
   
 
 
 
 
 
July 23, 2009 
 
 
Gerard Martin 
Bureau of Waste Site Cleanup 
Massachusetts Department of Environmental Protection 
One Winter Street 
Boston, MA  02108 
 
Re: Comments on Draft “MassDEP Indoor Air Guidance”  

Dear Gerard, 

AMEC Earth & Environmental (AMEC) and GEI Consultants, Inc. (GEI) are submitting written 
comments on the integrated draft guidance document that MassDEP posted to its Indoor Air 
website and emailed to Workgroup members on July 7, 2009 (the Draft Guidance).  We 
understand that this is an early draft, and we appreciate MassDEP’s stated intention to give 
serious consideration to all comments it receives on the Draft Guidance as it is revised this 
summer and fall. 

At the Workgroup’s last combined meeting, you and Janine Commerford emphasized that 
specific comments on particular language and approaches stated in the Draft Guidance would be 
most helpful to you.  We have tried to provide our comments in that form.  Attached to this letter 
as Exhibit A is a full mark-up of the Draft Guidance, with proposed edits and comments directly 
inserted into the text.  

As you know, we have participated actively in the meetings of the Regulatory and Assessment 
Subgroups, and the combined meetings of the Workgroup, throughout this process.  We 
appreciate your attention to the issues we raised during the Workgroup meetings, and we 
recognize that MassDEP has made some changes to the Draft Guidance in response to our 
comments.  Nevertheless, we and others in the regulated community continue to have a number 
of substantial concerns, and many of our comments on the current draft reiterate those concerns.  
We also note that many of our comments are consistent with those that the Licensed Site 
Professional Association (LSPA) submitted on June 17, 2009.  We appreciate that, in your 
response to the LSPA’s letter, you indicated you in fact agree with many of those comments, and 
that you expect that changes will be made to the Draft Guidance responsive to those comments.  
We hope the same will be true of our more detailed suggestions. 

As outlined below and in the attached mark-up, our major concerns are:  
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First, the Draft Guidance does not yet articulate a regulatory and technical approach to Critical 
Exposure Pathways (CEPs) that is internally consistent and fits comfortably within the 
Massachusetts Contingency Plan (MCP).   

Second, in defining the requirements for mitigating CEPs, the Draft Guidance tends to overstate 
the benefits of addressing risks from vapor intrusion that have been found not to be significant, 
through a comprehensive risk characterization conducted in accordance with the MCP. 

Third, although MassDEP has revised some of the more black-and-white language that appeared 
in prior drafts, the Draft Guidance reduces the “Lines of Evidence” approach, in many cases, to a 
requirement that indoor air sampling be performed, even where use of other data is scientifically 
appropriate for screening and site characterization purposes. 

Fourth, the Mitigation and Public Involvement sections have not received the same degree of 
attention and are not as far along as the other sections.  We therefore have provided more general 
comments on those sections.  

Major Issues in the Draft Guidance 

A. Critical Exposure Pathways 

The Draft Guidance discusses the mitigation requirements for Critical Exposure Pathways at 
length.  We agree that CEPs are an important focus of the Draft Guidance because they have 
been a source of confusion in the past, but we are concerned that the Draft Guidance’s approach 
is not workable in the field and also goes further than specified in the MCP.     

In the 1999 amendments to the MCP, the CEP concept was added to the Preliminary Response 
Action section of the MCP (310 CMR 40.0400).  No separate CEP requirements were added 
either to the risk characterization requirements, or to the requirements that must be met to 
achieve any of the various categories of Response Action Outcome (RAO).  The MCP now 
requires that CEPs be eliminated, mitigated, or prevented if feasible, but only if and at the time 
that an Immediate Response Action (IRA) is necessary to address sudden releases, Imminent 
Hazards (IHs) and other “time-critical release or site conditions,” including Conditions of 
Substantial Release Migration (SRM) (310 CMR 40.0405(2)).   

MassDEP has said, and the MCP establishes, that CEPs are conditions that must be addressed 
immediately, through “preliminary” and “immediate” response actions on an interim basis, 
pending implementation of comprehensive response actions (310 CMR 40.0427(1)(c)).  But 
MassDEP now says that addressing CEPs is part of the goal, under M.G.L. c. 21E, § 3A(g), 
“where feasible,” and “to the extent possible,” to reduce concentrations to “background” levels, 
which is a requirement of a permanent solution following the completion of comprehensive 
response actions.  In the Draft Guidance, MassDEP also indicates that CEP mitigation, even 
beyond the risk-based standards of the MCP, is appropriate because those standards may not be 
protective enough when it comes to one exceptional exposure pathway, vapor intrusion.  Finally, 
in the Draft Guidance, MassDEP implies that mitigation and monitoring of indoor air risks that 
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exist only at concentrations below what has been determined to be a condition of No Significant 
Risk (NSR) should continue even after a permanent solution otherwise has been achieved and an 
RAO has been completed. 

As a result of these inconsistencies, the Draft Guidance may be read as prohibiting termination of 
CEP mitigation measures commenced during an IRA that are unnecessary to support a 
permanent solution under G. L. c. 21E, even at sites that pose NSR to human health.  Worse, 
“active” measures may be required to continue forever as an IRA, and potentially, prevent site 
closure under the MCP.  This would be a departure from MassDEP’s longstanding acceptance of 
closing IRAs as comprehensive assessments and remedial activities are conducted.  

In any event, the concept of feasibility of reaching background assumes that there is an empirical 
measure of background for indoor air.  But in its Draft Guidance, its Residential Typical Indoor 
Air Concentrations (TIACs) Technical Support Document, and its draft policy on Indoor Air 
Threshold Values (TVs) for the Evaluation of a Vapor Intrusion Pathway (TV Policy), MassDEP 
has repudiated the concept of “background” for indoor air.1

1. Background  

  The feasibility evaluation described 
in the Draft Guidance has no basis to proceed without the baseline reference specified in the 
statute, that is, “background.” 

The Draft Guidance and recent statements by MassDEP, including its response to comments 
submitted by the National Association of Industrial and Office Properties (NAIOP), cite the 
statutory mandate to consider measures to achieve “background” as the basis for requiring 
perpetual CEP mitigation and monitoring, even if the site satisfies the criteria for an RAO.   

We understand that the permanent solution provisions of the MCP (310 CMR 40.1010) require 
measures to reach or approach background levels if feasible, a goal the statute differentiates from 
the requirement that such measures achieve NSR.  MassDEP’s reliance on this “background” 
requirement seems misplaced.  The requirements for a permanent solution do not mention CEPs, 
nor do the CEP provisions of the MCP make any reference to background levels.  Indeed, the 
requirement to address CEPs if feasible only arises when site conditions pose sufficient risks that 
MassDEP must be notified immediately under the MCP, not because background levels are 
exceeded.  CEPs notwithstanding, sites that meet the requirements for a permanent solution 
(including completion of a feasibility evaluation for measures to reach or approach background) 
are eligible for a Class A or B RAO.  In any event, there is absolutely no provision in either the 
statute or the MCP that would make room for measures or feasibility evaluations to be 
undertaken after the requirements for a permanent solution have been met.   

Even if the CEP requirements derive from the statutory goal of achieving “background,” that 
goal is not automatically the same as “non-detect” or zero.  In any case, that goal would not be 
                                                 
1  Background concentrations for compounds of concern are still integral to the GW-2 standards that MassDEP 

previously adopted and incorporated into the MCP.  This additional inconsistency has been the subject of 
several Workgroup discussions. 
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more than reaching TIACs, which were developed from studies showing “a range of (oil and/or 
hazardous material [OHM]) concentrations commonly observed, absent a release.”  In this 
regard, concentrations of more than half of the chemicals listed are detectable in typical indoor 
air in residences.  The Draft Guidance should clarify, at a minimum, that there is no requirement 
to mitigate CEPs resulting in TIACs or lesser concentrations. 

It bears emphasizing that a requirement for achieving “background” is meaningless if it is true, 
as MassDEP now says, that no one can reliably determine what indoor air background is.  
MassDEP has now repeatedly taken the position that it is not possible to know what background 
levels are in indoor air.  (See discussion in Technical Update on “Residential Typical Indoor Air 
Concentrations” (Dec. 2008).)  In meetings of the Workgroup and in written comments, AMEC, 
NAIOP, and others have disagreed with this change in MassDEP’s position on technical and 
legal grounds.  As MassDEP’s position on indoor air background is reflected in the Draft 
Guidance (Draft Guidance § 3.4.2.5), we reiterate those objections here by reference.  AMEC 
Comments on Draft Technical Updates: “Indoor Air Threshold Values for the Evaluation of a 
Vapor Intrusion Pathway” and “Typical Indoor Air Concentrations,” submitted to MassDEP on 
August 14, 2008, are attached as Exhibit B.  If an endpoint cannot be determined, there is no 
way to know whether mitigation of a CEP is necessary to reach that endpoint or, in any event, 
whether feasible mitigation measures would make any difference in reaching or achieving it.   

2. “Risk” Levels Below NSR 

MassDEP also cites fears of toxicological and exposure “uncertainties” that heighten the “risks” 
of exposure to vapor intrusion at any level.  As indicated in the more detailed comments in our 
mark-up, we recommend deletion of MassDEP’s language regarding “uncertainties” in risk 
assessments and exposures as a rationale for additional mitigation of CEPs beyond NSR levels.   

Uncertainty is not unique to indoor air and cannot be a basis for heightening the MCP’s risk-
based standards.  Technical uncertainties that may be inherent in vapor intrusion assessments are 
already addressed by the Draft Guidance’s provisions favoring the Lines of Evidence approach 
and prescribing sampling methods, duration, and frequency where sampling is appropriate.  

NSR is defined as “a level of control of each identified substance of concern at a site or in the 
surrounding environment such that no such substance of concern shall present a significant risk 
of harm to health, safety, public welfare or the environment during any foreseeable period of 
time” (M.G.L. c. 21E, § 3A(g).)  Mitigating CEPs that do not pose a Significant Risk is 
addressing a “risk” that is, by definition, de minimis. 

Public health and environmental agencies in other states and around the world recognize that 
when risk levels are sufficiently low, they are virtually equal to zero.  For instance, in a 
community of 1,000 people, an Excess Lifetime Cancer Risk Level of one in one hundred 
thousand is essentially “zero risk,” because the number of cases of cancer predicted over a 
lifetime is 0.01 case.  “Reducing” this risk level by a factor of 10, to 1x10-6 decreases the number 
of cases over a lifetime to 0.001, which has no effect on the absolute number of cases, which is 
still less than one.  Risk benefit analysis would definitively demonstrate that taking action to 
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reduce risk from 1x10-5 to 1x10-6 or even to 1x10-99 provides no discernable benefit to public 
health.  If the risk level associated with a CEP is not capable of measurement, then there is no 
benefit to reducing it further.   

Moreover, the “uncertainty” inherent in existing risk assessment methodologies is all in the 
direction of overestimating risk.  Every toxicological reference value used in the conduct of risk 
assessment overestimates the true risk to humans by at least one hundred-fold and in some cases 
thousands-fold.  For example, AMEC recently conducted a population risk assessment to 
evaluate EPA’s recently proposed Unit Risk Factor for naphthalene. If the proposed value were a 
true reflection of the risk to humans posed by inhalation of naphthalene, the number of cases of a 
rare nasal tumor in the US Population should be over 26,000 per year.  The actual number seen 
per year from all causes is 61 per year. In other cases, cancer risk values are based on liver 
tumors in the B6C3F1 mouse which is a strain of mouse that is highly susceptible to liver 
carcinogenesis regardless of external chemical exposures.  Use of tumor response data from 
species and strains of animals that yield high reference values, but are not themselves good 
models of human responses, ensures that risk assessments in fact overestimate human risk.  In 
this way, all risk assessments, including the MCP-required risk assessments of levels of OHM in 
indoor air, are specifically designed to vastly overestimate risk to humans. 

Exposure assessments also overestimate risk by design. With regard to indoor air, MassDEP’s 
“homebound adult” receptor is a person who is assumed to breath indoor air in one building for 
24 hours a day, 365 days a year over 30 years.  MassDEP also assumes that an infant breathes air 
at their residence for 24 hours a day and never visits the doctor or the relatives, and a child 
breathes air at their residence for 20 hours a day even though MassDEP assumes that they also 
breathe air at a school for 8 hours a day during the school week.  The former assumptions with 
regard to the homebound adult should be deleted from the Guidance, because the probability that 
there is even one person who could stay within one building and not leave the house or even 
venture onto their front porch for 30 years is zero.  However, the infant and child assumptions, 
while clearly impossible for average infants and children, are understood to be conservative 
estimates that err on the side of health protection.  When MassDEP overestimates exposures for 
infants and children by assuming they do not visit the doctor or attend school as required by law, 
they are establishing a risk assessment paradigm that intentionally overestimates risk, again, as a 
matter of science policy.  

In the feasibility evaluation sections, the Draft Guidance deems any reduction of “uncertainty” a 
“benefit” of further CEP mitigation that must be weighed in feasibility evaluations.  Such 
reductions are impossible to quantify and are not benefits recognized in the statute.  
“Uncertainty” by itself is not a risk to human health or the environment, nor does the term appear 
in the feasibility provisions of the statute.  As explained above, the risk factors, exposure 
assumptions, and other parameters that the MCP requires already result in risk assessments that 
vastly overestimate risk to humans, and, therefore, provide ample protection regardless of which 
exposure pathway is being evaluated.   

Beyond that, the statute treats remedial measures to achieve levels below NSR only of benefit to 
the extent they approach or achieve background levels, a goal that is, by statute and under the 
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MCP, distinct from, and unrelated to, reducing “uncertainty” or risk.  MassDEP itself has 
repudiated the concept of background for the indoor air exposure pathway.  Consistent with our 
proposed revisions, therefore, the provisions of the Draft Guidance recognizing the reduction of 
“uncertainty” as a benefit to CEP mitigation should be deleted.  

3. Feasibility Evaluations for CEP Remedial Measures 

In the Draft Guidance, MassDEP proposed two options for both types of CEP feasibility 
evaluations described and asked for commenters preferences.  As between these two options, and 
with the markups we propose, we favor Options “A” for feasibility evaluations for mitigation 
measures to address CEPs.  Options “B” provide inflexible financial bounds on what may or may 
not be a feasible mitigation measure.  Even if all of MassDEP’s assumptions are documented and 
justified based on vendor data and operational experience, the cost thresholds give short shrift to 
Licensed Site Professionals’ (LSPs’) informed site-specific judgments about technological 
limitations and the costs and benefits of mitigation measures.  We do not think bright dollar-
based lines are workable for feasibility evaluations.  Options “A” are more consistent with 
MassDEP’s other guidelines regarding feasibility analyses, and, after inclusion of the revisions 
we have proposed, with requirements for RAOs. 

That said, both types of proposed options for feasibility evaluations of CEP remedial measures 
are problematic, for the reasons discussed above, and in our attached mark-up. 

4. IRA Closure 

With the exception of some excerpts from the MCP and a statement that CEP mitigation 
measures may “continue” as Phase IV activities (Draft Guidance §§ 4.4.8, 4.5.1), the Draft 
Guidance does not fully address the circumstances for closure of an IRA that is addressing a 
CEP.   

The MCP makes clear that an IRA is exactly what it says – an interim response action to be 
undertaken immediately, pending completion of the comprehensive site assessment, risk 
characterization, and evaluation of available comprehensive response actions.  An IRA can be 
closed, and actions undertaken as part of the IRA discontinued, through the submission of an 
IRA Completion Report.  An IRA will be deemed complete when “the release, threat of release 
and/or site conditions which give rise to the need for that Immediate Response Action… have 
been…, where necessary, remediated in a manner and to a degree that will ensure, at a 
minimum… the elimination, prevention or mitigation of Critical Exposure Pathway(s) without 
the continued operation and maintenance of active remedial systems, pending the completion of a 
risk assessment pursuant to 310 CMR 40.0900 and a feasibility study pursuant to 310 CMR 
40.0860.”  (310 CMR 40.0427(1)(c) (emphasis added).)  As MassDEP has previously concluded, 
“in cases where a remedial measure is taken to prevent, mitigate, or eliminate a CEP, the IRA 
cannot be closed out until such time as all active remedial measures (such as active venting, sub-
slab depressurization, and/or point of use water treatment) have been terminated, or until such 
time as such active measures are formally incorporated in a comprehensive response action 
(Phase IV, V, ROS, Class C RAO).”  (MCP Q&A (Jan. 2001), http://www.mass.gov/dep/cleanup/ 
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laws/mastqa.htm#cri (citing 310 CMR 40.0427(1)(c)) (emphasis added)).  Folding IRA activities 
into comprehensive response actions, where consistent with the remedial plan and necessary to 
address conditions of Significant Risk, is the most practical way to read the IRA provisions of 
the MCP consistently with the provisions addressing comprehensive response actions.   

In the next draft of the Draft Guidance, MassDEP should reaffirm that ongoing measures to 
address CEPs undertaken as IRAs may be incorporated into comprehensive response actions and 
the IRA itself closed. 

The Draft Guidance should also address circumstances when Phase II activities have concluded 
with an adequate characterization of the disposal site and the associated risk, but a CEP 
identified by indoor air sampling in the course of an IRA has not been eliminated or mitigated.  
With the Phase II complete, the characteristics of the disposal site (the source, the nature and 
extent of the release, and the mobility and stability of compounds of concern in groundwater) are 
known and its risks characterized.  Mitigating the CEP, if it poses NSR, is no longer necessary to 
protect human health.  This circumstance could arise for example, if a property owner did not 
provide access to a home for indoor air testing during the early phases of an investigation, but 
finally consented to the testing towards the end of the assessment process.  If the Phase II 
activities have demonstrated that concentrations measured in an occupied residence, school or 
daycare center do not pose a Significant Risk, the CEP should not require mitigation, and the 
IRA should be closed.  This would be consistent with MassDEP’s past statement that response 
actions are not required to address CEPs encountered after NSR has been achieved at a disposal 
site (MCP Q&A (Jan. 2001), http://www.mass.gov/dep/cleanup/laws/mastqa.htm#cri:  “actions 
to address any CEP would be required only if the recent monitoring information negates the 
basis for the Response Action Outcome, i.e., indicates a condition of No Significant Risk has not 
been achieved or maintained”). 

B. Lines of Evidence 

1. Lines of Evidence Approach to Assessment 

The Assessment section of the Draft Guidance employs a “Lines of Evidence” approach to 
determining whether available information establishes the presence or absence of a vapor 
intrusion pathway.  We agree with this approach in principle, but are very concerned that, aside 
from certain defined screening criteria (discussed in our comments below), MassDEP is moving 
toward the view that indoor air sampling is the only valid “line of evidence” that can demonstrate 
the absence of a complete pathway if groundwater and/or soil concentrations exceed certain 
conservatively derived levels.  This approach is inconsistent with the guidance and policy 
documents MassDEP has previously published, including the TV Policy and Indoor Air Standard 
Operating Procedure (SOP), and may be a product of the Draft Guidance’s dim view of 
modeling, which we have proposed to moderate in our attached mark-up. 

Rather than indoor air sampling being a final Line of Evidence, the Draft Guidance favors the 
use of indoor air sampling as the only reliable Line of Evidence, which is at odds with a 
cumulative, iterative approach.  If the MassDEP continues to endorse the Lines of Evidence 
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approach, then the discussion of Lines of Evidence should clarify the objectives of that approach 
and how such objectives in fact can be achieved, without indoor air testing.   

In its current form, the approach outlined in the Draft Guidance effectively presumes a complete 
vapor intrusion pathway, once concentrations in groundwater exceed GW-2 standards or any of 
the exceptions in the Regulatory Section have been identified.  The Draft Guidance’s focus is 
defining the extent of the burden to disprove that the vapor intrusion pathway is complete.  The 
Lines of Evidence approach should be the converse:  if some data, such as data indicating 
contaminated groundwater, suggests that the vapor intrusion pathway is a concern and there is a 
potential for it to be complete, Lines of Evidence are then investigated to evaluate the likelihood 
that the pathway is complete.  A vapor intrusion investigation and the development of Lines of 
Evidence should be an iterative process that either negates or supports the likelihood of a 
complete vapor intrusion pathway.  The Draft Guidance should present the factors of the Lines of 
Evidence in that manner and not presume indoor air testing is to be performed at every site and 
during each phase of the investigation.   

A more stepwise approach was described in the MassDEP’s draft SOP, dated August 2007, and 
the TV Policy, most recently published in June 2009.  The SOP provides that, at any point in the 
investigation, an investigator may conclude “indoor air impacts unlikely or no significant risk, 
absent information or data to the contrary.”  Indoor air testing is not mandatory (SOP, page 
II.17).  The TV Policy provides that “[n]ot all assessments of potential vapor intrusion pathways, 
for example, lead to indoor air sampling.  An evaluation of groundwater concentrations and/or 
sub-slab soil gas concentrations may result in a conclusion that a vapor intrusion pathway is 
unlikely or not present, and therefore, indoor air samples are unnecessary” (TV Policy, page 2).  
We suggest that MassDEP look back to its own SOP and TV Policy and consider revisions to the 
Draft Guidance that would make the latter consistent with the former.  The Draft Guidance 
should state that data regarding various site specific conditions may be compiled as Lines of 
Evidence, including groundwater and soil gas concentrations, depths to groundwater, soil types, 
building conditions and types of construction, among other things. 

We also note that California Department of Toxic Substances Control (DTSC) guidance, which 
the Draft Guidance cites on other issues, recommends the Lines of Evidence approach for vapor 
intrusion investigations and describes it as a stepwise process and in similar terms as the SOP 
and the TV Policy (California DTSC, Interim Final Guidance for the Evaluation and Mitigation 
of Subsurface Vapor Intrusion to Indoor Air (December 2004) (“DTSC Guidance”), page iii). 

In any event, the descriptions of the Lines of Evidence should be revised so that, in most 
investigations, collection of indoor air samples is one of the final investigatory techniques.  Soil 
and groundwater data are typically collected prior to indoor air sampling, and they can obviate 
the need for indoor air sampling.  Our mark-up suggests reordering the descriptions of the Lines 
of Evidence to be more consistent with actual site investigations. 
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2. Screening Criteria 

As we have said in numerous Workgroup meetings, we support the concept of screening criteria 
that allow an investigator to conclude that the vapor intrusion pathway is not complete or does 
not require mitigation, without resort to an extensive assessment of Lines of Evidence.  In this 
regard, we support the Draft Guidance’s proposal for screening out sites in certain circumstances 
where groundwater meets GW-2 standards (Draft Guidance § 2.1.2).  We do not agree, however, 
with the standard that MassDEP has proposed utilizing groundwater and soil gas and have 
recommended a number of changes in the mark-up.  We also favor the use of TVs, consistent 
with the TV Policy, or NSR levels (taking into account the number of constituents that contribute 
significantly to total site risk), whichever is higher, as screening criteria for indoor air sampling 
results.   

  a. Screening Criteria for Soil Gas 

The Draft Guidance proposes a “Method 2” standard for ruling out vapor intrusion at a site based 
on groundwater concentrations not exceeding twice the GW-2 standard and soil gas 
concentrations of less than ten times the TVs specified in the TV Policy.2

The core of our disagreement is the Draft Guidance’s view of the utility of soil gas 
concentrations in assessing the vapor intrusion pathway.  We believe that soil gas concentrations 
are an important line of evidence.  Paired with an appropriate attenuation factor, soil gas data can 
effectively rule out vapor intrusion as a pathway of concern, and need not be paired with 
particular underlying groundwater concentrations.  Indeed, based on our experience, correlating 
twice the GW-2 standard with specific soil gas concentrations is not a substantiated indicator of 
the vapor intrusion pathway.  Even if the screening values proposed by MassDEP are properly 
considered a Method 2 standard, Method 2 does not restrict concentrations that may be compared 
to a Method 2 standard to concentrations less than twice the GW-2 standard.  Establishing 
acceptable sub-slab soil gas concentrations based on TVs is also not consistent with the intent of 
Method 2 methodology, the endpoint of which is NSR, not a TV.  As a result, and as reflected in 
our mark-up, the attenuation factor should be applied to NSR after taking into consideration the 

  While we appreciate 
the concept of providing a simplified screening criterion that does not rely on indoor air data, the 
proposed standard is not technically sound.  More specifically, we believe the screening criteria 
should be revised to rely solely on soil gas concentrations, and not groundwater concentrations, 
and to utilize a more realistic attenuation factor. 

                                                 
2  We also note that describing the screening criteria as a Method 2 standard is not accurate under the MCP.  

Method 2 is used to develop Method 1 standards that do not exist or to modify Method 1 standards to site-
specific conditions (310 CMR 40.0982).  With appropriately documented modeling, the MCP expressly allows 
development of site-specific GW-2 standards that would serve as a site-specific substitute for an existing 
Method 1 standard.  A generic screening criterion like the one proposed is more properly understood as 
MassDEP’s determination that, when the criterion is met, the vapor intrusion pathway has been adequately 
characterized and ruled out under the MCP.  In any event, the soil gas criteria should relate to NSR, as 
discussed below and in our attached mark-up. 
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number of carcinogenic constituents significantly affecting total site risk, the appropriate indoor 
air value for the Method 2 (and MCP) endpoint. 

As to MassDEP’s use of an attenuation factor of 10, the selected value is the 95th percentile of 
the attenuation factors in the most recent and comprehensive EPA database (EPA, Vapor 
Intrusion Database:  Preliminary Evaluation of Attenuation Factors (2008)).  Most of the 
attenuation factors included in the EPA database are 100 or more.  This can be seen clearly in the 
cumulative percentile graph included in the EPA document, which shows that 10% to 75% of the 
attenuation factors are between 100 and 1000.  The 75th percentile value is an attenuation factor 
of 102.  It follows that a prudent attenuation factor for use in the Draft Guidance is 100, and not 
10.  MassDEP has stated recently in its TIAC guidance that it considers 75th and 90th percentile 
values 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.  Statistically speaking, the choice of the 75th percentile in this context, that is, an 
attenuation factor of 100, would be entirely consistent with the TIAC guidance, from which 
MassDEP’s TVs are derived.  

We call MassDEP’s attention to the approach outlined in the DTSC Guidance, which 
recommends using soil gas data and specified attenuation factors, consistent with EPA’s data 
described above, for preliminary site evaluation (DTSC Guidance, pages 4, 14-15:  “Soil gas 
data should be used to evaluate vapor intrusion to indoor air.  Soil gas data are recommended 
over other data, such as soil matrix and groundwater data, because soil gas data represent a direct 
measurement of the contaminant that will migrate into indoor air….  DTSC recommends that the 
default attenuation factors in Table 2 be used along with the maximum detected soil gas 
concentration for preliminary screening evaluations.”).  The attenuation factors utilized by DTSC 
range from 0.01 for an existing residential building with a basement to 0.001 for a commercial 
building (DTSC Guidance, page 58).  An attenuation factor of 0.01, rather than the current 
draft’s factor of 0.1, would be consistent with the scientific data regarding appropriate values, 
and should be incorporated into the Draft Guidance’s screening criteria for soil gas 
concentrations, as we propose in our mark-up.  

b. Screening Criteria for Indoor Air Sampling Results 

The Draft Guidance is inconsistent with the TV Policy, which we understood to be a ready 
means of screening out sites where indoor air sampling results showed concentrations of 
generally typical levels.  Instead, in line with its general approach of presuming the presence of a 
vapor intrusion pathway, the Draft Guidance states that TIACs may be used as “one of 
potentially several lines of evidence” in evaluating potential vapor intrusion pathways and “are 
not meant to be stand-alone lines of evidence for determining the presence or absence of a vapor 
intrusion pathway.”  The only screening function the Draft Guidance assigns to TIACs and TVs 
is in the “Method 2” standard for soil gas concentrations discussed above, where the use of TVs 
is not consistent with the NSR endpoint that Method 2 standards are intended to reflect.  

This is not the same position MassDEP adopted in the TV Policy: “[w]here the measured indoor 
air concentrations of chemicals associated with the disposal site are at or below a Threshold 
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Value, MassDEP considers further investigation and lines of evidence unnecessary” (TV Policy, 
page 4).  Although we continue to believe the risk-based components of the TV Policy’s current 
draft should be withdrawn, the clear screening function that the TV Policy intends TIACs to 
serve should be written back into the Draft Guidance.  We recommend that MassDEP add a 
provision to the Draft Guidance that the vapor intrusion pathway may be deemed incomplete if 
indoor air sampling demonstrates the presence of volatile constituents at levels below TIACs. 

3. Application to Site Characterization 

The Draft Guidance’s departure from the step-wise approach to evaluating Lines of Evidence 
outlined in the SOP can be remedied by putting the Assessment section of the Draft Guidance 
into its appropriate context within the MCP assessment process.  More specifically, the 
Assessment section would benefit from an explanation, in the vapor intrusion context, of the 
performance standard and requirements applicable to a Phase II comprehensive site assessment, 
namely:  

• Phase II Comprehensive Site Assessments “shall collect, develop, and evaluate sufficient 
information to support conclusions and Opinions regarding …. the source, nature, extent, 
and potential impacts of releases of [OHM]” (310 CMR 40.0833(1)(a) (emphasis 
added)). 

• Phase II Reports must include information and findings regarding, among other things: 

o the “Environmental Fate and Transport of [OHM], including, as appropriate: (1) 
an evaluation of the environmental fate and transport characteristics of the [OHM] 
identified at the disposal site…; (2) identification and characterization of existing 
and potential migration pathways of the [OHM] at and from the disposal site, 
including as appropriate, air, soil, groundwater, surface water, and food chain 
pathways; and (3) an evaluation of the potential for groundwater to be a source of 
vapors of [OHM] to indoor air of occupied structures as described in 310 CMR 
40.0900,” and 

o the “Nature and Extent of Contamination, including a characterization of the 
source(s), nature, and vertical and horizontal extent of contamination at the 
disposal site, presence, and distribution of any non-aqueous phase liquids, 
tabulation of analytical testing results, and where appropriate, a characterization 
of background concentrations of [OHM]” (310 CMR 40.0835(4)).  

• Investigating potential vapor intrusion to define “all existing or potential Migration 
Pathways” is also a significant issue in preparing a risk characterization (310 CMR 
40.0904). 

The regulations do not prescribe indoor air sampling as the only means of meeting the Phase II 
performance standard, either to characterize site boundaries or define the applicable migration 
pathways.  The Draft Guidance should recognize that site characterization may rely on 
groundwater, soil, and soil gas data for ruling out the vapor intrusion pathway where appropriate.  
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This is particularly true at well-investigated disposal sites with substantial soil, groundwater, and 
soil gas sampling data.  Similarly, there will also be cases where indoor air sampling should not 
be necessary at buildings peripheral to a large disposal site, where substantial data has been 
collected, including indoor air data from buildings over the heart of the plume, and the plume 
itself has been well-characterized.  In these and other appropriate circumstances, LSPs can utilize 
the Lines of Evidence approach, as originally intended and discussed above, to meet the Phase II 
requirements without the need for indoor air sampling. 

C. Mitigation and Public Involvement Sections 

Both the Mitigation and Public Involvement sections of the Draft Guidance are at early stages of 
drafting, with several sections incomplete or yet to be drafted.  In this context, it is not possible 
to provide the same level of comments or proposed revisions that we have offered on the other 
sections.   

For example, much of the Mitigation section is devoted to the various types of source 
remediation, including an extensive list of various technologies.  While source control is 
obviously an important consideration in any comprehensive site remedy under the MCP, much of 
the information provided in the current draft (including a laundry list of technologies with no 
direct relevance to mitigation of the vapor intrusion pathway, such as phytoremediation) is 
readily available in other sources and does not appreciably promote the Draft Guidance’s 
objective of helping the regulated community understand how to mitigate vapor intrusion.  Other 
parts of the Mitigation section appear to be drawn from other sources.  A key focus of revisions 
to the Mitigation section should be the application of the MCP’s performance standards to the 
available remedial technologies for mitigating the vapor intrusion pathway – whether during 
IRAs or as part of comprehensive response actions.  We also have questioned certain views 
expressed by MassDEP on the effectiveness of various mitigation technologies in our mark-up. 

In particular, we expect that later versions of the Draft Guidance will provide detailed 
information on the following important issues:   

• Mitigation System Monitoring Standards and Frequency 

The Draft Guidance states, on the one hand, that “it is generally not necessary” to institute a 
long-term indoor air monitoring program if passive or active mitigation system effectiveness has 
been demonstrated, but then “advises” exactly such a program, to involve indoor air sampling on 
an annual or bi-annual basis without a clear endpoint.  Obviously, we believe the right view, and 
that which is consistent with the RAO provisions of the MCP, is that installation and testing of a 
remedial measure that demonstrates its effectiveness is a clear endpoint.  The Draft Guidance 
also states that “monitoring and maintenance intervals may be determined based on the 
susceptibility of the mitigation system to failure and the effect of system failure on building 
occupants,” suggesting that such intervals must be determined on a case-by-case basis.  It is 
entirely unclear what MassDEP will recommend in cases where a mitigation system is part of a 
permanent or temporary solution, or remedy operation status. 



Gerard Martin 
Massachusetts Department of Environmental Protection 
July 23, 2009 
Page 13 of 14 
 
As stated in our mark-up, we believe these provisions of the Draft Guidance should be consistent 
with the Assessment section, which specifies that three seasons of indoor air sampling, one being 
winter, is adequate to rule out further consideration of the vapor intrusion pathway.  We also 
point out that measurements of sub-slab soil gas concentrations are irrelevant to a passive 
system’s effectiveness and that the Draft Guidance should be revised to focus on the physical 
integrity of the system. 

Once a mitigation system, active or passive, has been shown to be effective with three seasons of 
indoor air sampling, the Draft Guidance should clearly state there should be no further 
requirement to conduct indoor air sampling at the site.  A requirement to maintain the system as 
originally installed would be memorialized in an Activity and Use Limitation (AUL) as 
appropriate.  

• AULs at Vapor Intrusion Sites 

We understand that the use of AULs  in the vapor intrusion context remains very much under 
discussion.  We look forward to more detailed guidelines in a future draft of the Draft Guidance 
or in revisions to MassDEP’s detailed AUL guidance issued in 1999.   

Given this background, it makes sense that the discussion of AULs in the Draft Guidance 
remains very general.  One aspect of the Draft Guidance goes somewhat further, and says that 
monitoring activities, including flow measurements, differential pressure measurements, sub-slab 
soil gas sampling “and/or” indoor air sampling should be required on a “semiannual, annual or 
biannual basis” in the Obligations and Conditions section of an AUL.   

We disagree with this approach.  AULs should not require “monitoring activities” at vapor 
intrusion sites.  This concept is impractical, difficult to enforce perpetually, and will require 
separate open-ended agreements to be negotiated between parties performing response actions 
and the owners of affected buildings, a result that the Draft Guidance earlier says is 
“unreasonable” (Draft Guidance § 4.5.2).  Moreover, perpetual monitoring will eventually 
become a nuisance and inconvenience to property owners, and monitoring results will inevitably 
capture variations in concentrations, within the range of background conditions that MassDEP 
has identified as TIACs, that may generate undue concern.  To the extent that an RAO relies on 
an AUL and also requires appropriately limited post-closure monitoring, it should be the terms of 
the RAO that govern the performing parties’ obligations.  The AUL should be limited to the 
maintenance and non-tampering requirements, if any, on which the RAO relies. 

The obligations and conditions in an AUL should be confined to requirements for owners of 
subject properties to provide reasonable access for system maintenance and inspections and, 
consistent with AULs in other contexts, to avoid tampering or damage to installed mitigation 
systems. 

• Notice of Indoor Air Sampling to Affected Individuals 
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While, as noted above, the Draft Guidance section on Public Involvement is in skeletal form, it 
alludes to a number of MCP provisions relating to notification of “Affected Individuals.”  As 
MassDEP develops the Public Involvement portion of the Draft Guidance, we ask that the 
Department think critically about the practical difficulties associated with requiring a party 
performing response actions that does not own a property to provide notification of sampling 
results to the property’s tenants.   

A party that must conduct indoor air sampling at a property it does not own must work 
cooperatively with the property owner to coordinate access.  The cooperative approach required 
to gain access for sampling may be undermined by direct contact with the property owner’s 
tenants.  Based on our experience, landlords do not want parties performing response actions to 
communicate directly with their tenants.  Moreover, the performing party typically will not have 
ready access to tenant names and contact information, especially for properties with a significant 
number of tenants.  We suggest that, for those situations in which tenant notification is deemed 
to be necessary or appropriate, MassDEP place the onus of providing such notification on the 
property owner.  It is the property owner, after all, that already has an established relationship 
and other reasons to communicate regularly with tenants.  There may be circumstances in which 
the party performing response actions and the property owner decide cooperatively that it makes 
sense for the former to provide notice directly to tenants; the Draft Guidance should permit such 
an approach, but not mandate it.    

*   *   * 

We hope that our comments will advance the Draft Guidance’s goals of helping the regulated 
community understand how to meet regulatory requirements and providing useful information 
that will expedite and standardize the assessment and mitigation of vapor intrusion in 
Massachusetts.  We look forward to reviewing the next draft of the Guidance in the fall.  Please 
contact either of us with any questions you may have.  

Sincerely, 

 
 
Brian Magee, Ph.D 
Vice President/Principal Toxicologist 
AMEC Earth & Environmental 
 

 
 
 
 
Ileen S. Gladstone, P.E., LSP, LEED AP 
Vice President 
GEI Consultants, Inc. 
 

Enclosures 



  

EXHIBIT A 



AMEC/GEI MARK-UP OF DRAFT Indoor Air Guidance – 6/09  
For Discussion Purposes Only 

Draft (June 2009) – MassDEP Indoor Air Guidance 
1.0 INTRODUCTION 

1.1 Background 
1.2 Purpose and Scope 
1.3 Applicability 

 
2.0 REGULATORY FRAMEWORK 
 2.1 When Should the Indoor Air Pathway Be Investigated? 
   2.1.1 Introduction 
  2.1.2 Use of Method 1 Groundwater Category GW-2 Standards 

2.1.3 Other Considerations Relative to Method 1 Groundwater Category GW-2 
Standards 

   2.1.3.1 Groundwater not classified as Groundwater Category GW-2 
   2.1.3.2 Freshwater Lens 
   2.1.3.3 Soil Contamination 
  2.1.4 Managing Variability in Vapor Intrusion Evaluations  
 2.2 Reporting Obligations under the MCP 
  2.2.1 2-hour Notifications for Imminent Hazards 

2.2.2 72-hour notifications for high levels of VOCs in groundwater near sensitive 
receptors or for SRM 

2.2.3 Releases to the Interior of Buildings 
2.3 Critical Exposure Pathways 

  2.3.1 Identification of a Critical Exposure Pathway (CEP) 
   2.3.1.1 The CEP Concept 
   2.3.1.2 Defining CEP 
  2.3.2 CEP Feasibility Evaluation 
  2.3.3 Initial CEP Feasibility Evaluations 
   2.3.3.1 CEP with Imminent Hazard or Significant Risk Conditions 

2.3.3.2 Evaluation of Feasibility of Initial CEP Mitigation Where No Significant 
Risk 
Imminent Hazard Exists 

2.3.4 Evaluation of Feasibility of Achieving or Approaching Background 
Without the Continuing Operation of CEP Remedial Activities (where NSR 
exists) 

 
3.0 INVESTIGATION APPROACH TO ASSESS VAPOR INTRUSION 

3.1 Introduction 
3.1.1 Assessment Goals 
3.1.2 Immediate Response Actions 
3.1.3 Sub-Slab Soil Gas Screening 
3.1.4 Evaluation Decision Diagram(s) 

3.2 Conceptual Site Model 
3.3 Planning and Design of a Sampling Program 

.3.1 Planning the Study 
3.3.2 Identifying Target Analytes 
3.3.3 Selecting Sampling Locations, Duration and Frequency 
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3.3.3.1 Indoor Air 
3.3.3.2 Sub-slab Soil Gas 
3.3.3.3 Outdoor  Air 

3.3.4 Selection of Sampling/Analytical Method 
3.3.4.1 Sample Collection 
3.3.4.2 Sample Analysis 

3.3.5 Quality Assurance/Quality Control 
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 
3.4.2 Lines of Evidence 

3.4.2.1 Indoor Air3.4.2.2 Groundwater  
3.4.2.2 Soil 
3.4.2.3 Soil Gas 
3.4.2.4 Soil GasIndoor Air  
3.4.2.5 Outdoor Air  
3.4.2.6 Indoor Sources  
3.4.2.7 Current and Historic Site Use  
3.4.2.8 Building Construction Type, Foundation Type, and Condition of 

Buildings  
3.4.2.9 Local Geological Conditions  
3.4.2.10 Mathematical Modeling  
3.4.2.8 3.4.2.11 Sub-slab soil gas alphas 
 

3.5 Risk Characterization for the Vapor Intrusion Pathway 
3.5.1 Identifying Target Analytes and Contaminants of Concern 
3.5.2 Method 2 Risk Characterization 
3.5.3 Method 3 Risk Characterization 

 
4.0 REMEDIATION AND MITIGATION OF SITES WITH VAPOR INTRUSION 

PATHWAYS 
4.1 Introduction 
4.2 Source Remediation 

4.2.1 Soil vapor extraction 
4.2.2 Air Sparging 
4.2.3 In-Situ Chemical Oxidation 
4.2.4 Bioremediation 
4.2.5 Multi-Phase Extraction 
4.2.6 Groundwater Recovery and Treatment 

4.2.6.1 AdsorbtionAdsorption 
4.2.6.2 Air Stripping 
4.2.6.3 Filtration 
4.2.6.4 Ion Exchange 
4.2.6.5 Metals Precipitation 
4.2.6.6 Membrane Filtration 

4.2.7 Removal and Off-Site Disposal, Recycling, Beneficial Reuse 
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4.2.8 Soil Washing 
4.2.9 Solvent Extraction 
4.2.10 Flushing 
4.2.11 Thermal DesorbtionDesorption 
4.2.12 In-Situ Thermal Treatment  
4.2.13 Permeable Reactive Barriers 
4.2.14 Soil Solidification/Stabilization 
4.2.15 Phytoremediation 

4.3 Indoor Air Pathway Mitigation 
4.3.1 Introduction 
4.3.2 Passive Controls 

4.3.2.1 Characterization of Building Foundation 
4.3.2.2 Sealing of Cracks, Sumps, Utility Conduit Penetrations 

4.3.2.2.1  Sealing of Cracks and Gaps 
4.3.2.2.2  Sealing of Sumps 
4.3.2.2.3  Floor Drains 
4.3.2.2.4  Utility Conduit Seals 

4.3.2.3 Passive BarriersMembrane Systems 
4.3.2.4 Passive Ventilation4.3.2.5 Passive Venting 

4.3.3 Active Controls 
4.3.3.1 Sub-slab Depressurization Systems 
4.3.3.2 Description of the SSD System 
4.3.3.3 Sub-membrane Depressurization 
4.3.3.4 Sub-slab Pressurization 
4.3.3.5 Building Pressurization/ HVAC Modification 
4.3.3.6 Indoor Air Treatment 
4.3.3.7 Off-Gas Controls and Treatment 

4.4 Mitigation System Selection and Design 
4.4.1 General Mitigation System and Design Considerations 
4.4.2 New and Existing Buildings 
4.4.3 Building Use 
4.4.4 Soil Type and Moisture 
4.4.5 Conceptual Model of Building Air Exchange 
4.4.6 Pre-Mitigation System Installation Diagnostic Evaluation 

4.4.6.1 Communication Tests 
4.4.6.1.1  Tracer Gas 

4.4.7 Mitigation System Installation, Maintenance and Monitoring 
4.4.7.1 Active Sub-slab Depressurization System Installation, Testing and 

Modifications 
4.4.7.1.1  Confirmation of Negative Pressure Field for Active SSD 

Systems 
4.4.7.1.2  Smoke Testing 

4.4.7.2 Active Sub-Membrane Depressurization System Installation, Testing 
and Modifications 

4.4.7.3 Active Sub-Slab Depressurization System Monitoring 
4.4.7.4 Active Sub-slab Depressurization System Monitoring Frequency 
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4.4.7.5 Passive Venting System Installation, Testing, and Modifications 
4.4.7.5.1  Passive Venting System Installation 
4.4.7.5.2  Passive Venting System Post-installation, Testing and 

Modifications 
4.4.7.6 Passive Sub-slab Venting System Monitoring 
4.4.7.7 Passive Sub-slab Venting System Monitoring Frequency 
4.4.7.8 General Mitigation System Monitoring Considerations 

4.4.8 MCP Monitoring Requirements 
4.4.9 Mitigation System Hazards 

4.5 Mitigation System Closure and AULs 
4.5.1 Closure Evaluations 
4.5.2 Institutional Controls 

 
5.0 COMMUNICATION AND PUBLIC INVOLVEMENT AT VAPOR INTRUSION SITES 

5.1 Interactions with Interested and Affected Parties 
5.1.1 MCP Requirements for notification and public involvement 
5.1.2 When interaction is not required by the MCP but may be useful 
5.1.3 Typical interaction scenarios related to indoor air 

5.1.3.1 Common challenges 
5.1.3.2 Communication with non-PRP building occupants 
5.1.3.3 Communication with Schools 
5.1.3.4 Communication about commercial exposures 
5.1.3.5 Access issues 

5.2 Interactions with Local Officials 
5.2.1 Board of Health 
5.2.2 Fire Department 
5.2.3 Local Building Officials 

5.3 Tools for Risk Communication (short descriptions with documents in Appendix) 
5.3.1 BWSC Forms 
5.3.2 Fact Sheets 
5.3.3 Correspondence Templates 
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1.0 INTRODUCTION 

 

1.1 Background 

 

1.2 Purpose and Scope 

 

1.3 Applicability 

 

2.0 REGULATORY FRAMEWORK 

 

2.1  When Should the Indoor Air Pathway Be Investigated? 

 

2.1.1 Introduction 

Indoor air quality may be affected by numerous sources and activities.  Investigation of the indoor 

air pathway under the MCP is limited to situations in which the contamination has entered the 

indoor air via vapor intrusion from a reportable release of oil and/or hazardous material to the soil 

and/or groundwater.  Releases of oil/hazardous material to the interior of a building are exempt 

from the MCP notification requirements in cases where in cases where the releases are completely 

contained within the building.  Indoor air contamination from commercial products (cleaners, 

paints, cosmetics, etc.), occupational chemical use, tobacco smoke, radon, intrusion of contaminated 

outdoor air, building materials (such as asbestos), and mold may pose significant health threats, but 

these sources are not regulated under the MCP.  While some of the investigation and mitigation 

guidance in future sections may be useful in evaluating indoor air quality in these cases, only 

sources regulated under the MCP will be addressed in Section 2 of this document.  Evaluating the 

indoor air pathway should be approached in the context of characterizing the nature and extent of 

contamination at a site.  It would be impossible to list all situations in which the indoor air pathway 

needs to be addressed under the MCP.  The role of good professional judgment by LSPs and 

othersother environmental professionals cannot be overstated.  The evaluation of potential indoor 

air pathways should be approached in the same way as other pathways; that is, new site information 

and data could indicate the need for further investigation, even if the pathway had previously been 
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removed from consideration.  Similarly, evaluating the potential for vapor intrusion may result in 

the eliminating indoor air from consideration as an exposure pathway. 

2.1.2. 2.1.2 Use of Method 1 Groundwater Category GW-2 Standards 

The use of a Method 1 Risk Characterization under the MCP is restricted to sites at which the 

contamination is limited to soil and groundwater.  The GW-2 Standards were developed to 

addressas screening standards to rule out the potential for exposure through the indoor air 

pathway when contaminants volatilize from groundwater beneath or near buildings.  Groundwater is 

classified as GW-2 when it is located within 30 feet of an existing or planned building or structure 

that is or will be occupied, and the average annual depth to groundwater in that area is 15 feet or 

less.  The GW-2 Standards for groundwater were developed based on back-calculations from the 

lowest of:  (1) the one in one million Excess Lifetime Cancer Risk concentration, (2) 20% of the 

Reference Concentration, or (3) the 50% odor recognition threshold, unless those values were less 

than the expected indoor air “background” concentrations.  In those cases, the acceptable indoor air 

concentration defaulted to the background conditions.  The Method 1 GW-2 Standards were 

developed using the Johnson and Ettinger model with generalized input parameters.  

The MCP Method 1 GW-2 standards are designed to be protective at most sites, and can generally 

be used as a screening tool to eliminate the need for further investigation of the vapor intrusion 

pathway, assuming there is sufficient characterization of groundwater contaminant concentrations at 

the site (See Appendix XXXX for more information on groundwater assessment.)   

COMMENT: The implications of ruling out a vapor intrusion pathway 
should be better explained. 

