quality of the data obtained.  Key sampling quality control elements include use of replicate or collocated sampling and use of field blanks.  Analytical quality control measures that should be targeted and/or implemented in all analytical procedures include selection of an appropriate method detection limit;  use of blanks in the analytical process;  calibration of instruments;  assessment of analytical accuracy;  and assessment of analytical precision.  Table XXXX provides a selected list of sampling and analytical quality control elements.


In addition to collection of media-specific information for lines of evidence analysis, additional evaluation of the indoor air data should be conducted in conjunction with their use in the risk assessment process.  The data should initially be screened using the data quality control XE "Quality control"  parameters and data quality indicators XE "Data quality indicators"  discussed in previous sections.  A Quality Assurance XE "Quality assurance" /Quality Control XE "Quality control"  Checklist:  Indoor Air Monitoring of Volatile Organic Compoundxe "Volatile organic compound" is included in Appendix 3 to help with data validation.  If it is concluded that the data are reliably representative of actual indoor air concentrations, interpretation of the data for use in risk assessment XE "Risk assessment"  can begin.


There are several situations which call for further interpretation of monitoring results.  These include:  the treatment of Non-Detectsxe "Non-detects" (NDs);  the treatment of contaminated laboratory or field blanksxe "Field blanks";  and the treatment of tentatively identified compounds XE "Tentatively identified compounds" \i .

More detailed information about the QA/QC elements addressed in this section may be found in the US EPA Guidance for Data Usability in Risk Assessments (EPA, 1992).
Table XXXX  Selected List of Quality Control Elements

	Quality Control XE "Quality control"  Element
	Description
	Frequency
	Purpose
	Synonyms

	Sampling
	
	
	
	

	Duplicate Samples
	Two or more samples collected simultaneously
	At least one set of parallel samples per sampling event.
	To improve confidence in measured concentrations.
	Replicate samples;  collocated samples;  parallel samples.

	Field Blank
	Clean sampling device which accompanies sample to field and back to laboratory
	At least one blank XE "Blank"  per sampling event
	To assess contamination from transportation of samplers to and from the field.
	Blank

	

	Analysis
	
	
	
	

	Instrument Blank
	Solvent spiked with Internal Standard (if used)
	At least one per analytical batch (method-dependent)
	To assess baseline drift of instrument and carryover of previous samples
	Blank

	Method Blank
	Analyte-free sampling device analyzed like samples
	One per analytical batch
	To assess contamination from sample recovery
	Blank

	Matrix Spike (MS) and Matrix Spike Duplicates XE "Matrix spike duplicates"  (MSD)
	Aliquots of field samples spiked with compounds of interest and analyzed like samples
	One MS/MSD per analytical batch
	To assess accuracy XE "Accuracy"  and precision XE "Precision"  of analyses relative to matrix
	Laboratory Fortified Matrix Spike

	Standard Reference Material XE "Standard reference material" 
	Standard Matrix (air) with analytes at verified concentrations
	One per batch
	External source to assess accuracy XE "Accuracy"  of preparation and analysis
	Vendor-supplied standard;  material-supplied standard


3.4  Determining if there is a Complete Vapor Intrusion Pathway – Using Lines of Evidence to Test the Conceptual Site Model 


3.4.1. Introduction 


A Lines of Evidence evaluation uses the data developed under the sampling program, described in Section 3.3, to determine whether or not there is a vapor intrusion pathway for the building(s) in question.  Before proceeding with the Lines of Evidence evaluation, the investigator should confirm that there are not any significant data gaps in the CSM.  Any data gaps identified at this point should compel further sampling investigations.  Additionally, during the Lines of Evidence evaluation, previously unknown data gaps might be identified.  Such a development would also require additional sampling and analytical efforts.   


First and foremost in evaluating the evidence for vapor intrusion is sampling results of indoor air.  Without direct high quality indoor air measurement, vapor intrusion cannot be fully assessed.  MassDEP recommends considering 5 distinct lines of evidence for determining whether or not indoor air contamination is due to vapor intrusion pathway at a site.  These are concentrations of COCs in:

1. Groundwater;

2. Soil;

3. Soil gas

4. Outdoor air; and

5. Typical Indoor Air Concentrations (TIACs).


Because contamination in the subsurface is site-related, as these concentrations increase, so to does the potential for vapor intrusion.  Conversely, because both TIACs and contamination in outdoor air are assumed not to be site-related, the higher these levels are relative to those in indoor air, the lower the likelihood that vapor intrusion is the source of the indoor air contamination.  These inferences will be discussed in more detail in the following sections.


