
Final Draft (yersiQn 8.1) - Do Not Cite or Quote

AIR QUALITY MODELING NEEDS FOR EXPOSURE ASSESSMENT
FROM THE SOURCE-TO-OUTCOME PERSPECTIVE

by
Panos Georgopoulos, Sastry Isukapalli, Janet Burke, Sergey Napelenok, Ted Palma,

John Langstaff, Mohammed Majeed, Shan He, Daewon Byun, Mark Cohen, Robert Vautard

All biological organisms, including humans, are exposed continuously to mixtures of air
pollutants; the compositions of these mixtures vary with time and location and their components
originate from many types of sources, both local and distant, including, among others, industrial
facilities, vehicles, consumer products, etc. Exposure characterization is often the weakest link in
the "source-to-outcome" sequence of processes and events (Figure 1) affecting human and
ecological health risks from environmental pollutants. It is recognized I that it is generally easier
to characterize exposures for ecosystems than for human populations, as in the latter case
exposures can be particularly sensitive to high-resolution spatial and temporal variations in
ambient concentrations and the "micoenvironmental" adjustments imposed by a variety of indoor
and outdoor settings (occupational, residential, recreational, commuting, etc.). Ultimately,
quantifying inhalation exposures of humans to atmospheric contaminants, such as criteria air
pollutants and air toxics, requires characterization of the air flow that enters the human
respiratory tract, i.e. "personal air." Assessing personal air concentrations, in turn, requires
characterization of concentrations in residential and occupational microenviroruncnts as well as
at local (Hneighborhood") ambient scales. The constituents of the local outdoor air may
originate, however, from a variety of distances, from regional to continental and beyond.
Exposure modeling, therefore, involves processes spanning a wide range of spatial and temporal
scales.

The last decade has seen an evolution in the practice of exposure assessment, with the focus
changing from considering "potential exposures" to a single pollutant, that would occur ou.tdoors
at a given location or across an area of concern, to "person oriented" multipollutant exposure
assessments. So, current assessments take into account the behavioral and physiological
dynamics of contact with various contaminants, as individuals (actual or "virtual" in the case of
computer simulations) "move" in different indoor and outdoor "microenvironments" while
engaged in various activities that detennine rates of contact and uptake of multiple pollutants. To
characterize inhalation intakes, airborne concentrations of co-occurring pollutants have to be
determined for each individual at the spatial and temporal scales defined by the
microenvironments and exposure activity events. This progress was made possible by the
availability of enhanced computational modeling resources, widespread GIS applications, new
databases on human activities, demographics, microenvirorunental attributes, emissions, etc?
However, the use of more comprehensive realistic frameworks for exposure assessment raises
additional needs for air quality models. These needs are discussed here, following a brief
summary of the current status of inhalation exposure models.

It should be pointed out that the focus of the present discussion is specifically on modeling needs
related to inhalation exposures of airborne contaminants. Of course, there are situations where
these contaminants affect other exposure pathways; for example, the dominant pathway of
human exposure to methylmercury is fish consumption and, in this case, air quality modeling is










