SUGGESTED TEXT: Once the vapor intrusion pathway has been ruled out, 
whether it is based on concentrations less than the GW-2 
standards or on other lines of evidence in other 
circumstances, the vapor intrusion pathway will not be 
considered as part of any Phase II Risk Characterization, 
even if a Method 3 Risk Characterization is performed for 
the site. 

In limited cases, evaluation of additional lines of evidence may be necessary to eliminate the need 

for further investigation, even when groundwater at the site meet BWmeets the GW-2 Standards.  
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The presence of the factors listed below would indicate that further investigation should be 

performedconsidered and additional lines of evidence should be provided in order to support ruling 

out the indoor air pathway: 

COMMENT: We understand the intent of exceptions to the use of the 
GW-2 standard to eliminate the vapor intrusion pathway; 
however, the Guidance should consider how extensive 
these additional lines of evidence need to be to conclude 
that a complete vapor intrusion pathway is unlikely.  An 
extensive assessment should not be necessary if the 
exempting factor can be readily evaluated.  This could be 
use of a model supported by MassDEP.  For example, 
modeling based on groundwater or soil gas concentrations 
that incorporates assumptions that properly evaluate the 
specific conditions of earthen floor, fieldstone or concrete 
block wall foundation, significant cracks, and/or a 
groundwater sump could be an appropriate “additional 
line of evidence” sufficient to rule out the vapor intrusion 
pathway at a structure with these characteristics, other 
than indoor air sampling. 

1) 1)  Indoor air contamination identified from indoor air testing and/at levels exceeding TIACs or 

odors that are potentially attributable to groundwater and/or soil contaminants have been 

reported within the structure of concern.  

COMMENT: Using TIACs to identify indoor air samples that may 
suggest a complete vapor intrusion pathway is an 
appropriate use of the TIAC concept.  However, for the 
subset of disposal sites where groundwater concentrations 
are less than GW-2 standards warrant additional 
investigation, further assessment should only be 
recommended at sites with concentrations below the GW-2 
standards by a defined margin. In this case, “potentially 
attributable” should be defined to mean that groundwater 
concentrations are below GW-2 standards by a factor less 
than 2. 

In this situation, the indoor air pathway would need to be evaluated to determine if the 

indoor air contamination and/or odors are related to a disposal site.  When indoor air 

contamination could possibly be attributed to contaminated building materials or facility 

operations at or near the structure of concern, the collection of sub-slab soil gas data would 

be valuable in determining whether soil or groundwater contamination near or beneath the 
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building could be contributing to contaminant concentrations in indoor air. Non-detection 

or detection of target analytes only at very low levels in the soil gas would be an 

adequate line of evidence to eliminate the indoor air pathway from further 

consideration.  It would be premature to rule out the vapor intrusion pathway in this 

situation based solely on the GW-2 standards without additional lines of evidence.  

2) The structure of concern has an earthen floor, fieldstone or concrete block wall foundation, 

significant cracks, and/or a groundwater sump. 

These conditions could allow an unusually direct connection between the interior of the 

structure and the soil gas and/or groundwater contamination beneath the structure.  They are 

not consistent with the assumptions used in the Johnson and Ettinger model used to calculate 

GW-2 Standards, and so would indicate the need for evaluating the indoor air pathway at 

levels in groundwater below the GW-2 standards.  Additional lines of evidence would be 

necessary to rule out the vapor intrusion pathway. 

3) Volatile Non-Aqueous Phase Liquid (LNAPL or DNAPL) is present or is likely to be present 

within 30 feet (horizontally) of the potentially impacted structure regardless of the depth to 

groundwater. 

Again, these conditions are not consistent with the assumptions used in the Johnson and 

Ettinger model used to calculate some GW-2 Standards, and so would indicate the need for 

evaluating the indoor air pathway even if concentrations in groundwater are less than the 

GW-2 standards.  Additional lines of evidence would be necessary to rule out the vapor 

intrusion pathway. 

4) VOC contamination is present in vadose zone soil adjacent to a structure of concern (within six 

feet, measured horizontally from the wall of the structure, and within ten feet, measured 

vertically from the basement floor or foundation slab) at levels exceeding XXX, as listed at 310 

CMR 40.0942(1)(d). 

A contaminant source such as a dry well, leaking floor drain, or a spill location could allow 

contaminant volatilization beneath or near a structure of concern without contamination of 
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the underlying aquifer.  Evidence of contamination could come from screening results or 

analytical data from soil samples.  Pursuant to 310 CMR 40.0942(1)(d), "If one or more 

Volatile Organic Compounds is present in vadose zone soil adjacent to an occupied structure 

(e.g., within six feet, measured horizontally from the wall of the structure, and within ten 

feet, measured vertically from the basement floor or foundation slab) then the soil has the 

potential to result in significant indoor air concentrations of OHM and Method 1 alone 

cannot be used to characterize the risk at the disposal site."   

2.1.3 Other Considerations Relative to MethonMethod 1 Groundwater Category GW-2 

Standards 

2.1.3.1 Groundwater not classified as Groundwater Category GW-2 

Groundwater is not classified as GW-2 under the MCP in locations with an average annual depth to 

groundwater of greater than 15 feet or a horizontal distance greater than 30 feet from an occupied 

building.  However, data from existing sites has shown that high contaminant concentrations in 

groundwater beyond the GW-2 distances may act as a source for indoor air contamination.  

Groundwater assessments and vapor intrusion evaluations should be planned to consider this 

possibility, especially when groundwater contaminant concentrations in non-GW-2 areas are greater 

than ten times the GW-2 standard or when the average annual depth to groundwater is only 

minimally deeper than 15 feet.  

2.1.3.2 Freshwater Lens 

The presence of a freshwater lens above highly contaminated groundwater may minimize the 

potential for vapor intrusion.  The collection of multi-level groundwater samples would be useful to 

assess the level of contamination in the groundwater closest to the foundation of the structure of 

concern.  Ruling out a vapor intrusion pathway based on the presence of a freshwater lens will 

not ordinarily require the collection of soil vapor samples from beneath the building footprint 

or indoor air sampling.  When ruling out a vapor intrusion pathway based on the presence of a 

fresh water lens, the well installation and sampling approaches should be thoroughly documented. 
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2.1.3.3.     2.1.3.3 Soil Contamination  

When considering soil contamination as a source for vapor intrusion, the distances outlined in 310 

CMR 40.0942(1)(d) (e.g. within six feet, measured horizontally from the wall of the structure, and 

within ten feet, measured vertically from the basement floor or foundation slab) do not represent an 

abrupt cut-off point for possible vapor intrusion.  Theare helpful guidelines for assessment 

purposes.  However, the presence of contaminated soil or soil gas at greater distances from an 

occupied structure wouldcould indicate the need forthat additional characterization is warranted, 

especially toward the direction of the structure of concern.  This would be advisable in order to 

determine the nature and extent of contamination and whether there is a substantial likelihood that 

an indoor air exposure pathway is complete. 

2.1. 4        2.1.4 Managing Variability in Vapor Intrusion Evaluations 

"Our experience with vapor intrusion investigations indicates that no single media data set, whether 

it be ground water, soil gas, sub-slab soil gas or indoor air, can be used reliably to fully evaluate the 

potential for risks from VI above health-based levels due to the large number of variables affecting 

the transport of vapors from the subsurface to indoor air and the confounding influence of indoor 

sources of common subsurface contaminants."  

- from a memo by Susan Parker Bodine, Assistant Administrator of the EPA Office of Solid 

Waste and Emergency Response, titled "interimInterim Recommended Trichloroethylene 

(TCE) Toxicity Values to Assess Human Health Risk and Recommendations for the Vapor 

Intrusion Pathway Analysis," and dated January 15, 2009  

COMMENT: This EPA guidance was withdrawn, and EPA has stated it 
intends to issue new guidance on the multiple lines of 
evidence approach.  See Memorandum from Barry N. 
Breen, Withdrawal of the January 15, 2009, OSWER 
Guidance Entitled "Interim Recommended 
Trichloroethylene (TCE) Toxicity Values to Assess Human 
Health Risk and Recommendations for the Vapor 
Intrusian Pathway Analysis," dated April 9, 2009. 

The goal of a vapor intrusion evaluation is to assess whether a pathway is complete, so that 

appropriate risk reduction measures can be taken to address exposures.  It is a challenge to perform 
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an evaluation that is thorough enough not to miss a completed pathway, yet reasonable in terms of 

the time and resources used.  Environmental heterogeneity is an issue whenever site 

characterization is performed.  The vapor intrusion pathway has been shown to be subject to 

significant spatial and temporal variability; it presents significant uncertainties with respect to 

quantifying exposure conditions.  The table below summarizes relevant issues and presents 

management approaches to increase confidence in vapor intrusion evaluations. 

Discussion point:  

Is this topic more suited to the Assessment Section of the guidance? 

COMMENT:   This topic is more suited to the Assessment Section of the 
Guidance.  The uncertainties and variability inherent in 
vapor intrusion assessment do not directly relate to the 
requirements of the regulatory framework under the 
MCP, and the proposed “management approaches” are 
more in the nature of “best practices” for assessment and 
mitigation.  Similarly, the table’s discussion of “lines of 
evidence” is insufficiently introduced here and cannot be 
considered an inflexible requirement. 
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Managing Variability Uncertainty in Vapor Intrusion Evaluations 

Issues Management Approaches 

Spatial variability in soil, soil gas, 

sub-slab soil gas, groundwater, 

and indoor air samples 

• Increase the number of sampling locations to 

evaluate heterogeneity and the potential for 

multiple contaminant sources. 

COMMENT:  As discussed in a recent meeting 
of the Assessment subgroup, it 
was determined that samples 
were best taken at locations that 
are relevant for exposure 
assessment and that it was not 
necessary to evaluate 
heterogeneity and assess the 
potential for multiple sources. 
What is important is to evaluate 
exposure to actual receptors. 
The fact that the level might be 
higher beneath a crawl space or 
directly adjacent to a sump 
pump is insufficient cause to 
require quantitative assessment.

Potential for contaminant sources 

not related to the environmental 

release under investigation 

• Rule out indoor air contaminant sources by 

building survey and removal prior to indoor air 

sampling, if feasible.  

• Perform concurrent outdoor air sampling  

• In cases of commercial use, sample during work 

shut-down.  

• Use other lines of evidence, such as sub-slab 

investigations, comparisons to TIACs, modeling, 

chemical forensics, etc. 

COMMENT:   We support the use of modeling 
to eliminate contaminant 
sources not related to the 
disposal site.  However, we 
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point out that this general 
reference to modeling is 
inconsistent with other aspects 
of the Guidance, which largely 
preclude the use of modeling. 

Variability of indoor air 

contaminant concentrations within 

the same building.  

• Evaluate the potential for preferential contaminant 

transport via piping, floor drains, utility conduits, 

etc.  

COMMENT:  As stated above, we do not 
believe this is necessary in all 
cases.  If an EPC has been 
identified, there should not 
necessarily be a requirement to 
sample in areas with little or no 
human exposure. 

• Increase number of sampling locations 

• Evaluate HVAC system construction. 

• Evaluate HVAC system operation (ventilation 

rates, etc.) 

Seasonal/temporal variability • Increase frequency of sampling to at least one year 

of seasonally representative data  

COMMENT:  This statement is at odds with 
Section 3, which states that 1 
sample is adequate to “rule in” 
vapor intrusion and 3 seasonal 
samples are adequate to “rule 
out” the VI pathway.  Given 
that the frequency of samples is 
already specified, there is no 
need to make any statement 
here about seasonal temporal 
variability unless MassDEP 
wishes to make a general 
statement as noted. 
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Variation in individual receptor 

response to contaminants 

COMMENT:   This line item should be 
removed entirely. The 
determination whether an 
exposure pathway is completely 
unrelated to the identification 
of individual receptors.  The 
same methods and principles 
apply, regardless of the 
sensitivity of potential 
receptors. 

• Increase the level of effort before ruling out the vapor 

intrusion pathway in buildings used by sensitive 

populations (residences and schools) 

Sampling and analytical precision • MCP Representativeness Evaluations and Data 

Usability Assessments  

• Use of specialized techniques where appropriate 

(e.g. GC/MS SIM) 

Accuracy of indoor air Exposure 

Point Concentrations (EPCs) 

• Obtain data from more than a single medium  

COMMENT:  If MassDEP is concerned about 
the accuracy of indoor air 
EPCs, what other medium 
exists that can be sampled to 
improve the EPCs?  

• Obtain and use direct indoor air measurements vs. 
modeled EPCs – see scale below  
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Confidence Scale for Accuracy of Exposure Point Concentrations in Indoor Air 

 

 

Lower   Groundwater data only – single sample point and single sampling  

Confidence  event  

Less Certain of  

Indoor Air EPC Groundwater data only – multiple sample points, single sampling  

   event 

Method 1, 

GW-2 Standards Groundwater data only – multiple sample points, multiple/seasonal 

Generic model of  sampling events 

EPCs    

 

 

   Groundwater and soil analytical data 

 

Groundwater data and soil vapor data from outdoor sampling point 

  

 Groundwater data and soil vapor data from a single sub-slab sampling point 

 

 Indoor air data – single sampling event, non-winter conditions 

 

Groundwater data and soil vapor data from multiple sub-slab sampling points 

 

Groundwater data and soil vapor data from multiple sub-slab sampling points 

and multiple/seasonal sampling events; or  

Indoor air data – single sampling event, winter conditions 
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Measured 

EPCs   Indoor air data – multiple sampling events 

 

More certain of Indoor air data – multiple/seasonal sampling events over one year 

Indoor Air EPC 

 Indoor air data – multiple/seasonal sampling events over many years  

   

Higher 

Confidence   

 

COMMENT:   The charts above should recognize that exclusive reliance 
on indoor air data is problematic, outside the context of 
the conceptual site model and sampling of other 
environmental media, as such data may be biased by 
confounding non-site-related indoor air contaminants. 

 
In addition, if the Guidance does not recommend sampling 
“over many years,” it should not cite “higher confidence” 
associated with such sampling.  Indeed, sampling over 
many years does not increase confidence because it 
increases the potential for erratic detection of confounding 
sources. 
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2.2 Reporting Obligations under the MCP 

If concentrations of oil or hazardous material that are attributable to a release to the environment are 

present in indoor air, they may constitute a separately reportable condition under the MCP.  As 

noted below, if risk assessment calculations show that concentrations detected in indoor air 

constitute an “imminent hazard,” then a two-hour reporting condition exists.  And, if a release has 

resulted or in one year is likely to result in vapor intrusionthe discharge of vapors into a school or 

occupied residence, then a Condition of Substantial Release Migration (SRM) may existexists, 

which is a 72-hour reporting condition. 

2.2.1 Two-Hour Notifications for Imminent Hazards 

A “release of any oil and/or hazardous material, in any quantity or concentration, that poses or 

could pose an Imminent Hazard, as described in 310 CMR 40.0321 and 40.0950” must be reported 

to MassDEP withwithin two hours, pursuant to  310 CMR 40.0311(7).  The MCP at 40.0006 

defines an “Imminent Hazard” as a “hazard which would pose a significant risk of harm to health, 

safety, public welfare or the environment if it were present for even a short period of time, as 

further described in 310 CMR.40.0950.”  310 CMR 40.0321 lists specific releases deemed to pose 

an Imminent Hazard to health, safety, public welfare and/or the environment.  Releases related to 

indoor air conditions include:  40.0321(1)(a) -  a release to the environment which results in the 

presence of oil and/or hazardous material vapors within buildings, structures, or underground utility 

conduits at a concentration equal to or greater than 10% of the Lower Explosive Limit and  

40.0321(1)(d) -  a release to the environmental of oil and/or hazardous material which poses a 

significant risk to human health when present for even a short period of time, as specified in 310 

CMR 40.0950.   

Releases which could pose an Imminent Hazard to human health are listed at 310 CMR 40.0321(2).  

The release listed at 310 CMR 40.0321(2)(c) is “a release to the environment for which estimated 

long-term risk levels associated with current exposures are greater than ten times the Cumulative 

Receptor Risk Limits in 310 CMR 40.0993(6).  Past exposures may be included in such evaluations 

to the extent that it is reasonable to quantify those exposures.”  
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A Human Health Risk Characterization for Imminent Hazard Evaluations related to vapor intrusion 

would be conducted using Method 3, as described in 310 CMR 40.0993.  It would focus on actual 

or likely exposures to human under current site conditions, for a five year period of time, unless 

circumstances indicate that a shorter time period is appropriate.  As described in 310 CMR 

40.955(2), the calculated Excess Lifetime Cancer Risk is compared to the one-in-100,000.  For non-

cancer risks, the Hazard Index is compared to  (a) one for oil or hazardous materials that have the 

potential to cause serious effects (including but not limited to lethal, developmental, or neurological 

effects) following short-term exposures, for example lead or cyanide and (b) ten for all other oil or 

hazardous materials.   

2.2.2.2.2.2 72-hour notifications for high levels of VOCs in groundwater near sensitive 

receptors or for SRM 

A “release to the environment indicated by measurement within the groundwater of equal to or 

greater than five milligrams per liter of total volatile organic compounds at any point located within 

30 feet of a school or occupied residential structure, where the groundwater table is less than 15 feet 

below the surface of the ground” must be reported to the MassDEP with 72 hours, pursuant to 310 

CMR 40.0313(4).   

A “Condition of Substantial Release Migration, where such condition is associated with a release 

for which notification otherwise is or has at any time in the past been required in accordance with 

310 CMR 40.0300” must be reported to MassDEP within 72 hours, pursuant to 310 CMR 

40.0313(5).  310 CMR 40.0006 defines a Condition of Substantial Release Migration (SRM), 

including “releases to the groundwater or to the vadose zone that have resulted or are within one 

year likely to result in the discharge of vapors into school buildings or occupied residential 

dwellings.”  

The requirement to report a Condition of SRM applies only when there is evidence associating it 

with a release that is otherwise reportable.  This is especially important considering the number of 

other potential sources of indoor air contamination, such as consumer and personal care products.  It 

also means that if the groundwater concentrations at the source of a release do not and have never 
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exceeded the applicable Reportable Concentrations, and the release does not trigger other 

notification criteria, then such condition would not be considered a Condition of SRM. 

2.2.3 Releases to the Interior of Buildings 

In accordance with the provisions of 310 CMR 40.0317(19), releases to the interior of a building, 

including releases from the rupture or overfill of a free-standing fuel oil storage tank, are exempt 

from the notification requirements set forth in 310 CMR 40.0300 if such releases are "completely 

contained within the building". "  In this context, for the purposes of reporting "2 hour" spill events 

per 310 CMR 40.0311, "completely contained within the building" shall be satisfied if a 

preponderance of the evidence indicates that less than the Reportable Quantity (e.g., 10 gallons for 

fuel oil) reached environmental media from within the building (e.g., flow through cracks in a 

concrete basement floor or into an unlined sump).  An earthen floor in a basement is considered soil 

"in the environment" and the exemption at 310 CMR 40.0317(19) would not apply in cases where a 

discharge greater than its Reportable Quantity is released to an earthen floor within the interior of a 

building.  This type of release would require a 2-hour notification to MassDEP.  Note that a "120 

day" reporting obligation per 310 CMR 40.0315 may still exist if environmental releases less than 

the Reportable Quantity contaminate more than 2 contiguous cubic yards of soil at levels above a 

Reportable Concentration applicable at the site. 
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Notification Requirements Related to Indoor Air 

Two-Hour Notification for Imminent 

Hazards 

72-Hour Notification 

Release to the environment resulting in 

OHM in structures at a concentration 

equal to or greater than 10% of the LEL 

[310 CMR 40.0321(1)(a)]. 

Release to the environment indicated by 

measurement withwithin the groundwater 

of > 5 mg/L of total VOCs at any point 

located within 30 feet of a school or 

occupied residential structure where the 

groundwater table is less than 15 feet 

below the surface of the ground. [310 CMR 

40.03313(4)]. 

Release to the environment of OHM 

which poses a significant risk to human 

health when present for even a short 

period of time [310 CMR 40.0321(1)(d)]. 

Condition of SRM – releases to the 

groundwater or to the vadose zone that 

have resulted or are within one year likely 

to result in the discharge of vapors into 

school building or occupied residential 

dwellings. [310 CMR 40.0313(5)]. 

Release to the environment for which 

estimated long-term risk levels associated 

with current exposures are greater than ten 

times the Cumulative Receptor Risk 

Limits in 310 CMR 40.0993(6) [310 CMR 

40.0321(2)(c)]. 

 

2.3 Critical Exposure Pathways 

2.3.1 Identification of a Critical Exposure Pathway (CEP) 

 2.3.1.1. 2.3.1.1 The CEP Concept 

The CEP requirements in the MCP are focused on human receptors in homes, schools and daycare 

facilities and require that timely actionImmediate Response Actions (IRAs) be taken, where 

 20  



AMEC/GEI MARK-UP OF DRAFT Indoor Air Guidance – 6/09  
For Discussion Purposes Only 

feasible, to address their exposuresexposure to contaminants resulting from vapor intrusion or in 

drinking water.  The CEP requirements are aimed at protectingproviding immediate protection 

for sensitive populations in homes, schools, and daycare facilities where the frequency and duration 

of exposure is likely high.  The risks posed by CEPs can be less than a level of No Significant Risk 

(NSR) to greater than an Imminent Hazard (IH).  (See “Risk and Required Mitigation” figure 

below.) 

COMMENT: Neither the frequency nor the duration of exposure at a 
day care center is necessarily high.  For schools, the 
frequency may be high, but the duration is typically quite 
low.  We recommend a more general statement here, such 
as the edited sentence offered. 

A common misunderstanding of the requirement to mitigate CEPs when risk levels are at or below a 
level of No Significant Risk is that such actions provide no benefit because the pathway presents 
“no risk”.  The basis of this misunderstanding is the supposition that No Significant Risk is 
synonymous with No Risk.  It is not.   

Exposure to a toxic agent results in risk.  The MCP seeks to establish a cleanup endpoint at that 
level of exposure and risk that is deemed to be acceptable (i.e., No Significant Risk).  While the 
MCP risk assessment process and metrics have been developed to be health-protective and 
appropriately conservative, some degree of uncertainty is inherent in the scientific studies and 
models used to derive toxicological values.   

In addition to toxicological uncertainty, the CEP requirements also seek to address exposure 
uncertainty at MCP sites.  It is not practical and probably not possible to characterize a site to a 
100% degree of certainty.  This is especially true for the vapor intrusion pathway, which recent 
research has shown to be subject to significant spatial and temporal variability.  

COMMENT:  This text should be deleted.  See comments in cover letter 
regarding CEPs and specific comments below.   

The CEP requirements expedite consideration of cost-effective measures to eliminate, reduce, or 

prevent exposures. The requirements are intended to compensate for uncertainties in site 

characterization, chemical toxicity information and risk characterization, and trigger action close to 

the time that the exposure is identified, rather than later in the MCP response action process.  Such 

action provides additional as IRAs , typically before the comprehensive assessment has been 

completed. Such interim action provides protection of reducedby immediately reducing 
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exposure to chemical contaminants for sensitive individuals, such as infants, children, pregnant 

women, and those who are ill or have compromised immune systems.  

Actions to address CEPs are initiated as Immediate Response Actions.  In the case of vapor 

intrusion to homes, schools or day care facilities, the goal of such actions is to, where feasible, 

eliminate, mitigate or greatly reduceprevent the vapor intrusion pathway soon after it is identified. 

2.3.1.2 Defining CEP 

As defined at 310 CMR 40.0006, Critical Exposure Pathways mean those routes by which oil and 

hazardous material(s) released at a disposal site are transported, or are likely to be transported, to 

human receptors via (a) vapor-phase emissions of measurable concentrations of OHMs into the 

living or working space of a pre-school, daycare, school or occupied residential dwelling; or (b) 

ingestion, dermal absorption or inhalation of measurable concentrations of OHMs from drinking 

water supply wells located at and servicing a pre-school, daycare school or occupied residential 

dwelling.  

To reduce the subjectivity in identifying conditions that require consideration of Immediate 

Response Actions to address a CEP, MassDEP interpretsRather than rely on specific site history 

and evidence of current building uses, MassDEP has determined that any basement with at 

least six feet of head room in an occupied residential dwelling to be "living or working space." In 

addition, basements of any height which show evidence of current activity should be considered to 

be "living or working space. "  Crawlspaces would not apply to this definition of living or working 

space.   

COMMENT: MassDEP’s blanket view of basements as living or working 
space will often be at odds with actual site-specific 
conditions and, in turn, with the MCP’s policy of honoring 
the LSP’s professional judgment in assessing site-specific 
conditions.  Many basements are infrequently occupied for 
brief periods, such as for servicing utilities, putting items 
in a storage area, or utilizing laundry equipment.  In this 
context, MassDEP’s interpretation of its regulations here 
effectively reads the “living or working space” limitation 
out of the CEP definition and extends MassDEP’s 
regulatory authority well beyond the regulation’s sensible 
focus on areas with actual sensitive receptors.  
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Moreover, if MassDEP wishes to impose a bright-line rule 
to reduce “subjectivity,” it should not then state that 
basements of any height may be considered “living or 
working space” based on site-specific “subjective” 
evidence. 

Consideration of those situations where vapor intrusion impacts are limited to a basement that is 

rarely used or visited may be factored into the evaluation of the feasibility of response actions to 

address the CEP (see Section 2.3.3.)2.3.3), since the cost of response actions may exceed any 

risk-based benefit.  

2.3.2 CEP Feasibility Evaluation 

The goals of this section of the guidance are as follows: 

• To outline when CEP-related feasibility evaluations are required under the MCP  

• To promote consistency in feasibility evaluations 

• To encourage early mitigation of CEP conditions 

• To increase certainty about CEP mitigation endpoints by establishing conditions under 

which operation of a CEP mitigation measure as aan MCP response action may be 

concluded. 

In Conducting Feasibility Evaluations under the MCP, Policy #WSC-04-260, MassDEP has already 

articulated the conceptual and regulatory tenets of feasibility and feasibility evaluations.  CEP 

feasibility is currently a reserved section of #WSC-04-260.   

Pursuant to 310 CMR 40.0414, Immediate Response Actions (IRAs) are presumed to require the 

elimination, mitigation, or prevention of the vapor intrusion pathway that impacts a school, daycare, 

or residence (CEP).  This presumption to take action to eliminate, mitigate or prevent a CEP is a 

rebuttable presumption, based on a feasibility evaluation. That is, action should be taken, unless it is 

demonstrated that such action is not feasible. 

The criteria for evaluating the feasibility of response actions to address CEP are the MGL chapter 

21E feasibility criteria.  They include whether a technology exists, whether expertise is available, 
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whether a disposal location is available, and whether costs outweigh the benefits.  These criteria are 

incorporated into the MCP at 310 CMR 40.0860.  

In terms of CEP feasibility, the first threetwo statutory considerations (technology, expertise and 

availability of disposal facilities) are generally not relevant.  There are a range of effective remedial 

actions available to address the vapor intrusion pathway, including the installation of sub-slab 

depressurization (SSD) systems, structural mitigation, and building ventilation modifications.  

COMMENT: For some limited number of sites, technology may be a 
limitation on the feasibility of mitigating CEPs.  Although 
there are ranges of effective remedial actions, there may be 
site-specific conditions that make these technologies 
impractical, ineffective, or only marginally effective.  For 
example, this may be the case in locations with high 
groundwater tables or old structures.   

SUGGESTED TEXT: The statutory consideration of technology may be relevant 
in some circumstances.  Although there are a range of 
effective remedial actions available to address the vapor 
intrusion pathway, including the installation of sub-slab 
depressurization (SSD) systems, structural mitigation, and 
building ventilation modifications, technological 
limitations may practically limit the feasibility of available 
response actions in certain conditions.  

Individuals with the needed expertise are available and most remedial actions to address a CEP 

would not involve the need for off-site OHM disposal.  ConsequentlyIn most cases, the cost-benefit 

analysis will likely drive the feasibility evaluation for prevention, elimination, and/or mitigation of 

CEPs.   

The costs of mitigation include the costs of design, construction, operation and monitoring of the 

mitigation measure or system, including ongoing regulatory reporting requirements.  Public 

outreach and communication incur costs.may involve substantial costs, including repeated field 

visits for conversations and negotiations with affected property owners, and discussions with 

local officials.  Mitigation systems take up space in a building that could otherwise be used by the 

building occupants.  Construction and, to a more limited extent, operation of mitigation systems 

may pose an inconvenience to building owners and occupants, and this may affect a building 

owner’s ability to rent the space. 
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The benefitsprimary benefit of mitigation includeis the additionalincremental risk reduction that 

is achieved by reduced exposure to chemicals in indoor air.  These benefits would generally be 

greater for higher risk situations, for more frequent exposure, when there is greater uncertainty in 

the site characterization and when site conditions are highly variable or complex.  As a side benefit 

(at least from the perspective of MGL c. 21E), mitigation systems for environmental contaminants 

also minimize the health risks related to radon, if that natural contaminant is present. Installation of 

a mitigation system presents a defense to future liability, and may offer “peace of mind” to 

occupants concerned about their exposure.    . 

COMMENT: The feasibility evaluation addresses whether or not 
eliminating, mitigating, or preventing a CEP (a “remedy”) 
is feasible.  For the reasons addressed in the cover letter to 
our comments, MassDEP has no statutory or regulatory 
authority to point to reduced “uncertainty,” radon 
mitigation (which is specifically referenced in the 
Guidance introduction as unregulated by the MCP), or 
“peace of mind,” as benefits of remedying CEPs that 
should factor into a remedy feasibility analysis.  Similarly, 
assessing the “benefit” of some potential defense to future 
liability associated with installing a remedy is outside the 
expertise of an environmental consultant or LSP.  The 
principal benefit recognized by M.G.L. c. 21E and the 
MCP is risk reduction to NSR, the statutory end point for 
risk-based comprehensive response actions.   

In addition, referring to reduced exposure and reduced 
risk as separate benefits is redundant.  Higher risk is 
defined by a combination of higher toxicological reference 
value, higher concentration, and higher exposure. 
Exposure is inherent in the definition of risk.  There is no 
benefit to reducing risk to levels that are lower than NSR, 
because such risks cannot be measured and are by 
definition de minimis.  These risks have been defined by 
governments at all levels as essentially equivalent to zero. 
If they are essentially zero, then there is no benefit to 
reducing risks beyond NSR levels. 

Documentation for a CEP feasibility evaluation should include:  description of the critical exposure 

pathway as it relates to the Conceptual Site Model, a list of measures evaluated to prevent, eliminate 

or mitigate the CEP, estimated costs of measures and an explanation of how the costs were 
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determined, and a description of the basis for determining whether the measures are feasible or 

infeasible.   

There are two discrete points in a CEP when feasibility is an issue (assuming the site has or will 

achieve NSR): 

o Initially, doesis the benefit of the remedial measure outweigh the cost?technology of 

available remedial measures suitable for the site, and does the benefit of the 

remedial measure outweigh the cost? 

o Once the remedial measure is implemented, when does the cumulative cost outweigh the 

cumulative benefit?If the site poses “no significant risk” without the operation of a 

remedial measure to address the CEP, is it feasible to approach or achieve 

background by continued operation of the remedial measure?   

2.3.3 Initial CEP Feasibility Evaluations 

2.3.3.1 CEP with Imminent Hazard or Significant Risk Conditions 

When the contaminant concentrations from vapor intrusion are measured in indoor air at Imminent 

Hazard (IH) levels, the current risk level for those exposed is high. In a feasibility evaluation, the 

benefits of performing mitigation in structures with IH levels of indoor air contaminants are 

presumed to outweigh the costs, even in the case where costs exceed those typically encountered for 

vapor intrusion mitigation.  As a result, the MCP requires an IRA to eliminate, mitigate, or 

prevent the Imminent Hazard conditions.  In Imminent Hazard situations, the Department has a 

statutory obligation to address vapor intrusion if the Responsible Party does not.  

COMMENT: The regulation does not provide for a feasibility evaluation 
to rebut the presumption that an IRA is required to 
eliminate, mitigate, or prevent a CEP which poses an IH.  
Therefore, the guidance should not frame the requirement 
to remediate an IH as a presumption that the benefits 
outweigh the costs.  Addressing IH conditions is a 
statutory imperative.  See M.G.L. c. 21E, § 3A(e).  
Therefore, the remainder of the section should be deleted, 
since feasibility evaluations do not pertain to responses to 
IH conditions.   
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When indoor air contaminant concentrations from vapor intrusion pose a Significant Risk for 
building occupants, the benefits of reducing exposure are also presumed to outweigh the costs. 

COMMENT: The MCP does not support the MassDEP’s blanket 
presumption that the benefits of reducing exposure to 
contaminant concentrations posing a Significant Risk 
always outweigh the costs.  In fact, the MCP allows a 
feasibility evaluation to rebut the presumption that the 
CEP must be eliminated, mitigated or prevented, even if 
the conditions pose Significant Risk.  Like other feasibility 
evaluations in the MCP, the conclusion of the evaluation 
could be that the cost does not justify the benefit, 
particularly if the CEP poses No Substantial Hazard.  For 
example, if a remedy was planned to treat the 
groundwater in a manner that the concentrations would be 
reduced to below the GW-2 levels within five years, the 
concentrations measured in the indoor air posed No 
Substantial Hazard and the cost of remediation of the CEP 
was significant, the presumption that the CEP must be 
eliminated, mitigated or prevented would be rebutted.  We 
recommend that MassDEP withdraw this “presumption” 
from the Guidance.  Instead, MassDEP should focus on 
guidelines for an appropriate CEP feasibility evaluation 
whenever permitted under the MCP.  Feasibility 
evaluations of remedial measures for CEPs at sites that 
pose Significant Risk (or NSR) but not an Imminent 
Hazard, should be addressed in the next section.   

The initial CEP feasibility evaluation at sites with IH or Significant Risk conditions would 

evaluateAssuming that technology to address site-specific conditions is available, the initial 

CEP feasibility evaluation would focus on weighing the costs and benefits of various remedial 

options for mitigation, and whether the mitigation would be a permanent or temporary solution 

under the statutory factors: potential damage to the environment or health, costs of 

environmental restoration, long-term operation and maintenance costs, and nonpecuniary 

values. 

COMMENT: The sole objective of the CEP feasibility evaluations 
referenced in 310 CMR 40.0414(3)(b) and (4)(b) is to rebut 
the presumption that the CEP can be eliminated, mitigated 
or prevented.  If this presumption is not being rebutted, 
then a feasibility evaluation could be performed to select 
the remedial alternative for eliminating, mitigating, or 
preventing the CEP, and it is irrelevant whether the CEP 
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is an IH, or poses Significant Risk, No Substantial Hazard, 
or NSR.  Whether the mitigation would result in a 
permanent or temporary solution should not be part of the 
“initial feasibility evaluation” for CEP remedial measures 
referenced here.  

Immediate Response Actions (IRAs) are presumed to require the elimination and/or mitigation of 

CEPs, pursuant to 310 CMR 40.0414(3).  A typical actionWhat mitigation measures may best fit 

site conditions must be determined based on those specific conditions.  An action commonly 

taken to eliminate or mitigate a CEP from vapor intrusion at IH or Significant Risk levels would be 

theis installation of a sub-slab depressurization system.  Other possible actions include structural 

mitigation (such as the sealing of cracks or closing sumps) or building ventilation modifications. 

These actions would be  When performed as an Immediate Response ActionIRA under the MCP, 

with the required submittalsimplementing these measures require submittal of an IRA Plan, and 

IRA Status and Remedial Monitoring Reports to MassDEP. 

2.3.3.2 Evaluation of Feasibility of Initial CEP Mitigation Where No Significant 

RiskImminent Hazard Exists 

Review note:  In the following two sections, two options are offered for review.  Comments and 

specific suggestions on both the approaches and metrics are welcomed and encouraged.  

COMMENT: As discussed above, this section should address feasibility 
evaluations whenever there is no Imminent Hazard, 
regardless whether there is Significant Risk or NSR.  The 
presumption that a CEP must be eliminated, mitigated, or 
prevented may be rebutted, except if there is an Imminent 
Hazard. 

Option A: 

COMMENT: As discussed above, technological considerations are not 
always irrelevant to feasibility evaluations.  Although there 
are well proven technologies, such as SSDSs, 
implementation may not be possible at a specific site.  
Therefore, the Guidance should outline a two step 
feasibility evaluation.  The first step would be a screening 
of potential remedial alternatives appropriate for the site, 
and the second step is a more detailed evaluation.  This 
should be a streamlined evaluation, focused on eliminating 
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or mitigating the pathway only.  This process is consistent 
with 310 CMR 40.0850 and 40.0860.   Following the 
screening of remediation alternatives, a more detailed 
evaluation of the remedial alternatives would be 
conducted.  As the Guidance correctly acknowledges, this 
process will likely be driven by the cost benefit analysis 
component of the feasibility evaluation under the statutory 
factors: overall protection of human health (including type 
of receptors and frequency of exposure), effectiveness of 
the remedy, implementabilty (if a homeowner refuses a 
remedy then it is infeasible), and cost. 

In situations where indoor air contamination does not pose a Significant Riskan Imminent Hazard, 

the Department considers the following response actions to be generally feasible to address indoor 

air CEP conditions: 

• Installation of SSD systems 

• Repairing cracks in foundations 

• Closing sumps 

• Building ventilation modifications  

COMMENT: The potential for vapor intrusion is site specific, based not 
only on the environmental setting of a building, but the 
characteristics of the building itself.  Accordingly, there 
are many common site conditions that call the value of this 
“generally feasible” list into question.  For example, if the 
basement is below groundwater or there is poor sub-slab 
communication, it is not possible to install a SSDS.  
Repairing cracks in foundations may not be as simple as 
sealing a few apparent cracks but require a structural 
repair, such as repointing field stone foundation walls.  
Modifications to building ventilation systems may be 
complicated undertakings and could result in worsening 
the vapor intrusion pathway if the modifications create a 
vacuum in the occupied space.  With the Guidance blessing 
these remedies as “generally feasible,” they may be 
undertaken by an LSP in cases when they are not 
warranted.  It is the responsibility of the LSP to evaluate 
what technology is feasible and if it is infeasible to remedy 
the CEP, it is the LSP’s burden to demonstrate 
infeasibility.  The feasibility of remediating a CEP should 
be evaluated on a case–by-case basis, and MassDEP should 
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not adopt guidance that specifies what is categorically 
feasible.  Instead, MassDEP should provide guidance on 
what must be addressed in a feasibility evaluation, 
consistent with its guidance on feasibility evaluations for 
remedial measures in other media.   

The Department considers response actions to address indoor air CEP conditions to be generally 

infeasible in the following situations:  

COMMENT: It is useful for the Guidance to provide illustrative and 
specific examples of infeasible situations, but the draft 
Guidance’s list is flawed, as indicated below.   

• When contaminant levels in groundwater are less than two times the applicable GW-2 

standard and contaminants in soil gas are less than ten times the indoor air Threshold Value 

(MassDEP 2009).. 

COMMENT:   Specifying GW-2 concentrations less than twice applicable 
GW-2 may be a reasonable bright line to deem mitigation 
of a CEP infeasible, particularly if it poses NSR.  However, 
requiring that the sub-slab soil gas must also be less than 
ten times the Threshold Values is not scientifically sound.  
For example, the GW-2 standard for PCE is 50 µg/l and 
the Threshold Value is 1.4 µg/m3.  In our experience, soil 
gas samples greater than 14 µg/m3 can readily be 
associated with groundwater concentrations less than 1 
µg/l.  The soil gas concentrations associated with a 
groundwater concentrations of 50 µg /l or even as much as 
100 µg/l could be significantly higher than 14 µg/m3.  
Please see our comment on Section 3.1.3 regarding the use 
of soil gas concentrations for feasibility screening.  

• When the owner of an owner-occupieda residence does not wish to address CEP conditions, 

assuming that No Significant Risk has otherwise been achieved.  This is based on the 

premise that the person being exposed is in the best position to quantify remedial benefits.   

Although the owner is not in a position to evaluate the risk for tenants, a remedy 

cannot be implemented if the owner refuses to provide access, and it is similarly 

infeasible.  (This situation should be documented as part of the relevant MCP submittal.  

Note that MassDEP should be contacted in cases where property access for investigation 

and/or remediation is denied. – See Appendix  XXX).   
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The PRP may rebut the presumption for CEP mitigation at vapor intrusion sites by showing that the 

costs of such mitigation would be substantial and disproportionate to the benefits.  This feasibility 

evaluation must address the following factors:  risk posed by the contamination at the site, 

concentration of the contaminant in indoor air, soil gas and groundwater, robustness of current data 

set, status of the contaminant source, and structural considerations.  These factors are outlined in the 

table below.   

 Factors Supporting Feasibility Factors Supporting Infeasibility 

1 Higher risk to receptors, relative to No 

Significant Risk Level  (considering toxicity 

of contaminant, dosefrequency and 

duration of exposure, and measured 

concentrations)  

Lower risk to receptors, relative to No 

Significant Risk Level (considering toxicity of 

contaminant, dosefrequency and duration of 

exposure, and measured concentrations) 

COMMENT:   Considering dose and 
measured concentrations is 
redundant, because dose is 
derived from measured 
concentrations.  For this same 
reason, Factor 2 is redundant 
of Factor 1. 

2 High frequency of exposure (Finished 

basements) 

Low frequency of exposure (Unfinished 

basement used for seasonal storage when there 

is no CEP on higher floors.) 

3 Indoor air Exposure Point Concentration 

(EPC) uncertainty due to few samples 

during worst-case conditions 

Indoor air EPC certainty based on a robust data 

set  

4 High contaminant concentrations, relative to 

the GW-2 standards, in groundwater near 

the structure 

Low contaminant concentrations in 

groundwater, relative to GW-2 Standards near 

the structure 

5 High sub-slab soil gas concentrations 

relative to Indoor Air Threshold Values 

Low sub-slab soil gas concentrations relative to 

Indoor Air Threshold Values 
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6 Data set does not include multiple sampling 

rounds and sample locations for 

groundwater, sub-slab soil gas, indoor air 

and ambient air 

Robust data set including multiple sampling 

rounds and sample locations for groundwater, 

sub-slab soil gas, indoor air and ambient air 

7 Contaminant source has not been identified, 

controlled, eliminated or substantially 

mitigated 

Contaminant source has been controlled, 

eliminated, or substantially mitigated 

8 There are no structural issues that preclude 

or significantly raise the cost of mitigation 

Structural issues are present that preclude or 

significantly raise the cost of system installation 

 

There is a significant benefit to mitigation in the case of higher risk and more frequent exposure 

(factors 1 and 2).  High levels of subsurface contamination relative to benchmarks (factors 4 and 5) 

increase the likelihood for future exposure.  Eliminating that potential exposure is a benefit that 

would support the feasibility of mitigation.  When the certainty surrounding the actual exposure is 

low due to minimal or incomplete data, there is a higher benefit to mitigating the exposure pathway 

(factors 3, 6 and 7). (Factor #1). Finally, excessive costs associated with addressing unusual 

structural issues (such as the need for an entirely new foundation), would support a claim of 

infeasibility when No Significant Risk exists (factor 8).  

COMMENT: The majority of considerations in this Table are not 
“benefits” to be considered in a feasibility evaluation.  The 
uncertainty associated with a complex or highly variable 
site, incomplete site characterizations, or limited rounds of 
indoor sampling; high sub-slab gas concentration; high 
groundwater concentrations; limited number of indoor air, 
groundwater or soil gas samples; or incomplete source 
characterization and control are not factors supporting 
feasibility.  Such factors may warrant additional data 
collection and monitoring that require re-analysis of costs 
and benefits of response actions previously rejected as 
infeasible or deemed feasible, but such factors are not 
recognized as “benefits” of mitigation measures by statute 
or regulations.  For example, if initial indoor air 
monitoring identified a CEP, but at concentrations that 
pose NSR, the cost benefit analysis could conclude that 
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remediation was infeasible; thereafter, additional indoor 
air testing might indicate an imminent hazard and then 
remediation would be necessary.  Conversely, elevated 
indoor air concentrations may appear site-related and 
trigger an imminent hazard notification; subsequent 
investigations, risk assessment, or indoor air monitoring 
may determine that levels attributable to site-related vapor 
intrusion are in fact at NSR levels and a planned remedy is 
infeasible. 

Option B: 

The following guidelines are proposed for the feasibility of initiating remedial actions and/or 

constructing remedial/treatment systems at a site for the sole purpose of mitigating a CEP that is not 

posing a Significant Risk.  It does NOT apply to remedial actions or systems that are needed to 

achieve a condition of No Significant Risk.an Imminent Hazard.  

COMMENT:   Option B is not a preferred approach.  If this approach is 
taken, it needs to address sites that pose Significant Risk or 
NSR, as discussed above.  Option B is much too 
prescriptive and cannot be relied upon to describe actual 
conditions and potential costs at all sites.  It leaves little 
discretion to the LSP to employ professional judgment and 
to evaluate actual site conditions.  If this approach is used, 
the MassDEP needs to document the basis for its cost 
assumptions in detail, as they are inconsistent with our 
experience with implementing mitigation measures. 

Categorically Feasible:  

Remedial activities (e.g., sealing cracks) and systems (e.g., SSD systems) that cost 

less than $5000 per residential unit or less than $25,000 per school. 

Categorically Infeasible: 

(i) Remedial activities and systems that cost more than $25,000 per residential unit 

or $50,000 per school; or (ii) for contaminants present in indoor air at less than the 

50th percentile of its Typical Indoor Air Concentration; or (iii) any remedial action 

not approved by the owner of an owner-occupied residential building or not 

approved by the owner of a school building. 
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Site Specific Consideration Factors for Cases Between Upper and Lower Limits:   

Generally feasible if: 

 One or more vapor intrusion contaminants are Class A or B human 

carcinogens when present at an Estimated Lifetime Cancer Risk Level of 

1x10-4 or higher; or 

COMMENT:   When a Category A or B human carcinogen is present at a 
level that is associated with a 1x10-5 risk, the MCP 
explicitly defines the condition as a condition of No 
Significant Risk.  This risk is essentially equivalent to 
“zero,” and further incremental reductions should not be 
considered a benefit taken into account by a feasibility 
evaluation.  In addition, there is no basis to assume a 
greater benefit to reducing risk from a Category A or B 
substance as compared to a Category C substance when 
the condition is already at NSR.  It could, however, be 
reasonable to assume that there is greater benefit to 
remediating a site with an ELCR of 1x10-4 than one with 
an ELCR of 1x10-5. 

 One or more vapor intrusion contaminants are present at concentrations 

greater than 10%X of their Reference Concentration1 (RfC); or 

                                                 
1 Some researchers have advocated the use of up-to an additional 10 fold uncertainty factor (UF) in RfDs 
and RfCs to account for the potential increased sensitivity of children and fetuses to chemical exposures. 
 
COMMENT:   RfDs and RfCs are derived by assuming that the most sensitive 

animal species/strain is more similar to humans than other 
species/strains regardless of biochemical similarities or 
dissimilarities. RfDs and RfCs assume that LOAELs in animal 
studies are never near the NOAEL regardless of the severity of 
the endpoint or the available information from other studies. 
They always assume that children or fetuses and other 
sensitive populations are 10 fold more sensitive than normal 
adults despite evidence to the contrary from the 
pharmacological literature, in which comparative sensitivity of 
drugs to children and adults is well-understood. Thus, the 
proposal that an additional UF of 10 is necessary is illogical 
and not scientifically justifiable.  Furthermore, the MCP defines 
No Significant Risk as a Hazard Index of 1, which is 1x the RfC 
for an indoor air constituent. There is no regulatory or 
scientific basis for making any decisions whatsoever when the 
Hazard Index is 0.1 (10% of the RfC). 
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� Less than two rounds of indoor air monitoring has been conducted during 

winter conditions; or 

� Less than three sub-slab soil gas probes (average size house) have been 

installed and sampled; or 

� One or more contaminants are present at the water table interface within 30 

feet of the structure at concentrations more than 10 times its GW-2 value; or 

� One or more contaminants are present in sub-slab soil gas probes at 

concentrations more than 1000 times its 50th percentile typical indoor air 

concentration value; or 

COMMENT: As noted in the comment to footnote 1, it is illogical to 
characterize a risk level (HI=0.1) that is scientifically 
equivalent to “zero risk” and explicitly defined in the MCP 
as “No Significant Risk” as a feasibility factor.  It could be 
reasonable to assume that there is greater benefit to 
remediating a site with a HI of 10 than one with a HI of 1.  

 The source(s) of vapor emissions has not been identified, controlled, 

eliminated, or substantially mitigated. 

COMMENT: The deleted items are not feasibility factors. They are 
uncertainty factors as noted above. 