It is important to note that, as uncertainties in the evidence increase, confidence in the conclusion goes down.  If an assessment is being conducted under this section of the guidance, then there are relatively high levels of volatile chemicals in groundwater and/or soil under to near a building.  MassDEP’s default assumption in these circumstances is that there is a completed vapor intrusion pathway until there is complete and compelling temporal and spatial evidence to the contrary.  In order to conclude that there is not a complete vapor intrusion pathway in a building, there must be strong lines of evidence that indicate that vapor intrusion is not occurring and not likely to occur in the future.  These lines of evidence should fit into a conceptual site model that explains in a logical fashion why the high levels in groundwater do not result in a complete vapor intrusion pathway.  
This supposition is based on three key points:

1. Gases behave somewhat differently from one medium to another, increasing uncertainties in modeling vapors in the environment; 
2. The many factors affecting vapor intrusion make the pathway difficult to predict; and
3. Absent compelling information, the potential for volatiles to find a path into structures near vapor sources is more likely than not.

3.4.2 Lines of Evidence

Recent MassDEP experience and internal discussion has indicated that a complete data set is critical to determining whether the vapor intrusion pathway is complete.  Limited data or data in one or two media will generally not allow a well supported conclusion of an incomplete vapor intrusion pathway. The following discussion assumes that data have been collected from at least three media: (1) groundwater; (2) indoor air; and (3) outdoor air. If the investigator concludes the vapor intrusion pathway is incomplete, it should be documented clearly and with compelling evidence based on multiple rounds of data collection (complete temporal and spatial data) and a conceptual site model clearly documented and integrated with the site data.  



When evaluating the following each line of evidence, the investigator should keep in mind the list of COCs at the site.  Provided sufficient characterization has occurred, the investigator should be able to establish the principal contaminants associated with the original discharge or spill. Using this information, along with any degradation products related to these chemicals, the COCs can be identified.  Thus, an investigator can limit the scope of the data evaluation and the analytical parameters for any future sampling events.  Chemicals that were not detected in the subsurface can be eliminated from further evaluation in the assessment. 



3.4.2.1 Groundwater

When evaluating groundwater data, the vertical and horizontal distance between the groundwater and the building are two important variables that influence the extent to which COCs may enter the indoor air.  In addition, the presence and location of utility and electrical conduits in proximity to groundwater or the building under investigation may influence preferential migration pathways (other than the direct route via soil and/or groundwater) of contaminants to the indoor air.  These factors should be considered when interpreting contaminant concentrations in groundwater.


Barring any soil contamination, levels of contaminants in groundwater are a key piece of evidence in determining whether or not there is vapor intrusion.  As described in Section 2, levels below GW-2 standards in groundwater near buildings generally lead to a conclusion that vapor intrusion is not present.  As levels of a COC in groundwater increase above the respective GW-2 standard, the greater the likelihood of vapor intrusion, and therefore the greater weight that can be applied to this line of evidence.


There may be circumstances at a site where there are extremely high levels of a COC (relative to the GW-2 standard) in groundwater near a building.  In these cases, the investigator must have a great deal of confidence in the other lines of evidence before concluding a pathway is incomplete.



3.4.2.2 Soil

Sampling data from soil is frequently unreliable in assessing the vapor intrusion pathway.  According to the ITRC (page 23), use of contaminant concentration data in soil is believed to be of little use in predicting the potential for vapor intrusion.  Studies have found that there is very poor correlation between soil and soil gas concentrations.  Thus, soil data may be useful as a screening parameter or as a secondary source of information when developing a conceptual site model.  Due to the heterogeneous nature of soil contamination, as well as the difficulty of sampling under buildings, ascertaining the contaminant mass under or near a building is difficult.  For example, if elevated concentrations of a contaminant are not found, it is difficult to know whether or not a localized source under the building was missed.  Therefore, data from soil sampling is best used to confirm what contamination is present in the subsurface rather than rule out the vapor intrusion pathway.



