
289 Great Road, Suite 105 
Acton, Massachusetts  01720 

PH 978.263.9588 
FAX 978.263.9594 

www.geosyntec.com 

MassDEP Draft VI Guidance - Geosyntec Comments 
 
 
 

 
01 March 2011 

Mr. Gerard Martin         
Massachusetts Department of Environmental Protection 
Southeast Regional Office 
20 Riverside Drive 
Lakeville, MA 02347 
 
Subject: December 2010 MassDEP Draft Vapor Intrusion Guidance 

Dear Gerard: 

Geosyntec Consultants, Inc. (Geosyntec) is pleased to submit the following comments regarding 
the December 2010 Massachusetts Department of Environmental Protection (MassDEP) Draft 
Vapor Intrusion (VI) Guidance (Draft Guidance).  As requested, we have organized our 
comments according to the sections of the Draft Guidance.   

1.3 When the Vapor Intrusion Pathway Should Be Evaluated 

Figure 1-1 should be modified to acknowledge the fact that this decision tree only applies to sites 
where VOCs are present in the subsurface.  As the Figure is currently presented, all buildings 
with an earthen floor or a groundwater sump require a multiple lines of evidence evaluation of 
the vapor intrusion pathway, even if VOCs are not constituents of concern at the site.   

The following statement in the Draft Guidance should be modified to make it clear that Method 1 
Soil Standards were not developed with a consideration of soil as a source of VOCs for the vapor 
intrusion pathway: 

“However, Method 1 Soil Standards were not developed with a 
consideration for the potential vapor intrusion pathway and cannot be 
used to draw any conclusions about the potential for indoor air impacts.”  

The Method 1 S-1/GW-2, S-2/GW-2, and S-3/GW-2 Soil Standards of course do consider vapor 
intrusion and can be used to draw conclusions about the potential for indoor air impacts when 
soil is not the source of VOCs contamination. 

1.3.1 VOCs in Soil 

MassDEP’s recommendation to sample groundwater and soil gas to evaluate the potential for 
vapor intrusion when soil contamination is present within 30 feet of an occupied structure is 
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inconsistent with the regulatory requirement of the MCP (310 CMR 40.0942(1)(d)), which 
considers VOC impacts to soil when such impacts are located within six feet horizontally or 10 
feet vertically of an occupied structure.  The Guidance should be modified to be consistent with 
the MCP or at a minimum should be revised to allow room for LSPs to use professional 
judgment in evaluating VOC impacts to soil.  

1.3.3 Other Factors 

Similar to our comment above regarding Figure 1-1, the Draft Guidance should make it clear that 
these “Other Factors” are to be considered at sites where VOCs are present in the subsurface.   

2.2.1 Relevant Lines of Evidence for Vapor Intrusion 

The list of lines of evidence included in this section is incomplete.  This list should be expended 
to include:  

• Building construction characteristics,  

• HVAC system operational parameters, 

• Inventory of chemical products used inside the building, 

• Differential pressures between the subsurface, indoor air and outdoor air, 

• Soil types, stratigraphy, moisture content and other physical conditions that may impact 
the migration of VOCs in soil gas, 

• Vertical distribution of VOCs in soil gas (not limited to sub-slab soil gas), 

• The ratios or relative amounts of various VOCs in different media, 

• The oxygen distribution (for aerobically degradable compounds), 

• Indoor air sampling under positive and negative building pressure, 

• Stable isotope analyses of VOCs in gases of different media, 

• Background or “typical” indoor air concentrations, 

• The following are listed elsewhere in the Guidance as “a line of evidence” or a “useful 
tool in conjunction with other lines of evidence,” and could be included: 

o Residential and Commercial/Industrial Threshold Values, 

o Empirical and numerical modeling (see Section 4.7.3). 
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2.2.2 Modeling 

This Section refers to Section 2.3.4 for MassDEP’s recommendations regarding the estimation of 
indoor air concentrations for buildings where direct measurements in indoor air are not practical 
or possible.  No such recommendations are provided in Section 2.3.4.   

2.2.4 Recommendations for Interpreting Lines of Evidence 

Interpreting lines of evidence is accomplished most meaningfully in the context of a conceptual 
site model (CSM).  Either this section or a new Section 2.2.5 would be an appropriate place to 
discuss application of a CSM to data gap analysis, investigation planning and data analysis.  
Rather than authoring new text, we recommend including excerpts from ITRC’s Guidance on the 
VI CSM to aid practitioners in deciding which important conditions and processes present on site 
are most important to the VI pathway.  Inclusion of this discussion would also tie together 
references to a CSM made on Figure 1-1 and in Section 2.2.1 that are otherwise unsupported. 