Generally infeasible if: 

 No vapor intrusion contaminant is a Class A or B human carcinogen 

carcinogens when present at an Estimated Lifetime Cancer Risk Level of 

1x10-4 or higher; and 

COMMENT:   The deleted factors are not feasibility factors. They are 
uncertainty factors, as noted above. 

 No vapor intrusion contaminant is present at concentrations greater than 10% 

ofX its Reference Concentration (RfC); and 

� Two or more rounds of indoor air monitoring has been conducted during 

winter conditions; and 
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� Three or more sub-slab soil gas probes have been installed and sampled 

(average size house); and 

� No contaminant is present at the water table interface within 30 feet of the 

structure at a concentration more than 10 times its GW-2 value; and 

� No contaminant is present in sub-slab soil gas probes at a concentration more 

than 1000 times its 50th percentile typical indoor air concentration value; and 

 The source(s) of vapor emissions has been controlled, eliminated, or 

substantially mitigated. 

2.3.4 Evaluation of Feasibility of Achieving or Approaching Background Without the 

Continuing Operation of CEP Remedial Activities (where NSR exists) 

The following guidelines are proposed to evaluate the feasibility of continuing remedial actions 

and/or continuing to operate and maintain existing remedial/treatment systems at a site for the sole 

purpose of mitigating a CEP that is not posing a Significant Risk.  These guidelines apply to sites 

that now pose No Significant Risk, but where systems were initially installed to address IH, 

Significant Risk, or CEP concerns. These guidelines do NOT apply to remedial actions or systems 

that are needed to achieve a condition of No Significant Risk.  

In these cases, it is necessary to evaluate feasibility as a function of cumulative benefits vs. 

cumulative costs.  At some point in time, the cumulative costs of maintaining remedial systems will 

outweigh the cumulative benefit, as illustrated below: 

COMMENT: This section should be removed from the Guidance 
Document, or it should be modified per our suggested 
change to the section’s title.   

The MCP does not require or provide for a feasibility 
evaluation of continuing remedial actions for the sole 
purpose of mitigating a CEP that poses NSR.  The MCP 
does, however, require that, where one or more remedial 
actions are undertaken to achieve a Permanent Solution, 
those remedial actions shall, where feasible, achieve or 
approach background.  Therefore, the feasibility of 
achieving background, not the feasibility of continuing 
remedial actions for the sole purpose of mitigating a CEP 
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that poses NSR, should be evaluated in the Guidance.  See 
further comments in cover letter regarding CEPs.   

SUGGESTED TEXT: CEPs appear in the MCP only in the context of IRAs.  
IRAs are undertaken in an expeditious manner to address 
sudden releases, Imminent Hazards and other time-critical 
releases or site conditions.  Generally, IRAs are conducted 
prior to completing a Phase II and Risk Characterization, 
when the nature and the extent of a release and its 
potential risk are still under investigation.  Once a risk 
assessment and feasibility evaluation has been completed, 
the IRA may be closed, and remedial measures undertaken 
to address the CEPs become part of the Comprehensive 
Response Action (310 CMR 40.0427(1)(c)).    

MassDEP’s Technical Update on “Residential Typical 
Indoor Air Concentrations,” states:  

In the context of the MCP, 
background is the level of OHM 
present at a location absent a 
release to the environment.  For 
indoor air, background is what is 
present in any given structure, 
absent a vapor migration pathway 
related to a release.  Background 
levels do not require mitigation 
under the MCP… However, 
background indoor air 
concentrations are not as easily 
determined.  Due to variations in 
building materials, use and storage 
of consumer products, ventilation 
rates, and other factors specific to 
each structure, indoor air chemical 
concentrations observed in nearby, 
unaffected structures may be much 
higher or much lower than the 
building under investigation.  As a 
consequence, it is not possible to 
determine with confidence the 
building-specific background 
concentration of a chemical that 
would be present in the absence of 
any vapor intrusion pathway. 
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As it is not possible to determine with confidence the 
building-specific background concentrations, the endpoint 
of a feasibility evaluation of measures intended to mitigate 
a CEP to or to approach background levels is not clear.  
Given the range of Typical Indoor Air Concentrations 
collected by MassDEP, it will not always be the case that 
indoor air background concentrations are less than NSR.  
Given this uncertainty, it is not possible to definitiely 
establish the feasibility or infeasibility of achieving or 
approaching background.  To the extent that it is possible 
to evaluate the feasibility of reaching or approaching 
TIACs, that evaluation may be appropriate to determine 
whether additional mitigation measures should be part of 
a permanent solution.  This evaluation should be 
documented in connection with any Comprehensive 
Response Action.   

The cumulative benefit in these cases is the continued mitigation of the vapor intrusion pathway, 
and continued reduction in exposure and toxicological uncertainties.  There is also an expectation 
that source control activities required by the MCP will be ongoing (or have already occurred) during 
this period of time, resulting in a continual diminution in contaminant levels across the site.  

The cumulative costs include the cost of running and maintaining the system(s), as well as the costs 
incurred by the LSP in submitting Remedial Monitoring Reports (RMR). In both cases, yearly costs 
should be relatively modest. 

COMMENT: It is unsound and impractical to reduce exposure for a 
limited number of years (perhaps 2 to 4 years) after all 
other requirements necessary to achieve an RAO have 
been met.  The risk is no different in the earlier and later 
years.  Either (1) the site conditions pose NSR, which can 
then be communicated to the homeowner, and the site be 
closed under the MCP, or (2) the site conditions pose a 
Significant Risk, which must be mitigated, if feasible.  
Returning 2 to 4 years after a system was installed as an 
IRA and discontinuing its use upon filing an RAO for the 
site (because the cumulative costs of operating the system 
now outweigh the benefits) will be a source of tremendous 
confusion for property owners.  

SUGGESTED TEXT: An appropriate time to evaluate the feasibility of achieving 
or approaching background (which is generally infeasible) 
is in support of the Response Action Outcome (RAO) for a 
permanent solution.  In the interim, the SSDS could be 
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discontinued as long as the CEP itself poses NSR, pending 
the RAO for the site.   

Option A:  

As long as there are detectable levels of contaminants in indoor air from vapor intrusion, the 

operation of mitigation systems serves to reduce exposure to those contaminants.  The Department 

encourages effective actions to reduce exposure to contamination.  However, under the specific 

conditions outlined below, the continued operation of these systems as an MCP response action 

may be terminated.   

COMMENT: If MassDEP continues to believe that its MCP guidance 
documents should require that a CEP continue to be 
mitigated when there is NSR, then the performance 
standard presented in Option A, with several 
modifications, could be a reasonable approach to 
determine that the system can be shut down.  By satisfying 
the conditions in Option A, a significant amount of 
uncertainty associated with a vapor pathway at a site has 
been resolved and a permanent solution is obtainable. 

Evaluation ofEndpoint for the Feasibility of Continued Operation of an Active SSD to 

Address CEP (where vapor intrusion is occurring, but at levels below No Significant Risk) 

Benefits and Costs 

With the ongoing operation of an Active SSD system as an MCP response action, the primary 

benefit is the continued reduced exposure to site-related chemicals in indoor air.   This benefit 

continues as long as the SSD system is effective and the vapor intrusion pathway is present.  The 

effectiveness of the SSD system, in turn, requires designing a system based on an adequate 

understanding of site conditions and the CSM, followed by proper installation, monitoring, 

operation, and maintenance.   

The costs of ongoing operation of an Active SSD system as an MCP response action include 
electricity costs, any sampling and analytical costs associated with monitoring effectiveness, and the 
cost of LSP services to conduct site work and prepare MCP submittals related to the operation of 
the SSD system (semiannual Status Reports and Remedial Monitoring Reports).      
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SUGGESTED TEXT: Once a disposal site has been adequately characterized and 
it is determined that there is no uncontrolled source (i.e., 
no increase in concentrations from a source), the potential 
for unexpected vapor intrusion pathways is greatly 
reduced.  Therefore, once the uncertainty associated with a 
disposal site is removed, the remedy that was in place to 
eliminate, mitigate, or prevent the vapor intrusion 
pathway, which posed NSR without operation of the 
remedy, can be discontinued.   

Performance Standard or Point at Which Operation of an Active SSD System as an MCP Response 

Action is Considered No Longer Feasible (i.e., the costs of operating the system with the attendant 

costs of MCP submittals does not justify the benefits of the oversight/monitoring).   

• The disposal site OHM source(s) have been identified; 

• The environmental fate and transport characteristics, including CoC mobility and stability, 

have been well characterized; 

• The nature and extent of the disposal site have been well characterized; 

• There is a well-developed CSM and site conditions are consistent with the CSM; 

COMMENT: The first four standards are appropriate and consistent 
with the performance standards for a Phase II.   

• Indoor Air concentrations of CoCs, in the absence of the Active SSD system, are stable or 

diminishingshown to have limited enough variability over a period of three seasons, of 

which at least two years from the point where NSR levels were achievedone is in the 

winter months, to permit predictions of long-term conditions; 

COMMENT: One year, rather than two, should be sufficient to 
demonstrate that concentrations of contaminants in indoor 
air are stable or diminishing.  This would be consistent 
with the recommended testing in Section 3.3.3.1 of the 
draft Guidance.  Section 3.3.3.1 recommends “…for 
daycares, schools, and residences…three sampling rounds 
be conducted before final conclusions and 
recommendations are made…  In order to obtain an 
estimate of long-term conditions, the sampling data should 
be obtained over at least three different seasons.”  
Collecting samples over three seasons should be 
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representative of the various site conditions which would 
result in a complete vapor intrusion pathway. 

• The source has been eliminated or controlled such that 

• o GroundwaterThe source has been eliminated or controlled such that 

groundwater concentrations of CoCs proximate to the structure are demonstrated to be 

stable or diminishing for a period of at least two years from the point where indoor air 

concentrations of  CoCs were at/achieved NSR; and  

• o Contaminated soil that is serving as a source of vapor intrusion has been removed, or 

shown to contain reduced contaminant concentrations or breakdown products indicative of 

biodegradationeliminated or controlled such that it is unlikely that there will be an 

increase in concentrations of OHM in indoor air by either direct discharge or 

intermedia transfer that is attributable to the source. 

COMMENT: The sixth standard should be rewritten as two standards:  
the first addressing the source as it affects groundwater 
and the other addressing how the source, if in soil, may 
affect indoor air.   The latter standard should be consistent 
with the requirements of an RAO as specified in 
40.1003(5).  If a source is not resulting in or is not likely to 
result in an increase in concentrations of OHM in an 
environmental medium either by direct discharge or by 
intermedia transfer, then the source is already controlled 
and an additional remedy is not required. 

When the above conditions are met, there would be a sufficient level of comfort/certainty that site 

conditions are stable and not likely to worsen (i.e., levels in indoor air will remain at a level below 

NSR or lower).  At this point, the benefit of continuing to operate the active SSD system as an MCP 

response action would not justify the costs, and therefore, may be considered infeasible. 

COMMENT: The approach of Option A, as modified above, is consistent 
with the performance standards of achieving an RAO, at 
which time the site conditions are stable and pose NSR.  
Regulatory “comfort” is not a criterion in the MCP and 
should not be a rationale for action in the Guidance.   

SUGGESTED TEXT: The appropriate time to evaluate the feasibility of 
achieving or approaching background (which is generally 
infeasible in the context of indoor air given the difficulty of 
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ascertaining concentration levels that constitute 
background at any given site) is in support of the RAO for 
a permanent solution.  In the interim before the evaluation 
of the feasibility of reaching background and the 
achievement of an RAO, the SSDS could be discontinued 
as long as the site conditions pose NSR.   

Please note, however, MassDEP would advocate and encourage parties to continue operation of 
active SSD systems that are addressing concentrations below NSR even after demonstrating it is 
infeasible to operate the system as an MCP response action.  Without the ongoing submittal costs, 
the electricity and maintenance costs are typically very affordable (monthly electricity costs for 
residential systems are about $8-25).  Operation of the system in such as case would no longer be 
deemed required under the MCP.  As such, ongoing operation would not prevent a party from 
achieving site closure relative to the requirement at 310 CMR 40.01035(3)(b), which precludes 
Class A Response Action Outcomes “where Active Operation and Maintenance of a remedial action 
is required.”  

If the operation of a mitigation system is no longer required as an MCP response action, the 

responsibility for system operation and maintenance costs would be determined by agreement 

between the affected parties and the Responsible Parties.  It is expected that the physical 

components of mitigation systems installed to address CEPs would be left in place by the RP if the 

property owner or building occupants indicate their intent to continue operation of a system to 

reduce contamination below the levels of No Significant Risk to achieve or approach background 

levels or to mitigate natural radon contamination.    

COMMENT: The two preceding paragraphs are, by their own 
admission, beyond the scope of the MCP and should be 
deleted, as they could be read as establishing a standard of 
care among private parties, with the de facto effect of a 
MCP requirement.   

Option B:   

Evaluation of Feasibility of Continuing CEP Remedial Activities (where NSR exists) 

COMMENT: As with the Option B for the initial feasibility evaluation; 
this option is too restrictive and does not allow the LSP to 
exercise professional judgment.  In addition, based on our 
experience, basic cost assumptions put forth by DEP are 
unrealistically low.  If the approach is used, MassDEP 
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needs to document the basis for its cost assumptions in 
detail. 

Assumptions 

 For Residential Sub-Slab Depressurization Systems, electrical costs to run a fan should be 

between $100 – $300/year.  The (semi-yearly) RMR report can generally be limited to a site 

inspection to confirm the unit is still operational and that the vacuum at the extraction point 

is still within the acceptable range, at a cost (for technician/LSP) of up to $5002,000/year.  

Assuming there are no maintenance problems or issues (e.g., need to replace a fan), annual 

costs should be about $800.could easily be  $2,500 or more. 

COMMENT: MassDEP’s assumptions for compliance are unrealistic.  
The cost of compliance with the semi-annual RMR 
requirement is more extensive than the several hours for a 
site visit.  At a minimum, the tasks involve arranging a site 
visit with a home owner; conducting the site visit; 
preparing documentation of the site visit in field logs; 
preparing the RMR form; LSP review of the 
documentation and form; arranging for the PRP to review 
the form and documents; and submittal of the form.  This 
is likely at least an 8-hour effort twice a year.  Professional 
services fees could readily be $1,000 or more per submittal, 
or $2,000 or more per year.   

 For Sub-Slab Depressurizations Systems at schools, annual costs could be up to 10 times (or 

more) higher than for residential, depending upon the school (which could range from a 

small daycare to a large public school).  A reasonable average value would perhaps be 

$4000/year. 

Categorically Feasible:   

Residential dwellings: cumulative operation and maintenance costs of remedial 

systems of less than $4000. 

Schools: cumulative operation and maintenance costs of remedial systems of less 

than $20,000  

Categorically Infeasible:  
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Residential dwellings: (i) cumulative operation and maintenance costs of remedial 

systems  more than $10,000 per residential unit; or (ii) system has been in operation 

for 10 or more years; or (iii) the owner of an owner-occupied residential building 

does not wish to continue remedial operations. 

Schools: (i) cumulative operation and maintenance costs of remedial systems more 

than $50,000 per school; or (ii) system has been in operation for 10 or more years; or 

(iii) the owner of the school does not wish to continue remedial operations. 

Site Specific Consideration Factors for Cases Between Upper and Lower Limits:   

Generally feasible if: 

 One or more vapor intrusion contaminants are Class A or B human 

carcinogens that pose estimated risks of 1x10-4 or higher; or 

� One or more contaminants remain present at the water table interface within 

30 feet of the structure at concentrations more than 10 times its GW-2 value; 

or 

� One or more contaminants remain present in sub-slab soil gas probes at 

concentrations more than 1000 times its 50th percentile typical indoor air 

concentration value; or 

COMMENT: Deleted factors are not feasibility factors. 

 The source(s) of vapor emissions has not been identified, controlled, 

eliminated, or substantially mitigated. 

Generally infeasible if: 

 No vapor intrusion contaminant is a Class A or B human carcinogens that 

pose an estimated risk of 1x10-4 or higher; and 

� No contaminant remains present at the water table interface within 30 feet of 

the structure at a concentration more than 10 times its GW-2 value; and 

� No contaminant remains present in sub-slab soil gas probes at a concentration 
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more than 1000 times its 50th percentile typical indoor air concentration 

value; and 

COMMENT:     Deleted factors are not feasibility factors. 

 The source(s) of vapor emissions has been controlled, eliminated, or 

substantially mitigated 

Possible Responses to OHM Measured in Indoor Air as part of an MCP Assessment 

Response    Applicable Situations______________________________ 

No Further Action   Contaminant levels are below Threshold ValuesTIACs 

     Contaminant levels are not related to a Reportable   

         Release under the MCP 

     Following CEP feasibility evaluation concluding   

           that mitigation is not feasible 

     Structure’s owner-occupant declines mitigation   

         following a determination of No Significant Risk 

     At the point of submitting a Response Action Outcome for  

        a Permanent Solution, following an MCP feasibility  

        evaluation concluding that further reduction of   

                   contaminant levels is infeasible 

Further Assessment and/or  Contaminant levels are below Threshold ValuesTIACs 

Risk Reduction Performed   Contaminant levels are not related to a Reportable  

Outside the MCP Process        Release under the MCP 

     Contamination is due to chemical use or residual   

        contamination inside the structure of concern 

     Contamination is due to an interior release of OHM less  

        than the Reportable Quantities 

     Contamination is due to an outdoor air source 
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     Continuation of risk reduction (possibly by non-PRP)  

        following a determination of No Significant Risk and a  

        final MCP feasibility evaluation 

Further Assessment and/or  Critical Exposure Pathway  

Risk Reduction Performed  Substantial Release Migration 

As an Immediate Response   Following an Imminent Hazard Evaluation 

Action     Following 2-hour and 72-hour notifications 

Risk Reduction Performed   Following Phase II Comprehensive Site Assessment and Phase 

As Comprehensive Response     III evaluation, risk reduction performed as Phase IV, Phase 

Actions        V and possibly Remedy Operation Status    

Actions Taken After   For Temporary Solutions, operation/maintenance/monitoring 

Submitting a Response           related to an active mitigation system 

Action Outcome Statement        

�    For Permanent Solutions, operation/maintenance/monitoring 

       related to a passive mitigation system, or monitoring of  

        future use or other AUL conditions 

3.0 INVESTIGATION 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, and is not intended to 

modify or be inconsistent with those requirements..  

The goal of this assessment guidance on vapor intrusion is twofold: 
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• Provide guidance on determining whether or not the vapor intrusion pathway at a site is 

a complete pathway of concernthat requires further investigation; and  

• Provide guidance on assessing risks associated with complete vapor intrusion pathways 

that are of concernshould further investigation be necessary.  

Assessment of the vapor intrusion pathway requires a detailed and thoughtful analysis. 

Investigations to determine whether or not the pathway is a concern focus on 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 significance of vapor intrusion can be determined by following the steps in Section 

3.4.  If a vapor intrusion is a concerncomplete pathway, associated risks can be estimated per 

Section 3.5.3.5, should that be necessary. 

While presented here in a linear step-by-step fashion, the assessment process can be an iterative 

one.  Throughout these sections, stopping points have been inserted that recommend the investigator 

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 2.2 must be taken. 
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3.1.3 Sub-Slab Soil Gas Screening 

An exception to the need for indoor air testing utilizes a simplified form of vapor intrusion 

modeling that is based on empirical observations.  Sub-slab soil gas screening can be used in a 

simplified form of vapor intrusion modeling that is based on empirical observations.   

COMMENT: By describing simplified vapor intrusion modeling as an 
“exception” to the need for indoor air testing improperly 
implies that indoor air testing is as a general requirement. 

For sites where groundwater contaminant concentrations are relatively low, MassDEP has 

determined that a generic sub-slab soil gas-to-indoor air attenuation factor of 10100 can be used to 

assess vapor intrusion.  The attenuation factor of 10100 was derived from data obtained from 

throughout the United States.   

COMMENT:   We note that MassDEP endorses an attenuation factor of 
100 in Section 4.4.7.7.  See comments in cover letter 
regarding screening criteria.   

This modeling approach would utilize the regulatory option of a Method 2 Risk Assessment.   As 

described in 310 CMR 40.0986, modeling that incorporates site-specific data can be used to 

determine that site contamination “…  will not infiltrate to indoor air and result in significant risk of 

harm, public welfare or the environment.”  At sites where average groundwater concentrations 

within each wellhead are less than 2-times the Method 1 GW-2 standard(s), sub-slab soil gas 

concentrations less than ten-fold the MassDEP-established Threshold Values (TVs)the sub slab soil 

gas concentration are less than one hundredfold the concentration in indoor air that would 

pose No Significant Risk taking into account the number of constituents that add significantly 

to total site risk at any specific site, it can be concluded that vapor intrusion is not a complete 

pathway and thus not a pathway of concern for the site. 

COMMENT: As discussed in the cover letter, this standard is not 
properly considered a Method 2 standard.  Even if it were, 
Method 2 does not restrict concentrations that may be 
compared to a Method 2 standard to concentrations less 
than twice the GW-2 standard.  The end point of the 
Method 2 methodology is No Significant Risk (310 CMR 
40.0988(2)), not typical indoor air values; therefore 
establishing an acceptable subslab soil gas concentrations 
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based on 10 times the TV is not consistent with the 
regulations.  As noted above, correlating twice the GW-2 
value with 10 times the TV is unsubstantiated.  We suggest 
the use of sub-slab soil gas concentrations that are less 
than one hundred times the NSR levels, as discussed in the 
cover letter. 

The Draft Guidance should recognize that parties have the 
option of developing a Method 2 GW-2 standard with the 
use of modeling, consistent with 310 CMR 40.0986. 

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 the processes that govern contaminant transport; 

• Identify data gaps; 

• Develop a sampling program; 

• Interpret sample results;  

• Identify receptors; and 

• If necessary, provide a list of Contaminants of Concern (COCs) and associated Exposure 

Point Concentrations (EPCs) for a risk assessment.  

COMMENT:   A CSM does not typically generate EPCs, which are 
developed as part of the risk assessment, but it does 
identify receptors.  

 49  



AMEC/GEI MARK-UP OF DRAFT Indoor Air Guidance – 6/09  
For Discussion Purposes Only 

MassDEP recommends the use of 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 
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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” 

COMMENT:   The CSM detailed in the ITRC guidance is much more 
comprehensive than that described in DEP policy #WSC-
07-350, “MCP Repetitiveness Evaluations and Data 
Usability Assessments (REDUA),” or in the training 
conducted by the LSP Association, “Use of the CSM 
Process to Support MCP Deliverables,” on September 26, 
2006.   The expectation outlined above is much more 
extensive than the “succinct summary of the most current 
disposal site CSM,” required by the REDUA guidance and 
may cause confusion among LSPs and MassDEP staff.  
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The ITRC guidance is also inconsistent with the Technical 
Update on “Residential Typical Indoor Air 
Concentrations,” by stating that the CSM should “reflect 
any relevant background levels” since the Update 
maintains that “background indoor air concentrations are 
not as easily determined...[and] it is not possible to 
determine with confidence the building-specific 
background concentration.”  In addition, previous 
guidance has not suggested future uses for undeveloped 
lands be incorporated in the CSM.  These inconsistencies 
will lead to confusion among LSPs and MassDEP staff as 
to which guidance to follow.  Instead of attempting to 
import standards developed in a wholly different context 
into the MCP regime, MassDEP should consider 
explaining the appropriate scope of CSM development 
under the MCP Phase II process, consistent with the 
comments in the cover letter regarding site 
characterization.  

3.3 Planning and Design of a Sampling Program  

3.3.1   Planning the Study 

The objectives of a vapor intrusion sampling program can include: 

• Develop data to determine whether or not vapor intrusion is a pathway of concerncomplete 

pathway, and, if so, whether it is a pathway that requires additional investigation; 

• Develop data to determine whether or not vapor intrusion is a complete pathway, and, 

if so, whether it is a pathway that requires mitigation; 

• If necessary, develop exposure point concentrations (EPCs) that can be used to estimate the 

risks associated with the vapor intrusion pathway; and 

• Verify and, if necessary, modify the Conceptual Site Model. 

If groundwater or soil conditions indicate the possibility of vapor intrusion (see Regulatory Section 

2.1), the optimal approach when assessing the pathway is to develop additional lines of evidence, 

including an inventory of potential indoor air sources and data from sub-slab soil gas, indoor air, 

and outdoor air, if possible.  These site-specific lines of evidence can then be coupled 

withcompared to Typical Indoor Air Concentrations (TIACs) (MassDEP 2009), as described in 
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Section 3.4, to make an informed conclusion as to significance of vapor intrusion.  This approach 

may decrease the instances where unnecessary response actions are taken and cases where 

necessary response actionactions are not performed. 

COMMENT:   See comments in cover letter regarding lines of evidence 
and attached AMEC Comments on TIAC document and 
draft TV policy. 

In a limited number of cases, the investigator might be able to rely on a more restricted amount of 

evidence to make conclusions regarding vapor intrusion, obfuscatingobviating the need for 

additional lines of evidence.  When COC concentrations in indoor air and groundwater are well 

above TIACs and GW-2 standards, respectively, it might reasonably be concluded, without further 

investigation, that vapor intrusion is a concern.  Conversely, if contaminant concentrations in 

groundwater are relatively low, sub-slab soil gas screening can be used to determine if the pathway 

is not a concern (Section 3.1.3). 

For the development of EPCs, the sampling plan should focus on indoor air measurements.  For 

acute exposures, limited indoor air sampling often can be used to estimate EPCs.  Therefore, one 

indoor air sample result and other lines of evidence that identifiesidentify vapor intrusion would 

be adequate to develop an EPC for an initial Imminent Hazard Evaluation.  For evaluations of more 

chronic exposures, a more robust indoor air sampling data set is required.    

COMMENT:   One indoor air sample cannot “identify vapor intrusion.” 
It can be consistent with a hypothesis when supported by 
all of the available lines of evidence, but one sample, by 
itself, is not sufficient to demonstrate a complete vapor 
intrusion pathway. 

Regardless of the goal, planning a vapor intrusion sampling study should include the following 

steps:  

1. Identify the contaminants of concern;Identification of target analytes;  

2. SelectingSelection of sampling locations, duration and frequency; 

3. 3. Selection of sampling and analytical method; and 

4. Development of Quality Assurance and Quality Control parameters and procedures. 
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COMMENT:   Selection of contaminants of concern (COCs) is a step in 
the risk assessment process that relies on the results of site 
investigations, including such variables as detected 
analytes, frequency of detection, and potential indoor air 
sources, among other things. 

These steps will be discussed in the following sections. 

3.3.2 Identifying Target Analytes 

In conjunction with the above discussion, it is important to identify which chemicals should be 

targeted in the analysis.  The EPA (Toxic Organic) TO Methods and other analytical methods 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 or eliminating analytes which 

based on the CSM are not associated with the disposal site.  For additional discussion on 

characterizing contaminants of concern, please consult the MCP Guidance Document (MassDEP, 

1995), Section 2.2 entitled “Determining the Nature and Extent of Contamination”.” 

3.3.3 Selecting Sampling Locations, Duration and Frequency 

This section discusses where to sample media (locations), the length of time to collect samples 

(duration), and how often to collect samples (frequency).  Sampling decisions require an 

understanding of the inherent variability associated with sampling environmental media.  

Contaminant concentrations are known to vary spatially in all environmental media.  Groundwater 

and soil gas contaminant concentrations often differ greatly among different locations within the 

same horizontal or vertical plane.  Indoor air contamination variescan vary spatially as well, both 

within a building and from building to building.  Contaminant concentrations also may vary 

temporally, with changes occurring over a day, across seasons, or over a number of years.  

Therefore, in order to provide adequate lines of evidence and to develop a conservative exposure 

point concentration, elements ofpotential spatial and temporal variability must all be addressed in 

the sampling plan.   
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As mentioned in Section 3.3, sampling and analysis of indoor air will usually be part of the vapor 

intrusion sampling plan.  SubslabSub-slab soil gas and outdoor air might also be included as part of 

the sampling effort.  The subsections below primarily provide guidance on sampling indoor air, 

outdoor air, and sub-slab soil gas.   

It is assumed that soilSoil and groundwater contamination typically has been 

characterizedidentified before developingthe need arises to develop a sampling plan to investigate 

vapor intrusion.  However, because investigation of vapor intrusion is often an iterative process, the 

need for additional soil and groundwater testing might arise.  Guidance on sampling these media is 

provided in Appendix XXXX.  Important considerations when sampling soil and groundwater when 

investigating vapor intrusion include: 

1. Contaminant concentrations in the upper -most section of the water column are most 

relevant for vapor intrusion at any given point in time, particularly where a lens of 

uncontaminated shallow groundwater may be present. 

2. Contaminant concentrations in groundwater can vary significantly over space and time.  

Samples from varying depths and across seasons are recommended to better understand the 

potential for vapor intrusion over a long period of time . 

3. VOC contamination of soil can result in vapor intrusion.  If the release to soil is localized 

and under a building foundation, locating contaminated soil can be a challenge.  Towards 

this end, the investigator should carefully review historical and current chemical use at the 

site.  If soil contamination is suspected but not found, sub-slab soil gas samples can be 

useful in assessing the soil-to-indoor air pathway.     

3.3.3.1 Indoor Air 

Before sampling indoor air for environmental contaminants, it is important to reiterate that 

MassDEP does not advise sampling indoor air under the following conditions: 

1. Where area groundwater contains contaminants below their GW-2 standards, assuming 

none of the important exceptions apply (see Section 2.1.3 of this guidance). 
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2. Where contaminants under investigation (e.g., automobile repair garages when 

investigating certain petroleum fractions, dry cleaners when investigating 

tetrachloroethylene, etc.) are frequently used in the building being investigated.  In these 

cases, it might be difficult to determine the significance of the vapor intrusion pathway. 

Investigators might also opt out of indoor air testing if groundwater concentrations are demonstrated 

to be less than 2-times the GW-2 and sub-slab soil gas concentrations are less than 10-time the 

Threshold Values (Section 3.1).100-times the concentration of indoor air concentrations that 

would pose No Significant Risk, taking into account the number of constituents that add 

significantly to total site risk at any specific site. (Section 3.1) 

COMMENT:   See comments regarding this issue in Section 3.1.3 and 
regarding the lines of evidence approach endorsed in this 
Guidance in Section 3.4. 

When indoor air sampling is indicated, efforts should be made to reduce the potential for 

confounding sources of contamination.  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.  In addition, indoor sources identified as potential 

contributors of VOCs to the indoor air should be removed, if feasible.  Examples of these sources 

include recently dry-cleaned clothing, and solvents or other products which are improperly stored or 

noticeably off-gassing. 

Duration – It is also important to take samples in a manner that approximates human 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. 

Duration - For residential buildings, a period of 24 hours is an ideala preferred minimum sampling 

time period.  This willwould allow the investigator to capture fluctuations in vapor intrusion due to 

changing conditions throughout the day and night.  In some cases, it is necessary to collect samples 
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over a shorter period of time due to logistical limitations.  While these samples can be valuable, 

they are inherently less reliable that samples collected over a 24 hour period.For instance, 

MassDEP understands that residents may require that the sampling occur during a time that 

they specify for any number of reasons, and the sampler may have little control over the 

sampling duration. Generally, MassDEP recommends a minimum sampling period of 4 hours.  

Sampling conducted over a shorter period of hours may not capture potential fluctuations in 

contaminant concentrations during a 24-hour period, but may be used to support a 

comprehensive site investigation and risk characterization.  

COMMENT:   MassDEP should delete the statement that samples 
collected over less than 24 hours are “less reliable.” They 
are in fact very reliable for measuring contaminant levels 
during the measurement period. 

For commercial buildings, a period of 8 hours during regular business hours is recommended as the 

minimum sampling duration for collecting indoor air data.  However, depending on the nature of the 

source, longer sampling durations may increase confidence in measured concentrations.  As above, 

however, logistical limitations may necessitate the collection of samples over a shorter period. 

COMMENT:   Longer sampling periods do not necessarily increase 
confidence in sampling results, because the source may be 
constant, whether over an 8 hour or 24 hour period, and a 
longer sampling period may capture fluctuations due to 
the changing atmospheric and operations conditions 
throughout the day. 

Frequency – For daycares, schools, and residences, MassDEP recommends that at least three 

sampling rounds in three different seasons, including winter, be conducted before final 

conclusions and recommendations are madethe vapor intrusion pathway can be ruled out as 

incomplete.  For commercial and industrial buildings, two sampling rounds in different seasons, 

including winter, might provide sufficient information to make decisions regarding vapor 

intrusion.  In order to obtain an estimate of long-term conditions, the sampling data should be 

obtained over at least three different seasons. conclude that the vapor intrusion pathway is 

incomplete or poses NSR.  In both types of buildings, the vapor intrusion pathway can be 

deemed complete with only one sampling round if detected constituents are sufficiently high 
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and other lines of evidence support the conclusion of a complete pathway, but additional 

sampling rounds are required to rule out the vapor intrusion pathway as being complete.  

COMMENT:  It is inconsistent to state that two sampling rounds are 
sufficient in commercial and industrial buildings and then 
to state a de facto requirement for three sampling rounds 
for assessing “long-term conditions.”  If MassDEP means 
that two rounds with NDs or low level detects may be 
sufficient to rule out the vapor intrusion, but two higher 
level detects are not sufficient for risk characterization 
purposes, the Guidance should state as much. 

One of these seasons should include winter, when conditions are often more conducive to vapor 

intrusion.  During winter, windows are usually closed and heating systems are more active.  

MassDEP also recommends sampling during a low pressure event, when the pressure and 

temperature gradients between the inside of the building and the outdoor environment are 

maximized.  In this way, the data collected isare more likely to represent “worst-case” conditions. 

COMMENT:   It is not practical to plan an indoor sampling event for a 
day with low pressure.  Access must be arranged with 
owners and often tenants.  Summa canisters must be 
ordered and field mobilization planned far in advance of a 
reliable weather report. 

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. 

Location -– It is generally recommended that both the occupied (or living) areas as well as 

basement areas be sampled.  To better 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.  As discussed above,No manipulation of 
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airflow should not be done occur  prior to sampling.  However, the sampling locations should be 

selected by investigating airflow patterns in the study area.  Samplers should not be placed adjacent 

to windows or exterior walls where drafts may be present.   

Detailed guidance on collecting indoor air samples is provided in Appendix XXXX of this 

document. 

3.3.3.2 Sub-slab Soil Gas 

COMMENT:  The information provided in this section is not always in 
optimal order.  We have suggested some reordering that 
moves all information about frequency into the frequency 
section, all information about location into the location 
section, etc.  Section headings will require revision. 

Sub-slab soil gas data can be obtained if the investigator suspects vapor intrusion is not a complete 

pathway of concern for a building (Section 3.1.3).  Sub slab soil gas samples can be used to rule 

out a complete vapor intrusion pathway, if the analytes detected in indoor samples are not 

present in the sub slab soil gas samples.  Soil gas data from beneath the slab can also assist 

remediation strategies when the pathway is found to be a concerncomplete and needs to be 

eliminated or mitigated.  When investigators choose to take such samples, MassDEP 

recommends analyzing sub-slab soil gas samples which are collected in the space immediately 

below a building’s basement or slab.  Sub-slab samples are preferable to deep soil gas samples 

or soil gas samples obtained from outside the footprint of the building.  This is due to the 

proximity of sub-slab sampling locations to the receptor and the minimization of background 

contamination from indoor air sources when the sample is collected properly.  However, 

MassDEP will consider deeper sub-slab samples if ample justification is presented. 

Duration -– 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. -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 U.S. EPA staff have recommended a maximum sampling rate of 0.1 to 0.2 

Liters/minute (citation needed from SOP).   
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COMMENT:   The source and derivation of this rate should be explained. 

Empirical and mathematical evaluations of “purge volume” concerns indicate that pre-evacuation of 

5five probe volumes should suffice.  For a ½ -inch -diameter probe cored 4 inches into/through a 

basement slab, 5five probe volumes would equate to approximately 250 mL (about 1-2 minutes of 

sampling with a PID meter). 

Location -– Because vapor concentrations beneath slabs can be vary from point to point, it is 

important that the sampling locations represent this variability.  Although soil gas samples can be 

obtained outside the footprint of the building and at varying depths, MassDEP recommends 

sampling sub-slab soil gas samples  which are collected in the space immediately below a building’s 

basement or slab.  Subslab samples are preferable to deep soil gas samples or soil gas samples 

obtained from outside the footprint of the building.  This is due to the proximity of sub-slab 

sampling locations to the receptor and the minimization of background contamination when the 

sample is collected properlyare selected to account for this potential variability.  Probes should 

be installed in inconspicuous areas such as utility closets or beneath stairs, when possible.  

Also, at least one probe should be centrally located, if possible. 

Frequency - At– Preferably three, but at least threetwo probes per sampling event should be 

installed in a typical single family home; more in larger buildings.  TheseIf possible, given existing 

building uses and the owner’s consent, these probes should generally be permanent,installed 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..  Unlike those for indoor air, “worst case” conditions for sub-

slab soil gas concentrations may occur during the early fall, just before heating systems are 

activated.  However, due to the benefit of evaluating vapor intrusion data obtained at the same or 

similar pointing time, MassDEP recommends obtaining sub-slab and indoor samples concomitantly.  

At a minimum, sub -slab soil gas samples should be collected alongside two seasonal indoor air 

sample(s), one of which should be in winter. 

COMMENT: Sub-slab soil gas samples do not have to be taken alongside 
two seasonal indoor air samples. MassDEP does not allow 
modeling of sub-slab soil gas data to predict indoor air 
concentrations, there will be limited utility to obtaining 
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sub-slab data at all. Such data may be collected so that the 
detected substances in sub-slab samples may be compared 
to those in indoor air samples to determine which 
constituents are site related and which are not, but a single 
sampling event would suffice for this purpose.  A single soil 
vapor sampling event, collected prior to indoor air 
sampling, would also be sufficient to rule out the vapor 
intrusion pathway, if sub-slab concentrations are less than 
one hundred times the concentration in indoor air that 
would pose NSR taking into account the number of 
constituents that add significantly to total site risk at any 
specific site. 

Detailed guidance on installing and sampling soil gas probes is provided in Appendix XXXX 

of this document.  

3.3.3.3 Outdoor  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, MassDEP recommends at least one outdoor air sample 

be obtained at the same time as one of the indoor air sampling events.   Outdoor air samples should 

be collected and analyzed by the same method as for indoor air samples and generally for the same 

duration. 

COMMENT:   Collecting a 24-hour outdoor air sample may be 
impractical due to the risk of vandalism or theft. 

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 or on the side of the building where outdoor air routinely enters the 

building via air intakes, garage doors, large doorways, etc. 

Outdoor air samples should be located to minimize bias for or against obvious sources of volatile 

chemicals (e.g., automobiles, lawn mowers, oil storage tanks, gasoline stations, industrial facilities).  
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Furthermore, depending upon site COCstarget analytes, outdoor activities such as lawn mowing, 

painting, asphalting, sanding, etc. should also be suspended during thisthe time of indoor and 

outdoor sampling.  If outdoor air is a suspected source of contamination, outdoor air samples 

should be obtained, if possible, on the day that outdoor sources of COCs are not emitting 

contaminants.  For example, when investigating vapor intrusion by tetrachloroethylene, indoor and 

outdoor air samples should be collected during a time period when nearby the dry cleaner(s) are 

closed.  However, if this is not possible, outdoor samples should be taken at a location that 

would represent the outdoor air quality that may be entering the building and affecting 

indoor measurements.  MassDEP recommends that the professional use knowledge of the 

Conceptual Site Model to determine the proper sample locations.  

COMMENT: Our concern, in making this change to the text, is that 
sampling should always occur in areas representative of 
what might be affecting indoor air, not unrealistic 
conditions that do not even fairly reflect “best-case 
conditions.”  For example, a parking area near a 
building’s air intake is a natural, even a critical, sampling 
location to characterize the air entering the building.   
Also, if one eliminates background sources during outdoor 
air sampling, one cannot be said to be collecting data 
representative of normal background conditions. 

3.3.4 Selection of Sampling/Analytical Methods  

3.3.4.1.3.3.4.1 Sample Collection 

MassDEP generally recommends use of  evacuated canisters for the collection of soil gas, indoor 

air, and outdoor air.  While other collection methods exist, evacuated canisters appear to be the most 

reliable, and they achieve the best detection limits of the available methodologies for petroleum 

constituents and chlorinated organic compounds.  Collecting whole air samples in this manner is 

advantageous, to avoid “break through” issues with sorbent tubes, and to allow the lab to draw 

multiple samples, if needed. 

The general approach for conducting sampling using evacuated canisters is the same across media, 

whether of soil gas, outdoor air, or indoor air.  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.  In accordance with Methods TO-14/15/17 of the EPA “Compendium”, the canister vacuum 
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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. 

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.  These probes should be 

permanent, in order to allow for multiple sampling rounds, and should be installed in inconspicuous 

areas such as utility closets or beneath stairs., if possible.  

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 . 

COMMENT:   The deleted text was included in the duration section and 
does not need to be repeated. 

While use of evacuated 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.   

3.3.4.2 Sample Analysis 

When investigating vapor intrusion by non-petroleum contaminants, MassDEP recommends 

evacuated canisters be analyzed by U.S. EPA TO-14/15 or the MassDEP APH procedures 

(MassDEP 2008).  U.S. EPA TO-14/15 analyzes for a wide range of VOCs, including contaminants 

often associated with hazardous release sites in Massachusetts.  The method is especially useful for 
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chlorinated VOC releases.  U.S. EPA TO-14/15 can also be useful in assessing off-gassing for 

petroleum releases where VPH contamination predominates.  When used to characterize petroleum 

releases, qualitative evaluation of the TO-15 total ion chromatogram should be performed to 

demonstrate a lack of numerous non-target peaks suggestive of a more complex mixture.  In cases 

where separate-phase fuel is believed to be the source of vapors (e.g., LNAPL), then the APH 

method must be used.  When sufficient data already exist to determine which constituents may 

be site related, it may not be necessary to analyze the samples for the full TO-14/15 analyte 

list, provided that the justification for narrowing the analyte list to selected analytes is well 

documented. 

The MassDEP APH method is useful when the investigator needs to characterize the composition 

and concentrations of complex mixtures of petroleum hydrocarbons (e.g., gasoline, kerosene, jet 

fuel, and fuel oils) in air samples.  The APH Method is a DRAFT procedure developed by 

MassDEP through modification of the U.S. EPA TO-15 method.  Data are generated in a format 

that permits characterization of the exposures and risks from those exposures using MassDEP’s 

VPH framework.  Originally issued in 2000, it has yet to be finalized, although a number of 

laboratories are conducting the procedure.  While conceptually sound, and capable of producing 

reliable data, there are still concerns over the capabilities of the method; specifically, its ability to 

reliably detect and quantitate heavier molecular weight hydrocarbons (e.g., naphthalenes).  It is 

possible that the method may either under-report these compounds (because they adhere to the 

evacuated canister and are not introduced into the GC), or over-report these compounds (when 

carry-over compounds from a previous use of the canister get released to the GC).   

See Appendix XXXX for additional information on 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/ACQC) techniques be routinely incorporated into the sampling 

design for each media.  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 (QC) is an integrated series of 
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technical activities that measure whether and how well the goals established in the 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 (DQOs) for the project.  Data quality indicators (DQIs) are developed during the 

development of the DQOs as quantitative measures of the achievement of quality objectives.  The 

US EPAMassDEP uses the acronym PARCCS to define six DQIsDQOs:  Precision, Accuracy, 

Representativeness, Comparability, Completeness and Sensitivity. in the REDUA.  Although 

there is not a CAM for air testing, the QA/QC procedures discussed in the REDUA are 

applicable  These indicators are used together with data quality control measurements to define the 

quality of the data collected for the purpose of 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 canare to 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 parameters 

and data quality indicators discussed in previous sectionsabove.  A Quality Assurance/Quality 

Control Checklist:  Indoor Air Monitoring of Volatile Organic CompoundCompounds 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 can begin.  

There are several situations which call for further interpretation of monitoring results.  These 

include:  the treatment of Non-Detects (NDs); the treatment of contaminated laboratory or field 

blanks; and the treatment of tentatively identified compounds. 
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COMMENT:   This discussion requires more explanation.  In addition, 
TIC data should never be taken without confirmation of 
the computer-proposed identification by a qualified mass 
spectrometrist. The algorithm used by computer software 
can be misled by coeluting material or differences in the 
mass range included in the library spectrum from that 
acquired during the analysis. In addition to verifying the 
spectral match, the mass spectrometrist should take into 
account the anticipated retention time for the compound 
identified - for example, a peak identified by the computer 
as a high boiling compound would be implausible as a TIC 
in a volatile organics analysis. 

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), as well as MassDEP’s 

????. 

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 complete vapor intrusion pathway for the 

building(s) in question.  MassDEP assumes that, absent compelling information to the contrary, the 

potential for volatiles to find a path into structures near vapor sources is more likely than not.  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 vapor intrusion pathway.     

COMMENT:   See comments in cover letter regarding lines of evidence 
approach.  

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 might indicate 

the need forthat further sampling investigations are desirable.  Additionally, during the Lines of 

Evidence evaluation, previously unknown data gaps might be identified.  Such a development 

would also indicate the desirability of additional sampling and analytical efforts.  Reasonable 
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efforts should be made to fill data gaps if possible, but MassDEP is aware that it will not be 

possible to fill all data gaps in all instances.  For instance, property owners may not allow 

initial or repeated access to a building for additional sampling even though additional 

sampling might be desirable.  

The extent of evidence requiredappropriate to make conclusions regarding vapor intrusion will 

vary depending upon the site.  In some cases, limited sampling rounds of indoor air might be 

sufficient to demonstrate vapor intrusion, whereas other might require multiple sampling rounds.  

Conversely, in order to.  To conclude that vapor intrusion does not exist 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. 

Because contamination in the subsurface is site-related, as these concentrations increase, so too does 

the potential for vapor intrusion. 

COMMENT:   The discovery of a constituent in the subsurface does not 
demonstrate that the constituent is related to the disposal 
site that caused the release under investigation. Subsurface 
constituents can be present in historic fill material or spills 
distinct from the release under investigation.  Moreover, 
the discovery of a constituent in the subsurface does not 
mean that contamination is migrating.  More often than 
not, releases are historic and not continuing. 

Conversely, because 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.  The many factors affecting vapor intrusion make 

the pathway difficult to predict.  

3.4.2 Lines of Evidence 

3.4.2 Lines of Evidence 

As mentioned, MassDEP recommends considering 6 distinct lines of evidence for determining 
whether or not indoor air contamination is due toUsing a Lines of Evidence approach, various 
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conditions should be considered when evaluating whether there is a complete vapor intrusion 
pathway at a site: 

1. Groundwater; 

2. Indoor Air; 

2. 3. Soil; 

3. 4. Soil gas; 

4. Indoor air; 

5. Outdoor air; and 

6. Indoor sources.; 

7. Current and historic site use; 

8. Building construction type, foundation type, condition of building; and 

9. Local geological conditions 

10. Mathematical modeling 

COMMENT:   Lines of Evidence are not limited to the presence of 
contamination in various media.  The environmental and 
building conditions also influence whether or not a vapor 
intrusion pathway is complete. 

When evaluating the each line of evidence, the investigator should keep in mind the list of COCs at 

the site.  The 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.   The investigator should also take the Conceptual Site 

Model into account when interpreting the Lines of Evidence. 

COMMENT:    See comments in cover letter regarding lines of evidence 
approach. 

SUGGESTED TEXT:   The concept behind the Lines of Evidence approach is that 
the data and information associated with one of the factors 
is insufficient to conclude that a complete vapor intrusion 
pathway is absent or present; however, that conclusion can 
arise from the data and information associated with 
multiple factors.  For example, groundwater 
concentrations that range from two to ten times the GW-2 
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standard at a site are not sufficient to conclude that a 
potential vapor intrusion pathway is incomplete.  
However, that same data may be sufficient to conclude 
that a complete vapor intrusion pathway is unlikely if 
considered in light of soil gas concentrations that permit 
the conclusion that indoor air concentrations would be 
NSR, in a newly constructed building without a basement 
and a competent concrete slab, even without indoor air 
sampling.  In another situation, sampling may indicate the 
presence of chlorinated VOCs in indoor air.  The soil gas 
samples collected beneath the footprint of the building do 
not contain chlorinated VOCs above the laboratory 
reporting limits and ambient air samples measure elevated 
samples of chlorinated VOCs.  Based on these additional 
lines of evidence, the investigator could conclude that there 
was no complete vapor intrusion pathway.  The Guidance 
should emphasize the need to develop lines of evidence that 
address the existence of unique site conditions and utilize 
available data. 

