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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.
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Simulating the Effect of Aerobic Biodegradation on Soil Vapor
Intrusion into Buildings:
Evaluation of Low Strength Sources Associated with Dissolved Gasoline Plumes

Abstract

Aerobic biodegradation can contribute significantly to the attenuation of petroleum hydrocarbon vapors in the
unsaturated zone; however, most regulatory guidance for assessing potential human health risks via vapor
intrusion to indoor air either neglect biodegradation or only allow for one order of magnitude additional
attenuation for aerobically degradable compounds, which may be overly conservative in many cases. This
paper describes results from 3-dimensional numerical model simulations of vapor intrusion for petroleum
hydrocarbons to assess the influence of aerobic biodegradation on the attenuation factor for a veriei: of
source concentrations and depths for buildings with basements and slab-on-grade construction. Piaviaad that
oxygen is present in the vadose zone, aerobic biodegradation of petroleum hydrocarbon vapors i.> the
unsaturated zone will reduce the soil gas concentrations and the potential risks from vapc :inti:sio to indoor
air compared to non-degrading compounds. At lower source concentrations and/or deeper source depths,
aerobic biodegradation may result in a reduction in vapor intrusion attenuation factors t'y many orders of
magnitude. The magnitude of the reduction depends on site-specific conditions, whi~h should be considered
in the development of a conceptual site model for each site. However, oxygen sup,'v anc degradation rates
are likely to be sufficient at many sites to mitigate potential risks from vapor intr..zion Jor low vapor
concentration sources (less than about 2 mg/L-vapor total hydrocarbons). The ~imuiations conducted in this
study provide a framework for understanding the degree to which bio-attenu ~tior will occur under a variety of
scenarios and provide insight into site conditions that will result in signi‘icant biodegradation. This improved
understanding may be used to select site-specific attenuation factorc fc r degradable compounds and develop
soil vapor screening levels appropriate for particular combinations uf sc:irce concentrations, source depth,
and building characteristics, which should be defined as part of a site' conceptual model.

1. Introduction

Subsurface migration of volatile compounds and vapor intrusion to indoor air is a potential exposure pathway
for human occupants of buildings over or near coi taminated soils and groundwater. In the past decade, there
has been a significant increase in attention to vispo. intrusion issues and several new regulatory guidance
documents have been developed by State ar' F 2deral agencies for assessment and management of vapor
intrusion risks. These guidance documents cznerally provide a framework for screening sites to assess
whether vapor intrusion poses no significa. t risk or may require further evaluation, including assessment,
remediation, or exposure controls.

Most regulatory guidance docu ne.its use conservative assumptions to account for uncertainties in the
screening process. This resuits 1 dzcisions to further evaluate sites more frequently than may actually be
necessary. It is expected tha: screening procedures will become less conservative as we learn more about
the processes affectingvap or intrusion. To date, most vapor intrusion screening procedures either assume
that biodegradation doex ne occur, or allow for an arbitrary 10-fold reduction in the predicted indoor air
concentration for z~troleun. hydrocarbons.

Many petroleu.n hydrocarbons are metabolized by ubiquitous, naturally occurring soil microbes provided that
sufficient axygen is present in the subsurface. Several modeling studies and empirical data reviews have
shown tha. aerobic biodegradation in the unsaturated zone can significantly attenuate vapor intrusion of
petroi2um 1. «drocarbons in some settings (i.e. DeVaull, 2007; Abreu and Johnson, 2006, Roggemans, et al.
2(M). 17or example, the Abreu and Johnson (2006) study showed significant reduction in vapor intrusion for
w2epurand weaker sources and little to no reduction for shallower and stronger sources.

11is work builds on the Abreu and Johnson (2006) study by focusing specifically on low-concentration
petroleum hydrocarbon vapor sources, as this may be a common case for buildings down-gradient of
petroleum source zones and overlying dissolved petroleum hydrocarbon plumes. Simulations were performed
using the three-dimensional mathematical model developed by Abreu and Johnson (2006, 2005) for a range
of scenarios to develop relationships between the site-specific conditions and the vapor intrusion attenuation
factor a, which is defined as the ratio of the indoor air concentration of a chemical divided by its subsurface
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