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2.3    Critical Exposure Pathways 

 2.3.1        Identification of a Critical Exposure Pathway (CEP) 

 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 action be taken, where feasible, to address their exposures to 
contaminants resulting from vapor intrusion or in drinking water. The CEP requirements are aimed 
at protecting 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.) 
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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 
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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.  
 
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 protection of reduced 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 or greatly reduce 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 interprets 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 living or working space. 
Crawlspaces would not apply to this definition of living or working space.   

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).  

 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 a MCP response action may be concluded. 
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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, 
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 three 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.  
Individuals with the needed expertise are also available and most remedial actions to address a CEP 
would not involve the need for off-site OHM disposal.  Consequently, 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. Mitigation systems take up space in a building that could otherwise 
be used by the building occupants. Construction and 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. 

The benefits of mitigation include the additional 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.     

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 
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): 
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o Initially, 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? 

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. In Imminent Hazard situations, the Department has a statutory obligation 
to address vapor intrusion if the Responsible Party does not.  

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. 

The initial CEP feasibility evaluation at sites with IH or Significant Risk conditions would evaluate 
various remedial options for mitigation, and whether the mitigation would be a permanent or 
temporary solution.  

Immediate Response Actions (IRAs) are presumed to require the elimination and/or mitigation of 
CEPs, pursuant to 310 CMR 40.0414(3).  A typical action taken to eliminate or mitigate a CEP 
from vapor intrusion at IH or Significant Risk levels would be the 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 performed 
as an Immediate Response Action under the MCP, with the required submittals of an IRA Plan, and 
IRA Status and Remedial Monitoring Reports 

2.3.3.2 Evaluation of Feasibility of Initial CEP Mitigation Where No Significant Risk 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. 

Option A: 

In situations where indoor air contamination does not pose a Significant Risk, 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 
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• Building ventilation modifications  

The Department considers response actions to address indoor air CEP conditions to be generally 
infeasible in the following situations: 

• 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). 

• When the owner of an owner-occupied 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. 
(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)   

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, dose, and measured 
concentrations)  

Lower risk to receptors, relative to No 
Significant Risk Level (considering toxicity of 
contaminant, dose, and measured 
concentrations) 

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 

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 
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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).  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).  
 
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. 
 

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. 

 
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; or 

� One or more vapor intrusion contaminants are present at concentrations 
greater than 10% of their Reference Concentration1 (RfC); or 

� 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 

                                                 
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. 
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� 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 

� 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 carcinogen; and 

� No vapor intrusion contaminant is present at concentrations greater than 10% 
of its Reference Concentration (RfC); and 

� Two or more rounds of indoor air monitoring has been conducted during 
winter conditions; and 

� 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 Continuing 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: 
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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. 
 
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.   
 
Evaluation of 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.   

Benefit = Cost 
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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).      
 
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; 
• Indoor Air concentrations of CoCs, in the absence of the Active SSD system, are stable or 

diminishing over a period of at least two years from the point where NSR levels were 
achieved; 

 
• The source has been eliminated or controlled such that 
 

o Groundwater concentrations of CoCs proximate to the structure are stable or 
diminishing for a period of at least two years from the point where indoor air 
concentrations of  CoCs were at/achieved NSR;  

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 biodegradation. 

 
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. 
 
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 
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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.    
 
   
Option B:   
 
Evaluation of Feasibility of Continuing CEP Remedial Activities (where NSR exists) 
 

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 $500/year.  
Assuming there are no maintenance problems or issues (e.g., need to replace a fan), annual 
costs should be about $800. 

 
� 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:  
 

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: 
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� One or more vapor intrusion contaminants are Class A or B human 
carcinogens; 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 

� 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; 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 

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 
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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 Values 
     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 Values 
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 
     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 