3.4.2.1 Indoor Air Groundwater 

First and foremost in evaluating the evidence for vapor intrusion are the results of indoor air testing.  
Absent other information, if COCs are detected in indoor air of a residence, school or day care it 
should be concluded that vapor intrusion is a pathway of concern.  However, in order to reduce 
unnecessary response actions, the investigator should determine the extent to which above-ground 
sources contribute to COC levels in indoor air.  The determination can be achieved by using other 
lines of evidence described in the following sections. 

Conversely, if COCs are not detected in indoor air over several rounds of testing, other lines of 
evidence are not necessary to determine that vapor intrusion is not presently a concern.  In cases 
where sub-slab contamination is substantial, future assessment of the pathway would be warranted. 

3.4.2.2 Groundwater 

Groundwater contamination is often the first line of evidence to indicate a potential vapor 
intrusion pathway.  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 
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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 is a concern and there is the potential for a 
complete pathway.  As described in Section 2.1, levels below GW-2 standards in groundwater near 
buildings generally lead to a conclusion that vapor intrusion is not present.  As levelsThe more that 
concentrations of a COC in groundwater increase above theexceed its 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 athat the vapor intrusion 
pathway is incomplete. 

3.4.2.3  3.4.2.2 Soil 

Sampling data from soil is frequently unreliable in assessing the vapor intrusion pathway.  Studies 
have found that there is very poor correlation between soil and soil gas concentrations.  Thus,While 
generally less reliable in predicting indoor air conditions than groundwater or soil vapor data 
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. 

3.4.2.4  3.4.2.3 Soil Gas 

Like sampling data from soil, soil gas concentrations are often not good predictors ofdata must be 
considered carefully as measures of potential 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 attenuationAttenuation of soil gas contamination into indoor air 
isalso can be highly variable, and does not lend itself to reliable prediction. Therefore, even if a 
representative data set waswere generated for soil gas contamination, it would be difficult to select 
a corresponding indoor air concentration.  For these twomany other factors may affect the extent 
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to which it results in indoor air contamination, particularly building construction, soil type, 
soil moisture, and building ventilation.  For these reasons, soil gas data, by themselves, 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. 

MassDEP has defined two situations in which sub-slab soil gas data can be useful.  As 
mentioned in Section 3.1.3,3.1.4, sub-slab soil gas can be used in conjunction with low 
contaminant concentrations in groundwater to conclude, without indoor air testing, that vapor 
intrusion is not a concerncomplete exposure pathway.  Soil gas sampling data can also 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. 

COMMENT:   See comments in cover letter regarding soil gas screening 
criteria. 

3.4.2.4 Indoor Air 

First and foremost in evaluating the evidence for vapor intrusion are the results of indoor air 

testing.  Absent other information such as the existence of COC sources inside a building or 

the relative absence of COCs in sub-slab soil vapor at the same building, if COCs are detected 

in indoor air of a residence, school or day care it should be concluded that vapor intrusion is a 

complete exposure pathway.  However, in order to reduce unnecessary response actions, the 

investigator should determine the extent to which above-ground sources contribute to COC 

levels in indoor air.  The determination can be achieved by using other lines of evidence.  

described in the following sections. 

Conversely, if COCs are not detected in indoor air over several rounds of testing, other lines 

of evidence are not necessary to determine that vapor intrusion is not presently a complete 

exposure pathway.  In cases where sub-slab contamination is substantial, future assessment of 

the pathway would be warranted. 

COMMENT:   LSPs need the professional discretion to eliminate 
consideration of the vapor intrusion pathway where 
repeated indoor air sampling has shown no evidence of 
vapor intrusion.  It is illogical and inconsistent of 
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MassDEP to conclude that the “substantial” presence of 
contaminants in soil gas, which MassDEP has elsewhere 
decided are not reliable predictors of an absence of indoor 
air contamination, should trump definitive and negative 
indoor air sampling results. 

3.4.2.5 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.  

COMMENT: See comments in cover letter regarding indoor air 
background and attached AMEC comments regarding 
draft TV policy, submitted August 14, 2008.   

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  3.4.2.6 Indoor Sources 

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 volatile compounds from contaminated soil and groundwater 

vapor.  Often these volatile compounds are found at low concentrations or very infrequently. 

However, in some cases vaporsVapors generated inside homes can be persistent and pose potential 

concerns for the residents.  The list of materials and activities that potentially release chemicals is 
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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 linesline 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 linesline 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   

COMMENT:   See comments in cover letter regarding screening criteria.  

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, the 

probability that there is a complete vapor intrusion pathway increases. 

COMMENT:   The Guidance should include discussion on the following 
factors that are also lines of evidence in the evaluating the 
likelihood of a complete vapor intrusion pathway: 

3.4.2.7 Current and Historic Site Use 

3.4.2.8 Building Construction Type, Foundation Type and Condition of Buildings 
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3.4.2.9 Local Geological Conditions 

3.4.2.6 3.4.2.10 Mathematical Modeling  

MassDEP does not recommend using mathematical modeling (e.g., the Johnson & Ettinger vapor 

intrusion model) (1991) as a line of evidence for vapor intrusion pathway in a particular building.  

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, after 

reviewing a nationwide vapor intrusion database (U.S. EPA 2008), information provided by staff 

from NYSDEC on vapor intrusion sites in New York state, and VOC sites in Massachusetts, 

MassDEP has concluded that, when used in conjunction with site-specific input (e.g., soil type, 

depth to contamination, etc.) the Johnson and Ettinger model has not been shown to adequately 

predict indoor air concentrations in individual buildings.   

MassDEP recognizes, however, that there are several circumstances in which some sort of 

empirical or mathematical modeling may be one of the few ways to provide risk managers 

with information needed for environmental decision-making.  For instance, in buildings for 

which access has not been granted, neither sub-slab soil gas nor indoor air samples can be 

collected.  A carefully (conservatively) parameterized mathematical model, such as the 

Johnson & Ettinger vapor intrusion model, could be used in such circumstances.  Similarly, in 

situations where buildings are planned but do not yet exist, a carefully parameterized 

mathematical model presented in conjunction with other available information could 

potentially be useful in deciding what, if any, protective systems should be incorporated into 

the design for the new building. 

COMMENT: The Guidance should explain, its skepticism of modeling 
aside, that the MCP expressly allows modeling for certain 
purposes, including the derivation of Method 2 GW-2 
standards. 

3.4.2.8 3.4.2.11 Sub-slab soil gas alphas  
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Our proposed screening alpha of 0.10.01 for sub-slab soil gas corresponds with the 9575th percentile 

of the sub-slab soil gas alphas in the latest U.S. EPA database.  Again, we are catching most, if not 

all, vapor intrusion sites with this alpha. 

COMMENT:   We note that a screening alpha of 0.01 is endorsed 
elsewhere in this draft Guidance document.  Also, TIACs 
are based on 75th or 90th percentile values of the data 
distribution, so choosing a 75th percentile from the EPA 
database is appropriate and consistent with MassDEP 
policy. 

3.5 Risk Characterization for the Vapor Intrusion Pathway 

Achieving a permanent solution at a site requires, among other things, that a condition of No 

Significant Risk be demonstrated at a site (310 CMR 40.1003).  There are three methods of risk 

characterization that can be used for this purpose.  Methods 1 and 2 are designed to address risks 

associated predominantly with contamination of soil and groundwater.  This is done through a 

standard-based approach.  Therefore, under certain site conditions (Section 2.1), when groundwater 

Exposure Point Concentrations (EPCs) are below Method 1 or Method 2 standards, a condition of 

No Significant Risk can be demonstrated for the site.  Method 3 can be used to characterize risks at 

any site, including those where risks associated with vapor intrusion are thought to be a concern. 

3.5.1 Identifying Target Analytes and Contaminants of Concern 

In conjunction with the above discussion, it is important to identify which chemicals should be 

targeted in the analysis.  The EPA (Toxic Organic) TO Methods and other analytical methods 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 listAll chemicals detected at the Site 

should be considered COCs and should be carried through the risk assessment process unless 

the chemicals are not associated with the disposal site, are present at a low frequency of 

detection and in low concentrations, or are field or laboratory contaminants.  For additional 

discussion on characterizing contaminants of concern, please consult the MCP Guidance Document 

(MassDEP, 1995), Section 2.2 entitled “Determining the Nature and Extent of Contamination”. 
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COMMENT:   Selection of target analytes is discussed above.  Once the 
results of the analyses are known, COCs can be derived.  
Additional target analytes might be added or subtracted 
from the list for future sampling events. 

Because a variety of compounds are often detected in indoor air, it is important to determine which 

of these should be considered contaminants of concern.  If subsurface contamination has been 

adequately characterized, only those chemicals detected in the subsurface associated with the 

disposal site should be considered as contaminants of concern in indoor air.  For example, at a site 

where groundwater and soil gas are found to contain chlorinated VOCs, but not petroleum VOCs, 

than any petroleum compounds detected in indoor air would not be considered contaminants of 

concern.  For more guidance on selecting contaminant of concern, see Section 2.4 in the MCP 

Guidance for Disposal Site Risk Characterization (MassDEP, 1995).  

3.5.2 Method 2 Risk Characterization 

Note:  This section will be expanded to cross reference discussions already included in the 

guidance regarding groundwater contamination, soil gas concentrations, indoor air sampling, 

source control, and modeling.    

Method 1 cannot be used to demonstrate No Significant Risk if certain conditions potentially 

favorable to vapor intrusion exist at the site (SecionSection 2.XXX) or one or more EPCs exceed 

their respective GW-2 standards.  At such sites, Method 2, where appropriate, can be used to 

demonstrate that risks are associated predominantly with contamination of soil and groundwater 

and the risks associated with any indoor air contamination that might exist would constitute 

NSR.  This determination would be achieved through the development of Method 2 GW-2 

standards (310 CMR 40.0986).  Method 2 GW-2 standards must be based pmon a demonstration 

that the vapor intrusion pathway at the site would not pose a significant risk of harm to health or 

public welfare.  The MCP requires at 310 CMR 40.0986 (2) that a Method 2 GW-2 Standard “shall 

be protective of migration of oil and/or hazardous material into indoor air.” 

A Method 2 GW-2 standard shall be developed using 1) site-specific fate and transport modeling 

and/or 2) site-specific information using soil gas, indoor air and other site data to demonstrate that 

groundwater concentrations do not pose a risk of vapor intrusion..  Use of these two approaches 
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must be scientifically justified and well documented.  Characterization of vapor intrusion using soil 

gas, indoor air and other site data (e.g., outdoor air) is discussed in greater detail in Section 3.4.   

Use of a fate and transport model  to develop a Method 2 GW-2 standard may be appropriate when 

contaminant concentrations in groundwater are relatively low.  In this regard, MassDEP 

recommends the use of a conservative, generic attenuation factor to determine that exposure to site 

contaminants is associated predominantly with soil and groundwater (Section 3.4.2.8). As described 

in Section 3.4.2.7, MassDEP has determined that empirical evidence supporting the site-specific use 

of models like that proposed by Johnson and Ettinger (1991) for this purpose is lacking and as such, 

is not recommended.   

3.5.3 Method 3 Risk Characterization 

A Method 3 Risk Characterization is required when vapor intrusion into a building is demonstrated 

first as a complete exposure pathway and then as a pathway of concern.  The Method 3 risk 

assessment, as described in the MCP Guidance Document (MassDEP, 1995), is performed with the 

objective of producing quantitative estimates of risk for threshold and non-threshold effects.  The 

risk assessment process consists of five general steps as it pertains to the evaluation of risks to 

public health.  These include Hazard Identification, Dose-Response Assessment, Exposure 

Assessment, Risk Characterization, and Uncertainty Analysis.  In the Hazard Identification step, 

detected contaminant chemicals at a site which are known or suspected to pose adverse health 

effects are identified as Contaminants of Concern along with the effects they pose.  In the Dose-

Response Assessment step, the relationship between the level of exposure and the magnitude of the 

effect(s) of the contaminants of concern is described.  Available toxicity values from EPA or other 

sources are identified which quantify the doses of chemicals associated with particular non-cancer 

or cancer endpoints.   In the Exposure Assessment step, the Average Daily Exposure in terms of the 

potential routes of exposure, the populations exposed and the frequency, duration and extent of 

exposure to the chemicals via inhalation is calculated.  In the Risk Characterization step, 

information from the first three steps is combined to estimate the threshold and non-threshold health 

risks associated with exposure to the chemicals.  Finally, in the Uncertainty Analysis step, the 

uncertainty and variability inherent in the risk assessment due to the limitations in data quality and 

quantity and the variability in the range of exposures and responses associated with the human 
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population is discussed.  Each of these sections is discussed briefly below.  For more detailed 

information on this material, please consult the MCP Guidance Document (MassDEP, 1995). 

WhenDevelopment of the exposure point concentration will depend upon the type of 

assessment.  If the results of multiple monitoring studies (e.g., seasonal sampling over three 

seasons) are available, the results can be averaged to estimate a subchronic or chronic 

exposure point concentration.  In addition, when the results of a sampling study include multiple 

exposure points in various parts of a building, a weighted Average Daily Exposure may be 

calculated as described in Section 9.3.3.1 and 9.3.3.3 of the Indoor Air Sampling and Evaluation 

Guide (MassDEP 2002).  The weighted average may be calculated by multiplying the exposure 

point concentration for each location by the exposure time at that location (usually expressed 

as hours per day), dividing it by the total number of hours exposed per day at all locations in 

the building, and adding the results of each location-specific exposure point concentration to 

obtain the concentration-equivalent for that total number of hours exposed per day in the 

building.  This weighted exposure point concentration can be used in the risk assessment 

equation as the average indoor air concentration of the COC.   

The corresponding exposure duration (ED) is then equal to the total of all the individual EDs 

corresponding to the individual exposure point concentrations.  The following example 

illustrates the calculation of a weighted average. 

Example Weighted Average Calculation: 

Location Concentration (μg/m3) Exposure Duration (hours) 

Location Concentration (μg/m3) Exposure Duration (hours) 

Basement 10 1 

1st floor 5 6 

2nd floor 1 8 

Total Exposure Duration 15 

 

The weighted average is calculated using the following equation: 
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((10 μg/m3) * 1 hr/15 hrs) + ((5 μg/m3) * 6 hr/15 hrs) + ((1 μg/m3) * 8 hr/15 hrs) = .67 + 2.0 + 

.53 = 3.2 μg/m3 

The weighted average indoor air concentration is approximately 3.2 μg/m3 and the 

corresponding ED is (1 + 6 +8) = 15 hours. 

The choice of exposure parameters to use in indoor air risk assessment should reflect site-

specific conditions/habits.  If possible, such information can be obtained by interviewing the 

residents/occupants of the building under study as to the typical amount of time spent in that 

building.  In a multi-story building, requested information could include the amount of time 

spent on various floors.  In the absence of such site-specific information, realistic exposure 

parameters should be selected.  For a multiple-story building, estimates should also be made 

of the time spent on each floor per day.  The table below presents some risk assessment 

exposure durations that MassDEP often uses.  However, different values can be used 

depending on site-specific activity patterns of the occupants.  

Default Risk Assessment Exposure Durations 

Location/Receptor  Duration  

Residence   

Infant  24 hours/day  

Child  20 hours/day  

Adult  16 hours/day; 30 years  

  

School   

Child  8 hours/day; 5 days/week; 9 months/year; 7 years  

Adult (staff)  8 hours/day; 5 days/week; 9 months/year; 25 years  

  

Workplace   

Adult (office)  8 hours/day; 5 days/week; 25 years  

 

COMMENT:   Although it is not necessary for detailed information about 
HIs and ELCRs to appear in the Guidance, we believe that 
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the details of temporal and spatial averaging are crucial 
elements of appropriate indoor air assessment and should 
be expressly addressed.  Specifically, while the previous 
draft of this section recommended temporal averages, that 
text has now been removed.  We recommend the above 
language be included in the Guidance, and we also 
recommend that the text from MassDEP (2002) be re-
adopted and added to this Guidance.  The rationales for 
these averaging approaches are as follows: 

Temporal Averaging.  The use of temporal averages for 
indoor air exposure point concentrations (EPCs) is 
consistent with the MCP and MassDEP’s risk assessment 
guidance.  The MCP is clearly intended to evaluate 
average risk to actual or potential receptors when 
assessing subchronic and chronic risks.  The MCP refers 
repeatedly to average concentrations when it discusses 
EPCs, and the Guidance for Disposal Site Risk 
Characterization (MassDEP, 1995) refers to “average daily 
exposures” and “average daily doses” throughout the 
document.  More recently, MassDEP (2002) discusses the 
concept of average exposure point concentrations with 
direct reference to indoor air concentrations.  MassDEP 
(2002) refers to a “time-weighted average” concentration 
when discussing the risk assessment of long-term indoor 
air exposures.  Similarly, the document refers to a “time-
integrated average concentration to which an inhabitant 
may be exposed over the longer term” and the use of 
“average concentrations” for the purposes of risk 
assessment.  Further, MassDEP (2002) states the multi-
season average data can be used for risk assessment.   

The MassDEP policies are consistent with U.S. EPA 
policies.  Specifically, Risk Assessment Guidance for 
Superfund (EPA, 1989) states: “When evaluating long-
term inhalation exposures, sample results should be 
representative of the long-term average air concentrations 
at the long-term exposure points.”  In addition, MassDEP 
has recently evaluated the issue of temporal variability in 
indoor air sampling within the Indoor Air Workgroups.  
Because MADEP’s current policy position is that temporal 
variability cannot be predicted, it is logical to use 
temporally averaged indoor air concentration data for a 
chronic risk assessment EPC.  In fact, we understand that 
the importance of calculating EPCs with temporally varied 
data is the basis for MassDEP’s recommendation that 
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three rounds of samples in three different seasons be 
collected.  

Spatial Averaging.  The text above, which is essentially 
excerpted from MassDEP (2002) Section 9.3.3.1 and 
9.3.3.3, remains technically sound and relevant to indoor 
air risk assessments.  We recommend that the MassDEP 
(2002) text be accepted in the current guidance document 
both by reference and by directly adding the above text.  

One change from the MassDEP (2002) guidance text is 
appropriate.  In the table of common default assumptions, 
we recommend that “homebound adult” be omitted as an 
inaccurate outlier.  In our experience, MassDEP has 
required that all residential receptors be assumed to be 
homebound adults despite the risk assessment guidance 
that clearly states “The choice of exposure parameters to 
use in indoor air risk assessment should reflect site-specific 
conditions/habits.”  MassDEP’s working assumption is 
unreasonable because the homebound adult exposure of 24 
hours/day x 30 years is wildly overconservative and 
without basis in the experience of any actual individual.  
Other default maximum exposures (e.g., for infants, 
children, and adults) are both appropriately conservative 
and reasonable, but the Guidance should omit the 
homebound adult.  

4.0 REMEDIATION AND MITIGATION OF SITES WITH VAPOR INTRUSION 

PATHWAYS 

4.1  Introduction 

A complete vapor intrusion pathway has been defined as having three components: contaminants in 

soil gas, an entry route for the soil gas to enter the building and pressure or diffusion gradients that 

draw soil gas into the building.  Mitigation of the vapor intrusion pathway necessitates removing 

one of these components.  Removal or treatment of contaminated soil and/or groundwater serving as 

the source of soil gas contaminants is the most comprehensive solution.  However, it is important to 

realize that in some situations, particularly at site where dense nonaqueous phase liquids 

(DNAPLs) have migrated below the vadose zone, removing the source of soil gas contamination 

could take decades.  Therefore, it may be necessary to implement interim mitigationalternative 

approaches that prevent soil gas from entering the building.  The most widely used soil vapor 
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intrusion mitigation approaches include technologies that short-circuit the pressure gradients and/or 

diffusion gradients beneath a building responsible for drawing in soil gas.  Other vapor intrusion 

mitigation strategies that may be appropriate when moderate reductions in soil gas infiltration are 

necessary are also discussed.  Specifically, passive vapor intrusion mitigation approaches, HVAC 

modification and indoor air treatment.  These vapor intrusion techniques may be necessary in 

situations where depressurization beneath a building slab is not possible or depressurization beneath 

the slab is unnecessary.  There may also be situations in which a variety of vapor intrusion 

techniques are implemented together or at various times during response actions based upon site 

conditions.  

The objectives of this portion of the Guidance are to provide useful, non-prescriptive considerations 

that will help implementfoster implementation of successful mitigation ofremedies for vapor 

intrusion impacts to indoor air. Information within this Guidance includes an overview of proven 

source remediation technologies, descriptions of passive and active vapor intrusion mitigation 

techniques and technologies, and information intended to aid investigators during installation, 

monitoring, closure and post-closure activities at sites requiring vapor intrusion mitigation. 

4.2 Source Remediation 

This section summarizes established soil and groundwater remediation technologies. Evaluation of 

source abatement is a necessary component of the soil vapor intrusion mitigation process. 

Removing soil and groundwater contaminants that serve as the source of contaminants in soil vapor 

is considered a long-term solution to maintaining concentrations of contaminants in indoor air 

below risk based standards. 

http://www.clu-in.org/remed1.cfm 

http://www.epa.gov/superfund/policy/ic/index.htm 

http://www.brownfieldstsc.org/pdfs/Roadmap.pdf 

COMMENT:   Source reduction is an important consideration in 
mitigation of the vapor intrusion pathway; however, we 
recommend that this section concentrate on methods to 
mitigate the vapor intrusion pathway and not include 
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discussion of various source control technologies.  This 
information is widely available and detracts from the 
Guidance’s information on vapor intrusion mitigation. 

4.2.1 Soil-vapor extraction 

Soil vapor extraction (SVE) is an in-situ technology used to remediate volatile organic compounds 

(VOCs) in unsaturated soil.  An SVE system consists one or more extraction wells screened in the 

unsaturated zone and connected by subsurface piping to a blower or vacuum pump, an air water 

separator, and an off gas treatment unit (e.g., activated carbon, catalytic oxidation, etc.).  The 

withdrawal of air at each extraction well creates a pressure gradient that draws airflow through the 

unsaturated zone.  Increased airflow induced by the SVE system within the vadose zone promotes 

evaporation of non-aqueous phase liquid (NAPL), volatilization of contaminants dissolved in water 

within the interstitial soil pore spaces, and the desorption of contaminants from the surface soil 

particles.  SVE is considered one of the most effective and cost-efficient methods of removing 

volatile organic compounds from unsaturated soil.  Disadvantages of implementing SVE are the 

cost of maintaining off-gas treatment and the inability to remove semi-volitilevolatile organic 

compounds (SVOCs).  

Although SVE is generally used to remediate source contamination in the vadose zone away from 

the building, SVE systems may be designed to mitigate vapor intrusion impacts in the indoor air 

space.  An SVE system may be designed to depressurize beneath an entire building foundation, 

preventing soil gas contaminants from entering the indoor air.  Typically SVE systems use more 

powerful blowers or vacuum pumps than traditional sub-slab depressurization systems.  When 

mitigating soil vapor intrusion impacts with SVE, it is important to evaluate the system’s effect on 

combustion equipment within the structure to ensure backdrafting is not occurring.  

4.2.2 Air Sparging 

Air sparge is an in-situ technology used to remediate VOCs in groundwater.  A typical air sparge 

system consists of a network of air injection wells that extend into the aquifer.  The air injection 

wells are connected by horizontal subsurface piping to a compressor which forces air into the 

aquifer.  Agitation caused by the injection of air into the aquifer causes dissolved VOCs to volatilize 

from groundwater to the air space within the well.  Typical applications of air sparge systems 
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include treatment of immiscible contaminants at or below the capillary fringe, mitigation of 

dissolved contaminant plumes in groundwater, and as hydraulic containment to impede dissolved 

contaminant plume migration.  SVE extraction wells located in the vadose zone are typically 

connected to air sparging wells to capture and treat VOCs removed from groundwater.  Oxygen 

injected to the groundwater and vadose zone may increase biological degradation of contaminants 

above and below the water table.  Air sparge should be evaluated carefully considered as a source 

remediation technology to remediate a plumecontamination beneath a structure.  Enhanced 

volitization of VOCs from groundwater as a result of air sparge could potentially exacerbate 

contaminants in indoor air and mobilize DNAPL. 

Biosparging is a variation of the air sparge technology used to remediate soil by injecting  

air/oxygen into the vadose zone or capillary fringe to enhance the activity of naturally occurring 

aerobic microorganisms that degrade organic compounds.  Since the intent of biosparging is to 

promote biological activity, the use of SVE may not be appropriate.  However, the incorporation of 

SVE with biosparging should be evaluated.  As the more readily volatile contaminants are removed 

with air sparging and SVE, biodegradation becomes an increasingly important remediation 

mechanism to remove less volatile, more strongly adsorbed contaminants.  Implementing air 

sparging and biosparging in a phased remediation approach may be effective.  (GWTRAC 10-96, 

Section 3.2) (Clu-in.org, GWTRAC 10-96).  

4.2.3 In-Situ Chemical Oxidation 

In-situ chemical oxidation (ISCO) is a set of technologies that may be applied in the remediation of 

contaminated soil and groundwater, which may be the source of volatile contaminants contributing 

in whole or part to indoor air impacts.  ISCO typically involves injecting or applying chemical 

oxidants and, potentially, related chemicals directly into the source zone and/or downgradient 

portions of a plume.  The objective is for the oxidants to react with the contaminants of concern 

producing non-toxic, common end products such as carbon dioxide, chlorides, water and minerals.  

Many chemical reaction steps may be involved and chemical reaction intermediates may be 

produced.  Inducing the chemical reactions to go to their endpoints and/or controlling and 

mitigating chemical intermediates are important considerations in the implementation of ISCO.   
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Primary advantages to the use of ISCO, as described in the technical literature include: in-situ 

destruction of the COCs, rather than transfer to another media for disposal; limiting off-site disposal 

and generation of wastes; relatively rapid cleanup. Potential dis-advantages to the use of ISCO, as 

described in the technical literature include: incomplete destruction of the COCs, resulting in 

generation of chemical intermediates and the potential toxicities of those intermediates; potential 

short-term generation of fumes and gases during reactions; safety issues with some oxidants, which 

can be dangerous to handle in high strengths; and relatively high costs; and potential migration of 

oxidants through preferential pathways to utilities and occupied structures. Chemical 

oxidation should be evaluated carefully considered as a source remediation technology to remediate 

a plume beneath a structure. Enhanced volitization of VOCs from groundwater as a result of 

chemical oxidation could potentially exacerbate contaminants in indoor air. 

Four major groups of oxidants are currently in use or development for the remediation of commonly 

encountered soil and groundwater contamination: 1) Peroxides, most commonly hydrogen peroxide 

or activated (catalyzed) hydrogen peroxide; 2) Permanganates, sodium and potassium; 3) 

Persulfates; and 4) Ozone.Various mixtures of the classes of oxidants are also in use or 

development, including many proprietary compounds developed specifically for remediation. Most 

organic contaminants encountered at Massachusetts release sites are amenable to 

destruction/treatment by ISCO, including broad range petroleum hydrocarbons, BTEX, MtBE, 

many chlorinated solvents, organic pesticides, PCBs (according to the literature and company 

claims) and phenols. (Technical and Regulatory Guidance for In Situ Chemical Oxidation of 

Contaminated Groundwater & Soil, ITRC, Second Edition, 2005) [many other references could be 

listed, including EPA and web-sites.]  A substantial limitation for these technologies, however, is 

the difficulty in mapping the specific locations of COCs in the subsurface and then delivering 

oxidants to every such location.  Inability to ensure comprehensive delivery of oxidants and 

destruction of contaminants results in “rebound.” 

4.2.4 Bioremediation 

Bioremediation is a soil or groundwater treatment technology that may be implemented in-situ or 

ex-situ. Bioremediation is the use of microorganisms to degrade organic contaminants by using the 

contaminants as a food source or cometabolizing contaminants with a food source. Bioremediation 
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may occur aerobically, with oxygen, or anaerobically, in the absence of oxygen. Aerobic 

bioremediation requires a consistent supply of oxygen. End products of aerobic bioremediation are 

usually carbon dioxide and water. End products of anaerobic bioremediation may include methane, 

hydrogen gas, nitrogen gas, elemental sulfur, or sulfide. Ex-situ bioremediation of groundwater may 

include groundwater which is placed in a bioreactor or constructed wetland. Ex-situ bioremediation 

of soil includes slurry phase bioremediation, solid phase bioremediation, land forming, biopiles, and 

composting. For each method of ex-situ bioremediation, oxygen content, nutrients, moisture, 

temperature and pH are optimized and maintained to maximize microorganism productivity. In-situ 

biodegradation techniques require promoting conditions favorable for microbial activity in the 

subsurface environment. In-situ and ex-situ biodegradation may require the use of microorganisms 

that are specifically adapted to degrade certain contaminants (Clu-in.org,).  Bioremediation also 

entails the same fundamental limitations as does oxidation – the difficulty in identifying and 

delivering treatment media to every subsurface location with contamination. 

4.2.5 Multi-Phase Extraction 

Multi phase extraction systems have been shown to be an effective treatment method for 

remediating halogenated and non-halogenated VOCs and SVOCs as well as fuels in soil and 

groundwater. Multi phase extraction uses a vacuum to remove groundwater, NAPL, and soil vapor. 

Extracted groundwater and NAPL are treated and discharged or reinjected. As the groundwater is 

drawn down, soil vapors are removed and treated and residual NAPL is drawn toward the vacuum.  

4.2.6 Groundwater Recovery and Treatment 

Groundwater pump and treat technologies consist of ex-situ techniques used to remove a variety of 

contaminants from groundwater including halogenated and non-halogenated volatile and semi-

volatile organic compounds, metals, PCBs, and pesticides. Groundwater pump and treat 

technologies consist of carbon adsorbtionadsorption, air stripping, filtration, ion exchange, metals 

precipitation, and membrane filtration. Groundwater pump and treat technologies may be used as a 

source remediation technology or implemented to interrupt the migration of a groundwater 

contaminant plume from reaching a downgradient receptor (e.g., a private drinking water well).  

4.2.6.1 AdsorbtionAdsorption 
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This technology typically consists of extracting groundwater and forcing it through a cylinder or 

drum containing adsorbent material. The most common adsorbent used is activated carbon. Other 

adsorbent material used includes activated alumina, lignin adsorbtion, sorbtionsorption clays, and 

synthetic resisnsresins.  

4.2.6.2 Air Stripping 

Air stripping removes volatile organic compounds from extracted groundwater by increasing the 

surface area of the water. A variety of aeration methods and designs are available and include 

packed towers, diffused aeration, tray aeration, and spray aeration.  

4.2.6.3 Filtration 

Filtration is a physical removal process where contaminants in solution are mechanically removed 

from the solution by a porous medium. As extracted groundwater is forced through the medium, 

contaminants are suspended within or on the surface of the medium.  

4.2.6.4 Ion Exchange 

Ion exchange removes contaminants from extracted groundwater through the interaction of 

contaminants with ion exchange materials. Ion exchange materials are typically synthetic organic 

resins containing ionic functional groups to which ions of contaminants attach.  

4.2.6.5 Metals Precipitation 

Metals precipitation is a process in which contaminants suspended in contaminated groundwater are 

subjected to pH adjustment, a chemical precipitant and flocculation to solidify the suspended 

contaminants and facilitate contaminant removal by filtration or sedimentation.  

4.2.6.6 Membrane Filter 

Membrane filtration is a process in which extracted groundwater passes through a semi-permeable 

membrane or barrier which retains large molecular weight compounds and allows small molecular 

weight compounds to flow through. A variety of filtration processes are available and include 

microfiltration, ultrafiltration, nanofiltration, and reverse osmosis.  
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4.2.7 Removal and Off-Site Disposal, Recycling, Beneficial Reuse 

 [Can be cost effective and with recycling/beneficial re-use can meet 21E objectives.] 

• Insert general description, including in what situations it may be applicable or most 

appropriate – petroleum soils versus solvents. 

• Obviously not an on-site destructive technology, but with recycling/beneficial re-use 

(typically in-state) can meet 21E objectives 

• Discuss implementation topics, including specific technical and Department 

information/policies regarding under what conditions would Federal or Mass hazardous 

waste be generated. 

• Cost effectiveness: very different for petroleum soils versus listed or characteristic haz. 

waste soils. 

4.2.8 Soil Washing 

Soil washing is an ex-situ soil remediation technology suitable for removing halogenated and non-

halogenated VOCs, halogenated and non-halogenated SVOCs, fuels, metals, and explosives. Prior 

to soil washing, excavated soil is screened of debris and large objects using a sieve. The screened 

soil is placed into a scrubbing unit that may consist of sieves, water sprays, and mixing blades. 

Water sprays may contain detergents or other treatment solutions. Washwater containing 

contaminants is removed from the scrubbing unit and treated and discharged or re-used. Soil 

sufficiently cleaned may be reused on site. Soil requiring additional remedial measures may be 

washed again in the scrubbing unit, subjected to another form of treatment, or disposed of off-site. 

Factors influencing the speed of soil washing include soil type, the contaminants in the soil, and the 

size of the scrubbing unit. The largest scrubbing unit is capable of treating approximately 100 cubic 

yards per day. Soil washing may not be effective for small amounts of contaminated soil and is 

typically less effective for smaller grained soil such as silts and clays (EPA 2001, Citizen’s Guide to 

Soil Washing). 
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4.2.9 Solvent Extraction 

Solvent extraction is an ex-situ soil, sediment, or sludge treatment technology suitable for 

remediating halogenated and non-halogenated VOCs, halogenated and non-halogenated SVOCs, 

fuels, metals, and explosives. Prior to solvent extraction, excavated soil is screened of debris and 

large objects using a sieve. An extractor is used to mix the screened soil with a solvent. The type of 

solvent used for treatment is dependantdependent upon the type of soil contamination. Typical 

solvents used may include _____________. Soil treatment in the extractor may be repeated until 

contaminants have been removed. Solvent and contaminants are drained from the extractor and 

discharged to a separator where the solvent and contaminants are divided. The solvent may be re-

used or disposed with the contaminants. Soil containing residual solvent is heated to vaporize the 

solvent which is removed and condensed for reuse or disposal. Soil verified by chemical analysis to 

be clean is reused onsite or may undergo additional treatment. Factors influencing the speed of 

solvent extraction include soil type, the contaminants in the soil, and the size of the scrubbing unit. 

Solvent extraction has been reported to clean 125 tons of soil per day. Advantages of using solvent 

extraction include reduced transportation costs since this technology may be performed onsite, 

solvents can usually be recycled and reused, and soil can be treated more quickly than in-situ 

techniques. 

4.2.10 Flushing 

Flushing is an in-situ technology used to remediate soil and groundwater contaminants including 

halogenated and non-halogenated, volatile and semi-volatile organic compounds and metals. 

Halogenated VOCs have been reported to be the most common contaminant Flushing has been used 

to remediate. Flushing is accomplished using an upgradient well to inject large amounts of water 

and a downgradient extraction well to capture the water and contaminants. The extracted water is 

then treated and either discharged or reinjected. Water injected during flushing may contain 

surfactants, cosolvents or treatment compounds. However, full-scale projects in the United States 

have typically employed the use of plain water due to a variety of concerns.  
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4.2.11 Thermal DesorbtionDesorption 

Thermal desorbtion is an ex-situ soil remediation method applicable to remediating halogenated and 

non-halogenated VOCs, halogenated and non-halogenated SVOCs and fuels. Generally, thermal 

desorbtion is a process that physically separates contaminants from contaminated material including 

soil, sludge, sediment or filter cake. Excavated soil is homogenized using a sieve, and placed within 

a thermal desorbtion unit that may consist of a rotary dryer or thermal screw. Rotary dryers are 

typically cylindrical, can be direct or indirectly fired and rotated. A thermal screw unit typically 

consists of a hollow auger that transports the contaminated material within an enclosed trough. 

Steam or hot oil is circulated within the auger, heating the soil indirectly. Vaporized contaminants 

are removed from the thermal desorbtion unit and condensed, collected or combusted. Particulate 

collection using wet scrubbers or fabric filters may be necessary. Condensed contaminants may be 

treated using carbon adsorbtionadsorption, combustion, or use of a catalytic oxidation unit. Low 

temperature (300-600 °F) thermal oxidation will typically remove nonchlorinated compounds with 

low boiling points. Thermal desorbtion systems are capable of heating materials up to 1,200 °F and 

treating many chlorinated compounds. Limitations of this technology include: specifications 

regarding particle size or materials handling requirements may be costly; moisture content 

requirements may require dewatering; clays, silty soil and soil with high organic content may 

require longer reaction times. 

4.2.12 In-Situ Thermal Treatment  

In-situ thermal treatment has been reported to remediate soil and groundwater contaminated with 

halogenated and non-halogenated VOCs, halogenated and non-halogenated SVOCs, and fuels. A 

variety of methods are available to heat subsurface soil and groundwater including: the injection of 

steam, hot air, or hot water; thermal conduction; dynamic underground stripping; radio frequency 

heating; and electrical resistance heating. Contaminants in the subsurface may be destroyed or 

volatilize when heated. Volatilized contaminants may be collected from the subsurface using SVE 

and treated.   In situ thermal treatment requires a combination of high heat and a 

comprehensive insulating cap over the entire area being heated that makes it impractical at 

nearly all sites. 
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4.2.13 Permeable Reactive Barriers 

Permeable reactive barriers are an in-situ groundwater remediation technology reportedly capable of 

remediating halogenated and nonhologenatednonhalogenated VOCs and SVOCs, fuels, metals and 

explosives. Permeable reactive barriers consist of a trench positioned to intercept a groundwater 

plume that is backfilled with a treatment agent which may include zero-valent metals (typically 

zero-valent iron), chelators, sorbents, compost, or microbes. As groundwater passes through the 

reactive barrier, groundwater contaminants react with the treatment material and are retained or 

transformed to less harmful compounds. The funnel and gate design for a permeable reactive barrier 

consists of barriers, such as slurry walls, positioned to intercept and direct groundwater towards a 

reactive barrier. 

4.2.14 Soil Solidification/Stabilization 

Soil solidification/stabilization is a process intended to reduce the mobility of contaminants. The 

soil solidification/stabilization process relies upon a chemical binder that encapsulates contaminants 

adhered to and located within soil. The binder must be physically mixed with soil which may be 

accomplished ex-situ by excavation and mixing or in-situ through the use of an auger/caisson 

system equipped with an injector head that delivers the binding agent beneath the subsurface.  

4.2.15 Phytoremediation   

Phytoremediation is a general term for a variety of mechanisms that involve the use plants to 

stabilize, remove, transfer or destroy contaminants in soil and groundwater. Phytoremediation 

mechanisms include: enhanced rhizosphere biodegradation, which occurs in soil and groundwater in 

close proximity to plant roots; phytoextraction which is the uptake of contaminants by plant roots 

and the transport and accumulation of contaminants in the leaves and stem; phytodegradation, 

which is the metabolism and degradation of contaminants to less harmful compounds by plants; and 

phytostabilization in which chemicals produced by the plant and emitted from the roots interact 

with and stabilize subsurface contaminants. Phytoremediation may be used as an in-situ or ex-situ 

remediation technology to treat sediments, sludges, soils, or groundwater. 
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4.3 Indoor Air Pathway Mitigation 

4.3.1 Introduction 

Contaminants in soil vapor that have infiltrated the indoor air and present an unacceptablea CEP or 

significant risk to occupants must be mitigated to the extent feasible. The method of mitigation is 

based on site-specific information and circumstances, including the timing of response actions, 

necessary reductions of contaminants in indoor air, and depth to groundwater. For example, active 

venting may be an initial method of mitigating a residential fuel oil release until the source is abated 

or additional long-term mitigation techniques can be implemented. After conducting any necessary 

emergency response actions, mitigation of indoor air soil vapor contamination should proceed in an 

iterative fashion, beginning with the least invasive/costly measures and progressing to more 

costly/invasive measures until remedial endpoints are achieved. Assuming source remediation is not 

an immediate solution, mitigation of contaminants into a building may be accomplished by 

engineering controls. Effective mitigation may employ more than one mitigation approach in 

tandem or individually at various times. 

COMMENT:   The MCP requires remediation of significant risk, not 
unacceptable risk. An iterative process may not always be 
advisable.  Because homeowners typically expect effective 
mitigation and a series of certain fixes, use of ineffective 
methods may result in future denials of access and 
undermine successful mitigation of the pathway. 

This document emphasizes the use of active sub-slab depressurization systems to mitigate vapor 

intrusion because they are generally accepted as the most effective method of producing large 

reductions in indoor air by achieving a continuous and measurable negative pressure beneath the 

slab. Passive sub-slab venting systems are designed to reduce or dilute sub-slab contaminant 

concentrations and may be applicable to reduce low concentrations of contaminants or as a 

proactive measure. A variety of mitigation approaches are presented here to provide the reader with 

an overview of available mitigation approaches that may be applicable in situations where sub-slab 

depressurization may not be possible (i.e., high groundwater beneath the slab).  

COMMENT:   An effective mitigation guidance document should be non-
prescriptive and identify many “tools” in the 
environmental professional’s “toolbox.”  As with any 
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remedial technology, the success of a particular technology 
is entirely site dependent.  Based on our experience 
mitigating vapor intrusion in many different types of 
buildings, successful vapor mitigation is building- and site-
dependent.  We encourage MassDEP to emphasize the 
appropriate standard of care for remedial feasibility 
analysis when evaluating and implementing vapor 
intrusion mitigation, and not to prescribe or predict the 
outcome of that analysis. 

Emphasizing use of active sub-slab depressurization 
systems to mitigate buildings with competent cast concrete 
slabs and foundation walls and permeable sub-slab 
material may be appropriate.  Implementation of active 
SSDS in other conditions may not be prudent unless sub-
slab soil communication testing results and foundation 
integrity indicate appropriate conditions.  Emphasizing the 
use of combining methodologies would likely increase the 
chances of successful mitigation in different and 
challenging conditions. 

When passive vapor barriers and venting systems are used 
together, they are more likely to result in successful 
mitigation.  Based on our experience, passive systems can 
eliminate the vapor intrusion pathway (to non-detectable 
levels of contaminants) provided the system is designed 
and installed properly.   

Eliminating the entry routes in existing buildings typically includesranges from sealing cracks, 

voids and utility penetrations within the foundation of a building, to pouring new concrete floors 

and constructing supplementatl vertical vapor barrier systems on basement walls. In new 

construction, eliminating entry routes is accomplished by installing a synthetic barrier or membrane 

beneath the structure which is typically coupled with a passive venting system intended to impede 

the flow of soil gas and divert contaminants away from the structure. Sub-slab depressurization 

systems are the most common and proven method of reversing the negative pressure gradient 

driving advective flow into a building.  

4.3.2 Passive Controls 

Available Passivepassive mitigation strategies include: 

• Passive sub-slab venting 
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• Sealing building cracks, gaps and voids or installation of vapor barriers in new construction 

• Modification of the building foundation 

• Increasing natural ventilation by opening windows, doors, and vents 

• Selective placement of building location to avoid contact with contaminated soil vapor 

• Pier construction 

• Selective placement of occupant spaces in the building that are impacted by vapor intrusion 

• Specialized building designs that reduce stack effect, building orientation with respect to 

prevailing winds, incorporation of additional windows or increased ventilation on the lowest 

level (e.g., garage on lowest level) 

An active remedial system as defined in the MCP is a remedial system that relies upon the continual 

or periodic use of an on-site or in-situ mechanical or electro-mechanical device. Therefore, passive 

controls for the purpose of this document are controls that do not rely upon the continual or periodic 

use of an on-site or in-situ mechanical or electro-mechanical device. While active controls are 

typically necessary to produce large decreases in vapor intrusion (define large decreases, i.e. 2 

orders of magnitude?), passive controls such as pier construction and selective building placement 

are important and may obviate the need for further vapor intrusion mitigation. Other passive 

controls such as sealing cracks, gaps and utility penetrations, which alone is typically not 

considered an effective mitigation strategy, may augment additional mitigation measures such as 

sub-slab depressurization or passive venting systems to increase their effectiveness.  

Often, effective soil vapor intrusion mitigation requires reversing the negative pressure gradient 

beneath the building slab using a sub-slab depressurization system. In new construction where 

moderate concentrations of soil gas contaminants are present beneath the slab or as a proactive 

measure, passive sub-slab venting systems are often combined with a synthetic barrier or membrane 

to impede the flow of soil vapor and direct contaminants away from the building. Passive venting 

systems should be designed so that the system can be easily modified from a passive to an active 

system with the addition of a fan if additional or more consistent negative pressures beneath the slab 

are necessary.  
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4.3.2.1 Characterization of Building Foundation 

There are a variety of foundation types including: basements (with concrete slabs or dirt floors); 

slab on grade; slab below grade; foundation with a crawlspace; and foundations with footings, piers, 

grade beams, etc. Foundations may be constructed of wood, stone, brick or block masonry, poured 

in place concrete, or precast concrete panels. Often, a building may have more than one type of 

foundation which may be composed of various materials. For example, a residence built upon a 

fieldstone foundation with an addition built upon a precast concrete crawl space. Slabs are typically 

supported beneath load bearing walls or foundation walls by block or concrete footings or a thicker 

section of poured concrete. For example, a large industrial building may have significant variations 

in foundation structures due to pits trenches, vaults, machine pads etc., that can all influence the 

design and implementation of an effective mitigation strategy. 

An inspection of the building foundation should be conducted, with particular attention paid to 

identifying all potential entry routes for VOC contaminated soil gases, such as cracks in concrete 

walls or slabs, gaps in fieldstone walls, construction joints between walls and slabs, annular space 

around utility pipes, open sumps, etc.  These potential entry points should be surveyed with a 

portable photoionization detector (PID). It is often possible to observe “hits” at particular points 

where vapor intrusion is occurring. PIDs are available that may detect concentrations of VOCs as 

low as 1 part per billion by volume (ppbv). In addition, it is important to select a lamp, such as a 

PPVRAY, with the proper ionization potential for the target VOCs of concern.  

An effort should be made to identify perimeter drains or French drains. Perimeter drains could be a 

significant entry point for soil vapor. Perimeter drains have been used to depressurize beneath the 

foundation perimeter. The location of footings or other sub-slab structures may impact the 

effectiveness of a sub-slab depressurization system. For example,   a concrete footing could 

potentially inhibit uniform depressurization beneath the slab. Additions to an existing building 

could result in strip footings within the footprint of the renovated building that could inhibit 

depressurization beneath the different areas of the building.   

Soil vapor has been observed to infiltrate buildings through subterranean basement walls. When 

foundation walls are an entry point of contaminated soil vapor, it may be necessary to depressurize 

the foundation walls in addition to the slab. This is especially true of foundation walls constructed 
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of fieldstone or concrete blocks which may develop cracks and gaps as mortar deteriorates and 

houses settle. Masonry block walls may be a concern due to the permeability of the concrete.  

A particularly problematic feature of commercial and school buildings is the presence of floor 

drains in lavatories and other areas.  Often, the water seal within the plumbing trap of these drains is 

ineffective, because the water either leaks out or evaporates.  This provides a vehicle for soil gases 

to discharge into these areas, especially in lavatories with fans or vents which create a negative 

pressure within these rooms.  In such cases, efforts should be made to periodically add water to 

these traps, or to install a Dranjer type seal.  

http://www.dranjer.ca/)  

http://www.clu-in.org/conf/tio/vapor  

COMMENT:   The section above applies to all types of systems and 
should not be a subsection of the passive systems 
discussion.  Understanding the building construction and 
foundation elements are critical in designing any 
appropriate mitigation system.  The site-specific feasibility 
of particular technologies should be an overarching 
criterion for all screening measures. 

4.3.2.2 Sealing of Cracks, Sumps, Utility Conduit Penetrations 

Sealing cracks, gaps, sumps, floor drains and utility conduit penetrations is essential during soil 

vapor intrusion mitigation. However, while sealing vapor pathways in the foundation is an 

important aspect of effective vapor intrusion mitigation, it is generally not considered an effective 

mitigation strategy in and of itself. Volatile contaminants in soil gas are capable of entering 

structures through small, often unobservable penetrations. It seems unrealistic in existing structures 

that simply sealing observable cracks will be effective to mitigate advective and/or diffusive soil 

vapor contamination representing a significant risk to occupants. Sealing penetrations may be an 

effective and sustainable solution when coupled with a sub-slab depressurization , engineered 

vapor barrier, and/or ventilation system. Sealing foundation penetrations when coupled with a 

sub-slab depressurization or ventilation system may prevent soil vapor contaminants from entering 

a structure somewhat but primarily enables adequate pressures beneath the slab to be maintained, 

enhancing the effectiveness and efficiency of the sub-slab mitigation system. 
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COMMENT: This section of the Guidance should be focused on the 
feasibility of mitigation measures, not MassDEP’s seeming 
preferences. 

