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Abstract

Numerous health studies have used measurements from a few central-site ambient
monitors to characterize air pollution exposures. Relying on solely on central-site
ambient monitors does not account for the spatial-heterogeneity of ambient air pollution
patterns, the temporal variability in ambient concentrations, nor the influence of
infiltration and indoor sources. Central-site monitoring becomes even more problematic
for certain air pollutants that exhibit significant spatial-heterogeneity. Improving
characterization of air pollution exposures involves novel approaches to estimating
ambient concentrations, a better understanding of the personal-ambient relationship, and
personal exposure modeling. Estimates of ambient concentrations and human exposure
estimates have been enhanced by utilizing both measurements and modeling tools.
Statistical interpolation techniques and passive monitoring methods can provide
additional spatial resolution in ambient concentration estimates. In addition, spatio-
temporal models, which integrate GIS data and other factors, such as meteorology, have
also been developed to produce more resolved estimates of ambient concentrations.
Hybrid modeling approaches, which integrate regional scale models with local scale
dispersion models, provide new alternatives for characterizing ambient concentrations.
Estimating actual personal exposures requires an understanding of factors that impact
personal-ambient relationships. Publically available data on housing characteristics
(e.g., age and size of home) and commuting patterns can be utilized to understand these
personal-ambient relationships. In addition, personal exposure modelling approaches are
being developed, such as the Stochastic Human Exposure and Dose Simulation
(SHEDS) model, which provides estimates of population exposures, and the Exposure
Model for Individuals (EMI), which provide individual specific estimates of exposure.
Many of these exposure characterization approaches are currently being applied and
evaluated in epidemiological investigations. This paper describes the novel exposure
assessment approaches discussed above and will briefly present results from the
application of these tools. In addition, the paper will discuss ongoing and future
applications of these approaches to evaluate their use in health studies.
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1.INTRODUCTION

Numerous health studies have used measurements from a few central-site ambient
monitors to characterize air pollution exposures. Relying solely on central-site ambient
monitors does not account for the spatial-heterogeneity of ambient air pollution
patterns, the temporal variability in ambient concentrations, or the influence of
infiltration and indoor sources (Jerrett et. al. 2005, Fuentes, et. al. 2006, Sarnat et. al,
2006, Gryparis et. al. 2007). Central-sitc monitoring becomes even more problematic
for certain PM components (e.g., metals) or size fractions (e.g., coarse, ultrafine) that
exhibit significant spatial-heterogeneity. When central site monitoring is used as a
surrogate for air pollution exposure, it does not take into account the spatial—
heterogeneity pattern, particularly for certain PM components and size fractions. This
variation may be influenced by meteorology as well as emissions from both regional
and local sources. In addition, using central site monitors does.not reflect the important
contributors to human exposures, such as the influence of residential ventilation or
indoor sources. Given that people spend the majority of their time indoors, the
infiltration of outdoor air indoors and indoor sources can greatly affect the personal-
ambient exposure relationship. Improving air pollution exposure characterization will
result in more accurate risk estimates of associated health effects to inform future
development of NAAQS and other air pollution regulations.

Improving characterization of air pollution exposures involves novel approaches to
cstimating ambient concentrations, a better understanding of the personal-ambient
relationships, and personal exposure modeling. Various exposure characterization
approaches are currently being applied and evaluated in several epidemiological
investigations supported by the USEPA (Fig. 1).
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Figure 1. Various approaches to characterize air pollution exposures for use in environmental health studies.




2. NOVEL APPROACHES FOR ESTIMATING EXPOSURES

Estimates of ambient concentrations have been enhanced by utilizing both
measurements and modeling tools. Statistical interpolation techniques and passive
monitoring methods can provide additional spatial resolution in ambient concentration
estimates. In addition, spatio-temporal models, which integrate GIS data and other
factors, such as meteorology, have been developed to produce more resolved estimates
of ambient concentrations. Models, such as the Community Multi-Scale Air Quality
(CMAQ) model, estimate ambient concentrations by combining information on
meteorology, source emissions, and chemical-fate and transport (Byun and Schere,
2006). In addition, hybrid modeling approaches, which integrate regional scale models
(such as CMAQ) with local scale dispersion models, provide new alternatives for
characterizing ambient concentrations. Publically available data on housing
characteristics and commuting patterns can be utilized to understand the personal-
ambient exposure relationships. The age and size of the home will affect the proportion
of personal exposure due to ambient air, and commuting patterns will influence how
representative an ambient monitor is to ambient exposure. Since publically available
data are limited, estimating personal exposure modeling approaches, such as the
Stochastic Human Exposure and Dose Simulation Model (SHEDS), are being
developed (Burke et. al. 2001, Ozkaynak et. al. 2007). The SHEDS model is a
population exposure model that calculates distribution of exposures within the study
population. An integrated air quality and exposure modeling system provides the means
to predict the distribution of exposures for the population of interest in various
microenvironments by linking air quality modeling information to SHEDS (Fig. 2). The
integrated modeling system could be also operationally applied in air quality
management practices such as standard setting, standard implementation, risk
mitigation, accountability (Isakov et. al. 2006, Isakov et. al. 2009).
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Figure 2. Integrated air quality and exposure modeling,

Improved models of ambient concentrations could be utilized in the reanalysis of
existing PM health studies leading to more precise and potentially larger health effect
estimates. In addition, studies have observed significant heterogeneity in PM-health



effects across locations. One potential reason is that while PM mass concentrations
may be similar across locations, the composition may be very different, making the
understanding of sources very important. Another potential reason for the observed
variability may be due to the geographic differences in the personal-ambient exposure
relationships necessitating a better understanding of personal exposures. Additional
model development is recommended for estimating personal exposures to PM species
and specific sources and in developing an individual specific exposure model for use in
cohort health studies.
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