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ABSTRACT

Human health risk assessment for off-site receptors located in the proximity of a contaminated
site is based on the application of pollutant atmospheric dispersion models. In the standard ASTM
Risk-Based Corrective Action (RBCA-ASTM) procedure, this evaluation is carried out by coupling
a one-dimensional Gaussian dispersion model to a simple dilution box model. In this work, the
accuracy of this approach is examined by comparing the output obtained by the standard Gaussian
box model with the results obtained with the non-steady-state Lagrangian puff dispersion model
CALPUFF. A case study was considered, assuming the emission of benzene from a contaminated
area of 200 x 200 m on flat terrain. The comparison of concentration profiles as a function of the
distance from the source showed that the standard procedure overestimated concentrations by more
than one order of magnitude. Two possible refinements to the standard RBCA-ASTM procedure
were suggested. The first is the introduction of an equivalent mixing height for the application of
the box model, calculated on the basis of the atmospheric stability class, land use typology, and
dimension of the source. The second is the consideration of the wind distribution of the area. The
introduction of these modifications allowed to reduce the discrepancy between the Gaussian box
model and CALPUFF. This study also showed that the use of advanced dispersion models integrated
with the risk calculation methodologies, allowed a detailed characterization of the risk in the area
under examination, highlighting the most critical areas and comparing them with the presence of any
sensitive receptors.

Keywords: atmospheric dispersion modelling, concentration exposure, contaminated site, human
health risk assessment.

1 INTRODUCTION

Macro- and micro-pollutants emitted into the lower levels of the atmosphere pose a serious
threat, as they contribute in generating adverse consequences on human health and ecosys-
tems [1]. Health impact assessment (HIA) methodologies have been developed to evaluate
the impacts of pollution on human health. If urban air quality problems are studied, HIAs are
often based on epidemiologic criteria, in which the concentration of different species (e.g.

0,, CO, SO,, and particulate matter) is associated to a response function [2]. Otherwise, if a
contaminated site is considered, the impact of micro-pollutants (e.g. petroleum hydrocarbons,
chlorinated solvents, PCBs) inhalation of nearby receptors is assessed by mean of sanitary
health risk analysis (HRAs). The latter is based on toxicological studies, which define the
limits of exposure concentrations for carcinogenic and toxic substances [3].

Both HIAs and HRAs are well-known topics among the scientific community. Decades
of toxicological, clinical, and epidemiological research support the tools and methodologies
currently applied [4, 5]. Several modelling tools have been developed in support of HIA and
HRA studies. The great majority of these tools is based on the application of pollutant dis-
persion models.

This study is focused on HRAs. Currently, the most acknowledged technical and scien-
tific reference for HRA methodology on polluted sites is the ASTM Risk-Based Corrective
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