4.3.2.2.1 Sealing of Cracks and Gaps 

All possible entry routes should be sealed off, if possible, to prevent the entrance of soil gas and 

enhance the sub-slab negative pressure field when an SSD system is in operation.  This not only 

includes gaps and cracks in foundation and slab floors but gaps and cracks in subterranean basement 

walls which may also represent a significant soil vapor entry route (e.g., fieldstone, block wall 

foundations). Sealing materials should not contain significant amounts of VOC's.  Smaller cracks 

and joints up to 1/8 inch in diameter may be sealed with an elastomeric sealant (e.g., calking) or 

insulating foam in accordance with the manufacturer’s instructions. Sealant products must be 

specifically designed to seal concrete. Accessible cracks and joints larger than 1/8 inch may require 

a foam backer rod or other comparable filler material as per the manufacturer’s instruction and/or 

filled with non-shrinking cementitious material.  Refer to Appendix _, Toolbox 4 for more detailed 

information regarding sealing cracks and gaps. 

When using sealants in residences, products should have low odor, low VOC content (less than 100 

grams VOCs per Liter) and should contain no ingredients known to cause cancer, birth defects, or 

other reproductive harm per the state of California “Proposition 65”.  Toxiciy information should be 

provided in the product’s Manufacturer Safety Data Sheets (MSDS).  

COMMENT:  MassDEP should not limit its sealant recommendations 
because the state of California has listed certain chemicals 
under Proposition 65, without regard to the concentrations 
of those chemicals in the products.  However, if MassDEP 
insists on restricting the chemical composition of sealants, 
it should establish a concentration cut-off for particular 
constituents. 

4.3.2.2.2 Sealing of Sumps 

The presence of a sump in a basement can significantly short-circuit a sub-slab negative pressure 

field.  Installing an air-tight cover over a sump may beis possible with commercial available 

sealing systems. The cover should be equipped with appropriate fittings or grommets to ensure an 

air tight seal around piping and wiring, and the cover itself should be fitted with a gasket to ensure 
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an air-tight seal to the slab while facilitating easy access to the pump. Covering the sump could 

cause flooding of the basement in the event that water on top of the slab drains toward the sump. In 

some instances, it is possible to use the sump as an SSD system extraction point.  Units specifically 

designed to convert a sump to an SSD extraction point are available from a number of 

manufacturers. Sumps should not drain or pump to a sanitary sewerage system. If necessary, to 

prevent short-circuiting of an SSD system, a check valve or water trap may be installed on the sump 

drain/ejection piping.   

4.3.2.2.3 Floor Drains 

Floor drains that are not in use should be sealed with concrete or grout and may need to meet 

Underground Injection Control (UIC) closure requirements administered by______ within 

MassDEP, and/or the local Building Department.  Floor drains that need to remain in operation 

should be inspected and evaluated with respect to the potential to short-circuit the SSD system.  

Floor drains that do not have an acceptable water trap should be equipped with a Dranjer or 

equivalent unit.  

4.3.2.2.4 Utility Conduit Seals 

Utility conduits penetrating the slab or foundation should be sealed to prevent soil gas from entering 

the building through them. A closed cell polyurethane foam or other inert gas-impermeable material 

is recommended and should extend six conduit diameters or six inches, whichever is greater, into 

the conduit. Utility bedding may be more permeable than the surrounding soil and serve as a 

preferential pathway for vapor migration into a structure. Mitigation in these instances can include 

venting or depressurization of the utility bedding itself if sealing the utility penetration(s) is not 

feasible or is ineffective. 

4.3.2.3 Passive BarriersMembrane Systems 

Passive barriersmembrane systems are primarilyparticularly suited to use in new construction or 

renovations where it is possible to remove and replace existing floor slab or to install a barrier 

system and “false floor” above an existing floor. Passive membranes must be durable enough to 

withstand contact with construction materials such as steel and crushed stone. Sheet membranes 

between 30 –60 mil high-density polyethylene (HDPE) or cure in place membranes are typically 
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used. Sheet membranes less than 30 mil thickness are not recommended. Fluid applied/cure in place 

membranes are layered to the required thickness. Polyvinyl chloride or EPDM (ethylene propylene 

diene monomer) has been used. Proper installation including QAQC of seams, joints, and welds is 

critical to the performance of a passive barrier. The manufacturers of flexible liner systems typically 

have stringent QA/QC standards and testing requirements for vapor barrier installations that may 

include Smoke or pressure testing of seams, joints and/or welds.  As consciousness of vapor 

intrusion is increasing, more manufacturers and installers are developing QA/QC methods and 

performance criteria for the installation of vapor barriers for the mitigation of VOCs. 

COMMENT:  PVC polymer does emit vinyl chloride at a low level over 
time. It is puzzling that MassDEP is concerned about any 
level of carcinogens in sealants, but is not concerned about 
the low-level emission of another known carcinogen that is 
released from plastic membranes. 

4.3.2.4 Passive Ventilation 

Passive ventilation is simply opening windows, doors and vents within a structure to allow natural 

ventilation to occur. Opening windows, doors and vents increases the amount of outdoor air mixing 

with indoor air and reduces indoor air contaminants by dilution. Ventilation solely in the upper 

story may exacerbate the stack effect which could actually draw more soil gas into the structure. 

Balancing ventilation between the lowest level and upper stories of a structure (i.e., opening a 

window on the ground floor when a window on a higher floor is opened) may lessen an increased 

stack effect caused by ventilation. Ventilation should only be considered a temporary solution to 

reduce concentrations of contaminants in indoor air. The cost of heat or air conditioning will 

eventually make ventilation an expensive long term mitigation strategy. In addition, long-term 

ventilation may be uncomfortable for building occupants. The effects of ventilation on reducing 

indoor air concentrations have been observed to last short periods once windows, doors and vents 

have been closed.                      

COMMENT:   We suggest deleting this section because recommending 
“opening the windows” as a mitigation strategy is not 
advisable. 
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4.3.2.5 4.3.2.4 Passive Venting 

Sub-slab venting systems are typically installed during new construction where indoor air 

contamination due to volatile contaminants in soil gas is anticipated, but also should be considered 

at existing buildings. Passive venting systems are most effective when implemented in new 

construction because a layer of permeable venting material, usually sand or pea gravel, is created 

beneath the floor slab. The existence of a permeable bedding beneath the slab provides a 

preferential pathway for soil gas to move to the collection piping or the perimeter of the slab and 

maximizes the influence of the passive venting system beneath the slab. A passive barrier should be 

installed above the permeable venting layer to increase the effectiveness of the passive venting 

system and prevent volatile contaminants in soil gas from entering the structure. Passive venting 

systems should be designed so that a fan can be easily added, transforming the system to an active 

sub-slab depressurization system if greater reductions in indoor air concentrations are necessary.  

EPA defines a passive sub-slab depressurization system as: “A system designed to achieve lower 

sub-slab air pressure relative to indoor air pressure by use of a vent pipe routed through the 

conditioned space of a building and connecting the sub-slab area with outdoor air, thereby relying 

solely on the convective flow of air upward in the vent to draw air from beneath the slab.” 

(http://www.epa.gov/radon/pubs/newconst.html) Therefore, cool soil vapor within sub-slab piping 

is drawn upward through the structure as warm air rises upward and out the stack. Therefore, 

passive venting system effectiveness is based upon the convective flow of air upward and is 

significantly impacted by wind and stack height. Because the buoyancy of warm air drives air flow 

within a passive system, the air flow within the piping is usually low. Therefore the system must be 

as efficient as possible and should include large diameter piping (4 inch) and vertical risers with as 

few bends as possible from the point of sub-slab vapor collection to the roof.  While PVC is well-

suited to this application, it is noted that its use in certain buildings may be limited or restricted by 

Code. Schedule 40 PVC should be used to avoid denaturing or slumping of lower grade PVC in 

sunlight. 

Another phenomenon impacting the function of passive venting systems is the introduction of 

outside air to the sub-slab environment which dilutes and reduces sub-slab concentrations of 

contaminants. Figure XXX (R. Cody 2006) displays pressure over time measured within sub-slab 
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piping for the east and west stack for a passive venting system. The west stack in the figure exhibits 

significant positive pressure much of the time, indicating that outside air is flowing into the sub-slab 

piping. This suggests that infiltration of outside air and subsequent dilution of contaminants in sub-

slab soil vapor is a component of the normal function of passive venting systems. It may be possible 

to manipulate this effect by modifying stack height and/or the location of passive vent stacks 

relative to wind direction or roof features.  

Active soil depressurization systems are typically designed to achieve sub-slab depressurization of 
approximately 4-10 Pa beneath the entire slab. The passive venting system data shown in Figure 
XXX also shows that the system achieved maximum negative pressures of approximately 25 
pascals (Pa). Generally, negative pressures remained below 10 pascals with significant positive 
pressures measured above 20 pascals in the west stack. For this passive system, the average 
depressurization over time at the suction point is approximately 4 Pa. A typical active 
depressurization system may have 250 -300 Pa negative pressure at the suction point which may not 
translate to 1 Pa negative pressure at the slab perimeter. It is unlikely that a passive venting system 
with average negative pressures of approximately 4 Pa as shown in Figure XXX will adequately 
translate into adequate depressurization across the slab. Passive venting systems may need many 
more sub-slab venting pipes than a sub-slab depressurization system needs extraction points to 
effectively mitigate a structure. (EPA Engineering Issue 11/08, p.19) 

As shown in Figure XXX, the positive pressures observed in passive sub-slab vent piping are an 
indication that outdoor air is moving through the stack to the sub-slab environment. Without an 
effective vapor barrier, positive pressures beneath the slab may actually increase vapor intrusion by 
forcing sub-slab soil gas into a structure. 

COMMENT:   This level of detail does not belong in this portion of the 
Guidance document. 

Passive venting systems have limited effectiveness for exisitingexisting buildings, unless void 

spaces or highly permeable subsurface material are present or can be created. In some existing 

structures it may possible to create an effective mitigation system by installing a “false” floor 

system, where a more permeable “void” space can be created over an existing floor slab thereby 

improving the effectiveness of a passive venting system. Passive venting systems may be less 

effective during the cooling season because the convective forces that the system relies upon are 

likely reduced by air conditioning. Few studies have been conducted to evaluate the long-term 

effectiveness of passive venting systems. Passive venting systems have been observed to range 
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between 30% and 90% efficient. Passive sub-slab venting systems may be an alternative to active 

sub-slab depressurization in high groundwater areas because suction pits are not a component of 

passive systems. However, like active venting systems, passive collection vent piping will not 

work correctly if saturated with water.   

Some passive systems incorporate the use of a wind-driven turbine on the top of the stack to 

enhance flow within the passive system. Wind-driven turbines are considered mechanical devices 

and rely upon wind to produce their intended effect. Although wind-driven turbines may draw sub-

slab air while the wind is blowing, the device may not produce the desired effect when wind is not 

blowing. In colder climates, it is possible that mechanical components essential for the operation of 

the turbine may become frozen or covered with ice and snow. If the turbine becomes frozen it not 

only fails to enhance flow within the passive system, but the frozen turbine may actually block the 

flow of soil gas out the stack completely. Rain caps affixed to stack vents may inhibit proper 

dispersion of vented soil gas for passive or active mitigation systems. It is important to evaluate air 

flow exiting the stack for passive or active systems to determine whether a cap is necessary to 

prevent precipitation from entering the vent stack. In some instances the flow of air exiting the stack 

may be greater than the force of precipitation falling in the atmosphere.Figure XXX  

COMMENT:   Again, level of detail is unnecessary. 

References for this section 

Department of Toxic Substances Control, California Environmental Protection Agency, Vapor 

Intrusion Mitigation Advisory, April 2009, p. 17-19. 

EPA Engineering Issue, Indoor Air Vapor Intrusion Mitigation Approaches, EPA/600/R-08-115, 

October 2008; p.17-19 

http://baba.astro.cornell.edu/research/radon/ 

4.3.3 Active Controls 

Available active mitigation strategies include: 

• Sub-slab depressurization systems 
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• Drain-tile depressurization 

• Block wall depressurization 

• Sub-membrane depressurization 

• Soil vapor extraction could be designed so that the radius of influence creates a negative 

pressure beneath the slab 

• Indoor air purification using adsorbtionadsorption technology (e.g., carbon 

adsorbtionadsorption) 

• Heat recovery ventilation technology 

• Modifications to building HVAC systems to induce a sustained positive pressure within the 

structure. 

There may be site-specific conditions where combinations of mitigation technologies are most 

effective or efficient. Mitigation technologies or techniques may be implemented together in order 

to reduce concentrations below risk based levels. The method of mitigation may also change during 

the course of response actions depending upon the risk associated with concentrations of indoor air 

contaminants. For example, mitigation ofinterim measures to mitigate contaminants in indoor air 

immediately following a release will likely be different than indoor air mitigation 

throughoutmeasures implemented as part of a comprehensive response actions during source 

reductionaction. 

4.3.3.1 Subslab Depressurization Systems  

EPA defines a sub-slab depressurization (SSD) system as:  “a system designed to achieve a lower 

sub-slab air pressure relative to indoor air pressure by use of a fan-powered vent drawing air from 

beneath the slab”. An SSD system is a proven technique to eliminate or mitigate vapor intrusion 

into impacted structures, where site and building conditions permit.  Based upon traditional 

radon-mitigation technology, this approach creates a negative pressure field beneath a structure of 

concern, inducing the flow of VOC vapors to one or more collection points, with subsequent 

discharge up a stack into the ambient air.  In essence, the system “short circuits” the subsurface 

VOC vapor migration pathway, eliminating or reducing exposures to building occupants.   
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Importantly, this is a somewhat invasive, energy & maintenance intensive remedial measure, 

involving the use of mechanical systems defined as active remedial measures under the MCP, 

and therefore an option of secondary resort.  Moreover, there are certain site and building conditions 

(e.g., high groundwater table) that may preclude or limit its application.  Therefore, before pursuing 

this option, it is essential that conclusive evidence exist documenting the presence of a subsurface 

VOC source and/or migration pathway, and that less invasive steps be initially considered and/or 

implemented.  Where appropriate, this effort should include investigations to identify possible 

source/source areas, and source control or mitigation measures. 

COMMENT:   The above paragraph is accurate.  Other portions of this 
chapter of the Guidance should be reworded to ensure 
consistency with this paragraph. 

While SSD systems are considered a remedial activity and measure under the MCP, they are 

typically not a component of a site-wide (soil and groundwater) remediation approach.  Rather, their 

design objective is to prevent soil gases from infiltrating a building. In most cases  Except where 

they are implemented in conjunction with SVE systems, SSD systems will not have an 

appreciable impact on site contaminant levels.  

4.3.3.2 Description of the SSD System 

A sub-slab depressurization system basically consists of a fan or blower that draws air from the soil 

beneath a building and discharges it to the atmosphere through a series of collection and discharge 

pipes.  One or more holes are cut through the building slab so that the extraction pipe(s) can be 

placed in contact with sub grade materials, in order for soil gas to be drawn in from just beneath the 

slab.  In some cases the system may require horizontal extraction point(s) through a foundation 

wall, although in most cases the pressure field from an extraction point in the slab will extend 

upward adjacent to the foundation walls. A typical active depressurization system may have 250-

300 Pa negative pressure at the suction point which should account for a 4 Pa negative pressure 

across the slab.  

SSD systems are generally categorized as Low Pressure/High Flow or High Pressure/Low Flow.  

Site conditions dictate which approach and system is most appropriate.   
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Some buildings have pervious fill/soil materials beneath the slab.  Soil gas/air movement through 

such materials is rapid, and only a slight vacuum will create high flowrates.  In such cases, the SSD 

system should utilize a low pressure/high flow fan.  Other building slabs are underlain by less 

pervious materials, and common fan units will not be able to draw the appropriate level of vacuum.  

In these cases, a high pressure/low flow blower unit is required, capable of creating high vacuum 

levels.     

Low Pressure/High Flow systems generally use 3-4 inch diameter piping; High Pressure/Low Flow 

systems may use smaller diameter piping.  This piping is generally run from the extraction point(s) 

through an exterior wall to the outside of the building.  The piping is connected to a fan/blower, 

which is mounted either on the outside of the building or in the attic.  Placement of the fan/blower 

in this manner ensures that a pressurized discharge pipe is not present within occupied spaces (in 

case of leakage).  Exhaust piping is run so that the discharge is above the roofline. 

4.3.3.3 Sub-membrane Depressurization 

Sub-membrane depressurization is effective in buildings experiencing soil vapor intrusion andthat 

have crawlspaces or basements with dirt floors. The design of the system is similar to a sub-slab 

depressurization system. Piping is installed beneath a flexible sheet membrane with a recommended 

minimum thickness of 9 mil. A fan is used to depressurize beneath the membrane. The membrane 

should cover the entire floor and be sealed at the seams and the perimeter wall. Wood panels may 

be used to secure the membrane to the base of the wall. Proper sealing of joints and seams is 

essential for this mitigation method. Pulling the membrane tight during installation could strain 

seals and seams when the system is turned on and the membrane is pulled tight to the floor.  

4.3.3.4 Sub-slab Pressurization 

Sub-slab pressurization mitigates soil vapor intrusion by using a fan to create a positive pressure 

beneath the slab. The positive pressure created below the slab creates a barrier, preventing soil gas 

from entering the structure. Sub-slab pressurization may be necessary when site-specific 

circumstances preclude the use of sub-slab depressurization and sub-slab ventilation. Specifically, 

sub-slab pressurization may be appropriate when the sub-slab material is too permeable to allow 

depressurization or if flows produced by the fan are too low to effectively vent beneath the slab.  
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4.3.3.5 Building Pressurization/ HVAC Modification 

In certain situations, it is possible to modify or supplement the HVAC system to create positive 

pressure within at least the lower level of the structure to effectively mitigate vapor intrusion. 

Positive pressure within the building must be consistently maintained so that advective flow of 

subsurface soil into the structure is not occurring. This approach may not be suitable to older 

buildings since they may not be as air tight as newer buildings, which would make this approach 

more costly. Heating and air conditioning systems may need to be modified from running on an as-

needed basis to running continuously. Although this approach may be capable of reducing advective 

forces, diffusive flow may continue.  

COMMENT: This section should describe installation of separate 
venting systems with humidity controls and heat 
exchangers. 

Occupant activities and minor unscheduled adjustments to the HVAC system may confound this 

effort. In some buildings manipulation of the HVAC system may be too complicated to effectively 

implement this technique. Using HVAC specifications within an AUL as conditions that must be 

maintained to assure a condition of No Significant Risk to Site occupants is not recommended 

because this may be too complicated to effectively implement. It is unlikely that an HVAC 

technician will consult the AUL during routine or emergency adjustments to the HVAC system. 

4.3.3.6 Indoor Air Treatment 

Indoor air treatment is the use of various technologies to remove soil vapor contaminants that have 

already infiltrated the building. The treatment equipment available for removing contaminants from 

indoor air includes zeolite and carbon sorbtion, ozone oxidation, and photocatalytic oxidation. 

Indoor air treatment sorbtion filters with more surface area and better air contact tend to have better 

removal efficiencies. The use of adsorbtionadsorption technologies will present additional costs 

associated with regenerating or disposing of the sorbtion material. There are indoor air treatment 

technologies available that release ozone to the indoor air. This treatment method is not 

recommended because ozone is a criteria air pollutant. This mitigation method may be an 

alternative where a sub-slab depressurization system is not an option. 
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4.3.3.7 Off-Gas Controls and Treatment  

In accordance with DEP Policy #WSC-94-150, off-gas control systems are not required for SSD 

systems, provided that the system will emit less than 100 pounds/year of VOCs and will not cause 

air pollution/odor problems in the surrounding area (SOP, 2007; p.31). MassDEP has the authority 

to require off-gas controls when contaminant concentrations discharged from the SSD or other 

mitigation system represent a condition of significant risk, create an odor nuisance condition, and/or 

adverse health, safety, or environmental conditions downwind of the remedial discharge.  

For remedial systems (not SSD systems) that emit greater than 1 ton per year of contaminants, there 

is a requirement for 95% emission reduction. This requirement may be rebutted with an LSP 

opinion documenting that 95% reduction is not feasible or is unnecessary because the emissions do 

not present a significant risk to health, safety, public welfare, or the environment. (I’m not sure if 

this same rebuttal mechanism could apply to SSD systems that emit >100 lbs./year. Has this ever 

come up?) 

The basis for this criteria lies in the Massachusetts Air Pollution Control Regulations, 310 CMR 

7.00, where air pollution is defined as: “the presence in the ambient air space of one or more air 

contaminants or combinations thereof in such concentrations and of such duration as to: (a) cause a 

nuisance; (b) be injurious, or be on the basis of current information, potentially injurious to human 

or animal life, to vegetation, or to property; or (c) unreasonably interfere with the comfortable 

enjoyment of life and property or the conduct of business. 310 CMR 7.09(1) states: “No person 

having control of any dust or odor generating operations such as, but not limited to…. shall permit 

emissions therefrom which cause or contribute to a condition of air pollution.” 

4.4 Mitigation System Selection and Design 

4.4.1 General Mitigation System and Design Considerations 

A fundamental design consideration is whether the proposed mitigation technology is capable of 

reducing concentrations of contaminants in indoor air below target concentrations. The collection of 

indoor air data appearsmay be necessary to determine the correct type of mitigation system, the size 

and design of the mitigation system, first, to identify conditions of significant risk (acute or 

chronic) associated with contaminants in indoor air, and second, to clearly define and quantify the 
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objective of the mitigation system to determine the correct type, size, and design of mitigation 

system. The identification of significant acute and chronic risk based on soil vapor or indoor air 

analytical data will have implications for the timing of response actions. For example, significant 

acute risks must be mitigated quickly and may require implementation of short term mitigation 

methods while source remediation or long-term remedial measures are undertakenbefore 

comprehensive response actions are evaluated.  

Mitigation system reliability is important to ensure protection of occupants from concentrations of 

contaminants that represent significant acute or chronic risk. Mitigation systems should be proven 

to consistently and effectively reduce indoor air contaminant concentrations below target levels. A 

robust mitigation system that is resistant to failures or breakdowns is recommended.  

The interaction between building occupants and the selected mitigation system is an important 

design consideration. If the system inconveniences occupants, it is likely the system will be 

modified or turned off.  It is important to consider the ancillary effects of the mitigation system 

(e.g., noise, vents) and obviate any disturbance of system operation. Information and training of 

occupants may prevent system disturbance. 

The effect of opening or closing windows, doors and vents should be considered. This is 

particularly true for passive venting systems that rely heavily upon the stack effect to function 

properly. Opening windows and doors in the upper floors of a structure may enhance the stack 

effect within the structure and possibly overcome the effect of the mitigation system. Vapor 

Intrusion mitigation systems may modify characteristics in indoor air including humidity, carbon 

dioxide, carbon monoxide, particulates, dust, mold and the air exchange rate. The effect of the 

mitigation system on indoor air moisture may also be relevant. 

4.4.2 New and Existing Buildings 

Choosing to site new construction away from sources of VOCs in soil and groundwater is an 

effective means of preventing soil vapor intrusion.   

COMMENT: This statement is directly at odds with MassDEP’s goal of 
encouraging brownfield redevelopment. 
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Source remediation to remove or reduce contamination is also a means of preventing soil vapor 

intrusion in new buildings.  

Building designs that promote ventilation on the ground floor, such as an open parking garage, will 

likely short-circuit and prevent a potential vapor intrusion pathway.  

Typically, new buildings are constructed above engineered, permeable bedding with a drainage mat, 

passive barrier and vent piping. Many buildings are now being built with vapor barriers regardless 

of subsurface contamination. It is important to ensure that the vapor barrier installed is actually 

capable of preventing volatile contaminants in soil vapor from entering the structure. A passive vent 

system may be installed if moderate reductions in soil gas contaminants are necessary. The system 

should be designed to easily accept a fan or blower and depressurize beneath the slab if additional 

reductions in soil gas contaminants are necessary. 

For existing structures, the building characteristics and subsurface conditions determine the type of 

mitigation system that is most appropriate. Passive systems are generally not recommended for 

existing structures because of the inability to create a permeable sub-slab environment. In rare 

circumstances where site-specific conditions preclude other actions, a false floor has been built 

upon the existing slab or basement floor to create a permeable layer within which active 

depressurization or passive vent piping may be installed. In most cases, existing structures or slabs 

can be modified to incorporate a vapor intrusion mitigation system cost effectively. Site specific 

factors such as soil type and density and groundwater level may limit some mitigation system 

alternatives. 

Off-gassing of new building materials or the presence of consumer products within the building 

may complicate the evaluation of soil vapor intrusion by direct measurement of contaminants in 

indoor air. Identifying contaminants in soil, groundwater, soil gas and ambient air; updating the 

chemical inventory within the building and developing a conceptual site model based upon this 

information may help determine if contaminants in indoor air originate in soil gas or indoor sources. 

Please see Section 3.4.2.6 of this guidance for additional information about evaluating new building 

indoor air sources. 
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4.4.3 Building Use 

Building use may be categorized as follows: 

• Residential – single family or multi-family 

• Commercial or mixed use (commercial/residential structures) 

• Industrial 

• Educational 

• Religious/Institution 

Building use is an important consideration with respect to mitigating vapor intrusion issues for a 

variety of reasons. The building type suggests the amount of time people occupy the building. This 

consideration is important with respect to identifying occupant exposure and characterizing risk. A 

change in building use after a mitigation system has been installed would require a reevaluation of 

the mitigation system objectives and exposure scenarios.  

COMMENT: The deleted statement is not consistent with the installation 
of a mitigation system as a component of a permanent 
solution, which considers and addresses the risks of all 
foreseeable uses. 

Buildings used for different purposes may be constructed differently (i.e., residential structures 

v.svs. a manufacturing facility) and therefore have different factors influencing the air exchange rate 

(AER) within the buildings. Identifying actual or potential vapor intrusion issues as soon as possible 

in the planning process of development or redevelopment projects allows the mitigation system 

design to be incorporated from the beginning of the planning process. Including the mitigation 

system into the building design from the beginning could result in significant cost savings by 

avoiding costly retro-fits. 

Buildings used for different purposes may have different standards for acceptable concentrations of 

contaminants in indoor air. For example, a commercial dry cleaner must adhere to the OSHA 

standard for perchloroethylene (PCE) in indoor air within the facility to ensure worker protection. 

TheUnder the MCP, the OSHA standard for PCE is not considered protective for the same 

concentration of PCE in the indoor air of a residence.  
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4.4.4 Soil Type and Moisture 

Soil type and porosity are especially important considerations during the installation of a sub-slab 

mitigation system in existing structures. This includes structures, such as residences with basements 

or slab-on-grade construction. Small diameter test holes can be drilled through the slab at various 

representative locations to collect sub-slab material for visual inspection.  Test holes should be 

installed above the groundwater table and should not be deeper than one foot. A general evaluation 

of the material's permeability should be made. Test holes and visual inspection of sub-slab materials 

are not essential, however, as system design is based primarily on the results of pressure testing. 

However, additional information such as the presence of aggregate drainage layers or moisture 

barriers may be useful. 

4.4.5 Conceptual Model of Building Air Exchange 

Advection is the primary mechanism of soil vapor intrusion to indoor air while diffusion is usually 

considered a secondary mechanism. Advection occurs when the pressure in soil beneath the 

building is higher than the pressure within the basement or above the slab of a structure. The natural 

tendency of differing pressures to equilibrate drives the flow of air from the high pressure area 

beneath the slab to the low pressure, negatively pressurized, ground floor within the building. 

Diffusion is a different mechanism of soil vapor intrusion in which molecules move from areas of 

high concentration, in this case beneath the slab, to areas of low concentration, the basement or 

ground floor of a structure. Diffusion may become a significant vapor intrusion mechanism when 

advection has been controlled and soil vapor concentrations are unusually high, the slab is not 

equipped with a vapor barrier, or the slab is thin or porous.  

EPA defines the air exchange rate (AER) as: “the rate at which outside air replaces indoor air in a 

given space.” The air exchange rate varies for each structure and may influence the advective flow 

of soil gas into a building. Windows, doors, cracks, gaps, seams and vents in the building envelope 

allow outside air to replace indoor. Older buildings typically have developed more openings in the 

building envelope and therefore more opportunity for outside air to replace indoor air. Newer 

buildings are typically tighter and have less penetrations in the building envelope. In commercial 

and industrial buildings and some residences, the air exchange rate is heavily influenced by the 

operation of mechanical heating and cooling systems. A general exchange rate of 0.35 exchanges 
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per hour for residential buildings is recommended by American Society of Heating, Refrigeration 

and Air Conditioning Engineering (ITRC Brownfields)add citation to ASHRAE standard).. 

EPA defines stack effect as: “the movement of air into and out of buildings, chimneys, flu gas 

stacks or other containers, and is driven by buoyancy. Buoyancy occurs due to a difference in 

indoor-to-outdoor air density resulting from temperature and moisture differences. The result is 

either a positive or negative buoyancy force. The greater the thermal difference and the height of the 

structure, the greater the buoyancy force, and thus the stack effect. The stack effect is also referred 

to as the "chimney effect", and it helps drive natural ventilation and infiltration.” The stack effect 

may contribute to the advective flow of soil gas into a structure. As warm air rises in a building, 

cooler air may be drawn from beneath the slab. The stack effect may be less severe during the 

summer months in buildings that utilize cooling systems.  

Natural factors contributing to the negative pressure often observed in buildings are winds, 

barometric pressure changes, and the stack effect. Other factors contributing to the negative 

pressure in buildings are mechanical heating and cooling systems; exhaust fans (including fans 

serving grilles or ovens); clothes dryers; central vacuums; and combustion devices including 

furnaces, woodstoves and fireplaces. The impact of furnaces, clothes dryers, etc. on vapor intrusion 

occurs when these devices exhaust outside. Ducting combustion equipment intake air directly from 

outside may decrease the contribution of these units to the overall negative pressure within the 

building. 

Prior to mitigation system design and installation, building heating, cooling and ventilation should 

be evaluated to determine how they direct air flow, influence the AER, and their influence on vapor 

intrusion and negatively pressurize the structure. For example, ventilation fans serving specific 

rooms (e.g., bathrooms or kitchens) may be capable of removing large volumes of air and could 

potentially depressurize the room. Vapor intrusion into the room could be enhanced if the room is 

located in the basement or directly on the slab. Determining the effects of heating, cooling and 

ventilation systems on the AER may be extremely complex in certain structures. Therefore, it may 

be practical to include the expertise of a qualified and licensed HVAC professional to aid in the 

evaluation. 
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4.4.6 Pre-Mitigation System Installation Diagnostic Evaluation 

Having a clear understanding of the problem to be solved and the development of a solution based 

upon that understanding are important elements of a successful mitigation project. Some mitigation 

projects may require or benefit from following a Quality Assurance Project Plan (QAPP) process 

that includes the development of data quality objectives (DQOs). Following the QAPP process 

formally or informally, or incorporating  specific elements, may help ensure the project objectives 

have been identified and data is collected to verify intended objectives. 

All SSD systems should be designed in conformance with standard engineering principles and 

practices.  As the work will likely be conducted in close proximity to building inhabitants, safety 

concerns are a priority.  Issues regarding piping routes, fan location, vibration and noise concerns, 

etc., should be discussed with the building owners and occupants.  Attempts should also be made to 

minimize alterations in the appearance of the building, by keeping system components as 

inconspicuously located as practicable. The local municipal Building Department should also be 

contacted to determine if any permits are required.   MassDEP may need to intervene where local 

authorities attempt to use local by-laws and codes as means of overriding or adding to MCP 

requirements.  Some municipalities may also have restrictions on the type of piping material that 

can be used inside certain structures and requirements for penetrations through various walls, floors, 

etc. 

4.4.6.1 Communication Tests 

The airflow characteristics and capacity of the material beneath the slab should be quantitatively 

determined by diagnostic testing.  This is the most important step in the SSD design process, and 

should always be performed prior to the design and installation of an SSD system. Communication 

tests are usually performed to determine if the material beneath the slab has the permeability 

necessary for a negative pressure field to extend beneath the entire slab or foundation. 

Communication tests are typically performed by drilling a hole in the center of the slab or 

foundation. Vacuum is then applied to the central drill hole while a micromanometer or magnehelic 

is used to measure the differential pressure in holes located at various locations in the slab including 

the perimeter. Low or no differential pressure measurement is an indication that material beneath 

the slab is not amenable to depressurization. Probe locations used in the diagnostic location may be 
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maintained to verify system performance throughout the life of the system. Communication tests 

should be performed for any soil vapor intrusion mitigation system that relies upon depressurizing 

or venting the sub-slab environment to reduce indoor air concentrations. In addition to vacuum 

readings at the point of vacuum application and vacuum response at varying radial distances during 

the diagnostic testing, flow readings should also be collected during the test to provide additional 

data needed for the selection of the proper fan/blower size and the number of suction points 

required for the full-scale system. 

4.4.6.1.1  Tracer Gas 

http://www.epa.gov/quality/qa docs.html DQO info 

http://www.cdc.gov/niosh/idlh/intridl4.html - NIOSH 

http://www.atsdr.cdc.gov/mrls/index.html - Agency for Toxic Substances and Disease Registry 

(ATSDR) 

4.4.7 Mitigation System Installation, Maintenance and Monitoring 

4.4.7.1 Active Sub-slab Depressurization System Installation, Testing and Modifications 

The installation of an active sub-slab depressurization system or sub-membrane depressurization 

system should be conducted under the direct supervision of a competent professional with specific 

experience in building vapor mitigation, site remediation, and/or environmental engineering 

practices.  There are many firms that specialize in installing SSD systems for residential radon 

mitigation, as soil vapor intrusion generally applies to the intrusion of radon into buildings. It is 

possible however, depending on site conditions, concentrations of soil gas and target indoor air 

concentrations (i.e. indoor air contaminant cleanup goals) that sub-slab depressurization systems for 

the mitigation of VOCs may require higher performance standards (e.g. greater depressurization 

under a larger area of the slab) than those needed to mitigate very low radon concentrations to levels 

below applicable criteria. Start-up of the system should not occur until several hours after the 

extraction hole has been grouted, to allow the grout to cure.  Otherwise, the fan/blower could draw 

moisture from the wet grout and cause the patch to shrink and crack. System testing should include 

an evaluation of whether backdrafting of combustion or vented appliances (e.g., woodstoves, 
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fireplaces, clothes dryers) to determine if dangerous combustion gases such as carbon monoxide are 

accumulating within the building. 

The creation of an effective sub-slab negative pressure field should result in the reduction of VOC 

concentrations in the indoor air within the building.  After SSD system startup, direct measurement 

of indoor air quality should be collected to confirm that concentrations of VOCs in indoor air are 

reduced (e.g. to levels at or below typical indoor air concentrations).  Generally, this confirmatory 

monitoring should be done 2 to 4 weeks after system startup. (Should we include/develop Guidance 

specifying a minimum value for a negative pressure field?) 

Subsequent to this initial evaluation, consideration should be given to conducting one additional 

indoor air sampling effort during the "worst case" months of January or February (unless, of course, 

the initial evaluation is conducted during these months). This is especially true if non-winter SSD 

negative pressure conditions were marginal. 

If indoor air quality data continues to indicate elevated concentrations of VOCs, further evaluation 

would be necessary to determine if (1) the SSD system is functioning properly, but levels of 

contaminants in the building exceed typical indoor air concentrations, or (2) the SSD system 

requires modification or expansion.  To make such a determination, a Lines of Evidence approach 

should be applied, looking at all available information and data (e.g., soil gas data; contaminant 

concentration trends in basement and first floor; chemical forensics, etc.)  For active sub-membrane 

depressurization systems, this should include an evaluation of the vapor membrane to determine if 

there are penetrations or inadequate seams or seals allowing contaminants to enter indoor air from 

beneath the slab. Short-circuiting problems are of particular concern, where cracks, holes, sumps, or 

annular spaces in the building foundation/slab disrupt a negative pressure field.  

At buildings where establishment of a negative pressure field is difficult, steps can be taken to 

improve the effectiveness of the SSD system by reducing the degree of underpressurization 

occurring within the basement.  These include: ducting make-up air from outside the building for 

combustion and drafting; and/or overpressurizing the basement by using fans to direct air from the 

rest of the building into the basement, or an air/air heat exchanger to direct outside air into the 

basement. 
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The contractor designing and installing the SSD system should be required to guarantee and 

demonstrate that the system will effectively prevent the intrusion of VOCs into the building.  The 

specific requirements for demonstrating that performance standards have been met can be set on a 

case-by-case basis.  There are two levels of performance standards for active SSD systems: 

confirmation of pressure field and achievement of indoor air quality goals. 

COMMENT:   It is unrealistic to expect the contractor to guarantee the 
system’s effectiveness. 

The installation of a failure warning device should be evaluated for active mitigation systems. 

Where appropriate (e.g., sub-slab depressurization systems), this may include the installation of 

carbon monoxide detectors to identify and warn occupants of dangerous backdraft conditions. 

Failure warning devices are available in the form of sounding alarms and light indicators. Warning 

devices may also be equipped with telemetry to alert individuals at remote locations of mitigation 

system shutdown. Proper functioning of the warning device should be verified upon installation and 

tested during each monitoring event. The warning device should be easy to calibrate, simple to read 

and understand and be located where it can be easily seen or heard. Building occupants should be 

informed about the system and understand the failure warning device. Occupants whose first 

language is not English should be provided instructions in their native language if necessary. 

4.4.7.1.1  Confirmation of Negative Pressure Field for Active SSD Systems 

Mitigation system performance must be verified once the system has been installed. Performance 

verification of sub-slab depressurization systems should initially include concurrent measurement of 

contaminants in indoor air and differential pressures beneath the entire slab. Collecting primary and 

secondary performance metrics establishes confidence that the negative pressure field created by the 

active depressurization system is meeting the design objective and effectively mitigating vapor 

intrusion impacts.  

(Guidance specifying a minimum value for a negative pressure field?)   

4.4.7.1.2  Smoke Testing 

COMMENT:   Smoke testing will not be effective for assessing mitigation 
system performance, and the section should be deleted. 
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4.4.7.2 Active Sub-Membrane Depressurization System Installation, Testing and 

Modifications 

Generally the techniques, considerations and requirements for the installation, testing and 

modifications for sub-slab depressurization systems apply to sub-membrane depressurization 

systems. As stated in Section 4.4.7.1 above, it is important that a membrane with a minimum 

thickness of 9 mil is used and that seams and joints are sealed properly. Following installation, it 

will be necessary to evaluate the sub-membrane system effectiveness with direct measurement of 

contaminants in indoor air. If post installation testing reveals inadequate reduction in indoor air 

contaminants or depressurization, troubleshooting should include inspection of seams and joints, an 

evaluation for a thicker and more effective membrane, and an evaluation of whether additional fans 

or piping are necessary.  

(Is the measurement of differential pressure beneath the membrane possible/effective as a 

monitoring technique?) 

4.4.7.3 Active Sub-Slab Depressurization System Monitoring  

For active sub-slab depressurization systems and sub-membrane depressurization systems, periodic 

monitoring should include direct measurement of contaminants in indoor air, measurement of 

pressure differentials across the slab, measurements of contaminants in sub-slab soil vapor, and an 

inspection of equipment and materials. For active sub-slab depressurization systems, at least some 

ports used during the SSD system diagnostic evaluation should be maintained to evaluate sub-slab 

concentrations during monitoring. Additionally, these ports may be used to measure differential 

pressures beneath the slab as a secondary indicator of system performance. When direct 

measurement of contaminants in indoor air is performed to monitor mitigation system effectiveness, 

collecting samples during the heating season should be performed so that indoor air concentrations 

during “worst case” conditions may be evaluated. It is essential that monitoring of sub-membrane 

systems includes observation/testing to ensure the integrity of the membrane. 

COMMENT: It is appropriate to collect indoor air testing to 
demonstrate the effectiveness of the SSD system during the 
winter after the system has been installed.  Three seasonal 
samples, including one winter sample, is sufficient to 
demonstrate the system’s effectiveness. Once it has been 
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confirmed that the SSD system is effective, pressure 
measurements from beneath the slab can demonstrate the 
ongoing effectiveness of the system.  Measuring the sub-
slab soil gas concentrations is not necessary.  Direct 
observation of the membrane is not possible since it is 
located beneath the building.  Observation of the condition 
of the floor and walls can, however, be useful in identifying 
cracking or building settlement that could affect the 
membrane. 

4.4.7.4 Active Sub-slab Depressurization System Monitoring Frequency 

Once an adequate demonstration of SSD system effectiveness has been determined by 

demonstration of an adequate negative pressure field beneath the slab supported by indoor air 

sampling, monitoring to ensure negative pressure is maintained at the extraction point(s), should be 

acceptable.  For single-family residential structures, it is generally not necessary to institute a 

regular or long term indoor air-monitoring program if system effectiveness has been demonstrated 

by previous direct measurement of indoor air with a concurrent demonstration that an adequate 

negative pressure field is established beneath the building. Annual or biannual indoor air sampling 

checks (every 1-2 years) are advisable. More frequent and/or systematic monitoring programs are 

advisable for larger and more complex buildings, and buildings with sensitive receptors such as 

schools.  

COMMENT:  As MassDEP has specified in the Assessment section for 
ruling out the vapor intrusion pathway in a building, post-
remediation monitoring should also be done for three 
seasonal sampling events, with one being in the winter. As 
a matter of logic, the standards for entering and exiting the 
program should be the same. 

4.4.7.5 Passive Venting System Installation, Testing, and Modifications 

4.4.7.5.1  Passive Venting System Installation 

As stated in Section 4.4.2 above, passive venting system installation is best suited to new 

construction where moderate reductions in soil vapor contaminants in indoor air are required and 

where a permeable venting layer below the slab and vapor barrier can be created. Installation of 

passive venting systems in existing buildings is limited unless a permeable layer can be installed 

beneath the entire slab, or a vapor barrier can be incorporated into new or existing floors 
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and/or wall systems. The installation of a false floor above the basement floor or slab has been 

observed to achieve reductions in indoor air contaminant concentrations. 

COMMENT:   The passive venting and barrier system does not remediate  
the soil gas from beneath the building, but retards it from 
migrating into the building.  Passive venting and barrier 
systems can be very effective even with high 
concentrations of soil gas. 

Passive venting systems consist of perforated large diameter piping (4 inches or larger) located 

within a permeable bedding material (usually sand or pea gravel) beneath the building slab or 

basement floor. Passive vent piping design should include as few bends in possible. PCV piping is 

typically used for the perforated sub-slab vent piping. Schedule 40 PVC or equivalent should be 

used for vent piping. Low grade PVC has been observed to denature or slump when exposed to long 

durations in sunlight. Collection piping design should include a sampling port within the sub-slab 

vertical collection piping (DTSC 09, p.18). Sampling ports at various locations across the slab may 

be necessary to accurately monitor soil gas concentrations within the collection piping. 

A vapor barrier specifically designed to prevent volatile contaminants in soil gas from entering the 

building should be installed in tandem with passive vent system piping, above the permeable 

bedding. The purpose of the passive vapor barrier is to direct fugitive soil gas contaminants not 

removed by the passive venting system to the perimeter of the building rather than infiltrate into the 

structure. Sub-slab venting systems should be designed to easily facilitate the transformation from a 

passive venting system to an active depressurization system in the event additional reductions in 

indoor air contaminants are necessary. This is typically performed by adding a fan or blower to the 

existing piping and performing the necessary diagnostic evaluation discussed in Section 4.4.7.1 of 

this document.  

As discussed in Section 4.4.5 of this document, pressures in sub-slab vent piping have been 

observed to fluctuate between positive (air flowing from the top of the stack to the sub-slab 

environment) and negative (sub-slab air flowing up and out the stack to the ambient air). The 

fluctuation between positive and negative pressures beneath the slab that may be observed in vent 

piping is influenced by stack height, wind direction, temperature, roof features and pressure 

variations. Therefore, although negative pressures may be observed beneath the slab, there is no 
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design objective or requirement for passive venting systems to reliably maintain a negative pressure 

field beneath the slab. Passive sub-slab venting systems should be monitored by measuring 

concentrations of contaminants in sub-slab soil gas and direct measurement of contaminants in 

indoor air (DTSC 09, p.18). Action levels based upon sub-slab soil gas and/or indoor air 

concentrations should be established prior to system installation that indicates when the passive 

system should be upgraded to an active sub-slab mitigation system.  

4.4.7.5.2 Passive Venting System Post-installation, Testing and Modifications 

Initial post-Following installation testing of theof a passive venting system should include 

concurrent measurement of indoor air and, indoor air testing should be conducted over three 

seasons to demonstrate its effectiveness. sub-slab soil gas sampling, ideally within the passive 

vent collection piping. Measuring sub-slab soil gas provides an indication that volatile contaminants 

beneath the slab are being vented or diluted to the extent contaminants are not building up beneath 

the slab and that vapor intrusion is not occurring. 

COMMENT:   Post installation sampling does not need to include sub-
slab soil gas sampling, because it is not necessarily the case 
that soil gas being vented is actually being diluted.  The 
passive venting and barrier system is primarily retarding 
migration through the floor and providing an alternative 
pathway for the discharge of soil vapor. 

If indoor air quality data continues to indicate elevated concentrations of VOCs, further evaluation 

would be necessary to determine if (1) the passive venting system is functioning properly, but levels 

of contaminants in the building exceed typical indoor air concentrations, or (2) the passive venting 

system requires modification or expansion.  To make such a determination, a Lines of Evidence 

approach should be applied, looking at all available information and data (e.g., soil gas data; 

contaminant concentration trends in basement and first floor; chemical forensics, etc.). An 

evaluation of the passive vapor barrier should be conducted to determine if there are penetrations or 

inadequate seams or seals allowing contaminants to enter indoor air from beneath the slab.  

Because the flows observed within passive venting systems are typically low (______), reducing the 

degree of underpressurization occurring within the basement may be helpful to reduce the natural 

stack effect drawing sub-slab soil gas into the structure. Theoretically, this may help reduce the 
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advective forces the passive venting system is working to overcome. Steps to reduce the degree of 

underpressurization occurring in the basement may include: ducting make-up air from outside the 

building for combustion and drafting; and/or overpressurizing the basement by using fans to direct 

air from the rest of the building into the basement, or an air/air heat exchanger to direct outside air 

into the basement. 

For passive systems installed in new construction, modification or expansion after installation may 

be more difficult than expansion of an active system. While expansion of an active sub-slab 

depressurization system may consist of the addition of a single sub-slab extraction point with piping 

above the slab, expansion of an existing passive venting system determined to be inadequate may 

require long sections of perforated piping beneath the slab. Therefore, expanding a passive venting 

system may be more disruptive and costly than expansion of an active sub-slab system when 

additional reductions of contaminants in indoor air are required. Therefore based on the effort, 

disruption and associated costs of modifying an existing passive venting system it may be more 

efficient to simply install a fan(s) or blower(s) to transform the existing passive venting system to 

an active depressurization system to achieve the necessary reductions in indoor air. 

4.4.7.6 Passive Sub-slab Venting System Monitoring  

As mentioned in the previous section, there is no design objective or requirement for passive 

venting systems to reliably maintain a negative pressure field beneath the slab. Therefore, after 

initial indoor air measurement confirming the passive sub-slab venting systems effectiveness, 

systems should be monitored by measuring concentrations of contaminants in sub-slab soil gas. A 

reasonable indication of passive venting effectiveness are concentrations of contaminants in the 

sub-slab soil gas that are 100 times less than the acceptable indoor air concentration, which is based 

on an attenuation coefficient of 0.01 between sub-slab soil gas and indoor air in the unmitigated 

building (DTSC 09, p.18). In the event soil gas concentrations are greater than 100 times less than 

acceptable indoor air concentrations, inspection of the passive vapor barrier and subsequent indoor 

air sampling should be performed, as discussed in Section 4.4.7.1.2 of this document.inspecting the 

integrity of the system.  Periodic inspections can be conducted to observe the potential for 

building settlement which could affect the integrity of the piping and/or membrane. If 

significant settlement is observed which might affect the system, then indoor air testing could 
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be performed to demonstrate its effectiveness.  If after evaluating the system it is determined that 

effectiveness cannot be improved with the current passive system, the system should be modified to 

an active sub-slab depressurization system.  

COMMENT:  Judging the performance of a passive system on the 
attenuation of unmitigated soil gas is not appropriate.   

4.4.7.7 Passive Sub-slab Venting System Monitoring Frequency 

Sub-slab soil gas monitoring as well as general monitoring activities should be performed every six 

months to a year to demonstrate passive venting system effectiveness. Site specific circumstances 

including sensitivity of receptors, contaminant concentrations and building use may influence 

monitoring frequency. Indoor air sampling and troubleshooting of the system should be performed 

when concentrations of sub-slab soil gas are greater than 100 times less than the acceptable 

concentration for aassociated with No Significant Risk for the contaminant of concern, after 

taking into consideration the number of constituents that contribute significantly to total site 

risk.  

