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The objective of this study is to characterize single- and multi-pollutant human exposures by linking 
sources to biomarkers using a multi-scale (areal, residential, and personal) hierarchical Bayesian model 
(HBM) that describes how multi-media pathways contribute to direct routes of exposure (inhalation, 
ingestion, dermal). We hypothesize that by incorporating several different sources of data that inform 
about pollutant pathways, our model will discern patterns in human exposures and allow us to draw more 
informed conclusions about current and future distributions of biomarkers. Our approach is to use a 
hierarchical Bayesian multivariate statistical model that has explicit stages for sources, regional 
environmental levels, indoor (residential) environmental levels, personal exposures, and biomarkers. The 
primary data sources are the National Human Exposure Assessment survey (NHEXAS) Phase I data from 
EPA Region 5 and Arizona, supplemented by census data, ambient air monitoring data, and emissions 
data. The expected results of this study include, but are not limited to, characterizations of (a) the 
distribution of biomarkers across the population as a whole and within subpopulations (defined 
geographically or by personal, behavioral, or housing conditions); (b) the impact of source emissions 
reductions on personal exposure levels; (c) the impact of personal, behavioral, and housing conditions on 
the distribution of biomarkers; and (d) the relative contribution to biomarkers from various pathways and 
routes of exposure. The multi-scale, multi-media, and multi-pollutant exposure models developed in this 
study will also serve as examples, illustrating how the HBM approach can be used to aid in the risk 
assessment process for other pollutants and in other settings. 
 
Implications: By incorporating several different sources of data that inform about pollutant pathways, our 
model will discern patterns in human exposures and allow us to draw more informed conclusions about 
current and future distributions of biomarkers. The multi-scale, multi-media, and multi-pollutant exposure 
models developed in this study will also serve as examples, illustrating how the HBM approach can be 
used to aid in the risk assessment process for other pollutants and in other settings 
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