2.3.1 Groundwater 

Groundwater samples that are applicable to the vapor intrusion pathway should be collected from 
wells screened across the water table, using low-flow (USEPA, 2010) sampling protocols or 
passive diffusion bags, and from as close to the water table as possible. 

2.3.3 Sub-slab Soil Gas 

The Statement that “all target analytes should be included in APH or TO-15 analysis,” should be 
revised.  Section 2.4.1 describes the selection of contaminants of concern (COCs). The 
recommendations for sub-slab soil gas testing should allow for reporting of either all target 
analytes or a sub-set that is limited to site-related COCs. 

There are alternatives for managing spatial variability in VOC concentrations in sub-slab soil gas 
beyond simply adding more samples.  Larger volumes of sub-slab soil gas can be purged, 
screened and sampled (e.g., 100’s to 10’s of thousands of liters depending on access, building 
size and construction) to improve spatial coverage, reduce the number of required samples and 
reduce uncertainty (McAlary, et al., 2010).  Please also see our comments below on Attachment 
III.3 – Procedure for the Collection of Sub-Slab Soil Gas Grab Samples.  The procedures 
outlined there provide little or no quality control for sample integrity.  Details of sampling 
protocols that provide several QC checks are described in McAlary et al., 2009. 
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2.3.4 Indoor Air 

As in Section 2.3.3 for sub-slab soil gas, the Statement that “all target analytes should be 
included in APH or TO-15 analysis,” should be revised.  The recommendations for indoor air 
testing should allow for reporting of either all target analytes or a sub-set that is limited to site-
related COCs  

In Section 3.2, the Guidance points to a 20-year body of radon literature as validation of sub-slab 
depressurization to be “the most effective, reliable and feasible means of mitigating the VI 
pathway,” but the Guidance does not call upon this body of literature for lessons on assessing 
indoor air.  We feel this is a missed opportunity to improve indoor air data quality.  USEPA 
recommends indoor air samples for radon should be collected over a minimum of 72 hours, and 
preferably longer.  Figure 1, below, shows radon concentrations detected in indoor air over a 
variety of sample collection durations, ranging from 1-hour to 90-days.   

 
Figure 1: Radon concentrations in indoor air (Steck, 2011) 

 



Mr. Gerard Martin 
01 March 2011 
Page 5 

 
 

MassDEP Draft VI Guidance - Geosyntec Comments 
 
 
 

VI assessments, like radon studies, have the same objective: estimating the long-term average 
exposures for occupants.  Therefore, for residential scenarios, the Guidance should consider 
stating that it may be beneficial to collect indoor air samples over durations greater than 24 
hours.   

There is also a growing body of literature that demonstrates the accuracy and precision of 
passive, quantitative sampling devices that are capable of quantifying the time-weighted average 
concentrations of VOCs in indoor and outdoor air over periods of days or weeks.  Many of these 
samplers (e.g., Waterloo Membrane Sampler®, Radiello™, the SKC Ultra, 3M OVM 3500, etc.) 
have been tested repeatedly against Summa® canisters or TO-17 adsorptive tube analyses and 
shown to provide comparable data for many of the VOCs of common interest for vapor intrusion 
assessment.  They can also potentially be used at a significant cost savings compared to 
traditional Summa® canister sampling (e.g., Groenevelt et al., 2010; McAlary et al., 2010).  For 
the topics of sample duration and sampling method, more latitude should be given for the use of 
professional judgment by LSPs.  

While indoor air samples on multiple floors can be helpful in distinguishing indoor sources from 
VI, sampling on higher floors than the basement is generally unnecessary.  We recommend 
removing the multi-floor sampling recommendation or providing more explanation for what 
“information on any differences in concentrations between the basement and first floor” can be 
garnered through this sampling strategy.  This also presents another opportunity for the Guidance 
to benefit from including a subsection on CSM development and uses.  

2.4.2 Site Receptors, Activities, and Uses 

MassDEP’s expressed position that future vapor intrusion cannot be predicted from a current 
situation is unreasonable and effectively requires an Activity and Use Limitation (AUL) on every 
site with an existing non-residential building.  This position creates a requirement for AULs at 
many sites that previously would not have been burdened by such deed restrictions.  There are 
ways that vapor intrusion can be predicted to evaluate whether building modifications and/or 
changes in use will result in Significant Risks in the future.  