COMMENT:  As discussed above, the use of sub-slab soil gas monitoring 
to test the effectiveness of a passive system is not 
appropriate. Moreover, the recommended frequency of 
monitoring is excessive. 

4.4.7.8 General Mitigation System Monitoring Considerations 

Updates to the chemical inventory of products used in the building should be conducted 

duringprior to any indoor air monitoring to identify indoor sources unrelated to contaminants in 

soil gas and identify possible inconsistencies in collected data. In addition to sampling and 

screening procedures, periodicPeriodic monitoring should include: a visual inspection of system 

components, collection points, drainage or condensation issues; collection of pressure and flow 

rates in vent risers; and routine maintenance, calibration and diagnostic testing that may be 

specifically required by the manufacturer. Periodic monitoring should be comprehensive enough 

and performed on a schedule that allows modification or maintenance to the system to be identified 

and performed in a timely manner. 
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If monitoring activities identify the mitigation system is not performing properly, a diagnostic 

evaluation should be performed to determine the problem. Mitigation system malfunctions are often 

caused by design or installation issues. Poor mitigation system performance may also be caused by 

occupant activities such as opening doors and windows, adjustment to the building HVAC 

equipment, or unauthorized adjustment of mitigation equipment. The mitigation system should be 

clearly labeled to avoid inadvertent modifications. System upgrades or modifications should be 

performed in a timely manner. 

4.4.8 MCP Monitoring Requirements 

For all mitigation systems, monitoring and maintenance is required. Monitoring and maintenance 

intervals may be determined based upon the susceptibility of the mitigation system to failure and the 

effect of system failure on building occupants, which may include acute impacts to sensitive 

populations. Regulations in the MCP pertaining to IRA Status and Remedial Monitoring Reports 

located at 310 CMR 40.0425(6) statesstate:  

“For a disposal site where Active Operation and Maintenance of a remedial action is 

being conducted as part of an Immediate Response Action, in addition to and/or in 

conjunction with the submittal of IRA Status Reports, a Remedial Monitoring Report 

shall be submitted to the Department on a form established by the Department for 

such purposes at the following frequency:  

(a) when an Immediate Response Action includes Active Operation and 

Maintenance of a remedial action to address an Imminent Hazard or Condition of 

Substantial Release Migration, with the first IRA Status Report and monthly 

thereafter. In such cases where Active Operation and Maintenance of a remedial 

action is initiated after the submittal of the first IRA Status Report, the initial 

Remedial Monitoring Report shall be submitted on the monthly anniversary of the 

submittal of the first IRA Status Report;  

(b) when an Immediate Response Action includes Active Operation and 

Maintenance of a remedial action to address conditions that do not pose an Imminent 

Hazard or Condition of Substantial Release Migration, with the first IRA Status 

Report and every six months thereafter. In such cases wehrewhere Active Operation 
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and Maintenance of a remedial action is initiated after the submittal of the first IRA 

Status Report, the initial Remedial Monitoring Report shall be submitted on the next 

six-month anniversary of the submittal of the IRA Status Report.” 

Immediate Response ActionsSites where vapor intrusion mitigation remains necessary after an 

IRA and continuethen continues as part of Phase IV Comprehensive Response Actions or, in 

“active” cases, in Remedy Operation Status, are required to comply with the MCP requirements 

at 310 CMR 40.0877(1) which states: 

“For a disposal site where Active Operation and Maintenance of a remedial action is 

conducted prior to the submittal of a Final Inspection Report and Phase IV 

Completion Statement to test and monitor the initial implementation and operation of 

the Comprehensive Remedial Action, a Remedial Monitoring Report shall be 

submitted to the Department on a form established by the Department for such 

purposes at the following frequency: 

(a) when the Comprehensive Remedial Action involves Active Operation and 

Maintenance to address an Imminent hazard or Condition of Substantial Release 

Migration, monthly; 

(b) when the Comprehensive Remedial Action involves Active Operation and 

Maintenance to address conditions that do not pose an Imminent Hazard or 

Condition of Substantial Release Migration, every six months.” 

Sites with continued operation of vapor intrusion mitigation into Phase V must 

comply with regulations specifying the frequency of monitoring reports located at 

310 MCR 40.0892(3) which states: 

“For a disposal Site where Active operation and Maintenance of a Comprehensive 

Remedial Action is being conducted, in addition to and/or in conjunction with the 

submittal of a Phase V Status Report, a Remedial Monitoring Report shall be 

submitted to the Department on a form established by the Department for such 

purposes at the following frequency: 
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(a) when Phase V activities include the Active Operation and Maintenance of a 

Comprehensive Remedial Action to address an Imminent Hazard or Condition of 

Substantial Release Migration, with the first Phase V Status Report and monthly 

thereafter. In such cases where the active Operation and Maintenance of a 

Comprehensive Remedial Action is not initiated until after the submittal of the first 

Phase V Status Report shall be submitted on the monthly anniversary of the 

submittal of the first Phase V Status Report; 

(b) when Phase V activities include Active Operation and Maintenance of a 

Comprehensive Remedial Action to address conditions that do not pose an Imminent 

Hazard of Condition of Substantial Release Migration, with the first Phase V Status 

Report and every six months thereafter. In such cases where the Active Operation 

and Mainteneance of the Comprehensive Remedial Action is intiated after the 

submittal of the first Phase V Status Report, the Remedial Monitoring Report shall 

be sunmitted concurrently with the submittal of the next Phase V Status Report; 

(c) Notwithstanding 310 CMR 40.0892(3)(a) and (b), when activites that include the 

Active Operation and Maintenance of a Comprehensive Remedial Action are 

continued in Phase V after being initiated in a previous phase of work (i.e., as an 

Immedaite Response Action, Release Abatement Measure, or during the initial 

implementation and operation of a remedy in Phase IV), the Status Report submittal 

schedule established under the previous phase of work shall be continued into 

Phase V.” 

4.4.9 Mitigation System Hazards 

The installation of soil vapor mitigation systems may create ventilation or pressure changes within a 

structure. It is essential to evaluate the effects of pressure and/or ventilation changes on combustion 

equipment within the structure. Often, exhaust gasses associated with combustion equipment, 

clothes dryers, and cooking appliances rely on convection and the stack effect for safe dispersion of 

combustion or other gasses out of the building and into the atmosphere. Backdrafting occurs when 

pressure or ventilation changes inhibit combustion gasses such as carbon monoxide from rising out 

the stack and actually draw them back into the structure. A backdraft that results in buildup of 
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carbon monoxide in a structure could be lethal to building occupants. Due to the possibility of 

backdrafting, specific diagnostic testing should be performed to determine if backdrafting is 

occurring or has the potential to occur. Backdraft tests generally consist of setting appliances or 

HVAC systems for the most severe negative pressure anticipated for the building followed by a 

flow visualization test or carbon monoxide measurements at each stack serving a combustion unit. 

In addition, it is recommended that carbon monoxide detectors are installed in homes with 

mitigation systems that may disrupt natural pressure or ventilation within the building. If a 

backdraft condition has been identified it can be corrected by ducting air from outside the structure 

for use as combustion equipment intake air. 

Concentrations of contaminants vented to the atmosphere that are unusually high may present a 

problem when stack height is low, proper dispersion of contaminants to the ambient air is not 

occurring, or several systems are discharging soil vapor in a small area. Stacks should not be placed 

near windows or building intake vents so soil gas does not reenter the building. In addition, the use 

of explosion-proof equipment must be used when extremely high concentrations of combustible 

VOCs are expected. The installation of mitigation systems may require retrofitting within buildings 

containing lead paint or asbestos. It is important to be aware of these hazards and use personal 

protective equipment as necessary. 

COMMENT:  MassDEP should avoid addressing issues, like radon and 
asbestos, that are not regulated by the MCP.   

4.5 Mitigation System Closure and AULs 

4.5.1 Closure Evaluations 

Risk based evaluations for each contaminant in indoor air should be the basis for mitigation system 

shutdown. Mitigation system shutdown should be based upon concentrations of contaminants in 

indoor air that present No Significant Risk to building occupants without the use of an active 

remedial or mitigation system. In Massachusetts, significant risk is assumed to exist when the 

Excess Lifetime Cancer Risk (ELCR) is greater than 1x10-5 or the Hazard index is > 1. Lines of 

evidence used to support system closure should include direct measurement of contaminants in 

indoor air. In some situations, it may be necessary to support the request for system closure with 
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results from several indoor air sampling events including samples collected during the heating 

season or “worst case” conditions.  

Additional lines of evidence to support system closure may include soil gas data and site-specific 

soil and groundwater data provingdemonstrating that the source of soil vapor contaminants has 

been removed or sufficiently reduced. For large or complex buildings that may have been 

subdivided into zones based upon degrees of vapor intrusion impacts, closure may require each 

zone to be evaluated independently.  

Closure evaluations for mitigation systems installed during Immediate Response Actions (IRAs) 

may be documented within an IRA Completion Report. In these cases the closure evaluation would 

need to comply with 310 CMR 40.0427(1) which states: 

“An Immediate Response Action shall be considered complete when the release, 

threat of release and/or site conditions which give rise to the need for that Immediate 

Response Action, as described in 310 CMR 40.0412, have been assessed and, where 

necessary, remediated in a manner and to a degree that will ensure, at a minimum: 

(a) the accomplishment of any necessary stabilization of site conditions; 

(b) the elimination or control of any Imminent Hazards to health, safety, public 

welfare and the environment, without the continued operation and maintenance of 

active remedial systems, pending the completion of any necessary Comprehensive 

Response Actions; and  

(c) the elimination, prevention or mitigation of Critical Exposure Pathway(s) without 

continued operation and maintenance of active remedial systems, pending 

completion of a risk assessment pursuant to 310 CMR 40.0900 and a feasibility 

study pursuant to 310 CMT 40.0860.” 

System closure can also occur procedurally as part of an RAO. 

4.5.2 Institutional Controls 

Institutional controls, referred to in the MCP as Activity and Use Limitations (AULs), are 

implemented as a legal document to prevent unacceptable exposures to contamination remaining at 
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a site. Generally, AULs are required when exposure point concentrations of oil or hazardous 

material left at the Site exceed a level of No Significant riskRisk for unrestricted use at the Site. 

While AULs are mostly used to address contaminants remaining in soil, they may be used to protect 

individuals from contaminants remaining in groundwater or volatile contaminants partitioning from 

groundwater or soil as vapor into indoor air. In situations where mitigation is required to address 

vapor intrusion and site-wide remediation is not expected to eliminate the vapor intrusion hazard in 

the near future, AULs may be implemented after the achievement of a permanent or temporary 

solution and may be used on a permanent or temporary basis. The challenge of implementing an 

AUL requiring continued operation of a vapor intrusion mitigation system is to include realistic 

restrictions with achievable, and effective means of ensuring unacceptable exposures will not occur. 

For example, ensuring adequate sub-slab pressures, periodic indoor air samplinginspections, and 

ongoing maintenance, etc. 

The applicability of AULs at properties to prevent exposures to contaminated groundwater is 

primarily designed to restrict exposures from contaminated groundwater used as drinking water. 

However, as stated in the MassDEP Guidance on Implementing Activity and Use Limitations 

(Interim Final Policy #WSC 99-300) AULs may be used to restrict exposures from soil vapor 

intrusion: “AULs may also be necessary to address OHM remaining in groundwater if the remedy 

employs “exposure pathway elimination measures” [See 310 CMR 40.1012(2)(b)], such as a 

venting system or vapor barrier, to prevent the migration of volatile contaminants from the 

groundwater into an existing building. In such instances, the AUL ensures that the system will 

remain in place and continue to function effectively in preventing exposure (i.e., the AUL provides 

for the inspection and maintenance of the system).” Using an AUL to limit exposures to 

groundwater is inherently problematic because groundwater migrates from one property to another 

and in most cases this precludes a property based restriction. In addition, establishing restrictions on 

migrating groundwater would potentially require obtaining access agreements from a variety of 

property owners which is unreasonable. 

AULs are not required at building construction sites to prevent a future potential vapor intrusion 

pathway that may occur where groundwater concentrations may result in volatilization of 

contaminants to indoor air. However, it may be prudent to implement AULs in areas where 

groundwater contaminants exceed GW-2 values in order to control future building design (i.e., 
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include a vapor intrusion mitigation system, pier construction, etc.) and prevent future exposures via 

vapor intrusion. 

During the development of an AUL, Method 2 risk characterizations are allowed to modify the 

volatilization component of Method 1 GW-2 standards. In some situations the conclusion of No 

Significant Risk from the Method 2 risk characterization is reliant upon maintenance of site 

conditions to ensure No Significant Risk. In these cases where the Method 2 is used to alter 

assumptions due to human interventions, an AUL is necessary to “lock in assumptions” as part of 

the permanent solution. The Method 2 cannot be used to alter exposure assumptions such as 

receptor or duration of exposure. Therefore, the Site specific conditions which ensure the condition 

of No Significant Risk at the Site must be maintained through the requirements of the AUL. The 

AUL guidance provides the example of maintaining an effective passive ventilation system to 

ensure a condition of No Significant Risk.   

COMMENT:   Using an AUL to lock in assumptions is not unique to a 
Method 2 Risk Characterization. 

Language within the “Obligations and Conditions” Section of the AUL should include minimum 

monitoring activities to ensure system effectiveness and upkeep, including flow measurements, 

differential pressure measurements (for active sub-slab depressurization systems), sub-slab soil gas 

sampling, and/or indoor air sampling. Monitoring of mitigation systems installed to maintain a 

condition of No Significant Risk, upon which the AUL is based, should include semiannual, annual 

or biannual monitoring to ensure the system is working effectively.  

The installation of passive sub-slab venting systems has been observed to be a popular choice to 

mitigate soil vapor intrusion throughoutrequires the implementation of an AUL. Monitoring to 

maintain the system to mitigate the pathway. Once the system has been demonstrated to be 

effective, monitoring of passive sub-slab venting systems is important ensureshould include 

inspection of the building for cracks or other signs of settlement which could affect the 

integrity of the piping and barrier system.  If there are indications that the system could be 

comprised, then indoor air testing may be warranted to demonstrate the system’s 

effectiveness at ensuring the condition of No Significant Risk at the Site is maintained. Therefore, 

the requirements within the AUL for these systems should include regular soil gas sampling to 
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determine if soil gas concentrations are less than 100 times the acceptable indoor air concentration 

for each contaminant of concern. If soil gas concentrations are not considered protective based on 

this screening value, troubleshooting of the system should occur followed by retesting soil gas and 

or collection of indoor air samples to determine actual indoor air concentrations. Please refer to 

Section 4.4.7 of this document for more information about passive venting system design, 

installation and monitoringsite is maintained. 

5.0 COMMUNICATION AND PUBLIC INVOLVEMENT AT VAPOR INTRUSION 

SITES 

Goals of this section: 

• Outline MCP notification requirements related to vapor intrusion investigation and 

mitigation 

• Describe typical communication scenarios encountered in the investigation and mitigation of 

vapor intrusion sites  

• Provide tools for use in common communication scenarios at vapor intrusion sites, including 

fact sheets and correspondence templates 

5.1 Interactions with Interested and Affected Parties 

5.1.1 MCP Requirements for notification and public involvement 

• 310 CMR 40.1403(10):  environmental sampling  

• 310 CMR 40.1403(11) lists the requirement for notification when conducting a remedial 

action as part of an Immediate Response Action to prevent, control, or eliminate an 

Imminent Hazard or to address a Critical Exposure Pathway.  Notice must be provided to 

owners and/or operators and to other Affected Individuals 

• 310 CMR 40.0006 defines an Affected Individual:  clarify for residential vs. commercial 

setting. 

• 310 CMR 40.1406:  Notification to owners of property within the boundaries of a disposal 

site 
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5.1.2 When interaction is not required by the MCP but may be useful 

• Communication with “non-affected” individuals (neighbors) 

• Communication about non-IRA activities 

5.1.3 Typical interaction scenarios related to indoor air 

• Obtaining sampling access for soil/soil gas/indoor air/outdoor air 

• Providing results of environmental testing 

• Explaining the need for mitigation 

• Obtaining permission to install a SSD system 

• Long-term operation and maintenance of SSD systems 

• Communicating with neighborhood groups 

5.1.4 Common challenges 

5.1.4.1 Communication with non-PRP building occupants.  

• Landowner as point of contact 

• Obligations regarding tenant notification 

5.1.3.3 Communication with Schools 

• School Departments 

• Building occupants – students and staff 

• Parents 

5.1.3.4 Communication about commercial exposures 

• Defining affected individuals  

• Responsibilities of PRP/tenants 

• Comparison to OSHA requirements 
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5.1.3.5 Access issues 

• Planning intrusive sampling  

o Locating soil gas points strategically 

o Night/weekend/shutdown period sampling 

• Concerns about SSD system operations 

• Distinguishing MCP-regulated and non-regulated   contaminants in indoor air 

5.2 Interactions with Local Officials 

5.2.1 Board of Health 

• Non-MCP indoor air problems 

• Evacuation based on Imminent Hazard indoor air levels 

• Public buildings, including schools 

• BOH actions re non-PRP building owners who fail to post notices 

5.2.2 Fire Department 

5.2.3 Local Building Officials 

5.3 Tools for Risk Communication (short descriptions with documents in Appendix) 

5.3.1 BWSC Forms 

• BWSC 122 – Informational Notice to Property Owners 

• BWSC 123 – Notice of Environmental Sampling 

• BWSC 124 – Informational Notice about Immediate Response Actions 

5.3.2 Fact Sheets 

• What is Vapor Intrusion? & Frequently Asked Questions about Vapor Intrusion 

o What is vapor intrusion? 
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o Are all indoor air quality problems caused by vapor intrusion? 

o What types of contamination may be entering my building via vapor intrusion? 

o What should I expect if vapor intrusion is a concern near my building? 

o How is vapor intrusion investigated? 

o What should I expect from a vapor intrusion investigation in or near my building? 

o What if vapor intrusion is identified during the investigation at my building? 

o What are the health risks from vapor intrusion? 

• Exposure and Risk - Imminent Hazards and Significant Risk under the MCP 

• Critical Exposure Pathways under the MCP 

• Sub-Slab Depressurization System Fact Sheet (from SOP, to be modified for non-     

DEP installation) 

• Chemical Specific Fact Sheets: format possibilities:  ATSDR (or  shortened/simplified 

version) or NY State DOH see http://www.health.state.ny.us/environmental/investigations/ 

soil_gas/svi_guidance/docs/svi_appendh.pdf 

5.3.3 Correspondence Templates 

• Sampling access for soil/soil gas/ indoor air/outdoor air  

• Providing results of environmental testing 

• Explaining the need for mitigation 

• Permission to install SSD systems 

• Long-term operation and maintenance of SSD systems 
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COMMENTS ON MADEP DRAFT POLICY: 
“INDOOR AIR THRESHOLD VALUES FOR THE EVALUATION OF A VAPOR INTRUSION 

PATHWAY” AND “TYPICAL INDOOR AIR CONCENTRATIONS” 
 

INTRODUCTION 
 
AMEC has reviewed and evaluated the draft policy documents issued by the Massachusetts 
Department of Environmental Protection (“MADEP” or “Department”) entitled “Indoor Air 
Threshold Values for the Evaluation of a Vapor Intrusion Pathway” (“ATV Policy”) and “Typical 
Indoor Air Concentrations” (“Concentrations Document”) (together, the “Draft Policies”).  The 
Department has issued these draft documents in place of a prior draft entitled “Using Upper 
Percentile Values Within The Range Of Typical Indoor Air Concentrations At Residences and 
Schools” (“Draft UPV Policy”).  AMEC provided the Department with comments addressing the 
Draft UPV Policy on March 12, 2008.  Because the Department has neither responded to 
AMEC’s prior comments nor made substantive changes in its Draft Policies to address those 
comments, AMEC is resubmitting its prior comments as Exhibit A and incorporates them by 
reference. 
 
The Draft Policies adhere to the same fundamentally flawed approach proposed in the first draft.  
The Draft Policies propose to replace “background,” the baseline on which the MCP and all of 
MADEP’s prior risk assessment guidance was built, with a substitute that looks like background 
but sometimes is not. The ATV Policy directs parties performing response actions at sites 
impacted with indoor air contamination to use certain “Threshold Values” derived from “typical” 
indoor air concentrations to show that, for purposes of the MCP, “a vapor intrusion pathway is 
not present.”  This would appear equivalent to the use of the listed concentrations as 
“background,” which need not be mitigated under Chapter 21E or the MCP, regardless of risk.  
See ATV Policy at 4 (“When the measured indoor air concentrations of chemicals associated 
with the disposal site are at or below a Threshold Value, MassDEP considers further 
investigation and lines of evidence unnecessary…. MassDEP does not expect parties to 
undertake response actions to assess or mitigate potential pathways in such cases”); Draft UPV 
Policy at 2 (“concentrations [that] fall within the range of typical indoor air concentrations” 
suggest that “observed concentrations … are not the result of a vapor intrusion and pathway” 
and may be used to reach “an endpoint that is consistent with the practical definition of 
‘background’ for indoor air”); see also “Indoor Sampling and Evaluation Guide” (MADEP, 2002a) 
(endorsing the use of typical background concentrations from nationwide data to establish 
“background” for indoor air).   
 
But MADEP’s list of “threshold values” bears no relation to the legal or technical definition of 
“background,” and is not even faithful to the “typical” concentrations that the Department has 
compiled in the Concentrations Document.  The ATVs are instead a conflation of both “typical” 
concentrations and their associated health risks.  The Department’s approach is both internally 
inconsistent and contrary to its own prior technical guidance.  For substances with “typical” 
concentrations that the Department has determined do not pose a significant risk, then “typical,” 
in fact, does mean “background.”  By contrast, if a “typical” concentration, in the Department’s 
judgment, may pose a significant risk, “typical” does not mean “background.” However “typical” 
and pervasive exposure to that concentration of that compound may be in the environment, the 
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“typical” concentration must be put aside, and other “lines of evidence” must be used to prove 
that the typical concentration is not site related.  This proposed policy is not consistent with the 
Department’s other policies, because, in the Department’s own words (MADEP 2002a), if a 
concentration is “typical,” it should be considered background, regardless of risk. 
 
MADEP’s position that “typical” concentrations sometimes are, but sometimes are not, 
“background” is new.  Likewise, MADEP’s position that it is not possible to determine with 
confidence what “background” even means for indoor air marks a radical departure from 
MADEP’s prior guidance and broad scientific consensus.  The Department has provided no 
scientific citation or explanation for this abrupt change.  The concept of “background” 
concentrations in indoor air is well-established, scientifically sound, and is recognized by the 
very jurisdictions from which the Department compiled its “typical” concentrations data.   
 
When MADEP convened the Indoor Air Workgroup, its announced purpose was to update the 
data used to establish typical background concentrations for indoor air.  What began as a 
scientifically based update of MADEP’s list of approved “background” concentrations has been 
redirected, through the application of policy judgments or other external considerations.  
MADEP should remain true to the data, and issue the actual typical concentrations that it has 
compiled during this process for use as background values.  At a minimum, the Draft Policies 
should make clear that the fact that a compound is present at a concentration that results in an 
exposure that is typical should be given great weight in assessing whether it is present “at a 
level that would exist in the absence of the site of concern.”  G.L.c. 21E, § 3A; 310 CMR 
40.0006. 
  
SUMMARY OF COMMENTS 
 
The Draft Policies are inherently flawed in their approach for several reasons. First, prior 
MADEP guidance affirms the use of published literature and empirical data to establish 
background for all media, including indoor air.  Second, other jurisdictions agree that indoor air 
background levels are ascertainable from “typical” values measured in comprehensive sampling 
programs reported in the scientific literature.  Third, the Draft Policies create what is effectively a 
risk-based exception to the use of background indoor air levels of volatile constituents that finds 
no basis in the MCP.  Fourth, there is no scientific or regulatory basis for treating background 
concentrations in indoor air differently from background concentrations in soil and groundwater, 
as the Department has proposed.  Fifth, the use of 50th percentile values for some contaminants 
is inappropriate and internally inconsistent; the 90th percentile value should be used uniformly 
for defining background, as has been done by the Department for other media.  Sixth, requiring 
the use of “multiple lines of evidence” where indoor air concentrations are consistent with values 
that the Department itself has determined are representative of typical indoor air concentrations 
implies an invalid presumption of site-related impacts, and an inappropriate assumption that 
baseline risks that are encountered from exposure to compounds at concentrations typically 
present in the environment should be quantified, investigated and somehow addressed.  Neither 
of these is consistent with the statute or the MCP.  
 
AMEC acknowledges MADEP’s apparent attempt to respond to our prior comments favoring the 
use of two sets of Risk Management Criteria, one based on a Hazard Index of 0.2 and an 
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Excess Lifetime Cancer Risk of 1x10-6, and one based on a Hazard Index of 1.0 and an Excess 
Lifetime Cancer Risk of 1x10-5.  However, the ATV Policy needs to be clarified regarding the 
exact manner in which these Risk Management Criteria are to be used. 
 
Finally, with respect to the Concentration Document, AMEC notes that the deficiencies in 
MADEP’s use of the available datasets that were previously identified by AMEC’s March 2008 
comments remain in the revised Concentration Document, which has been stripped of 
documentation in a way that frustrates independent review. 
 
DETAILED COMMENTS 
 
1. MADEP PRACTICE AND GUIDANCE SUPPORTS THE USE OF PUBLISHED VALUES 

TO ESTABLISH BACKGROUND FOR ALL MEDIA, INCLUDING INDOOR AIR 
 
The Draft Policies are predicated on the unprecedented principle that there can be no 
"background" values for indoor air.  This position is contrary to the fundamental premise of G.L. 
c. 21E and the MCP.  That premise is that concentrations that would exist in the environment 
even in the absence of the site of concern are neither appropriate for nor susceptible to 
remediation.  G.L.c. 21E, § 3A; 310 CMR 40.0006.  The same is true for purposes of risk 
assessment.  The fact that an exposure is not only typical but ubiquitous and pervasive means 
that it is excluded as background from the risk assessment. It is not quantified as a risk 
associated with the disposal site. 
 
MADEP's past written interpretations of the statute and the regulations affirm that “typical” in fact 
does mean “background” – for indoor air as for any other environmental medium.  The 
Department’s 1995 Risk Characterization Guidance and 2002 Indoor Air Guidance, for example, 
expressly state that parties may use “generic background levels” to determine whether 
concentrations of oil or hazardous material at a site are consistent with background conditions.   
 
The Department’s 1995 Risk Characterization Guidance (MADEP, 1995), in describing 
background, also states: 
 

The discussion in Section 2.4 identifies three basic criteria used to 
eliminate a chemical from further consideration in the risk 
assessment: (1) the chemical is present at a very low frequency of 
detection and at very low concentration, or (2) the chemical is 
present at a level consistent with "background", or (3) the 
chemical is a field or laboratory contaminant. The reader is also 
referred to the "background" discussion presented in Section 2.3, 
including the identification of background levels at a site and the 
comparison of site concentrations to background conditions.  
(Emphasis added.) 

 
Similarly, the Department’s 2002 “Indoor Air Sampling and Evaluation Guide” (MADEP, 2002a) 
expressly endorses the use of published literature to establish background levels: 
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To evaluate whether a CEP has been successfully eliminated or 
mitigated, the criteria that was used to establish the existence of 
the CEP should be revisited. One of these criteria may be a 
comparison of detected indoor air concentrations to literature 
“background” to determine whether concentrations of OHM would 
exist in the absence of the disposal site (i.e., to achieve 
background concentrations)….  

 
More rigorous comparisons to detected concentrations can be 
made using values which have been compiled in the scientific 
literature from nationwide data. A number of literature sources 
have attempted to characterize what typical background 
concentrations of various contaminants may be in the indoor air, 
often expressing the results in terms of percentiles of  buildings 
(usually residential homes) characterized by a certain 
concentration. Such percentile data allows for the comparison of 
indoor air sampling results from a specific building to the collective 
range of indoor air concentrations monitored in a number of 
comparison homes.  A search of the literature can always be done 
for information on the most recent estimates of indoor air 
background.   (Emphasis added.) 

 
The 2002 “Indoor Air Sampling and Evaluation Guide” was cited recently in the Department’s 
2007 “Fact Sheet: Soil Vapor Intrusion & Indoor Air Contamination from Waste Sites” (MADEP, 
2007a), indicating that it is still a current document upon which the Department relies.  
 
What the Department is now proposing, under its new Risk Management Criteria approach, 
turns past practice and policy entirely on its head.  Under the ATV Policy, if concentrations at a 
site are within a range typically measured and therefore ordinarily considered background, but 
they exceed certain specified Risk Management Criteria, then they are to be put aside. In their 
place, an LSP is required, essentially, to rule out a link between the concentrations measured 
and the disposal site based on “lines of evidence.”  This is neither a logical nor a consistent 
approach to determining whether site conditions exceed background.  Worse, it is an approach 
that substitutes an implicit presumption that any detectable concentration may be site related 
regardless of how it compares to an empirically derived value for background which MADEP 
itself has endorsed. 
 
 
2. OTHER JURISDICTIONS AGREE THAT DETERMINING AND CONSIDERING INDOOR 

AIR BACKGROUND LEVELS, INCLUDING WITH REFERENCE TO LITERATURE 
VALUES, ARE CRITICAL TO EVALUATING VAPOR INTRUSION ISSUES 

 
Other regulators freely use the concept of “background” levels in connection with the evaluation 
of potential vapor intrusion conditions. The term “background” is used extensively in this context 
by the technical community and regulators, including USEPA, and environmental and public 
health officials in New York, New Jersey, Pennsylvania, Maine, Delaware, and Connecticut.  
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Indeed, AMEC is not aware of any jurisdiction that distinguishes between “background” and 
“typical” levels in the way that MADEP proposes. 
 
Moreover, there is well-established precedent for the use of indoor air background levels of 
volatile constituents included in published databases, such as those compiled by MADEP as 
“typical values,” when evaluating potential vapor intrusion issues. 
 
On the federal level, EPA’s National Human Exposure Assessment Survey (NHEXAS) was 
specifically designed to assist in defining background levels of chemical constituents in several 
different environmental media, including indoor air. Specifically, NHEXAS Phase 1 studies 
provide ”background levels of total exposure to environmental contaminants in three regions of 
the U.S.”  EPA states that “the NHEXAS data can be used as baseline data in exposure and risk 
assessments in determining if specific populations are exposed to increased levels of 
environmental contaminants.”   (U.S. EPA, 2008) 
 
Like NHEXAS, New York’s Guidance for Evaluating Soil Vapor Intrusion in the State of New 
York (New York Guidance) (NYSDOH, 2006) uses the word “background” to describe the levels 
of volatile chemicals found in residential homes that are not affected by disposal sites.  New 
York’s approach to “background” conditions for indoor air should be particularly compelling, 
given that the Department cited New York’s Guidance as an authoritative reference in its “Fact 
Sheet: Soil Vapor Intrusion & Indoor Air Contamination from Waste Sites” (MADEP, 2007a).  
Indeed, the Department relies on the New York’s Guidance in the very Draft Policies that reject 
the use of typical concentrations of volatile chemicals to establish “background.”  
 
The New York Guidance (NYSDOH, 2006) cited by MADEP specifically defines indoor air 
background levels for 69 constituents.  The Department uses these same data for 22 of the 45 
constituents addressed in the Draft Policies. New York equates such values with “background” 
throughout the guidance document.  The title of the document in fact is “Volatile Organic 
Chemicals in Air - Summary of Background Databases.”  MADEP states that it is not possible to 
define “background” for indoor air constituents, but the Department of Health in New York had 
no problem in doing so. 
 
The New York Guidance (NYSDOH, 2006) specifically authorizes consideration of “background 
databases” when conducting an investigation of the soil vapor intrusion pathway and when 
evaluating the results.  When discussing indoor air measurements from non-site affected 
buildings, the New York Guidance does not refer to “typical levels,” it refers to “background”. 

 
Several studies have been conducted, both nationally and in the 
State of New York, to provide information on indoor and outdoor 
air background levels in a variety of settings (e.g., residential or 
commercial buildings) …. Each database provides statistical 
measures of background levels and the criteria used to select 
sampling locations.… The background databases that are used 
for evaluating indoor and outdoor air data are introduced below…. 
(Emphasis added.) 
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The New York Guidance is not unique.  Another study relied upon by the Department in its Draft 
Policies is Weisel (2006). This report was prepared for the New Jersey Department of 
Environmental Protection.  Weisel specifically performed this study to define indoor air 
background for the State of New Jersey. Specifically, Weisel (2006) states: 
 

It is therefore necessary, when indoor concentrations are 
measured, to understand the background levels of these VOCs in 
indoor air and to separate indoor sources from groundwater 
contributions so that a proper remediation plan can be put in place 
….  These data provide background indoor air concentrations 
resulting from indoor sources of VOCs, which will assist in 
separating subsurface versus indoor sources of these chemicals 
when vapor intrusion investigations are conducted at locations 
with contaminated groundwater or soil underneath homes and 
other buildings. 

 
The goal of the study was to provide an estimate of the 
background indoor air concentrations of VOCs in homes 
unaffected by local contamination. (Emphasis added.) 

 
Similarly, the New Jersey Vapor Intrusion Guidance (New Jersey Department of Environmental 
Protection, 2005) authorizes the use of indoor air background databases for assessing 
background levels: 
 

Utilization of local, regional, national, or international indoor air 
background databases is a secondary method for assessing 
background contamination. The USEPA National Ambient VOC 
Database Update (USEPA 1988) is one resource for determining 
typical background concentrations in buildings.  
 
In addition, NJDEP has conducted a literature review to determine 
available information regarding ambient levels of VOC in homes 
and other structures (Appendix F). Much of this information was 
drawn from studies designed to determine personal exposures to 
these chemicals, but many of them included dedicated indoor air 
sampling where measurements were taken at an indoor fixed 
location. Most of these studies were done in urban areas 
throughout the United States, including many in New Jersey. 
(Emphasis added.) 

 
When summarizing the data from published literature of measurements of indoor air levels of 
volatile constituents in its “Vapor Intrusion Guidance,” NJDEP (2006) reported the range of 90th 
percentile values from the various studies.  Clearly, it is possible in New Jersey as it is in New 
York to define background levels of indoor air constituents for use in establishing a regulatory 
program for dealing with vapor intrusion with reference to published databases.   
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The State of Maine, too, has affirmed this principle.  Maine’s “Field Guideline for Protecting 
Residents From Inhalation Exposure to Petroleum Vapors (Maine Department of Environmental 
Protection, 2000) requires consideration of “background” for indoor air constituents before 
establishing action levels “to ensure that evacuation or cleanup decisions are based solely on 
the petroleum spill.”  
 
The American Society for Testing Materials (ASTM, 2008) recently issued a technical standard 
entitled “Standard Practice for Assessment of Vapor Intrusion into Structures on Property 
Involved in Real Estate Transactions.” In this document, Section 3.2.6 defines “background 
level” as:  

 
[T]he concentration of chemicals commonly found in the indoor air 
environment that has not been impacted by chemical vapors 
released from contaminated soil and/or groundwater. Background 
levels are influenced by chemicals in ambient air, for example, 
generated by industrial or motor vehicle emissions, and so forth, 
by chemical emissions from building materials, by chemical 
emissions from indoor activities such as smoking, or by emissions 
such as radon associated with the natural geology of an area.  
(Emphasis added). 

 
Contrary to the Department’s Draft Policies, ASTM (2008) recognizes that a vapor intrusion 
condition cannot be confirmed without consideration of background levels of indoor air 
contaminants, and the ASTM Standard provides an appendix summarizing several datasets of 
establishing concentrations of chemicals commonly found in the indoor air environment for that 
purpose. 
 
 
3. THERE IS NO BASIS IN THE MCP FOR A RISK-BASED EXCEPTION TO 

BACKGROUND 
 
Under the MCP, response actions are not required to address concentrations of hazardous 
substances or oil at a disposal site that do not exceed  “background” levels.  “Background” is 
defined as “those levels of oil and hazardous material that would exist in the absence of the 
disposal site of concern” (310 CMR 40.0006).  The concept of “background” in the MCP is 
derived from G.L. c. 21E, § 3A, which requires that all “permanent solutions” at disposal sites  
“shall include a measure or measures designed to reduce to the extent possible the level of oil 
or hazardous materials in the environment to the level that would exist in the absence of the site 
of concern.” G.L. c. 21E, § 3A (emphasis added).)   
 
A background level for a constituent establishes a threshold beyond which neither evaluation 
nor mitigation are required under the MCP or Chapter 21E.  The MCP at 310 CMR 40.0902(3) 
states, “if the concentration of an oil and/or hazardous material at the disposal site is at or below 
background levels, then that oil and/or hazardous material shall be considered to pose No 
Significant Risk.”  Similarly, Section 40.1020(2) states: “A level of No Significant Risk shall be 
deemed to exist or to have been achieved at all disposal sites where the concentrations of oil 
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and hazardous material in the environment have been reduced to background levels.”  This 
approach to background is consistent with the overarching intent of the MCP, which is to focus 
on the investigation and remediation of constituents associated with disposal sites, not those 
that “would exist in the absence of the site of concern.” (G.L. c. 21E, § 3A).  Moreover, from a 
practical perspective, remediation of constituents to levels below background is not cost 
effective, may be technically impracticable, and may be fruitless given the potential for 
recontamination of remediated areas from background sources.  
 
In the Draft Policies, MADEP has deviated from the technically and practically sound approach 
to background mandated in G.L. c. 21E and the MCP by improperly injecting risk-based 
considerations into its methodology.  Specifically, MADEP has developed Threshold Values 
(ATVs) by listing 90th percentile values only where they do not exceed MADEP's risk 
management criteria, in which case 50th percentile values are substituted.  
 
Risk-based considerations have no role in determining "background" concentrations under the 
MCP or G.L. c. 21E.  Background is independent of risk, a point explicitly recognized in the 
MCP: 
 

[I]f the concentration of an oil and/or hazardous material at the 
disposal site is at or below background levels, then that oil and/or 
hazardous material shall be considered to pose No Significant 
Risk. Disposal sites at which all oil and hazardous material have 
been reduced to background levels are eligible for a Class A-1 
Response Action Outcome, as described in 310 CMR 40.1036(1), 
even if such background levels exceed one or more of the 
numerical standards or risk criteria published in 310 CMR 
40.0900. [310 CMR 40.0902(3) (emphasis added)] 

 
This same point is made in the Technical Update entitled “Background Levels of Polycyclic 
Aromatic Hydrocarbons and Metals in Soil“ (MADEP, 2002b): 
 

M.G.L. Chapter 21E and the Massachusetts Contingency Plan 
(the statute and regulations) do not require remediation of 
chemicals present at levels consistent with background, even if 
such concentrations would otherwise pose a significant risk of 
harm to health, safety, public welfare or the environment.  
(Emphasis added.) 

 
MADEP’s 1995 Risk Characterization Guidance (MADEP, 1995) also makes clear that risk 
assessment is wholly unrelated to the empirical process of determining whether a constituent 
exceeds its typical background concentration: 
 

It is not necessary to check a Risk Characterization Method box if 
the concentrations of all the oil or hazardous material at the site 
are consistent with background, since no risk characterization is 
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required at such sites (310 CMR 40.0901(3)). These sites are 
eligible for a Class A-1 or Class B-1 RAO. 

 
Finally, and most significantly, in the context of indoor air, the MCP specifically requires a 
determination of background and imposes a mandatory distinction between background levels 
and risk-based concentrations:   

 
A background indoor air concentration for the chemical shall be 
identified and compared to the risk-based concentration calculated 
in 310 CMR 40.0983(2)(a). The higher of the two values shall be 
chosen as the target indoor air concentration. [310 CMR 
40.0983(3)(b) (emphasis added)] 

 
In sum, to meet the mandate of Chapter 21E, the Department has consistently stated 
throughout the MCP and its implementing policies that background concentrations for 
constituents of concern are to be determined without regard to risk.  Likewise, a constituent of 
concern encountered at levels typical of background conditions does not require mitigation, 
regardless of risk.  Indeed, it is not necessary to ascertain what level of risk background 
conditions may pose.  By definition, such background concentrations automatically constitute a 
condition of No Significant Risk.  The ATV Policy’s distinctions between chemicals on the basis 
of risk run afoul of this principle, which is integral to all response actions conducted under 
Chapter 21E and the MCP. 
 
 
4. THERE IS NO SCIENTIFIC OR LEGAL BASIS FOR TREATING BACKGROUND 

CONCENTRATIONS IN INDOOR AIR DIFFERENTLY FROM BACKGROUND 
CONCENTRATIONS IN SOIL AND GROUNDWATER  

 
Very recently, the Department apparently made the determination that, from a policy 
perspective, defining background conditions for constituents in soil and groundwater should be 
“different” in kind from defining background conditions for constituents in indoor air.  The 
Department has cited no scientific reference or other published authority for this remarkable 
proposition, nor is AMEC aware of any. The Department states that background indoor air levels 
are difficult to define because people’s homes differ in terms of building materials and ventilation 
rates and because the use of materials and products containing volatile organic compounds 
varies among homeowners.   
 
The Department fails, however, to articulate how these variables differ in number or in kind from 
the many variables associated with defining background levels of constituents of concern in soil 
and groundwater.  For example, the soil at peoples’ residences may vary for a variety of 
reasons.  Proximity to commercial and industrial establishments, highways, and other sources 
of airborne emissions that deposit onto soil and affect background soil levels varies significantly 
from home to home. The use of urban fill material in residential areas varies widely.  The 
historical disposal of wood ash and coal ash as well as household refuse on residential 
properties also varies widely.  Finally, a property owner may use products on or near residential 
soil, such as automotive oil, gasoline, fertilizers, pesticides, driveway sealers, paints, and a host 
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of other products to greater or lesser degrees than their neighbors.  In sum, there is just as 
much variability in the processes and activities that cause residential soil to contain background 
levels of constituents as there is in the processes and activities that cause volatile constituents 
to be present in the indoor air of people’s homes. Thus, there is no basis for treating or defining 
background levels of constituents in indoor air any differently than those in soil. 
 
In contrast, there is precedent within the Department for treating air exactly as soil and 
groundwater have been treated with regard to defining background levels.  The MCP uses the 
term ”background” to refer to constituent levels in soil, groundwater and air.  There is no special 
treatment of air background and no indication that the meaning of background should differ 
when different media are considered. As noted above, the MCP specifically addresses the 
calculation of “a background indoor air concentration”: 
 

A background indoor air concentration for the chemical shall be 
identified and compared to the risk-based concentration calculated 
in 310 CMR 40.0983(2)(a). The higher of the two values shall be 
chosen as the target indoor air concentration. [310 CMR 
40,0983(3)(b)] 

 
The Department’s 2002 “Indoor Air Sampling and Evaluation Guide” (MADEP, 2002a), which 
has been cited as applicable Department guidance as recently as 2007, also uses the word 
“background” to describe the levels of volatile chemicals in indoor air in the areas not affected 
by disposal sites.  
 
The manner in which the Department has defined background levels of constituents in different 
media should be identical.  For soils and groundwater, the Department (MADEP, 1994) defined 
background levels as an upper percentile from a distribution of concentrations reported in 
published surveys of background conditions.  This is exactly the methodology used as MADEP’s 
proposed starting point in the ATV Policy.  The Department strays from past policy and practice 
in proposing to set aside those calculated values based on risk. That departure is neither 
warranted by any scientific principle nor justifiable under the MCP.  
 
 
5. THE 90TH PERCENTILE VALUE SHOULD BE USED TO ESTABLISH BACKGROUND   
 
The draft ATV Policy proposes use of either the 90th or the 50th percentile values of indoor air 
concentrations from published indoor air surveys, depending on the Risk Management Criterion 
applicable to each constituent.  As noted above, the question of risk is entirely irrelevant to 
determining, empirically, whether a constituent occurs at more or less than a typical background 
concentration. Likewise, the application of different percentiles to the same datasets for different 
compounds is internally inconsistent and not statistically defensible.  Although using a 90th or a 
95th percentile from a published distribution or to define a reference range for use in decision 
making has a sound technical basis, the 50th percentile value lacks that foundation.  
 
MADEP need look no farther than its own policy regarding contaminants in soil to confirm use of 
the 90th percentile is appropriate to establish “background.”  The Department’s “Technical 
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Update entitled “Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in 
Soil“(MADEP, 2002b) uses the 90th percentile value from distributions of soil background data to 
define background levels.  DEP’s stated method and rationale for establishing background 
values for soil applies equally to indoor air: 
 

There is not one concentration of a chemical, of course, which can 
correctly be labeled the background level. Hundreds of years of 
human activities have only broadened the naturally occurring 
range of concentrations reported as “background", and this range 
is best thought of as a statistical distribution. In the evaluation of 
environmental contamination, we often select point values from 
the range of background levels, and consider these to be 
representative of background. The use of such point-value 
"background" levels is essentially a short-cut method that allows 
consideration of background in the absence of site-specific 
information. The intent of DEP policy is to protect public health 
while minimizing the routine site-specific determinations at sites in 
the statewide cleanup program. 

 
“Natural” Soil 
 
• Generally, the 90th percentile value from the MA DEP 1995 

dataset was the point-value identified as background. 
 

• In the absence of data in the MA DEP 1995 dataset, a lower 
percentile value from the CDM 1996 dataset was chosen as 
background. 

 
Soil Containing Fill Material 
 
• Generally, the 90th percentile value from the CDM 1996 

dataset was identified as background. 
 

• In the absence of data in the CDM 1996 dataset, the 90th 
percentile value from the “natural” soil (MADEP, 1995) dataset 
was chosen as background. 

 
The Department should not deviate from its own practice of using 90th percentile values for 
defining background levels here, on the basis of risk or otherwise. 
 
 
6. THE “MULTIPLE LINES OF EVIDENCE” APPROACH PROPOSED BY THE 

DEPARTMENT IMPLIES AN INVALID PRESUMPTION OF SITE-RELATED IMPACTS 
 
As noted above, the ATV Policy mandates that, for certain constituents, background levels 
should be set aside and replaced with the “multiple lines of evidence” approach.  Whenever the 
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90th UPV is higher than a constituent’s Risk Management Criterion, the 50th percentile value or 
the Risk Management Criterion (whichever is higher) is substituted as the Threshold for Multiple 
Lines of Evidence, instead of the 90th UPV.  When a constituent exceeds this criterion, one 
would not be able to rely on comparison of site data to the 90th UPV to determine if a constituent 
needs to be further investigated, whether a Critical Exposure Pathway is still present or not, and 
whether background has been reached or not.  Rather, exceedance of the risk-based ATVs 
mean that  “multiple lines of evidence “are needed to confirm or refute the presence of a vapor 
intrusion pathway.”  
 
Practically speaking, for more than half (26) of the listed chemical constituents, any detected 
level in indoor air will exceed the Threshold for Multiple Lines of Evidence. Inspection of Table 1 
demonstrates that any detected level of benzene, carbon tetrachloride, dichlorobenzene, 1,2-
dichloroethane, 1,1-dichloroethylene, cis-1,2-dichloroethylene, trans-1,2-dichloroethylene, 
naphthalene, styrene, C9-C10 aromatics, 1,1,2,2-tetrachloroethane, tetrachloroethylene,  
trichloroethylene, 1,1,2-trichloroethane, vinyl chloride, and others will exceed their Threshold for 
Multiple Lines of Evidence.  
 
Even if one could set aside the fundamental problem with the Department’s policy, namely that 
background should be determined without regard to risk, the Department’s multiple lines of 
evidence approach is problematic in that it may invariably lead to the conclusion that 
constituents detected in indoor air in residences or schools are site-related.  The fact that a 
residence or school is being investigated is, in itself, evidence that there is a potential indoor air 
issue in the vicinity of such residence or school.  Without the ability to ascribe certain constituent 
levels detected in the residence or school to background, any constituents detected in the 
residence or school may be presumed to be associated with the disposal site being 
investigated. 
 
Under the policy as presently proposed, such a presumption may be difficult to overcome.  It is 
hard to imagine what “lines of evidence,” other than the complete absence of the compound in 
groundwater and soil gas, would refute, unequivocally, that the presence of even background 
levels of a compound are potentially attributable to a vapor intrusion pathway. At a minimum, if 
the Department persists in its approach, it should include in the Draft Policies a statement that 
the fact a compound is present at a concentration that results in an exposure that is typical 
should be given great weight in assessing whether it is present “at a level that would exist in the 
absence of the site of concern.”  G.L.c. 21E, § 3A; 310 CMR 40.0006. 
 
