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Abstract

The factors influencing the presence and magnitude of a vapor 
intrusion exposure pathway are highly site-specific, including 
conditions such as subsurface soil composition, building 
design and integrity, and the characteristics of the contaminant 
source.  When site conditions make collecting indoor air 
samples impractical (e.g. because of the presence of another 
indoor air source) or impossible (e.g. estimating indoor air 
concentrations in a building that is not yet constructed), some 
method of mass transport modeling is often required to estimate 
indoor air concentrations, or to develop site specific risk-based 
remedial goals.  Care must be given to identifying model input 
parameters that are representative of site conditions; however, 
target compounds do not always have established toxicological 
information, or may lack well-defined chemical properties 
that would be incorporated into mass transport modeling.  In 
addition, natural processes such as biodegradation are not 
incorporated into prominent vapor intrusion models, but can 
have a significant impact on the magnitude of vapor intrusion 
for certain compounds, especially petroleum hydrocarbons.  In 
this poster we present resources for identifying surrogate values 
for compound-specific model parameters, and considerations 
for identifying and applying biodegradation factors to vapor 
intrusion modeling of petroleum hydrocarbons.
 

Methodology

We performed a literature review to identify the rationale behind 
developing surrogate physical properties and toxicological 
information for petroleum hydrocarbons.  We also evaluated the 
mechanisms of biodegradation of non-chlorinated hydrocarbons, 
and identified a range of biodegradation factors based on 
empirical studies.  Our findings are presented in the context of 
vapor intrusion modeling. 

Conclusions
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Table 1 – Surrogate Physical Properties Fig. 1 – Factors Affecting Aerobic Biodegradation 

•	Biodegradation	is	often	not	incorporated	into	vapor	intrusion	
modeling, but can be a significant fate and transport component 
of vapor intrusion, especially for non-chlorinated hydrocarbon 
compounds.  Vapor intrusion models that incorporate 
biodegradation exist (Johnson et. al., 1999 – Dominant Layer 
Model, Abreu and Johnson, 2004 – 3D Numerical Model)

•	Biodegradation	is	typically	more	pronounced	when	low	
concentration sources are present (i.e. dissolved plumes) vs high 
concentration sources (i.e. LNAPL).

•	Site-specific	conditions	(i.e.	paved	or	unpaved	surface,	soil	
porosity) may impact magnitude of biodegradation.

•	Collecting	sub-slab	soil	gas	samples	may	be	preferable	
to modeling because of the uncertainty associated with 
incorporating biodegredation into vapor intrusion modeling.  
However, if a building has yet to be constructed, some reliance on 
vapor intrusion modeling may be required.
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Table 2 – Surrogate Toxicological Properties Table 3 

- TPHCWG 1997, Selection of Representative TPH Fractions Based on Fate and Transport Considerations. July. 

Based on the relative mass of individual chemical components for a given petroleum hydrocarbon range, an average value can be derived 
to represent physical-chemical properties for each hydrocarbon range. 

Hydrocarbon
Fraction

Reference Dose
(mg/kg/day)

C5-C8 Aliphatic Hydrocarbons 0.04

C9-C18 Aliphatic Hydrocarbons 0.1

C19-C36 Aliphatic Hydrocarbons 2.0

C9-C22 Aromatic Hydrocarbons 0.03

-MassDEP, 2002. Characterizing Risks  Posed by Petroleum Contaminated Sites: Implementation of the MADEP VPH/EPH 
Approach Policy #WSC-02-411. October. 

A similar approach has been taken to establish toxicological properties for petroleum hydrocarbons.  The Massachusetts Department of 
Environmental Protection (MassDEP) has identified toxicological information for petroleum hydrocarbon ranges based on review and / 
or extrapolation of available toxicological data on hydrocarbon mixtures and specific hydrocarbon compounds.

-MassDEP,	2009.		Spreadsheets	for	Development	of	MassDEP	Method	1	Standards.	(MC	GW.xls)	December.	

Several	regulatory	agencies	(including	New	Jersey	and	Massachusetts)	allow	for	a	1/10	biodegradation	factor	to	be	incorporated	
into groundwater to vapor intrusion modeling for petroleum hydrocarbons.  However, numerous case studies suggest that 
biodegradation	may	have	a	greater	impact	on	vapor	intrusion	(i.e.	biodegradation	factors	of	1/000	–	1/1000	based	on	empirical	
data).

The	Massachusetts	Department	of	Environmental	Protection	(MassDEP)	utilizes	the	Johnson	and	Ettinger	model	(1991)	to	
develop	screening	level	groundwater	concentrations	that	are	protective	of	risks	posed	by	vapor	intrusion	(GW-2	standards).		For	
petroleum	hydrocarbons,	MassDEP	incorporates	a	1/10	biodegradation	factor	into	the	development	of	the	GW-2	standard,	but	also	
incorporates	another	1/75	biodegradation	factor	based	on	professional	judgment	and	empirical	studies	from	Massachusetts	sites.		
This	essentially	results	in	a	1/750	biodegradation	factor	that	is	incorporated	into	the	development	of	the	GW-2	standard	beyond	
the attenuation factor derived using the Johnson and Ettinger model alone.

-Hers	2007.	Evaluation	of	Petroleum	Hydrocarbon	Vapor	Bioattenuation	and	Implications	for	Vapor	Intrusion	Guidance.	
September.	

Many volatiles, including non-chlorinated hydrocarbons, can be readily biodegraded by soil microbes in the presence of oxygen.  
Oxygen is supplied from the atmosphere by vapor diffusion and barometric pumping, and as a dissolved solute in infiltrating 
rainwater.
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