Conservative estimates of future indoor air concentrations can be calculated from good quality 
subsurface concentrations and upper percentiles of the range of empirical attenuation factors 
published by the EPA.  Similarly the attenuation factor can be derived from mathematical 
models, provided they are appropriately formulated for the site conditions, and use justified or 
cautious model input parameter values.  If multiple chemicals are present, it may be possible to 
use one that is seldom detected in background sources as a tracer for determining a building-
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specific attenuation factor.  In most cases, the generic empirical attenuation factors tend to be 
based on 90th or 95th percentile values, which are at least an order of magnitude higher than 
average values. The Johnson and Ettinger model provides a “best-estimate” of the long-term 
average attenuation factor and should be compared with the 50th percentile.   

The use of representative source concentration data for the vapor intrusion modeling is a key 
input consideration.  The input groundwater concentration data should be representative of 
water-table concentrations; therefore, groundwater samples should be collected from as close as 
practicable to the water table, using methods that minimize volatilization losses during sampling.  
Vapor intrusion models may include additional input parameters to characterize soil physical 
properties and building parameters.  Appropriate justification for these input parameters is a 
necessary component of the modeling process.  Typical values for these input parameters are 
discussed in Johnson, 2005.   

The detailed modeling evaluation conducted for the Colorado Department of Transportation 
Materials Testing Laboratory (CDOT-MTL) site found that the modeled vapor intrusion 
attenuation factors compared well with field data-derived values to within an order of magnitude 
(Johnson et al., 2002), demonstrating that, when used appropriately, vapor intrusion models can 
be a conservative way to evaluate potential future vapor intrusion exposures.  The modeling 
component of this study was conducted using input parameters based on the detailed site 
characterization and included an analysis to assess the uncertainty of the modeled results.  The 
evaluation included a careful review of the available chemical data to screen out biased or 
unrepresentative data from the modeling evaluation, which unfortunately, is an uncommon 
practice in the industry.  The empirical attenuation factors for this site range from about 10-6 to 
10-4 with an overall average of 3 x 10-5 (µg/L indoor air)/(µg/L soil gas), which is consistent with 
vapor intrusion attenuation factors calculated using the Johnson and Ettinger model.  This 
demonstrates that modeling may be used effectively to evaluate the vapor intrusion pathway. 

By specifying in the Guidance requirements for the collection of representative source 
concentration data and recommendations for appropriately conservative model input parameters, 
MassDEP could allow for evaluation of future vapor intrusion exposures in a way that is 
conservative and protective of human health.  Because it has been demonstrated that the Johnson 
and Ettinger screening level model is capable of predicting attenuation factors within an order of 
magnitude, if risk estimates based on conservative modeling results were more than an order of 
magnitude below MCP risk limits, the risk of unacceptable exposure would be de minimis, and 
an AUL would not be necessary to maintain a condition of No Significant Risk in the future.  To 
prohibit the evaluation of future indoor air exposures makes it impossible for responsible parties 
to comply with the MCP requirement to evaluate potential future Site risks.  This guidance 
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should leave room for LSPs and risk assessors to use their professional judgment in evaluating 
foreseeable uses.  

MassDEP’s statement that it is not possible to achieve a Permanent Solution for an active dry 
cleaner is too broad.  If the mechanism of the release to the subsurface was addressed and soil 
and groundwater were remediated to below GW-2 standards, couldn’t such a Site qualify for a 
Permanent Solution under these conditions?   
 
Non-vapor intrusion sources of VOCs can contribute to VOC concentrations in both buildings 
adjacent to dry cleaners and former dry cleaners where VOCs may remain in building materials. 
This Guidance should address how to separate the MCP-regulated exposures from the non-MCP-
regulated exposures and should make it clear that only the MCP-regulated exposures must be 
evaluated in MCP Risk Characterizations.  

2.4.3.1 EPCs for Chronic Exposures 

This section states that if indoor air data is variable, maximum concentrations should be used as 
EPCs.  What if variability reflects true changes in indoor air concentrations associated with 
seasonal changes in subsurface or building conditions?  In such a case, an average concentration 
could still represent a conservative estimate of site-related exposure if the samples were collected 
at appropriate times throughout the year.  Longer duration samples would act to reduce the 
observed variability in measured concentrations (see Figure 1).  
 