A presumption that is functionally irrefutable would be inconsistent with prior acknowledgements 
by both the Department and U.S. EPA that many constituents exist in indoor air in the absence 
of any disposal site related contribution.  (MADEP, 2002a; US EPA 2002)  For example, the 
Department’s 2002 “Indoor Air Sampling and Evaluation Guide” (MADEP, 2002a) states: 
 

Many of these compounds exist in indoor air in the absence of a 
known point source of contamination. The presence of typical 
background concentrations of many of these compounds has 
been well established. These compounds are generally emitted 
from consumer products found in the indoor environment…. 
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From the point of view of this document, indoor air contamination 
arising from an indoor air source is considered background 
contamination. 

     
Similarly, EPA, in its 2002 “Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 
from Groundwater and Soils (Subsurface Vapor Intrusion Guidance)” (U.S. EPA, 2002), 
asserted that it is “critical to consider the presence of background concentrations in assessing 
the vapor intrusion pathway”:   
 

Background concentrations may be impacted by volatile 
chemicals commonly found in the home or found in local 
atmospheric emissions. For example, in urban areas air quality is 
often affected by multiple atmospheric emission sources. In 
addition, human activities (e.g., smoking, craft hobbies) or 
consumer products (e.g., cleaners, paints, and glues) typically 
found in the home provide additional indoor vapor emission 
sources that can contribute to increased indoor air concentrations 
of some chemicals. In fact, there may be dozens of detectable 
chemicals in indoor air even absent subsurface contribution. 
These two types of sources can contribute to background indoor 
air levels of VOCs, and we recommend they be considered in 
dwellings at a cleanup site. (Emphasis added). 

 
It is not the case that background concentrations of constituents of concern will exist in indoor 
air only in structures that are entirely removed from areas where hazardous materials or oil have 
been released to the subsurface.  On the contrary, typical levels of volatile organic compounds 
will occur within typical concentrations in a home or school regardless of where they are 
located.  Under the MCP, if concentrations in a home or school are demonstrated to be at or 
below what is considered background, then the inquiry should be at an end.  In that event, there 
is by definition a condition of No Significant Risk, and there is no Critical Exposure Pathway, 
and no further evaluation or mitigation is required. 
 
 
7. THE USE OF 1x10-6 EXCESS LIFETIME CANCER RISK AS A RISK MANAGEMENT 

CRITERION IS TOO STRINGENT 
 
As noted above, there is no basis in law or regulation for MADEP to infuse the definition of 
background with considerations of cancer and non-cancer risk. However, if the Department 
continues to link Risk Management Criteria with background in the Draft Policies, the Risk 
Management Criteria should not be derived from an Excess Lifetime Cancer Risk of 1x10-6 for 
any chemicals unless the indoor air contains ten constituents of potential concern.  
 
The MCP at Section 40.0902 discusses the purpose of the risk characterization. In that section, 
the MCP specifically states that the risk management criteria are a Hazard Index of 1 and an 
Excess Lifetime Cancer Risk of 1x10-5. Specifically, the MCP states: 
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(2) Risk Characterization is used to establish whether a level of 
No Significant Risk exists or has been achieved at a disposal site. 
The criteria used in this determination are described in 310 CMR 
40.0900, and two basic approaches to Risk Characterization are 
utilized:  
(a) A chemical-specific approach, which compares site 
concentrations to standards in soil and groundwater, as described 
in 310 CMR 40.0970 through 40.0989. For the disposal sites to 
which they are applicable, these standards have been developed 
to meet the same objectives of the cumulative risk approach 
described in 310 CMR 40.0902(2)(b).  
(b) A cumulative risk approach which compares site-specific 
information to a Cumulative Cancer Risk Limit of an Excess 
Lifetime Cancer Risk of one-in-one hundred thousand, a 
Cumulative Noncancer Risk Limit which is a Hazard Index equal 
to one, promulgated health, safety, public welfare and 
environmental standards, and site-specific conditions, as 
described in 310 CMR 40.0990 through 310 CMR 40.0999. 

 
The chemical-specific approach discussed refers to the Method 1 standards which are derived 
using a per chemical Cumulative Cancer Risk Limit of 1x10-6 assuming that a typical site would 
potentially have up to ten constituents of concern. By setting the Method 1 standards 
conservatively to achieve a Cumulative Cancer Risk Limit of 1x10-6, the standards can be 
concluded to have been developed “to meet the same objectives of the cumulative risk 
approach described in 310 CMR 40.0902(2)(b),” which in this case is a site-wide Cumulative 
Cancer Risk Limit of an Excess Lifetime Cancer Risk of one-in-one hundred thousand.  
 
This exact same point is stated explicitly in the draft Indoor Air Standard Operating Procedures 
document (“SOP”) recently prepared by the Bureau of Waste Site Cleanup (MADEP, 2007b). 
Specifically, the SOP states: 
 

The “MCP No Significant Risk” concentration values correspond to 
a Hazard Index (HI) of 0.2 and, for carcinogens, an Excess 
Lifetime Cancer Risk (ELCR) level of 1 x 10-6.  These indices are 
MORE CONSERVATIVE than the “Bottom Line” MCP risk 
management standards of HI=1 and ELCR=1 x 10-5, in order to 
account of the presence of multiple contaminants.  The LOWER of 
the HI and ELCR values should be applied to determine 
acceptable indoor air concentration values.  If indoor air is 
predominantly or exclusively contaminated by ONE compound, 
multiply the [HI = 0.2] value by 5 to derive an acceptable 
concentration for non-cancer health effects, and the [ELCR = 1 x 
10-6] value by 10 to derive an acceptable concentration for cancer 
risks.  
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Thus, the Draft ATV Policy proposed Thresholds for Multiple Lines of Evidence listed in Table 1 
and which are based on Risk Management Criteria derived with a target risk of 1 x 10-6 are 
relevant only for sites at which ten constituents are present and adding significantly to total site 
risk.  If there has ever been a waste disposal site in Massachusetts that involved ten potentially 
carcinogenic volatile compounds present in indoor air due to the vapor intrusion pathway, it 
certainly constitutes a rare circumstance. AMEC has searched for such a site and has found 
none. Usually one constituent is present at levels sufficiently high to add significantly to total site 
risk, such as benzene at a petroleum release site or PCE at a dry cleaning site. It is, of course, 
possible that a site release may involve more than one constituent, such as PCE and its 
daughter break-down products, but in these cases, the parent compound typically poses 
estimated risks that far exceed the estimated risks of the break-down products. 
 
The use of a risk goal of 1x10-5 is entirely consistent with U.S. EPA policy on vapor intrusion of 
volatile constituents. Specifically, EPA (U.S. EPA, 2002) states:  
 

For the purposes of making Current Human Exposures Under 
Control EI determinations with respect to vapor intrusion under 
RCRA and CERCLA, EPA generally recommends the use of 10-5 
values. This level, in EPA’s view, serves as a generally 
reasonable screening mechanism for the vapor intrusion pathway. 
Additionally, it takes into account practical issues associated with 
the analytical difficulties in taking air measurements and the 
possible presence of many constituents of concern due to 
contributions from “background” sources, including ambient 
(outdoor) air and/or emitted from indoor sources. 

 
Accordingly, the ATV Policy as it stands is relevant for few, if any, sites.  AMEC raised this issue 
in detail in its prior comments, and MADEP has taken one step in response.  Attachment C 
provides Risk Management Criteria based on 1 X 10-6 and a Hazard Index (HI) of 0.2 and 
another set of Risk Management Criteria based on 1 X 10-5 and a Hazard Index (HI) of 1.0.  In 
the case where there is only one contaminant present, the policy allows the ATV to be 
determined using risk management criteria of ELCR of 1X10-5 and an HI of 1. The document 
specifically states:  
 

Attachment A describes how the Threshold Values were 
established, and Attachments B and C provide the values used to 
set the Threshold Values. Note that for Threshold Values based 
on risk, the listed concentration represents the concentration at 
which the chemical may pose a significant risk when a mixture of 
chemicals is present. If there is only one contaminant present, the 
risk-based concentrations may be determined using an ELCR of 
1X10-5 and an HI of 1. 

 
The proposed policy needs clarification in three areas. First, the above language should be 
changed from “if there is only one contaminant present” to “if there is only one contaminant 
present that adds significantly to total site risk.” This clarification is necessary, because there 
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are many sites that have one major constituent in indoor air from a nearby release and several 
minor ones that add insignificantly to total site risk. For instance, there may be a small amount 
of a degradation product present at a site near a tetrachloroethylene release, but that chemical’s 
ELCR is less than 1% of the ELCR caused by the tetrachloroethylene. Such a site should be 
designated a “single chemical site,” not a “multiple chemical site.” 
 
Secondly, the currently proposed policy should be clarified to state that the number of 
constituents that are present in indoor air that are relevant to the determination of which risk 
management criteria to use are not the number of constituents present in indoor air but the 
number of constituents present in indoor air that are reasonably likely to be associated with a 
release.  
 
Lastly, the currently proposed policy requires that risk management criteria based on an ELCR 
of 1X10-6 and an HI of 0.2 be applied to site with constituents of potential concern ranging from 
two to ten. This is not logical. If indoor air at a site contains two constituents that are reasonably 
likely to be caused by a release, then the applicable risk management criterion for each should 
be 5x10-6, not 1x10-6. It is not logical to assume that all sites with indoor air constituents fall into 
one of two categories: one constituent sites and ten constituent sites.  AMEC provided an active 
EXCEL spreadsheet to the Department with its comments in March 2008 that easily calculates 
the applicable risk management criteria for a whole range of situations. The spreadsheet 
automatically calculates the Risk Management Criteria for the site based on the number of 
constituents actually present.  AMEC recommends again that the Department adopt such an 
approach.  
 
 
8. THE CONCENTRATION DOCUMENT CLOAKS THE DATA CALCULATIONS AND 

IGNORES MULTIPLE DATASETS PROVIDED BY AMEC IN MARCH 2008  
 
In the Draft UPV Policy, the Department provided a separate table for each constituent that 
presented in a transparent manner the summary data from each cited study. In the Draft 
Policies, no such data are presented. Consequently, reviewers no longer can check or validate 
the derivation of any of the Department’s values. AMEC strongly recommends that the 
chemical-specific data tables be provided to the regulated community to allow reviewers to 
validate the percentile values presented in Table 1 of the Concentrations Document.  Absent full 
disclosure of the calculations used to establish the threshold values, neither the Department nor 
the scientific and regulated community can determine whether the values are reliable. 
 
As noted in AMEC’s March 2008 comments, the Department has excluded several major 
datasets that would have been easy to include and would have expanded the technical 
foundation and enhanced the representativeness for the values used in the proposed policy. As 
noted in previous comments, the Department:   
 

• Excluded studies that met MADEP’s own study inclusion criteria; 
 

• Failed to use all reported summary statistics from studies that were included; 
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• Omitted summary statistics from studies that contained raw data from which such 
statistics can be easily calculated; and 

 
• Declined to obtain raw data that were readily available from study authors, from which 

summary statistics could be calculated. 
 
AMEC provided these datasets to the Department when submitting the comments in March 
2008.  Thus, AMEC comments now that it appears that the Department declined to incorporate 
into the Concentrations Document any of the data provided to them in March 2008 by AMEC, 
without explanation or good cause.  These high-quality datasets bear re-examination. 
 
CONCLUSION 
 
The Department should define background indoor air levels in a manner that is consistent with 
the MCP and historical Department policy and guidance by using the 90th percentile value of 
data from recent indoor air surveys that were well-designed and conducted properly.  The 
summary statistic that should be used to define the central tendency of a number of upper 90th 
percentile values from the literature is the mean of the 90th percentile values.  Using the 
language of MADEP (2002a), in this case, the constituent could be considered to be consistent 
with background, not site related, and removed from the risk characterization process assuming 
that there is “no other compelling evidence of site-related contamination.” In other words, there 
should be a rebuttable presumption that the detected concentrations are due to background and 
not site conditions.  Risk assessment has no place in the definition of background levels either 
logically or in the context of the explicit language of the MCP.  Accordingly, the use of Risk 
Management Criteria should be abandoned entirely in the final ATV Policy. 
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COMMENTS ON DEP DRAFT POLICY: 
“USING UPPER PERCENTILE VALUES WITHIN THE RANGE OF TYPICAL 

INDOOR AIR CONCENTRATIONS AT RESIDENCES AND SCHOOLS” 
 
 

EXECUTIVE SUMMARY 
 
AMEC has reviewed and evaluated the draft policy issued by the Massachusetts 
Department of Environmental Protection (“MADEP” or “Department”) entitled “Using 
Upper Percentile Values Within The Range Of Typical Indoor Air Concentrations At 
Residences and Schools” (“UPV Policy” or “Policy”).  The Policy says that it presents the 
results of work conducted by an Indoor Air Workgroup (Workgroup) consisting of staff 
from MADEP and the Massachusetts Department of Public Health, together with 
environmental and scientific professionals.   
 
The above statement is not an entirely accurate description of the process through which 
the UPV Policy was created.  Dr. Brian Magee of AMEC, the principal author of these 
comments, was a member of the Workgroup.  The purpose of the Workgroup, as 
advertised by MADEP, was “to reevaluate the data used to calculate ‘background’ air 
concentrations” (MADEP 2007a).  AMEC, together with other scientists and Licensed 
Site Professionals (“LSPs”), worked with MADEP to identify indoor air background data 
from the published literature that should be used as the basis for updating the 
background values previously issued by MADEP for use under the Massachusetts 
Contingency Plan (“MCP”).  
 
At no point prior to issuing its UPV Policy did MADEP discuss with the Workgroup its 
intention to depart from all prior guidance, and from the MCP and Chapter 21E, by 
replacing “background” with a new hybridized risk management approach applicable 
solely to indoor air.  MADEP also made decisions narrowing the datasets it used to 
calculate typical background concentrations, and applying statistical standards for 
purposes of tabulating the data, that it never discussed with the Workgroup.  As 
discussed in detail below, regardless of what approach MADEP ultimately adopts, it 
cannot proceed on a sound scientific footing unless it expands the universe of data and 
revises the statistical standards used to calculate typical background concentrations in 
indoor air. 
 
The UPV Policy is flawed for several reasons.  Background is defined in the MCP, and in 
every policy that MADEP has issued over the 25-year history of Chapter 21E, as a 
concept that is entirely distinct and separate from risk. Indeed, the principle that 
background is to be established empirically without regard to risk, and that “it is not 
necessary to check a Risk Characterization Method box if the concentrations of all the oil 
or hazardous material at the site are consistent with background” is at the core of 
Chapter 21E and the MCP (MADEP 1995). Infusing human health risk assessment into 
a process of establishing levels for background is unprecedented, and it is not justified 
by statute, regulation, or scientific principles. MADEP compounds the problem by 
requiring that the concentrations it expressly determines are within the range typically 

   



AMEC Earth & Environmental 
Comments on DEP Draft Policy: 
“Using Upper Percentile Values Within The Range Of Typical  
Indoor Air Concentrations At Residences and Schools” 
March 12, 2008 
Page 2 
 
 
measured in indoor air be entirely or largely disregarded for the compounds most 
commonly encountered in indoor air at disposal sites.  In such cases, MADEP directs 
LSPs to substitute “lines of evidence” for the values MADEP itself has determined to be 
“typical.”  The concern is that as proposed, and as it may be applied by MADEP, the 
“multiple lines of evidence” approach may create an invalid presumption of site-related 
impacts that is not consistent with the MCP.  More fundamentally, the fact that the Upper 
Percentile Values for the volatile constituents most commonly encountered in indoor air 
at disposal sites are to be disregarded calls into question the utility of the entire Policy.  
 
Even if risk assessment were an appropriate element of the process of defining and 
implementing background indoor air levels from published scientific indoor air quality 
surveys, the use of 1x10-6 Excess Lifetime Cancer Risk as a Risk Management Criterion 
is too stringent for the vast majority of sites which have less then ten significant vapor 
intrusion constituents of potential concern. A procedure is proposed that would allow 
Risk Management Criteria, if they continue to be proposed by the Department, to be 
derived on a site-specific basis depending on the actual number of vapor intrusion 
constituents of concern.  
 
Finally, at the most basic level, MADEP needs to revisit its approach for selecting data 
and calculating statistical measures of typical concentrations from those data.  Simply 
put, the data that MADEP used are insufficient and incomplete.  Many important and 
relevant studies were excluded that should not have been.  The Department should 
expand its tables to include additional, readily available data as detailed in these 
comments. Then, in determining the central tendency of the 90th percentile values 
summarized from all the available surveys, the mean of the listed 90th percentile values, 
rather than the median, should be used as the Upper Percentile Value.  
 
To illustrate and apply the above principles, AMEC summarizes the relevant and readily 
available data for an example constituent, tetrachloroethylene (PCE).  PCE is a 
constituent that is a major focus of vapor intrusion decision making in Massachusetts. 
The data for PCE are presented and summarized, and the recommended Upper 
Percentile Value that defines background indoor air levels of PCE is derived.   
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I. POLICY CONSIDERATIONS 
 
AMEC finds that the UPV Policy is inherently flawed in its approach for several reasons. 
First, the Department has defined its policy by infusing human health risk assessment 
into its definition of background indoor air levels of volatile constituents. There is no 
basis in the MCP for making a risk-based exception to the definition of background.   
Second, MADEP practice and guidance affirms the use of published literature and 
empirical data to establish background for all media, including indoor air. Third, there is 
no scientific or regulatory basis for treating background concentrations in indoor air 
differently from background concentrations in soil and groundwater, as the Department 
has proposed.  Fourth, the 90th percentile value should be used for defining background 
as has been done by the Department for other media.  Lastly, substituting “multiple lines 
of evidence” for values the Department itself has determined are representative of 
typical indoor air concentrations imposes an invalid presumption of site-related impacts 
that is not consistent with the MCP. 
 
1.  THERE IS NO BASIS IN THE MCP FOR A RISK-BASED EXCEPTION TO 
BACKGROUND. 
 
Under the MCP, MCP response actions are not required to address concentrations of 
hazardous substances or oil at a disposal site that do not exceed  “background” levels.  
“Background” is defined as “those levels of oil and hazardous material that would exist in 
the absence of the disposal site of concern” (310 CMR 40.0006).  The concept of 
“background” in the MCP is derived from G.L. c. 21E, § 3A, which requires that all 
“permanent solutions” at disposal sites  “shall include a measure or measures designed 
to reduce to the extent possible the level of oil or hazardous materials in the environment 
to the level that would exist in the absence of the site of concern.” G.L. c. 21E, § 3A 
(emphasis added).)   
 
A background level for a constituent establishes a threshold beyond which mitigation 
cannot be required by DEP under the MCP or Chapter 21E.  The MCP at 310 CMR 
40.0902(3) states, “if the concentration of an oil and/or hazardous material at the 
disposal site is at or below background levels, then that oil and/or hazardous material 
shall be considered to pose No Significant Risk.”  Similarly, Section 40.1020(2) states: 
“A level of No Significant Risk shall be deemed to exist or to have been achieved at all 
disposal sites where the concentrations of oil and hazardous material in the environment 
have been reduced to background levels.”  This approach to background is consistent 
with the overarching intent of the MCP, which is to focus on the investigation and 
remediation of constituents associated with disposal sites, not those that “would exist in 
the absence of the site of concern.” (G.L. c. 21E, § 3A).  Moreover, from a practical 
perspective, remediation of constituents to levels below background is not cost effective, 
may be technically impracticable, and may be fruitless given the potential for 
recontamination of remediated areas from background sources.  
 
In the proposed policy, DEP has deviated from the technically and practically sound 
approach to background mandated in G.L. c. 21E and the MCP by improperly injecting 
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risk-based considerations into its methodology.  Specifically, DEP has developed Upper 
Percentile Values (UPVs) by listing 90th percentile values only where they do not 
exceed DEP's risk management criteria, in which case 75th percentile values are 
substituted. For the chemicals for which the 75th percentile UPVs exceed DEP's risk 
management criteria, DEP is requiring parties to set aside concentrations that DEP itself 
has determined are “typical” and to substitute "multiple lines of evidence" to confirm or 
refute the presence of a vapor intrusion pathway.   
 
Risk-based considerations have no role in determining "background" concentrations 
under the MCP or G.L. c. 21E.  Background is independent of risk, a point explicitly 
recognized in the MCP: 
 

[I]f the concentration of an oil and/or hazardous material at the disposal site is at 
or below background levels, then that oil and/or hazardous material shall be 
considered to pose No Significant Risk. Disposal sites at which all oil and 
hazardous material have been reduced to background levels are eligible for a 
Class A-1 Response Action Outcome, as described in 310 CMR 40.1036(1), 
even if such background levels exceed one or more of the numerical standards 
or risk criteria published in 310 CMR 40.0900. [310 CMR 40.0902(3) (emphasis 
added)] 

 
This same point is made in the Technical Update entitled “Background Levels of 
Polycyclic Aromatic Hydrocarbons and Metals in Soil“(MADEP, 2002): 
 

As discussed in this Technical Update, M.G.L. Chapter 21E and the 
Massachusetts Contingency Plan (the statute and regulations) do not require 
remediation of chemicals present at levels consistent with background, even if 
such concentrations would otherwise pose a significant risk of harm to health, 
safety, public welfare or the environment.  (emphasis added). 

 
DEP’s 1995 Risk Characterization Guidance (MADEP, 1995) also makes clear that risk 
assessment is wholly unrelated to the empirical process of determining whether a 
constituent occurs at more or less than a typical background concentration: 
 

It is not necessary to check a Risk Characterization Method box if the 
concentrations of all the oil or hazardous material at the site are consistent with 
background, since no risk characterization is required at such sites (310 CMR 
40.0901(3)). These sites are eligible for a Class A-1 or Class B-1 RAO. 

 
Finally, and most significantly, the MCP specifically addresses the distinction between 
background levels and risk-based concentrations in the context of indoor air:   
 

 
 
A background indoor air concentration for the chemical shall be identified and 
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compared to the risk-based concentration calculated in 310 CMR 40.0983(2)(a). 
The higher of the two values shall be chosen as the target indoor air 
concentration. [310 CMR 40.0983(3)(b) (emphasis added)] 

 
In sum, to meet the mandate of Chapter 21E, the Department has consistently stated 
throughout the MCP and its implementing policies that background concentrations for 
constituents of concern are to be determined without regard to risk.  Likewise, a 
constituent of concern that occurs at a level that is typical of background conditions does 
not require mitigation, regardless of any risk it may pose.  Indeed, it is not appropriate 
even to try to measure what level of risk background conditions impose.  By definition, 
such background concentrations automatically constitute a condition of No Significant 
Risk.  AMEC therefore recommends that the Department abandon the Risk 
Management Criteria approach it has proposed in the draft UPV policy. 
 
 
2.  DEP PRACTICE AND GUIDANCE AFFIRMS THE USE OF PUBLISHED VALUES 
TO ESTABLISH BACKGROUND FOR ALL MEDIA, INCLUDING INDOOR AIR. 
 
The proposed policy introduces a wholly new position on the part of DEP, namely that 
that there can be no generic "background" values for indoor air.  This position is contrary 
to the legislative intent of G.L. c. 21E, the MCP, and DEP's past policies, reflected in the 
1995 Risk Characterization Guidance and 2002 Indoor Air Guidance, that parties may 
use comparisons of site conditions with DEP-published or literature background values 
to show a condition of no significant risk and otherwise streamline the cleanup process. 
For example, the Department states the following on page 2-47 of the 1995 Guidance 
(MADEP, 1995): "When comparing these generic background levels to site data, the risk 
assessor may conclude that the concentrations of an oil or hazardous material is 
consistent with background conditions if all the site data are equal to or less than the 
MADEP Background Level for that chemical" (emphasis added). 
 
The Department’s 1995 Risk Characterization Guidance (MADEP, 1995), in describing 
background, also states: 
 

The discussion in Section 2.4 identifies three basic criteria used to eliminate a 
chemical from further consideration in the risk assessment: (1) the chemical is 
present at a very low frequency of detection and at very low concentration, or (2) 
the chemical is present at a level consistent with "background", or (3) the 
chemical is a field or laboratory contaminant. The reader is also referred to the 
"background" discussion presented in Section 2.3, including the identification of 
background levels at a site and the comparison of site concentrations to 
background conditions.  (emphasis added). 

 
Similarly, the Department’s 2002 “Indoor Air Sampling and Evaluation Guide” (MADEP, 
2002) expressly endorses the use of published literature to establish background levels: 
 

To evaluate whether a CEP has been successfully eliminated or mitigated, the 
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criteria that was used to establish the existence of the CEP should be revisited. 
One of these criteria may be a comparison of detected indoor air concentrations 
to literature “background” to determine whether concentrations of OHM would 
exist in the absence of the disposal site (i.e., to achieve background 
concentrations)….  

 
More rigorous comparisons to detected concentrations can be made using 
values which have been compiled in the scientific literature from nationwide data. 
A number of literature sources have attempted to characterize what typical 
background concentrations of various contaminants may be in the indoor air, 
often expressing the results in terms of percentiles of  buildings (usually 
residential homes) characterized by a certain concentration. Such percentile data 
allows for the comparison of indoor air sampling results from a specific building to 
the collective range of indoor air concentrations monitored in a number of 
comparison homes.  A search of the literature can always be done for information 
on the most recent estimates of indoor air background.   (emphasis added)] 

 
The 2002 “Indoor Air Sampling and Evaluation Guide” was cited recently in the 
Department’s 2007 “Fact Sheet: Soil Vapor Intrusion & Indoor Air Contamination from 
Waste Sites” (MADEP, 2007b), indicating that it is still a current document upon which 
the Department relies.  
 
What the Department is now proposing, under its new Risk Management Criteria 
approach, turns past practice and policy entirely on its head.  Under the Policy, if 
concentrations at a site are within the range of typically measured and therefore 
ordinarily considered background, but they exceed Risk Management Criteria, then they 
are to be put aside. In their place, an LSP is required, essentially, to rule out a link 
between the concentrations measured and the disposal site based on “lines of 
evidence.”  This is neither a logical nor a consistent approach to determining whether 
site conditions exceed background.  Worse, it is an approach that substitutes an implicit 
presumption that any detectable concentration may be site related regardless of how it 
compares to an empirically derived value for background which MADEP itself has 
endorsed. 
 
 
3. THERE IS NO SCIENTIFIC OR LEGAL BASIS FOR TREATING BACKGROUND 
CONCENTRATIONS IN INDOOR AIR DIFFERENTLY FROM BACKGROUND 
CONCENTRATIONS IN SOIL AND GROUNDWATER  
 
The Department contends that defining background conditions for constituents in soil 
and groundwater is “different” in kind from defining background conditions for 
constituents in indoor air.  The Department has cited no scientific reference of other 
published authority for this proposition, nor is AMEC aware of any. The Department 
states that background indoor air levels are difficult to define because people’s homes 
differ in terms of building materials and ventilation rates and because the use of 
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materials and products containing volatile organic compounds varies among 
homeowners.   
 
The Department fails, however, to articulate how these variables differ in number or in 
kind from the many variables associated with defining background levels of constituents 
of concern in soil and groundwater.  For example, the soil at peoples’ residences may 
vary for a variety of reasons.  Proximity to commercial and industrial establishments, 
highways, and other sources of airborne emissions that deposit onto soil and affect 
background soil levels varies significantly from home to home. The use of urban fill 
material in residential areas varies widely.  The historical disposal of wood ash and coal 
ash as well as household refuse on residential properties also varies widely.  Finally, a 
property owner may use products on or near residential soil, such as automotive oil, 
gasoline, fertilizers, pesticides, driveway sealers, paints, and a host of other products to 
greater or lesser degrees than their neighbors.  In sum, there is just as much variability 
in the processes and activities that cause residential soil to contain background levels of 
constituents as there is in the processes and activities that cause volatile constituents to 
be present in the indoor air of people’s homes. Thus, there is no basis for treating or 
defining background levels of constituents in indoor air any differently than those in soil. 
 
In contrast, there is precedent within the Department for treating air exactly as soil and 
groundwater have been treated with regard to defining background levels.  The MCP 
uses the term ”background” to refer to constituent levels in soil, groundwater and air.  
There is no special treatment of air background and no indication that the meaning of 
background should differ when different media are considered. As noted above, at 
40.0983(3)(b), the MCP specifically addresses the calculation of “a background indoor 
air concentration”: 
 

A background indoor air concentration for the chemical shall be identified and 
compared to the risk-based concentration calculated in 310 CMR 40.0983(2)(a). 
The higher of the two values shall be chosen as the target indoor air 
concentration. (310 CMR 40,0983(3)(b)). 
 

The Department’s 2002 “Indoor Air Sampling and Evaluation Guide” (MADEP, 2002), 
which has been cited as applicable Department guidance as recently as 2007, also uses 
the word “background” to describe the levels of volatile chemicals in indoor air in the 
areas not affected by disposal sites. In fact, the document uses the term “background” 
125 times. There is no discussion in that document indicating that background air levels 
are somehow different from background soil or groundwater levels.  
 
The manner in which the Department has defined background levels of constituents in 
different media should be identical.  For soils and groundwater, the Department 
(MADEP, 1994) defined background levels as an upper percentile from a distribution of 
concentrations reported in published surveys of background conditions.  This is exactly 
the methodology used as MADEP’s proposed starting point in the UPV Policy.  The 
Department strays from past policy and practice in proposing to set aside those 
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calculated values based on risk. That departure is neither warranted by any scientific 
principle nor justifiable under the MCP.  
 
 
4. THE 90TH PERCENTILE VALUE SHOULD BE USED TO ESTABLISH 
BACKGROUND   
 
The UPV Policy proposes use of either the 90th or the 75th percentile values of indoor air 
concentrations from published indoor air surveys, depending on Risk Management 
Criteria applicable to each constituent.  As noted above, the question of risk is entirely 
irrelevant to determining, empirically, whether a constituent occurs at more or less than a 
typical background concentration. In addition, although there is ample precedent to 
support using a 90th or a 95th percentile from a published distribution or to define a 
reference range for use in decision making, the 75th percentile value lacks that 
foundation.  The Department should use the 90th, not the 75th, percentile to establish 
typical background concentrations. 
 
DEP Precedents  
 
The Department’s “Technical Update entitled “Background Levels of Polycyclic Aromatic 
Hydrocarbons and Metals in Soil“ (MADEP, 2002) uses the 90th percentile value from 
distributions of soil background data to define background levels, as noted below: 
 

There is not one concentration of a chemical, of course, which can correctly be 
labeled the background level. Hundreds of years of human activities have only 
broadened the naturally occurring range of concentrations reported as 
“background", and this range is best thought of as a statistical distribution. In the 
evaluation of environmental contamination, we often select point values from the 
range of background levels, and consider these to be representative of 
background. The use of such point-value "background" levels is essentially a 
short-cut method that allows consideration of background in the absence of site-
specific information. The intent of DEP policy is to protect public health while 
minimizing the routine site-specific determinations at sites in the statewide 
cleanup program. 

 
“Natural” Soil 
 

• Generally, the 90th percentile value from the MA DEP 1995 dataset was the 
point-value identified as background. 

 
• In the absence of data in the MA DEP 1995 dataset, a lower percentile value 

from the CDM 1996 dataset was chosen as background. 
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Soil Containing Fill Material 
 

• Generally, the 90th percentile value from the CDM 1996 dataset was 
identified as background. 

 
• In the absence of data in the CDM 1996 dataset, the 90th percentile value 

from the “natural” soil (MADEP, 1995) dataset was chosen as background. 
 
As noted above, there is ample precedent for the Department to use 90th percentile 
values for defining background levels, and the Department should not deviate from this 
approach here. 
 
 
5. THE “MULTIPLE LINES OF EVIDENCE” APPROACH PROPOSED BY THE 
DEPARTMENT RESULTS IN AN INVALID PRESUMPTION OF SITE-RELATED 
IMPACTS 
 
As noted above, the draft UPV Policy mandates that, for certain constituents, the defined 
“Upper Percentile Value” should be set aside and replaced with the “multiple lines of 
evidence” approach.  When a constituent is so flagged, one would not be able to rely on 
comparison of site data to the defined Upper Percentile Value to determine if a 
constituent needs to be further investigated, whether a Critical Exposure Pathway is still 
present or not, and whether background has been reached or not.  Rather, if a 
background value is higher than the Department’s Risk Management Criterion, multiple 
lines of evidence “are needed to confirm or refute the presence of a vapor intrusion 
pathway based upon the weight of the evidence.”  
 
Even if one could set aside the fundamental problem with the Department’s policy, 
namely that background is independent of risk, the Department’s multiple lines of 
evidence approach is problematic in that it may invariably lead to the conclusion that 
constituents detected in indoor air in residences or schools are site-related.  The fact 
that a residence or school is being evaluated for the presence of a vapor intrusion 
pathway indicates that there is a known or suspected release in the vicinity of such 
residence or school.  In other words, that a residence or school is being investigated is, 
in itself, evidence that there is a potential indoor air issue in the vicinity of such residence 
or school.  Without the ability to ascribe certain constituent levels detected in the 
residence or school to background, any constituents detected in the residence or school 
may be presumed to be associated with the disposal site being investigated. 
 
Such a presumption may be very difficult to overcome.  It is hard to image what “lines of 
evidence,” other than the complete absence of the compound in groundwater and soil 
gas,  would unequivocally refute the presence of even background levels of a compound 
could not be potentially attributed to vapor intrusion pathway. A presumption that is 
functionally irrefutable is inconsistent with prior acknowledgements by both the 
Department and U.S. EPA that many constituents exist in indoor air in the absence of 
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any disposal site related contribution.  For example, the Department’s 2002 “Indoor Air 
Sampling and Evaluation Guide” (MADEP, 2002) states: 
 

Many of these compounds exist in indoor air in the absence of a known point 
source of contamination. The presence of typical background concentrations 
of many of these compounds has been well established. These compounds are 
generally emitted from consumer products found in the indoor environment…. 

 
From the point of view of this document, indoor air contamination arising from an 
indoor air source is considered background contamination. 

        
Similarly, EPA, in its 2002 “Guidance for Evaluating the Vapor Intrusion to Indoor Air 
Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance)” (U.S. 
EPA, 2002), stated:   
 

…it is our judgment that indoor air sampling results can be misleading 
because it is difficult and sometimes impossible to eliminate or adequately 
account for contributions from “background” sources. 
 
We believe that it is critical to consider the presence of background 
concentrations in assessing the vapor intrusion pathway. Background 
concentrations may be impacted by volatile chemicals commonly found in the 
home or found in local atmospheric emissions. For example, in urban areas air 
quality is often affected by multiple atmospheric emission sources. In addition, 
human activities (e.g., smoking, craft hobbies) or consumer products (e.g., 
cleaners, paints, and glues) typically found in the home provide additional indoor 
vapor emission sources that can contribute to increased indoor air concentrations 
of some chemicals. In fact, there may be dozens of detectable chemicals in 
indoor air even absent subsurface contribution. These two types of sources can 
contribute to background indoor air levels of VOCs, and we recommend they be 
considered in dwellings at a cleanup site. (emphasis added). 

 
The importance of distinguishing the contribution of background sources to indoor air 
from potential sources already identified in the subsurface environment was made clear 
at the Endicott Site in New York.  In an article recently published by principal 
investigators for the State of New York concerning that site, the authors found clear 
evidence within individual homes that background sources contributed to concentrations 
of PCE, trichloroethylene (“TCE”), and trichloroethane (“TCA”) in homes.  They 
concluded that the failure to account for background contributions may result in an 
overestimate regarding the contribution from soil gas to indoor air (McDonald and Werz, 
2007).   
 
Results from the Endicott Site highlight a potential oversimplification in the UPV Policy.  
It is not the case that background concentrations of constituents of concern will exist in 
indoor air only in structures that are entirely removed from areas where hazardous 
materials or oil have been released to the subsurface.  On the contrary, typical levels of 
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volatile organic compounds will occur within typical concentrations in a home or school 
regardless of where they are located.  Under the MCP, if concentrations in a home or 
school are demonstrated to be at or below what is considered background, then the 
inquiry should be at an end.  In that event, there is by definition a condition of No 
Significant Risk, and there is no Critical Exposure Pathway. 
 
 
 II. THE USE OF 1x10-6 EXCESS LIFETIME CANCER RISK AS A RISK      
MANAGEMENT CRITERION IS TOO STRINGENT 
 
As noted above, there is no basis in law or regulation for MADEP to infuse the definition 
of background with considerations of cancer and non-cancer risk. However, if the 
Department continues to link Risk Management Criteria with background in the UPV 
Policy, the Risk Management Criteria should not be derived from an Excess Lifetime 
Cancer Risk of 1x10-6. 
 
The MCP at Section 40.0902 discusses the purpose of the risk characterization. In that 
section, the MCP specifically states that the risk management criteria are a Hazard 
Index of 1 and an Excess Lifetime Cancer Risk of 1x10-5. Specifically, the MCP states: 
 

(2) Risk Characterization is used to establish whether a level of No Significant 
Risk exists or has been achieved at a disposal site. The criteria used in this 
determination are described in 310 CMR 40.0900, and two basic approaches to 
Risk Characterization are utilized: (a) A chemical-specific approach, which 
compares site concentrations to standards in soil and groundwater, as described 
in 310 CMR 40.0970 through 40.0989. For the disposal sites to which they are 
applicable, these standards have been developed to meet the same 
objectives of the cumulative risk approach described in 310 CMR 40.0902(2)(b). 
(b) A cumulative risk approach which compares site-specific information to a 
Cumulative Cancer Risk Limit of an Excess Lifetime Cancer Risk of one-in-one 
hundred thousand, a Cumulative Noncancer Risk Limit which is a Hazard Index 
equal to one, promulgated health, safety, public welfare and environmental 
standards, and site-specific conditions, as described in 310 CMR 40.0990 
through 310 CMR 40.0999. 

 
The chemical-specific approach discussed refers to the Method 1 standards which are 
derived using a per chemical Cumulative Cancer Risk Limit of 1x10-6 assuming that a 
typical site would potentially have up to ten constituents of concern. By setting the 
Method 1 standards conservatively to each achieve a Cumulative Cancer Risk Limit of 
1x10-6, the standards can be concluded to have been developed “to meet the same 
objectives of the cumulative risk approach described in 310 CMR 40.0902(2)(b),” which 
in this case is a site-wide Cumulative Cancer Risk Limit of an Excess Lifetime Cancer 
Risk of one-in-one hundred thousand.  
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This exact same point is stated explicitly in the draft Indoor Air Standard Operating 
Procedures document (“SOP”) recently prepared by the Bureau of Waste Site Cleanup 
(MADEP, 2007c). Specifically, the SOP states: 
 

The “MCP No Significant Risk” concentration values correspond to a Hazard 
Index (HI) of 0.2 and, for carcinogens, an Excess Lifetime Cancer Risk (ELCR) 
level of 1 x 10-6.  These indices are MORE CONSERVATIVE than the “Bottom 
Line” MCP risk management standards of HI=1 and ELCR=1 x 10-5, in order to 
account of the presence of multiple contaminants.  The LOWER of the HI and 
ELCR values should be applied to determine acceptable indoor air concentration 
values.  If indoor air is predominantly or exclusively contaminated by ONE 
compound, multiply the [HI = 0.2] value by 5 to derive an acceptable 
concentration for non-cancer health effects, and the [ELCR = 1 x 10-6] value by 
10 to derive an acceptable concentration for cancer risks.  

  
Thus, the draft proposed Risk Management Criteria are relevant only for sites at which 
ten constituents are each present and adding significantly to total site risk.  If there has 
ever been a waste disposal site in Massachusetts that involved ten potentially 
carcinogenic volatile compounds present in indoor air due to the vapor intrusion 
pathway, it certainly constitutes a rare circumstance. AMEC has searched for such a site 
and has found none. Usually one constituent is present at levels sufficiently high to add 
significantly to total site risk, such as benzene at a petroleum release site or PCE at a 
dry cleaning site. It is, of course, possible that a site release may involve more than one 
constituent, such as PCE and its daughter break-down products, but in these cases, the 
parent compound typically poses estimated risks that far exceed the estimated risks of 
the break-down products. 
 
In addition, MADEP presented a paper in 1996 (Fitzpatrick and Fitzgerald, 1996) that 
summarized sites in the Department’s database.  It includes a survey of 165 sites with 
VOCs in groundwater with the potential to impact indoor air. The paper only discusses 
PCE, TCE, DCE and benzene, indicating that these constituents are the volatile 
chemicals that most commonly affect or have the potential to affect indoor air in 
Massachusetts via the vapor intrusion pathway. 
 
Accordingly, the UPV Policy as it stands is relevant for few, if any, sites.  To remedy this 
situation, MADEP should use a risk goal of 1x10-5, rather than 1x10-6 as the risk goal.  
The use of a risk goal of 1x10-5 is entirely consistent with U.S. EPA policy on vapor 
intrusion of volatile constituents. Specifically, EPA (2002) states:  
 

For the purposes of making Current Human Exposures Under Control EI 
determinations with respect to vapor intrusion under RCRA and CERCLA, EPA 
generally recommends the use of 10-5 values. This level, in EPA’s view, serves 
as a generally reasonable screening mechanism for the vapor intrusion pathway. 
Additionally, it takes into account practical issues associated with the analytical 
difficulties in taking air measurements and the possible presence of many 
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constituents of concern due to contributions from “background” sources, 
including ambient (outdoor) air and/or emitted from indoor sources. 

 
To the extent that the policy employs the use of Risk Management Criteria, these criteria 
ought to be set with an Excess Lifetime Cancer Risk of greater than 1x10-6 for a majority 
of sites. Many sites, such as those involving PCE releases, will have one major 
constituent of concern – PCE. Clearly PCE daughter products are present in certain site 
media at such sites, but often the levels are de minimis compared to the concentrations 
of PCE.  In such cases, the Risk Management Criterion for PCE, or any other constituent 
at a one-constituent site, should be based on an Excess Lifetime Cancer Risk of 1x10-5.  
 
Enclosed with these comments is a revised version of the table presented in the 
proposed policy.  The table has been revised to allow the user to specify the number of 
constituents of concern at a given site.  The spreadsheet then automatically calculates 
the Risk Management Criteria for the site based on the number of constituents actually 
present.   
 
On the other hand, if the Department does not wish to issue an interactive spreadsheet, 
the policy can be modified to allow for the site-specific calculation of Risk Management 
Criteria for sites containing two to nine constituents of concern.  
 
As an example, the following table presents the Risk Management Criteria for PCE 
assuming one to ten constituents of concern and both the 75th and 90th Upper Percentile 
Values as proposed by the Department in the draft proposal and those recommended by 
AMEC in these comments.  
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TABLE 1 
ILLUSTRATION OF RISK MANAGEMENT CRITERIA FOR PCE 

FOR SITES WITH 1-10 CONSTITUENTS OF CONCERN 
 

Note: Risk Management Criteria are calculated using the Department’s draft interim Unit Risk 
Factor for PCE. 

Number of  
Constituents 
of Concern 

PCE Risk 
Management 
Criterion 
Based on 
Non-Cancer 
Risks (µg/m3) 

PCE Risk 
Management 
Criterion 
Based on 
Cancer 
Risks (µg/m3)

DEP-
Proposed 
Rounded 
UPV 
(µg/m3) 
 

Multiple 
Lines of 
Evidence 
Required? 

AMEC- 
Proposed 
Rounded 
UPV 
(µg/m3) 
 

Multiple 
Lines of 
Evidence
Required
? 

1 4600 2.30 1.8 No 7.4 Yes 
2 2300 1.15 1.8 Yes 7.4 Yes 
3 1533 0.77 1.8 Yes 7.4 Yes 
4 1150 0.58 1.8 Yes 7.4 Yes 
5 920 0.46 1.8 Yes 7.4 Yes 
6 920 0.38 1.8 Yes 7.4 Yes 
7 920 0.33 1.8 Yes 7.4 Yes 
8 920 0.29 1.8 Yes 7.4 Yes 
9 920 0.26 1.8 Yes 7.4 Yes 

10 920 0.23 1.8 Yes 7.4 Yes 

 
 
 
Not only would this site-specific, constituent-based approach to Risk Management 
Criteria be more scientifically defensible than the approach described in the proposed 
policy, it also mitigate certain issues that would otherwise arise under the proposed 
policy with respect to detection limits.  
 
In the Department’s proposed Policy, only three laboratories were utilized for the 
comparison of detection limits with the newly developed UPVs, and all listed detection 
limits exceed the Risk Management Criteria for the following constituents in the following 
table.  
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TABLE 2 
COMPARISON OF ANALYTICAL LABORATORY REPORTING LIMITS  

TO RISK MANAGEMENT CRITERIA (ug/m3) 
 

Chemical 
Lowest Risk 
Management 

Criteria 
(10 Chemicals) 

Lowest Risk 
Management 

Criteria  
(1 Chemical) 

Lowest Analytical 
Laboratory 

Reporting Limit 

Benzene 0.30 3.00 0.6
Bromodichloromethane 0.14 1.40 1.3
Carbon Tetrachloride 0.16 1.60 1.3
Chloroform 0.11 1.11 1
Dibromochloromethane 0.10 1.00 1.7
Dichlorobenzene, 1, 4- (p-
DCB) 0.35 3.50 1.2
Dichloroethane, 1, 2- 0.09 0.90 0.8
Dichloropropane, 1, 2- 0.13 1.30 0.9
Dichloropropene, cis, 1, 3- 0.60 6.00 0.9
Dichloropropene, trans, 1, 3- 0.60 6.00 0.9
Dioxane, 1, 4- 0.59 5.90 1.8
Ethylene Dibromide 0.011 0.11 1.5
Hexachlorobutadiene 0.11 1.00 2.1
Naphthalene (mothballs) 0.61 6.10 2
C9 to C10 Aromatics 10.0 100.00 13
Tetrachloroethane, 1, 1, 2, 2- 0.041 0.41 1.4
Tetrachloroethylene 0.23 2.30 1.4
Trichloroethane, 1, 1, 2- 0.15 1.50 1.1
Vinyl Chloride 0.27 2.70 0.5

 
 
Thus, laboratories will typically need to run low-level or SIM analysis to achieve the risk 
management criteria for many of the above constituents. There are a number of cost and 
pre-sampling considerations that need to be factored in when analyzing using low-level 
or SIM methods versus the standard TO-15 analysis.  One consideration is the need to 
determine if the sampling equipment is batch-certified or individually certified. It is 
strongly recommended when analyzing air samples using SIM or low-level TO-15 
methods that the canisters, flow controllers and gauges be individually certified as clean, 
rather than batch certified. This ensures that all sampling media are clean to the low 
levels that the SIM or low-level method is capable of achieving. If the sampling media 
are only cleaned to the levels required for standard method reporting limits, there is the 
risk that reported low-level detections are due to artifacts in the canisters and related 
equipment and not attributable to the site.   
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Individually certifying canisters typically requires a greater lead time for the laboratory to 
be able to deliver the sampling equipment, as it requires additional work on their part. 
Consultants will need to take this into account when planning a field sampling event. 
 
There is also typically an increased cost associated with individually certifying canisters 
especially for low level work. The price ranges from an additional $50-$150 per sample. 
More importantly, the increased cost associated with the low-level or SIM analysis itself 
will add approximately an additional $200 per sample to analytical costs. Thus, the 
sampling costs required to be able to detect volatile constituents at the proposed Risk 
Management Criteria will add approximately $250 to $350 per sample to analytical costs.  
 
In the development of the Method 1 Standards, (MADEP, 1994), the Department 
recognized that one of the limitations for setting standards is the laboratory practical 
quantitation limit (PQL).  The Department also recognizes that the PQL is often higher 
than the laboratory Method Detection Limit.  By suggesting that low level or SIM analysis 
should be used for indoor air to reach detection limits consistent with the Risk 
Management Criteria is unreasonable and not consistent with analytical expectations for 
soil and groundwater, as noted below: 

 
The methodology for developing the MCP Numerical Standards considered the 
Practical Quantitation Limit (PQL) and background levels for the oil or hazardous 
material in each medium, the solubility of the chemical in water and, when 
available, the chemical's odor threshold and calculated odor index. The PQL is 
the lowest quantitation level of a chemical that can be reliably achieved among 
laboratories within the specified limits of precision and accuracy of a given 
analytical method during routine laboratory operating conditions…The risk-based 
concentrations generated for each oil or hazardous material were compared to 
the PQL to insure that the Method 1 standard can be measured with reliability. 
Note that the PQLs selected are not the lowest quantitation limit: Method 
Detection Limits (MDLs) are lower, but the quantification of a chemical's 
concentration at those levels is less reliable. 