3.4.2.3 Soil Gas

Like sampling data from soil, soil gas concentrations are often not good predictors of vapor intrusion.  Part of the reason for this is the large spatial heterogeneity of contaminant concentrations found under the slab.  Another reason for this lack of reliability is that the attenuation of soil gas contamination into indoor air is highly variable and does not lend itself to reliable prediction. Therefore, even if a representative data set was generated for soil contamination, it would be difficult to select a corresponding indoor air concentration. For these two reasons, soil gas data are of limited predictive value when assessing vapor intrusion.  If concentrations of contaminants in groundwater are above their respective GW-2 Standards, then data from soil gas sampling alone cannot be used to determine that the vapor intrusion pathway is incomplete.


Soil gas sampling data can be used as an added line of evidence to confirm the pathway if the COC was detected in both groundwater and indoor air.  If a contaminant is measured in groundwater and soil gas, then it is likely that levels of the contaminant found in the indoor air are due, at least in part, to vapor intrusion.

3.4.2.4 Outdoor Air  


Due to the complexity and variability of the VI pathway, traditional background assessments as conducted for soil and groundwater under the MCP are not appropriate for assessing impacts on the vapor intrusion pathway.  However, there are alternative approaches that may be used in lieu of the background analysis, including an assessment of outdoor air conditions and a comparison of site concentrations to TIACs.  These lines of evidence are discussed in this and the following section.



All structures are characterized by a particular air exchange rate in which outdoor air replaces indoor air. Thus, outdoor air contaminant concentrations will influence, to some degree, the indoor air concentrations of contaminants. This exchange is influenced by a number of factors including proximity to outdoor sources of pollution, meteorology and the topography of the surrounding area in influencing the distribution of pollutants in the area.


Because of the continuity of outdoor and indoor air, if levels of contamination in outdoor air are similar to or higher than those found in indoor air, then that would be a strong indication that either vapor intrusion is not occurring in the building or that, if it is present, its effect on the indoor air quality is less significant than outdoor air impacts.


3.4.2.5  TIACs


Chemicals are a part of our everyday life. They are present in many of the household products we use and in items we bring into our homes. As such, chemicals are commonly found in indoor air of homes not affected by intrusion of contaminated soil and groundwater vapor.  Often these volatile compounds are found at low concentrations or very infrequently. However, in some cases vapors generated inside homes can be persistent and pose potential concerns for the residents. The list of materials and activities that potentially release chemicals is significant. A partial list of releases can be found in Appendix ABC (http://householdproducts.nlm.nih.gov/). Because of the inherent variability of volatile compounds in air, relative source attribution for buildings with vapor intrusion from contaminated sites can be very difficult.

The Residential Typical Indoor Air Concentrations (TIACs) are values representing chemical concentrations that may typically be present in indoor air from sources such as building materials, household products, and ambient air, absent any contribution from a vapor intrusion pathway.  The TIACs were developed using recent studies of indoor air chemical concentrations measured in residences. TIACs may be used as one of potentially several lines of evidence in evaluating potential vapor intrusion pathways from a disposal site.  Specific guidance on the use and derivation of the TIACs is available in the December 2008 Technical Update for Residential Typical Indoor Air Concentrations (Appendix XYZ).

TIACs may be used as one of potentially several lines of evidence in evaluating whether measured concentrations of OHM in residential indoor air are the result of a vapor intrusion pathway associated with a disposal site. MassDEP considers 75th and 90th percentile values or “Upper Percentile Values” (UPVs) in Table 1 of the TIACs document as appropriate values for comparison to measured indoor air concentrations as one line of evidence in evaluating whether a building is affected by a vapor intrusion pathway from a disposal site. TIACs are not meant to be stand-alone lines of evidence for determining the presence or absence of a vapor intrusion pathway. 


Like all other lines of evidence; as uncertainties about the line of evidence go up, confidence in that line of evidence goes down. For example, if concentrations of the contaminant are well below the applicable TIAC, this would provide more confidence that vapor intrusion is not occurring in the building.  Conversely, as concentrations in indoor air approach and surpass the TIAC values, probability that there is a complete vapor intrusion pathway increases.
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