The statement that the total concentration of a COC measured in indoor air must be used as an 
EPC is potentially problematic for buildings where interior, non-VI-related sources of VOCs to 
indoor air exist.  This requirement could prevent the achievement of a Permanent Solution at 
Sites where site-related Significant Risks do not exist.  For benzene, chloroform, carbon 
tetrachloride and maybe 1,2-dichloroethane, background concentrations are frequently higher 
than risk-based indoor air concentrations, even where there is no subsurface contamination 
(Dawson and McAlary, 2009). 
 
Figure 1, below, which is from the USEPA Raymark study (USEPA, 2006), shows empirical 
sub-slab attenuation factors for a single building (the sub-slab attenuation factor is equal to the 
ratio of the concentration of a VOC in basement indoor air to the concentration of the same VOC 
in a sub-slab soil gas).  If the indoor concentrations were all due to subsurface vapor intrusion, 
then the attenuation factors would be the same for all the constituents detected.  The variability 
in these empirical attenuation factors is predominantly a result of background sources.  As shown 
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on Figure 2, empirical attenuation factors for many of the constituents were greater than one, 
meaning the detected concentration in indoor air was greater than the detected concentration in 
sub-slab soil gas, a clear indication of indoor air sources.  Considering temporal variability and 
spatial variability, the same is likely true for most measured attenuation factors in the range of 
0.1 to 10. 

 

Figure 2: Empirical Attenuation Factors for a specific building (EPA, 2006) 

In this plot, radon may be the only constituent without significant background interference that 
can be used to estimate the vapor intrusion attenuation factor for this building; the empirical 
attenuation factors for all other constituents on Figure 2 were either biased high due to 
background sources, or the constituent was not detected in indoor air.  Note that for this home, 
only four constituents other than radon were detected in indoor air and had an empirical 
attenuation factor less than one: 1,1,1-TCA, PCE, CHCl3, and MIBK.  The average empirical 
attenuation factor for these four constituents is much larger than the empirical attenuation factor 
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for radon (greater than 0.1 versus 0.002).  Radon is not usually affected by background sources 
inside the building, so the fact that the empirical attenuation factors for these other constituents 
are greater that of radon indicates that the measured indoor air concentrations for 1,1,1-TCA, 
PCE, CHCl3, and MIBK were influenced by background indoor air sources.  It is likely that the 
significance of subsurface vapor intrusion would be over-stated if the radon data were not 
available for this building and an assessment of the vapor intrusion was based only on the VOC 
concentration measurements in indoor air.   

MassDEP’s position that future use scenarios cannot be evaluated is overly broad and will 
prevent many Sites from achieving a Permanent Solution without the burden of an AUL that may 
not be necessary to maintain a condition of No Significant Risk.  Furthermore, this position 
seems to contradict 310 CMR 40.0926(6), which states that “Exposure Point Concentrations may 
be developed using monitoring data gathered during the site investigation or, when appropriate, 
through the use of fate and transport models generally accepted by the environmental modeling 
community.”  Fate and Transport models exist to evaluate these future use scenarios, and this 
Guidance should allow for use of such models in ways that will be protective of human health.  

2.4.4 Exposure Assumptions 

MassDEP should provide references or justification for the recommended exposure assumptions 
in this Section because some of the recommended exposure assumptions are inconsistent with 
exposure assumptions recommended by USEPA.  Specifically, USEPA recommends an exposure 
frequency of 350 days/year for residents (USEPA, 1994), compared to the 365 days/year 
exposure frequency recommended in Table 2-4, and USEPA recommends an exposure period of 
25 years for on-site workers (USEPA, 2002), compared to the 30 year exposure period 
recommended in Table 2-4.  Without justification for these recommended exposure assumptions, 
the Draft Guidance should leave room for LSPs and risk assessors to use their professional 
judgment in developing appropriate exposure assumptions.  

MassDEP’s recommendation that residential receptors should be assumed to spend 12 hours/day 
in their basements seems unreasonable for many residential buildings.  LSPs and risk assessors 
should be allowed to use their professional judgment in developing appropriate exposure 
assumptions for individual buildings within MassDEP’s recommendation that residents be 
assumed to spend 24 hours/day in their homes.  
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2.5.1 General Risk Characterization Requirements 

MassDEP’s recommendation that AULs be used at all sites where groundwater concentrations 
exceed GW-2 standards is unreasonable.  See our comments on Section 2.4.2 regarding how 
modeling can be used to comply with the MCP requirement to evaluate potential future 
exposures. This Section should also make it clear that MassDEP’s recommendation to use AULs 
at Sites where groundwater is not currently classified as GW-2 is not a requirement of the MCP.   