 
If, as AMEC recommends, the Risk Management Criteria in the proposed policy were 
based on the MCP Excess Lifetime Cancer Risk site-wide criterion of 1x10-5 and a 
Hazard Index of 1.0, then standard laboratory reporting limits would be sufficiently 
sensitive for most constituents on the Department’s Appendix B.  Specifically, the only 
chemicals that would have laboratory reporting limits lower than the governing Risk 
Management Criterion would be dibromochloromethane, ethylene dibromide, 
hexachlorobutadiene, and 1,1,2,2-tetrachloroethane.  
 
 
III. THE DEPARTMENT FAILED TO INCLUDE ALL AVAILABLE DATA  
 
In addition to the problems, discussed above, that are at the core of MADEP’s proposed 
new approach for determining “indoor air background,” discussed above, AMEC has 
identified serious deficiencies in the methodology that MADEP employed in selecting 
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data and calculating upper percentile values from those data.  These errors are 
discussed in this section of AMEC’s comments.  They include: 
 

• Excluding studies that met MADEP’s own study inclusion criteria. 
 

• Failing to use all reported summary statistics from studies that were included. 
 

• Omitting summary statistics from studies that contained raw data from which 
such statistics can be easily calculated.  

 
• Declining to obtain raw data that were readily available from study authors, from 

which summary statistics can be calculated. 
 
The Department’s omission of high-quality datasets that met the Department’s inclusion 
criteria, and its concomitant failure to include summary statistics from all such datasets, 
left it with very few results on which to base its calculations of typical background 
concentrations in indoor air.   
 
AMEC has reviewed the entire set of indoor air data presented by the Department on all 
45 of the volatile constituents to which the proposed policy is intended to apply. The 
results are shown in Table 3. 

TABLE 3 
SUMMARY OF DATA REPORTED BY MADEP 

 
Statistic 90th Percentile 75th Percentile 

Number of total constituents 45 45 
Number of constituents for which 
no data were listed  

19 26 

Number of constituents for which 
at least one value was listed  

26 19 

Number of constituents with one 
data point only 

7 8 

Number of constituents with two 
data points  

2 5 

Number of constituents with three 
data points 

3 6 

Number of constituents with four 
data points 

3 2 

Number of constituents with five 
data points 

4 4 

Number of constituents with six 
data points 

1 0 

Number of constituents with more 
than six data points 

0 0 
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Because of the omission of key studies and the Department’s sole reliance on summary 
statistics reported in tabular form in published reports, the Department’s dataset is 
inadequate for its stated purpose. Out of 45 constituents, the Department established 
90th percentile values for only 26 and 75th percentile values for only 19. This means that 
for the 90th percentiles, 42% of the constituents had no data reported at all. There is an 
even greater paucity of data for the 75th percentiles. There the Department lacked data 
for the majority -- 58% -- of the constituents.    
 
Even when the Department listed data for a given constituent, the data most often were 
taken from only one or two studies. That is not an adequate scientific foundation for this 
purpose.  By including some of the studies that the Department omitted without 
explanation, by including several new studies that are brought to the Department’s 
attention here, by utilizing data presented in graphical format in certain studies, and by 
obtaining raw data sets for selected studies, the Department would be in the position to 
have a much more complete, comprehensive, and robust dataset, all adhering to the 
Department’s inclusion criteria that define high-quality, up-to-date studies in areas that 
are similar geographically and climatically to Massachusetts.  
 
AMEC encourages the Department to revise its summary of the data taking the above 
recommendations into account.  
  
1. EXCLUSION OF STUDIES MEETING DEPARTMENT INCLUSION CRITERIA  
 
The Department in consultation with the MADEP Indoor Air Workgroup identified a 
number of indoor air monitoring studies from the scientific literature and recommended 
selected studies for final review by considering the following nine evaluation criteria 
(MADEP, 2008):  
 

1. Primary studies, 
2. Residential studies, 
3. Geography and climate similar to Massachusetts, 
4. Construction of homes similar to Massachusetts, 
5. Samples collected with SUMMA canisters, 3M badges, and/or sorbent tubes 

using current state-of-the-art methodologies, 
6. Samples collected from basement and living spaces, 
7. Large volume of data, 
8. Analytical sensitivity (i.e., low Method Detection Limits (MDLs), and 
9. Ambient air data collected for comparison. 

 
Furthermore, MADEP excluded a study from review by considering the following eleven 
exclusion criteria (MADEP, 2008): 
 

1. Occupational studies (e.g., drycleaners, etc.), 
2. OHM release related (e.g., volatile organic compound (VOC) plume), 
3. Dated studies (data collection pre-1990), 
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4. European studies and those exhibiting strong geographic bias (e.g., Vermont 
study very rural), 

5. Unknown sampling/analytical methodology, 
6. Dated grab samples, and those collected to evaluate occupational exposures, 
7. Presence of atypical indoor sources (unusual use/overuse of product), 
8. Non-VOC data, 
9. Total VOC only data, 
10. Study unobtainable, and 
11. Elevated MDLs. 

 
Based on the above evaluation criteria, the MADEP Workgroup identified a list of studies 
for inclusion in the statistical summary. Without explanation, and without conferring with 
the Workgroup, the Department excluded all but six of those studies.  Studies that were 
excluded include:   
  

• Weisel, et al. (2005) 
• Bonanno, et al. (2001) 
• Garetano and Gochfield (2000) 
• Kinney, et al. (2005) 
• McDermott, et al. (2005) 

  
AMEC has determined that the EPA NHEXAS data reported in Clayton, et al. (1999) and 
Bonanno, et al. (2001) are the same basic dataset with perhaps some very slight 
differences. The Department may have decided not to use both datasets since they are 
not independent. However, it would be far better to use the raw data listed on EPA’s 
website for the NHEXAS study so as to be able to calculate all relevant summary 
statistics.  Garetano and Gochfield (2000) had many non-detects with high detection 
limits, which may account for its omission, but the Department does not provide a reason 
for its exclusion. There was no reason to exclude the remaining three studies: 
 

• Weisel, et al. (2005) 
• Kinney, et al. (2005) 
• McDermott, et al. (2005) 

 
These studies should be included by the Department in listing and summarizing the 
study-specific summary statistics for background levels of volatile constituents in indoor 
air. 
 
In addition, AMEC notes that the following study, Heavner, et al. (1996) was not included 
by the Department in the proposed policy, despite passing the evaluation criteria listed 
by MADEP (2008).  This study was identified by MADEP in preliminary review stages but 
was eliminated from consideration because it was a study that reports summary 
statistics for volatile compounds in indoor air of smoking and non-smoking homes.  
Given that cigarette smoking is a relatively common habit, data on indoor air quality in 
such homes is representative of the population at-large and should be included when 
determining background indoor air concentrations.  Heavner, et al. (1996) reported 
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mean, median, minimum, and maximum concentrations. In addition, AMEC was able to 
obtain the raw data for this study simply by sending a request to the primary author, who 
promptly complied.  Those data are appended to these comments, and should be 
utilized by the Department for purposes of determining typical background 
concentrations in indoor air. 
 
 
2. EXCLUSION OF SELECTED SUMMARY STATISTICS FROM STUDIES MEETING 
DEPARTMENT INCLUSION CRITERIA  
 
Many of the studies that met the Department’s selection criteria contained data from 
multiple sub-studies, such as studies that included measurements in multiple seasons; 
measurements in different areas, such as urban locations and suburban locations; and 
measurements by different methods, such as summa canisters and 3M absorbent 
badges. The Department erred in using only some of the data from studies that is 
concluded met its selection criteria.  Listed below are examples of data that were 
excluded without comment or cause from studies meeting selection criteria. 
 

• Sexton, et al. (2004) – 3M badge data (n=288) 
• Adgate, et al. (2004) - 3M badge data (n=73) 
• Adgate, et al. (2004) - Intensive phase data (n=101) 

 
These data, and any other subsets of data reported in studies that met the inclusion 
criteria, should be incorporated into the Department’s calculation of typical background 
concentrations. 
 
 
3. EXCLUSION OF DATA THAT COULD EASILY BE CALCULATED 
 
Several studies made available to and actually used by the Department included data 
that were excluded for no good reason.  For instance, several studies included raw data 
within the report. When a specific summary statistic was not presented in a table within 
the report, the Department simply left that summary statistic out, rather than calculating 
the value from the data. Again, the Department should not turn a blind eye to data that it 
has already decided is reliable, and meets its selection criteria, merely because the 
authors did not do the math.  The Department can and should do its own calculations. 
  
Similarly, some studies reported percentile value statistics in graphical form as a “box 
and whisker” plot.  Data from published reports that are reported in graphical format are 
routinely used by the scientific community. The Department could easily have looked at 
the graph scale and gleaned the appropriate value from the graph, instead of ignoring 
the data altogether.  Listed below are examples of data that were excluded without 
comment or cause from studies meeting selection criteria, because the data were not 
already summarized in the report’s tables. 
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Clayton, et al. (1999) Raw NHEXAS data available on-line 
Weisel, et al. (2006) Raw data provided in document  
Adgate, et al. (2004) Graphical data available in document 
Sexton, et al. (2004) Graphical data available in document 

 
In the first two cases, raw data are available that can easily be summarized. AMEC has 
already summarized the data from all of these datasets for an example constituent, PCE, 
as shown below. In the second two cases, graphical data are presented that the 
Department did not utilize. The graphical data are noted below. The text clearly defines 
which percentile values are presented on each graph. 
 

 
Adgate, et al. (2004) graphical 
data:
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Sexton, et al. (2004), graphical data: 
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4. EXCLUSION OF READILY AVAILABLE DATA  
 
Several studies that met the Department’s inclusion criteria did not report specific 
summary statistics and did not include the raw data from which those statistics could be 
calculated.  The data, however, were readily available, and should have been utilized. 
 
On March 21, 2007, AMEC submitted comments to the Department’s Indoor Air 
Workgroup concerning the issue of indoor background levels of volatile constituents 
reported in the literature.  At that time, AMEC recommended that the Department contact 
the authors of various studies or the organizations (e.g., the Health Effects Institute) that 
funded the studies, to ask them either to provide the raw data or to calculate summary 
statistics from their datasets. Specifically, the following datasets from studies that met 
the Department’s inclusion criteria were identified for such requests: 
 

• Kinney, et al. (2005)  
• McDermott, et al. (2005) 
• Sexton, et al. (2004) 
• Weisel, et al. (2005) 
• Bonanno, et al. (2001) 
• Clayton, et al. (1999) 

 
 
Regarding Bonanno, et al. (2000) and Clayton, et al. (1999), AMEC previously advised 
the Department that these two studies summarize data that is freely available to all on 
the EPA’s NHEXAS website. AMEC has downloaded these data and easily calculated 
many different summary statistics, including 75th and 90th percentile values. The URL for 
this website is listed in the reference section of these comments.  This raw dataset 
should be substituted for the reported data from Clayton, et al. (1999) and Bonnanno, et 
al. (2000) because the use of the on-line NHEXAS data allows all appropriate summary 
statistics to be calculated. 
 
After a simple e-mail request, AMEC was able to obtain the raw data from the Kinney, et 
al. (2005) study. Other of the raw datasets likely could have been obtained over the 
course of the last year if appropriate requests had been made.  The Department should 
do that now. 
 
The Department’s failure to use the data from the New York State Department of Health 
that is summarized in a paper by McDermott et al. (2005) is particularly unjustifiable.  In 
the March 8, 2007 Indoor Air Workgroup meeting, Gerald McDonald of NYSDOH said he 
could provide the raw data for PCE from the State’s extensive monitoring program. In 
addition, he said that data for other volatile constituents were available from the 
laboratory reports.  He offered to investigate whether the raw data for all volatile organic 
compounds could be made available to MADEP, if it made a formal request. 
 
In AMEC’s March 21, 2007 submission to the Indoor Air Workgroup, AMEC reminded 
the Department that it needed to request data from NYSDOH. 
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Another very recently published report is a journal article published in 2005 by 
McDermott and colleagues at the New York State Department of Health. The 
paper is entitled “Tetrachloroethylene (PCE, Perc) Levels in Residential Dry 
Cleaner Buildings in Diverse Communities in New York City.”  Samples were 
collected using 3M organic vapor monitors.  The mean and maximum PCE 
concentrations from 61 samples taken in New York City apartment buildings that 
did not have co-located dry cleaning facilities or dry cleaning drop-off facilities 
taken from 2001 to 2003 were 3 μg/m3 and 92 μg/m3, respectively. The 90th and 
95th percentiles of the data were not presented, but AMEC has requested the raw 
data from the New York State Department of Health so that the Indoor Air 
Workgroup can calculate the upper percentile values and also add these data to 
MADEP’s databases. Gerald J. McDonald, the Chief of the New York 
Department of Health Indoor Health Assessment Section, responded that he 
could provide the raw data if MADEP requested them. AMEC recommends that 
MADEP formally request the raw data from this study from Mr. McDonald.  Mr. 
McDonald is willing to provide these data, and there is no scientific reason to 
exclude these data from the Workgroup’s deliberations.  

 
AMEC also corresponded directly with Jan Storm, one of the co-authors of the NYSDOH 
publication (McDermott, et al., 2005). The clear indication from this communication was 
that NYSDOH, specifically Jan Storm, Gerry McDonald, Judy Abbot and Ed Horn were in 
discussions with the Department to release the raw data from which 95th, 90th, and 75th 
percentile values could be calculated. 
 
The Department should follow through and obtain these data. If the Department has 
performed a detailed analysis of this important data set and determined through 
discussions with NYSDOH that the data were flawed in some way, and were not of 
sufficient quality for use in developing the UPV Policy, then the Department should 
provide to stakeholders and interested members of the public an explanation as to why 
these data of 61 background samples taken in the 2001-2003 timeframe should not be 
used. Otherwise, the data set, which was designated in the last meeting of the Indoor Air 
Workgroup as a target study that met all Department inclusion criteria, should be used. If 
the data for all volatile constituents was not of sufficient quality, but the PCE data was of 
sufficient quality, the Department should still use this data set for the key volatile 
constituent, PCE.  
 
Finally, in reviewing the Department’s UPV Policy document, AMEC identified an 
additional study, the Center for Disease Control and Prevention’s National Center for 
Health Statistics National Health and Nutrition Examination Survey (NHANES) (CDC, 
2000), that the Department failed to consider. The National Center for Health Statistics 
(NCHS) of the Centers for Disease Control and Prevention (CDC) monitored indoor air 
concentrations from 642 personal air monitors in 1999-2000.  All NHANES results are 
freely available to the public on CDC’s website (CDC NCHS, 2000).  
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5.  EXCLUSION OF MEAN DATA 
 
The Department did not report the mean data from any study, on the theory that the 
mean of a set of measurements can be unduly influenced by a few high measurements. 
There is ample precedent for using the mean value as a measure of statistical central 
tendency of many data sets of many types.  The mean value should be presented and 
considered for all constituents and for all datasets.   
 
Furthermore, as discussed below, the Department should use the mean, rather than the 
median, of the individual percentile values for purposes of aggregating the results from 
all studies, because the mean is a more representative measure of the central tendency 
of that summary dataset than the median.   
 
 
6. LACK OF EXPLANATION REGARDING THE USE OF THE MEDIAN VALUE 
 
From the 90th and 75th percentile values that were selected by MADEP, the median 
values of each set of upper percentile values were identified as being representative of 
the true upper percentile values. According to MADEP (2008): 
 

For each chemical and for each targeted percentile value (the 75th and 90th 
percentiles), the median of the available study percentile values was determined. 
The median value, rather than the mean, was used because outliers can 
dramatically impact the mean, whereas the median is less affected by outliers.  
Only actual measured results were considered in determining the median. 

 
AMEC recommends that the method used to select a representative UPV be 
reassessed.  Although the median value from a set of raw data is less affected by 
outliers than the arithmetic mean of a set of raw data, this is not true for a set of upper 
percentile values, which are summary statistics that describe the entire data set. When 
determining the central tendency of a set of summary statistics, the mean value is 
preferable, because it is clearly a measure of central tendency, and it is, in fact, the most 
commonly used measure of central tendency.  
 
Accordingly, AMEC recommends that the Department use the mean of the data set of 
75th percentiles and 90th percentile from multiple studies to describe the central tendency 
of the 75th and 90th percentile values. 
 
 
IV. THE PROPOSED POLICY DOES NOT ASSIST LSPs 
 
The proposed policy does not state the Department’s intended goal. However, it would 
appear that the goal is to provide guidance on distinguishing between constituents 
associated with a disposal site via a vapor intrusion pathway and background.  In its 
current draft form, the policy does not assist LSPs. As noted above, most vapor intrusion 
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issues in Massachusetts are associated with chlorinated solvent or petroleum product 
releases. The policy in its current form provides no assistance whatsoever for such sites.  
 
The Department has expressed that the proposed policy would simplify MCP decision 
making for a number of constituents in indoor air, since bright line UPVs, which are less 
than the Risk Management Criteria, will be published.  However, in practice, it is those 
constituents where the UPV values are greater than the proposed Risk Management 
Criteria that are typically encountered at disposal sites.  The available UPVs exceed the 
proposed Risk Management Criteria for 22 key constituents, thus for these constituents 
the evaluation of background as envisioned in the in the MCP is irrelevant. Among those 
22 constituents are benzene, C5 to C8 Aliphatics, C9 to C12 Aliphatics, and C9 to C10 
Aromatics, which are all associated with releases of petroleum products; and carbon 
tetrachloride, chloroform, trichloroethane, tetrachloroethane, tetrachloroethylene, 
trichloroethylene, and vinyl chloride, which are associated with many chlorinated solvent 
releases.  
 
In its current form, the policy is not helpful. However, if the Risk Management Criterion 
were removed from the policy, and UPV were considered background it would be helpful 
in screening sites and identifying those with potential vapor intrusion issues. 
Alternatively, if the Risk Management Criteria were edited to allow for a Risk 
Management Criterion to be defined for a one-constituent site at an Excess Lifetime Risk 
Level of 1x10-5, then the UPV values would be helpful for carbon tetrachloride, p-
dichlorobenzene, naphthalene, PCE, and all three petroleum carbon-chain constituents. 
The listed constituents are major constituents that are often involved at vapor intrusion 
sites. 
 
 
V. EXAMPLE CONSTITUENT, TETRACHLOROETHYLENE (PCE) 
 
To demonstrate the implications of the above-mentioned comments on the Department’s 
selection of published studies and methodologies, an example is presented with data 
discussed and summarized for PCE.  
 
1. PCE DATA MEETING MADEP’S INCLUSION CRITERIA 
 
In the case of PCE, a value of 1.8 ug/m3 was selected by the Department as the upper 
percentile value (UPV) considered representative of typical background indoor air levels.  
The value of 1.8 (rounded from 1.75) ug/m3 was the median of two available 75th 
percentile values from six studies identified by the Department as satisfying their 
evaluation criteria for review.  However, a review of the scientific literature and of the 
approach used by MADEP indicates that the value of 1.8 ug/m3 proposed by MADEP 
does not properly represent the background indoor air PCE concentrations to which 
individuals are typically exposed.  In large, this is because:  
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1. additional important PCE data have been identified in the studies that were 
reviewed by MADEP, as well as in studies that were not reviewed by MADEP 
despite meeting MADEP’s stated evaluation criteria, and  

 
2. the approach used by MADEP to set the typical UPV (75th and 90th) PCE 

concentrations in indoor air does not accurately represent the true statistical 
75th and 90th percentile values. 

 
 
As noted above, the MADEP Workgroup identified a number of studies for inclusion in 
the statistical summaries for all volatile constituents. Instead and for no apparent reason, 
the Department included only six of the twelve identified studies in their proposed policy. 
These six studies and their respective 90th percentile and 75th percentile PCE 
concentrations that were identified by MADEP are shown in Table 4.  The medians of 
the 90th and 75th percentiles were taken by MADEP to be representative of the true UPV 
for PCE in indoor air. When a UPV value was not presented by the author in a summary 
table of data, the Department made no attempt to obtain the UVP by either evaluating 
the raw data or contacting the study’s author for additional information. 
 

TABLE 4 
MADEP UPPER PERCENTILE VALUES FOR TETRACHLOROETHYLENE 

 (MADEP, 2008) 
 

Study 75th Percentile 
(ug/m3) 

90th Percentile 
(ug/m3) 

Adgate et al. (2004) 2.4  
Clayton et al. (1999)  6.83 
NYSDOH (2006) 1.1 2.9 
Rago et al. (2005) ND ND 
Sexton et al. (2004)  3.8 
Weisel (2006) ND 4.39 

Median 1.75 4.095 
 
 
Among the studies that were included in the final review by MADEP, not all of the 
available PCE data that meet the Department’s inclusion criteria have been presented 
by MADEP.  Following is a discussion of the additional PCE data that should be included 
in the Department’s definition of background levels for PCE in indoor air. 
 
Adgate, et al. (2004) was identified by the MADEP Indoor Air Workgroup in its final 
review.  From 284 samples measuring screening-phase indoor VOC concentrations in 
Minnesota, a 75th percentile value for PCE of 2.4 ug/m3 was reported by Adgate et al. 
(2004), and this value was subsequently used by MADEP (MADEP, 2008).  No 90th 
percentile value was reported from this study. However, Adgate et al. (2004) also 
present indoor air PCE concentration summary statistics for the same results in 
graphical format, with the results categorized according to whether the sample was 
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urban (n = 207) or rural (n = 77).  By using the log scale provided on the figure, one can 
easily determine that the urban and rural 75th percentiles for PCE are 2.6 and 1.9 ug/m3, 
respectively.  Given MADEP’s stated preference for selection of urban data over rural 
data (MADEP, 2008), the urban 75th UPV of 2.6 ug/m3 should be used instead of the 
combined 75th UPV of 2.4 that was identified by MADEP.  A 90th UPV for indoor air 
concentration of PCE was not reported by Adgate et al. (2004), but a 95th UPV was 
reported. 
 
Adgate, et al. (2004) also present intensive-phase VOC concentrations using two 
monitoring methods.  The data from the breathing zone monitors are an accurate 
representation of the amount of VOCs to which an individual would be exposed, 
because results are obtained by measuring VOCs in the breathing zone of the individual.  
Clearly, results obtained in the breathing zone of an individual are representative of the 
true exposure concentration. The breathing zone air measurements should be included 
as well as fixed location air measurements.  From 101 intensive-phase fixed location 
samples, Adgate et al. (2004) determined that the 75th UPV for PCE was 2.3 ug/m3.  A 
90th UPV was not reported by Adgate et al. (2004) for intensive-phase fixed location 
samples, but the mean and the 95th percentile values were reported.  From 73 intensive-
phase breathing zone samples, Adgate et al. (2004) determined that the 75th UPV for 
PCE was 2.1 ug/m3.  A 90th UPV was not reported by Adgate et al. (2004) for intensive-
phase breathing zone samples, but the mean and the 95th percentile values were 
reported.   
 
Clayton et al. (1999) was identified by the MADEP Indoor Air Workgroup in its final 
review.  Clayton et al. (1999) presented selected summary statistics for PCE from U.S. 
EPA’s National Human Exposure Assessment Survey (NHEXAS), and reported a 90th 
UPV of 6.83 ug/m3 for 402 fixed location air samples.  This value was subsequently used 
by MADEP (2008).  A 75th UPV for breathing zone samples of PCE was not reported by 
Clayton et al. (1999).  However, U.S.EPA has made the raw data from the NHEXAS 
freely available to the public on its website (U.S.EPA, 2008).  When the 374 raw data 
points are analyzed, one can readily obtain 75th and 90th UPVs for PCE from fixed 
location monitors of 4.13 and 6.98 ug/m3, respectively.  Raw data are also presented for 
362 breathing zone monitors, with 75th and 90th UPVs for PCE of 5.36 and 9.73 ug/m3, 
respectively. Mean and 95th percentile values were also calculated. 
 
Sexton, et al. (2004) was identified by the MADEP Indoor Air Workgroup in its final 
review.  From 292 samples measuring indoor VOC concentrations in Minnesota, a 90th 
percentile value for PCE of 3.8 ug/m3 was reported by Sexton, et al. (2004), and this 
value was subsequently used by MADEP (MADEP, 2008).  However, Sexton, et al. 
(2004) also present indoor air PCE concentrations summary statistics for the same 
results in graphical format.  By using the log scale provided on the figure, one can easily 
determine that the fixed location and breathing zone (n = 288) 75th percentiles for PCE 
are 1.7 and 2.5 ug/m3, respectively.  The 90th UPV breathing zone air concentration for 
PCE reported by Sexton, et al. (2004) was 7.0 ug/m3.  Mean values were also reported 
by Sexton, et al. (2004).  The 75th and 90th UPVs for both the fixed location and the 
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breathing zone air sample results should be used by the Department when determining 
a UPV for PCE that is representative of indoor background levels.  
 
Weisel (2006) was included by the MADEP Indoor Air Workgroup in its final review.  
From indoor air samples collected in New Jersey, Weisel (2006) reported a 90th UPV for 
PCE in indoor air of 4.39 ug/m3, and this value was subsequently used by MADEP 
(2008).  Weisel (2006) also reported that the 75th UPV was below the detection limit of 
3.4 ug/m3, and the 75th UPV was reported by MADEP simply as “ND”.  Given that Weisel 
(2006) includes raw data for each individual sample in an appendix to the document, the  
75th and 90th UPVs for PCE should be calculated directly from the raw data.  One-half of 
the detection limit be used for those samples that were qualified by Weisel (2006) as 
being “not-detected”.  MADEP (2008) states: 
 

Relying upon the accuracy of reported percentile values that are estimated 
concentrations below a study’s limit of detection, or using a simplistic approach to 
estimate the missing percentile value (such as using half the detection limit), may 
actually decrease the accuracy of the resulting UPVs and is not necessary where 
there are sufficient measured values in other studies 

 
However, using half the detection limit in place of a non-detect is a scientifically 
defensible and widely used practice in environmental decision-making.  A total of 39 
samples were qualified as being below the detection limit of 3.4.  During the course of 
the study the detection limit was improved to 1.4, and a total of 60 samples were 
qualified as being below this detection limit.  Both of these detection limits meet 
MADEP’s stated inclusion criteria requiring analytical sensitivity.  From the 127 available 
sample points, and using half the detection limit for results qualified as non-detect, it can 
easily be determined that the 75th and 90th UPVs for PCE in indoor air measured by 
Weisel et al. (2006) are 1.7 and 4.2 ug/m3, respectively. Mean and 95th percentile values 
were also calculated. 
 
McDermott et al. (2005) was discussed above as an important data set of 61 
background samples collected from 2001-2003. Clearly the raw data for PCE was 
readily available from NYSDOH upon request. Regardless of the amount of time and 
effort required to obtain and process all of the background data for a larger list of volatile 
constituents, the data for PCE is available, validated, and suitable for use in this policy 
making endeavor. At this time, AMEC does not have the raw data, and only a mean 
value of 3 ug/m3 is listed in the published account of this indoor air survey. AMEC again 
encourages the Department to obtain the raw data from NYSDOH so that 95th, 90th, and 
75th percentile values can be calculated. 
 
Additional studies containing important PCE data have been identified that were not 
included in the final review by MADEP, despite these studies meeting MADEP’s stated 
evaluation criteria.  Following is a discussion of the additional PCE data that have been 
identified in studies that were not reviewed by MADEP. 
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As part of the National Health and Nutrition Examination Survey (NHANES), the National 
Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention 
(CDC) monitored PCE concentrations from 642 breathing zone air monitors in 1999-
2000.  All NHANES results are freely available to the public on CDC’s website (CDC 
NCHS, 2000).  Analysis of the NHANES raw data indicates that the 75th and 90th 
percentile values are 2.45 and 6.94 ug/m3, respectively. Mean and 95th percentile values 
were also calculated.  
 
Kinney et al. (2005) was one of the twelve studies initially identified by MADEP as 
meeting its evaluation criteria.  However, this study inexplicably was not included by the 
MADEP Indoor Air Workgroup in its final review, despite having readily available 75th 
percentile values clearly reported by the authors.  This study reported results of the 
Toxics Exposure Assessment Columbia-Harvard (TEACH) study assessing cancer risks 
from urban air pollutants to high school teenagers in New York City and Los Angeles.  
Kinney et al. (2005) provided their raw data to AMEC for use in preparing these 
comments.  
 
In accordance with MADEP’s evaluation criteria, only the data from New York City 
(geographically and climatologically similar to Massachusetts) were considered here.  
From 72 indoor samples collected in summer and winter, 75th and 90th percentile values 
of 5.2 and 11.8 ug/m3, respectively, were calculated.  From 75 breathing zone samples 
collected in summer and winter, 75th and 90th percentile values of 5.4 and 14.0 ug/m3, 
respectively, were calculated.  Means and 95th percentile values for indoor and breathing 
zone samples were also calculated. 
 
Heavner et al. (1996) was not included by the MADEP Indoor Air Workgroup in its final 
review, despite passing the evaluation criteria listed by MADEP (2008).  This study was 
identified by MADEP in preliminary review stages but was eliminated from consideration 
because it was a study that reports summary statistics for PCE in indoor air of smoking 
and non-smoking homes.  Given that cigarette smoking is a relatively common habit, 
data on PCE levels in such homes is representative of the population at-large and 
should be included when determining a typical indoor air PCE level.  Heavner et al. 
(1996) reported mean, median, minimum, and maximum concentrations of PCE in 
various homes directly in their study.  Raw data (n=94) for this study was easily obtained 
by sending a request to the primary author, who promptly and graciously complied in 
order assist MADEP with its efforts of setting typical UPVs.  Analysis of the raw data 
determined that the 75th and 90th UPVs were 2.8 and 6.5 ug/m3, respectively.  Mean and 
95th percentile values were also determined from the raw data. 
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2. SUMMARIZATION OF REPORTED DATA 
 
From the 75th and 90th UPVs that were selected by MADEP, the median values of each 
set of UPVs were identified as being representative of the true UPVs. According to 
MADEP (2008): 
 

For each chemical and for each targeted percentile value (the 75th and 90th 
percentiles), the median of the available study percentile values was determined. 
The median value, rather than the mean, was used because outliers can 
dramatically impact the mean, whereas the median is less affected by outliers.  
Only actual measured results were considered in determining the median. 

 
As noted above, AMEC finds that there is no precedent for using the median of a data 
set of 90th or 75th percentile values from several surveys as the method for determining 
the true 90th or 75th percentile values in the population. The mean of the data set of 90th 
or 75th percentile values is a valid estimate of the true 90th or 75th percentile values in the 
population.  For PCE various statistics are presented for the Department’s consideration 
in Table 5. 
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TABLE 5 
AMEC-RECOMMENDED SUMMARY OF STATISTICS 

BACKGROUND LEVELS OF PCE IN INDOOR AIR (ug/m3) 
 

Study n 75th% 90th% 95th% mean 

Adgate et al. (2004),  
screening-phase  207 2.6  4.5  

Adgate et al. (2004),  
intensive-phase  101 2.3  5.2 3.5 

Adgate et al. (2004),  
intensive-phase, breathing zone 73 2.1  5.2 3.7 

U.S. EPA NHEXAS (2008) 374 4.1 7.0 9.1 7.4 

U.S. EPA NHEXAS (2008),  
Breathing zone   362 5.4 9.7 18.8 29.7 

Sexton et al. (2004) 292 1.7 3.8  2.9 

Sexton et al. (2004) 
Breathing zone 288 2.5 7.0  31.8 

Weisel (2006) 127 1.7 4.2 9.5 16.0 

NYSDOH (2006) 400 1.1 2.9 4.1 1.3 

CDC NCHS NHANES (2000) 642 2.5 6.9 17.1 5.3 

Kinney et al. (2005) 72 5.2 11.8 22.6 6.2 

Kinney et al. (2005) 
Breathing zone 75 5.4 14.0 29.6 7.7 

Heavner et al. (1996) 94 2.8 6.5 13.7 5.0 

Median  2.5 7.0 9.5 5.7 
75th percentile  4.1 9.0 18.0 9.8 
90th percentile  5.4 12.0 22.6 28.3 
95th percentile  5.4 13.0 26.1 30.6 

Mean  3.0 7.4 12.7 10.0 
Notes: McDermott et al., 2005 data from NYSDOH is not included, but AMEC recommends that the 
Department formally request this data set.  
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3. RECOMMENDATIONS REGARDING PCE 
 
There are many precedents for using the upper 95th percentile value or the mean in 
defining a reference value for defining background levels of constituents in indoor air.  In 
addition, the Department has used the 90th percentile value from published literature in 
previous implementation of the MCP. AMEC notes that with raw data in hand, any 
percentile can be calculated, but when relying on published reports, more published 
reports provide the 95th and/or the 90th percentile value than provide 75th percentile 
values. Thus, the available data for all constituents are more comprehensive when the 
90th percentile is the statistic of choice, compared to the 75th percentile. This is evident 
when inspecting the data in Table 1, which show that 58% of the constituents had at 
least one 90th percentile value in the draft proposal, versus 42% having at least one 75th 
percentile value.  
 
AMEC thus recommends that the Department modify its UPV Policy to focus on the 90th 
percentile values. The background indoor air concentration should be defined as the 
mean of the 90th percentile values from the published literature unless there is strong 
site-specific evidence that would indicate the contrary. In the case of PCE, the mean of 
the 90th percentile values from the published literature is 7.4 ug/m3. In this specific case, 
AMEC would recommend that the background indoor air concentration be defined as 7.4 
ug/m3 with no “flagging” and no requirement that “multiple lines of evidence” be used. 
 
The background indoor air levels should be divorced from any considerations of risk 
assessment to be consistent with 310 CMR 40,0983(3)(b), which states:  
 

(b) A background indoor air concentration for the chemical shall be identified and 
compared to the risk-based concentration calculated in 310 CMR 40.0983(2)(a). 
The higher of the two values shall be chosen as the target indoor air 
concentration.  

 
The fact that a 30-year, daily exposure to 7.4 ug/m3 can be calculated using the 
imperfect tool of human health risk assessment to yield an estimated Excess Lifetime 
Cancer Risk of 3x10-5, which exceeds the MCP risk criterion of 1x10-5 should have no 
bearing, because “background” indoor air levels, to put it simply, are what they are. The 
MCP has anticipated this type of outcome as noted above and in Section 40.0902, 
where the MCP states:  
 

Disposal sites at which all oil and hazardous material have been reduced to 
background levels are eligible for a Class A-1 Response Action Outcome, as 
described in 310 CMR 40.1036(1), even if such background levels exceed one or 
more of the numerical standards or risk criteria published in 310 CMR 40.0900. 

 
AMEC is aware that the Department may disagree with this recommendation despite the 
fact that it is completely consistent with the letter and intent of the MCP. In the event that 
this is the case, AMEC recommends that the Department still define the background 
indoor air concentration as the mean of the 90th percentile values from the published 
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literature. In the event that the selected value is greater than a Risk Management 
Criterion derived assuming a total site Excess Lifetime Cancer Risk of 1x10-5 in 
accordance with the MCP and with a site-specific assumption concerning the number of 
volatile constituents of concern for the vapor intrusion pathway, then the indoor 
background value could be flagged as the current draft proposal does for consideration 
of “multiple lines of evidence.”  
 
 
4. UNIT RISK FACTOR (URF) FOR PCE 
 
As noted above, there is no basis in law or regulation for the Department to infuse the 
definition of background with considerations of cancer and non-cancer risk. However, if 
the Department continues to link Risk Management Criteria with background in the UPV 
Policy, the Risk Management Criterion for PCE should be updated.  The Risk 
Management Criterion currently presented for PCE is listed as 0.044 ug/m3 at ECLR = 
1x10-6. This value is calculated using the outdated PCE Unit Risk Factor (URF) of 
5.5x10-5 (ug/m3)-1 that was derived by the Department in 1987 and published in 1990.  
Since that time, the Department has released a new draft PCE URF of 1.0x10-5 (ug/m3)-1 
in a document entitled "Revised Proposed Interim Unit Risk Revision for 
Tetrachloroethylene.”  
 
AMEC has submitted comments on the proposed interim URF, pointing to deficiencies in 
the Department’s methodology. AMEC concluded that, even if one uses the conservative 
assumptions identified in the Department’s revised interim URF document, the 
Department made an error when applying this conservative approach to the animal 
bioassay data. If the Department’s method is correctly applied, the URF value that 
should be applied is 2x10-6 (ug/m3)-1, contrary to what MADEP has indicated in its 
revised interim URF document, 1.0x10-5 (ug/m3)-1.  Furthermore, the Department’s 
revised interim URF is not consistent with the URF that was derived by the California 
Environmental Protection Agency and has subsequently been adopted by the US EPA 
for inhalation risk assessment. That value is 5.9x10-6 (ug/m3)-1.  
 
Paul Locke stated at the January 24, 2008 Science Advisory Board meeting that the 
revised interim URF for PCE was freely available to all by contacting the Department 
and that it is due to be finalized very soon.  AMEC has been advised that the Bureau of 
Waste Site Cleanup staff is accepting either the outdated URF or the proposed interim 
URF in risk assessments submitted pursuant to the MCP. For these reasons, AMEC 
strongly recommends that any final Risk Management Criteria that may be included in 
the final Policy on the use of typical indoor air values be calculated either using the 
California URF of 5.9x10-6 (ug/m3)-1or the Department’s proposed interim URF of  
1.0x10-5 (ug/m3)-1. 
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Using these more up-to-date URFs, the Risk Management Criterion for PCE in indoor air 
would be: 
 
California URF (5.9x10-6 (ug/m3)-1) 
 

ELCR 1x10-5   3.9 ug/m3 
ELCR  1x10-6  0.39 ug/m3 

 
 
MADEP Revised Interim URF (1.0x10-5 (ug/m3)-1) 
 
 

ELCR 1x10-5   2.3 ug/m3 
ELCR  1x10-6  0.23 ug/m3 

 
 
VI. IMPLEMENTATION ISSUES 
 
The draft policy does not specify how concentrations must be compared to the proposed 
UPV values. In practice, indoor air data are collected in different locations within houses 
and at different times.  AMEC recommends that the Department specifically state that 
indoor air samples collected at different locations within living spaces of residences can 
be averaged spatially and that samples collected in basements can be spatially 
averaged with samples from living spaces according to reasonable assumptions that a 
person would spend most of their time in the living space and only a small portion of 
their time in the basement location. Comparing data from samples collected in 
basements to the UPV values would serve no useful purpose. 
 
More importantly, AMEC recommends that the Department specifically state that 
temporal averaging of data collected from the same residence is appropriate in most 
cases. When a series of samples collected over time shows a clear upward or downward 
trend, the most recent data may better represent the expected measurements in the 
future than the mean of a set of measurements. However, indoor air data collected over 
time often fluctuates upward and downward in a seemingly random manner. Indoor air 
measurements are known to vary for several reasons. Seasonally, indoor air data can 
vary because of fluctuating water tables, extremely hot, cold, or wet conditions during 
and immediately prior to sampling, pressure differentials caused by home heating, and 
varying home ventilation rates due to the presence of open windows and operating air 
conditioning systems.  It is appropriate to compare mean indoor air concentrations to 
UPV values if the temporal averaging allows for an average condition to be 
characterized. Additional variability in indoor air data can be caused by field variability in 
sample collection and laboratory variability in sample analysis. Again, temporally 
averaged data provided the best measure of the average or typical conditions in the 
home. 
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In conclusion, the UPV policy should not be restricted to point by point comparisons with 
individual indoor air sample results. In some cases, when an initial investigation is 
performed and only a single data point is available, it may be appropriate to compare 
that data point with the UPV to provide guidance to the LSP.  In other cases, when 
multiple rounds of samples are available, it is certainly appropriate and, in fact, 
preferable,  to compare spatially and temporally averaged indoor air results to the UPV 
values unless there are specific reasons not to do so. Such reasons may include the 
presence of a clear and unambiguous upward trend in the results over time.  
 
 
VII. SUMMARY 
 
AMEC’s major comments are that the Department should define background indoor air 
levels in a manner that is consistent with the MCP and historical Department policy and 
guidance by using the 90th percentile value of data from recent indoor air surveys that 
were well-designed and conducted properly.  The summary statistic that should be used 
to define the central tendency of a number of upper 90th percentile values from the 
literature is the mean of the 90th percentile values.  Using the language of MADEP 
(2002), in this case, the constituent could be considered to be consistent with 
background, not site related, and removed from the risk characterization process 
assuming that there is “no other compelling evidence of site-related contamination.” In 
other words, there is a rebuttable presumption that the detected concentrations are due 
to background and not site conditions.  Risk assessment has no place in the definition of 
background levels either logically or in the context of the explicit language of the MCP.  
Accordingly, the use of Risk Management Criteria should be abandoned entirely in the 
final UPV Policy. 
 

   



AMEC Earth & Environmental 
Comments on DEP Draft Policy: 
“Using Upper Percentile Values Within The Range Of Typical  
Indoor Air Concentrations At Residences and Schools” 
March 12, 2008 
Page 37 
 
 
VIII. REFERENCES 
 
Adgate, JL, LE Eberly, C Stroebel, ED Pellizzari, and K Sexton. 2004. Personal, Indoor, 
and Outdoor VOC Exposures in a Probability Sample of Children. Journal of Exposure 
Analysis and Environmental Epidemiology. 14: S4-S13. 
 
Bonanno, LJ, NGC Freeman, M Greenberg, and PJ Lioy. 2001. Multivariate Analysis on 
Levels of Selected Metals, Particulate Matter, VOC, and Household Characteristics and 
Activities from the Midwestern States NHEXAS. Appl Occ Env Hyg 16:859-874. 
 
CDC NCHS (Centers for Disease Control and Prevention, National Center for Health 
Statistics). 2000. NHANES (National Health and Nutrition Examination Survey).  
http://www.cdc.gov/nchs/about/major/nhanes/nhanes99_00.htm  
 
Clayton, CA, ED Pellizzari, RW Whitmore, RL Perritt, and JJ Quackenboss. 1999. 
National Human Exposure Assessment Survey (NHEXAS): distributions and 
associations of lead, arsenic, and volatile organic compounds in EPA Region 5. Journal 
of Exposure Analysis and Environmental Epidemiology. 9: 381-392. 
 
Fitzpatrick, N.A. and John J. Fitzgerald. 1996. An Evaluation of Vapor Intrusion Into 
Buildings Through a Study of Field Data. Massachusetts Department of Environmental 
Protection Presented at the 11th Annual Conference on Contaminated Soils, University 
of Massachusetts at Amherst. October 1996 
 
Garetano, G. and M Gochfeld. 2000. Factors influencing tetrachloroethylene 
concentrations in residences above dry-cleaning establishments. Arch Environ Health. 
55(1):59-68. 
 
Heavner DL, WT Morgan, and MW Ogden. 1996. Determination of volatile organic 
compounds and respirable suspended particulate matter in New Jersey and 
Pennsylvania homes and workplaces. Environment International. 22(2): 159-183. 
 
Kinney, PL, SN Chillrud, S Sax, JM Ross, DC Pederson, D Johnson, M Aggarwal, and 
JD Spengler. 2005. Toxic Exposure Assessment: A Columbia-Harvard (TEACH) Study 
(The New York City Report).  NUATRC Research Report Number 3.  
http://www.sph.uth.tmc.edu/mleland/attachments/NY_TEACH%20Study3.pdf  
 
MADEP. 1994. Massachusetts Department Of Environmental Protection, Bureau Of 
Waste Site Cleanup And Office Of Research And Standards. Background 
Documentation For The Development Of The MCP Numerical Standards. April 1994. 
 
MADEP. 1995. Guidance For Disposal Site Risk Characterization - In Support Of The 
Massachusetts Contingency Plan, Interim Final Policy. Wsc/Ors-95-141. July 1995 
 

   



AMEC Earth & Environmental 
Comments on DEP Draft Policy: 
“Using Upper Percentile Values Within The Range Of Typical  
Indoor Air Concentrations At Residences and Schools” 
March 12, 2008 
Page 38 
 
 
MADEP. 2002. t e c h n i c a l u p d a t e: Background Levels of Polycyclic Aromatic 
Hydrocarbons and Metals in Soil, Updates: Section 2.3 Guidance for Disposal Site Risk 
Characterization – In Support of the Massachusetts Contingency Plan (1992) 
 
MADEP. 2002. Indoor Air Sampling And Evaluation Guide. WSC POLICY #02-430. 
Office of Research and Standards, Department of Environmental Protection. April 2002. 
 
MADEP. 2006. Massachusetts Contingency Plan. 
 
MADEP. 2007a. Revision History of the MCP Numerical Standards Spreadsheets. Lydia 
Thompson.  
 
MADEP. 2007b. Fact Sheet: Soil Vapor Intrusion & Indoor Air Contamination from  
Waste Sites. Massachusetts Department of Environmental Protection, Bureau of Waste 
Site Cleanup, May 2007. 
 
MADEP. 2007c. Standard Operating Procedure, Response to Indoor Air Contamination. 
SOP BWSC-07-01. August 2007. 
 
MADEP. 2008. Draft Technical Update: Using Upper Percentile Values Within The 
Range Of Typical Indoor Air Concentrations At Residences and Schools. 23 January 
2008. Downloaded from http://www.mass.gov/dep/cleanup/iawg.htm, 18 February 2008. 
 
MADEP. 2008. Using Upper Percentile Values Within The Range of Typical Air 
Concentrations At Residences and Schools. BWSC-Indoor-Air-012308.doc 
 
McDermott, MJ, KA Mazor, SJ Shost, RS Narang, KM Aldour, and JE Storm. 2005. 
Tetrachloroethylene (PCE, Perc) Levels in Residential Dry Cleaner Buildings in Diverse 
Communities in New York City. Environmental Health Perspectives. 113:1336-1343. 
 
McDonald, G. and W. Werz. 2007. PCE, TCE and TCA Vapors in Subslab Soil Gas and 
Indoor Air: A Case Study in Upstate New York. Groundwater Monitoring and Engineering 
27:86-92. 
 
Rago R, McCafferty R and Rezendes. 2005. Haley and Aldrich. Summary of Residential 
Indoor Air Quality Data, Massachusetts Indoor Air background Study. 
 
Sax, SN, DH Bennett, SN Chillrud, J Ross, PL Kinney, and JD Spengler. 2006. A Cancer 
Risk Assessment of Inner-City Teenagers Living in New York City and Los Angeles. 
Environmental Health Perspectives. 114(10): 1558-1566. 
 
Sexton K, Adgate JL, Ramachandran G, Pratt GC, Mongin SJ, Stock TH, and Morandi 
MT. 2004. Comparison of personal, indoor, and outdoor exposures to hazardous air 
pollutants in three urban neighborhoods. Environ Sci Technol. 38:423–430. 
 

   



AMEC Earth & Environmental 
Comments on DEP Draft Policy: 
“Using Upper Percentile Values Within The Range Of Typical  
Indoor Air Concentrations At Residences and Schools” 
March 12, 2008 
Page 39 
 
 
U.S. EPA. 2002. OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air 
Pathway from Groundwater and Soils (Subsurface Vapor Intrusion Guidance). 
November 2002. EPA530-D-02-004. 
 
U.S.EPA. 2008. NHEXAS (National Human Exposure Assessment Survey).  
http://www.epa.gov/heasd/edrb/nhexas.htm  
 
Weisel, Clifford P, Junfeng Zhang, et al. 2005. Relationships of Indoor, Outdoor, and 
Personal Air (RIOPA). Part I, Collection Methods and Descriptive Analyses. Health 
Effects Institute. Research Report 130 (Pt. 1): 1-127. 
 
Weisel 2006. Investigation of Indoor Air Sources of VOC Contamination - Final Report 
Year 2. Submitted to NJDEP Oct 2006. Report #SR03-033. 
 
 
 
 

   


	Indoor Air Guidance Comments Cover Letter
	Indoor Air Guidance Comments Package.pdf
	Exhibit B.pdf
	AMEC_Comments on DEP_s Indoor Air Threshold Value Policy_August 14
	The manner in which the Department has defined background levels of constituents in different media should be identical.  For soils and groundwater, the Department (MADEP, 1994) defined background levels as an upper percentile from a distribution of concentrations reported in published surveys of background conditions.  This is exactly the methodology used as MADEP’s proposed starting point in the ATV Policy.  The Department strays from past policy and practice in proposing to set aside those calculated values based on risk. That departure is neither warranted by any scientific principle nor justifiable under the MCP. 

	AMEC_Comments on DEP's Draft UPV Policy_March 12
	The manner in which the Department has defined background levels of constituents in different media should be identical.  For soils and groundwater, the Department (MADEP, 1994) defined background levels as an upper percentile from a distribution of concentrations reported in published surveys of background conditions.  This is exactly the methodology used as MADEP’s proposed starting point in the UPV Policy.  The Department strays from past policy and practice in proposing to set aside those calculated values based on risk. That departure is neither warranted by any scientific principle nor justifiable under the MCP. 