3.4.1.1 Building Pressurization/ HVAC Modification 

In the following statement, “Although this approach may be capable of reducing advective 
forces, diffusive flow may continue and may not be appropriate when the concentrations of 
contaminants in the soil gas are high,” the word “flow” should be replaced with “flux”.  By 
definition, flow is advective and diffusion is not.  The term is also used again in Section 3.4.2.3. 

3.4.2.4 Passive Venting 

Longer term indoor air and vent-pipe sampling, such as is achievable with quantitative passive 
samplers, could be used to generate more reliable and more meaningful data sets than is currently 
available with Summa® canister sampling to determine the effectiveness of passive venting 
systems.   

When judging the effectiveness of a mitigation system, it may not be necessary to attain 0.04 
inches of water column differential vacuum across the entire slab.  For example, the New York 
State DEC uses a 0.004 inches of water criterion at the edges of a slab.  It is important to weigh 
the costs of running a bigger fan, heat loss, and noise (much of it borne by homeowners) against 
what may be no net benefit.  The Guidance could provide an “off-ramp” from the 0.04 standard 
by suggest adding a confirmatory indoor air sampling step in cases where most, but not quite the 
entire slab meets the radon (0.04) standard.  Incidents of overdesign and the invasiveness of the 
mitigation process could be minimized this way. 

3.6 Closure Sampling 

The duration for which an active system should be switched off prior to sampling should be 
flexible, based on the depth to the source of VOCs and the geological materials beneath the 
structure.  In some cases, up to several weeks shut down may be appropriate.  
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4.3.1.1 The CEP Concept 

The statement that schools and daycares are “locations where exposure potential and periods are 
greatest” should be removed from the Draft Guidance.  Exposure periods for infants and children 
in an individual day care or school building are relatively short, typically a few years. 

4.7.3 Use of Modeling for Future Buildings 

Please see our comments on Section 2.4.2 regarding this topic.  

Appendix III Detailed Sampling Procedures 

Attachment III.2.3.3 Passive Badge Samplers 

The following statement should be modified, “The accuracy and precision of the passive 
samplers is uncertain because the sampling rate but is estimated based on diffusion theory rather 
than measured.  There are also several recognized practical application problems with these types 
of passive samplers including interferences, the effects of high humidity, and back diffusion off 
the sampling medium.”  Most quantitative passive samplers have experimentally measured 
uptake rates for defined lists of compounds, including many of interest for vapor intrusion 
studies.  Additional research is on-going, and this technology will continue to improve in the 
future.  

Attachment III.3 2.1 (Glass Vial Sub-slab Grab) Sample Collection 

The flow rate limitation on sample collection (100 to 200 mL/minute) is arbitrary and 
unnecessary.  This limitation has been propagated from guidance document to guidance 
document around the US without validation.  Vacuum is the parameter that should be 
constrained during sampling to control sample bias.  McAlary and Creamer (2006) showed that 
the flow rate does not have a significant impact on the sub-slab sample concentration as long as 
the probe is well sealed. 

Attachment III.3 2.2.2 (Canister Sub-slab Grab) Sample Collection 

The method described is inappropriate for the collection of meaningful data and should be 
excluded from the Guidance.  During the sampling process, the sample flow rate, and more 
importantly the wellhead vacuum should be measured and controlled, with shut-in tests for the 
sampling train, a leak check such as helium under a shroud, and adequate purging and field 
screening to demonstrate that purged soil gas: 
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1. Meets with the practitioner’s expectations based on a CSM, 

2. Screening results are repeatable, and  

3. No unacceptable amount of helium is detected in screened soil gas. 

Monitoring field parameters during purging is analogous to the USEPA’s low-flow sampling 
protocol for groundwater. 

Closing  

We realize that the development of vapor intrusion guidance for the MCP is a difficult 
undertaking and we appreciate the opportunity to provide our input into this important process.  
Flexibility to use multiple lines of evidence and customize the selection of the assessment tools 
to the site conditions is a common theme among current regulatory guidance for assessing vapor 
intrusion.  We encourage MassDEP to make similar allowances in their forthcoming policies, 
guidelines and regulatory requirements. 

If you have any questions or would like additional information, please contact Julianna Connolly 
at 617.992.9064 or Todd Creamer at 978.263.9588. 

Sincerely, 
  
 
 
Julianna B. Connolly     Todd N. Creamer, P.G.  
Project Engineer     Senior Geologist 
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