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Application of Air Quality and Exposure 
Information in Health Effects Studies

• Epidemiology (acute and 
chronic health effects at 
population or individual level)

• Risk Assessment
(community, individual & 
single / multipollutant / 
source-specific pollutant 
considerations)

• Risk Management (local vs. 
regional emissions controls)

• Accountability (evaluating 
Federal, State, City and 
local-scale pollution 
reduction programs)

Air Quality 
Characterization

Exposure 
assessment

Epidemiology

NAAQS Development

• Integrated Science 
Assessment

• Risk and Exposure 
Assessment

Role of Exposure Science and Epidemiology in 
Developing Air Quality Regulations

NAAQS 
Implementation

• SIPS
• Permits
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Several Projects where Air Quality Models are 
Used to Support Exposure and Health Studies

New Haven
– PM 2.5, NOX, ozone, AT
– Models: AERMOD, CMAQ, Hybrid
– Health Outcomes: Hospitalizations - asthma, cardiovascular

Atlanta
– PM2.5, NOX, EC, CO, ozone, SO4
– Models: AERMOD, CMAQ, Hybrid
– Health Outcomes: ER visits – respiratory, cardiovascular

Baltimore
– PM2.5, EC, OC, SO4, NO3
– Models: AERMOD, CMAQ, Hybrid
– Health Outcomes: cardiovascular (MESA AIR)

Detroit – Nexus
– PM2.5, PM species, ozone AT
– Models: Proximity Models, AERMOD, Hybrid
– Health Outcomes: Asthma
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Examining the Utility of Refined Exposure 
Metrics in Epidemiologic Studies

Epidemiological statistical models:
log(E(Ykt)) = � + � Exposure metricskt + � k� kareakt+ …other covariates

Cooperative research programs with Emory, University of Washington, 
Rutgers, and University of Michigan

Air Quality Modeling
(CMAQ, AERMOD)
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Example 1: Hybrid Air Quality Modeling
to support epi studies (New Haven, Atlanta, Baltimore)

AERMODAERMOD

Air pollution concentrations were predicted at 318 census block group sites 
in New Haven, Connecticut using AERMOD and CMAQ

20 km x 20 km area
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Atlanta Air Quality Modeling Study

Data:
• 4 years of simulations: 1999 – 2002 
• Hourly modeled concentrations
• Receptors at 225 zip code centroids

Monitors and ZIP code centroids in Atlanta

Exposure Metrics Used:
• Central site monitor (CS)
• Local contribution (AERMOD)
• Local + Regional (HYBRID)

Objective of the Atlanta Study:
Develop and evaluate various exposure 
metrics for traffic-related (CO, NOx and 
PM2.5 EC) and regional (O3 and SO4) 
pollutants by applying them to two 
epidemiologic studies on relationship 
between ambient air pollution and acute 
morbidity in Atlanta: Emergency 
Department (ED) and Implanted Cardio 
Defibrillator (ICD) studies.
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Maps of Modeled Concentrations:
Local + Regional (Hybrid)

PM2.5 NOx
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Air Quality Modeling in Baltimore, MD

Census block 
group centroids

Modeling domain: 30 km x 30 km AERMOD

AERMOD predicts a lot of heterogeneity, depicting 
highway network and locations of major industrial 
sources, port and the airport. Both local and regional 
contributions of NOx emission sources are important.
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• Large number of emissions sources (i.e. >1,000 sources)

• Large number of model receptors (i.e. >1,000 sources) 

• Non-uniform meteorology

• Chemistry

• Integrating air quality and exposure information 

• Optimizing models to make it accessible to multiple users

Modeling Challenges
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For a typical urban-scale application (e.g. Atlanta or Baltimore)
• ~ 10,000 road links
• < 1,000 stationary sources 
• ~ 500 up to 1,000 receptors

• Requires ~ 2 weeks of CPU time (using single 3GHz PC)
• additional 2-3 days for post-processing (to combine modeled unit rate 

concentrations with emissions to calculate ambient concentrations)
• Storage: few 100s GB up to 1TB disk space

Need to optimize the model to make it practical for 
urban scale applications

Computer requirements:
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Land-Use Regression Modeling

• Research Questions
–Can a data-driven 

approach such as land-
use regression adequately 
characterize spatial 
variability in 
concentrations?

–Do the results enhance 
exposure characterization 
for epi studies?

• Examples
–New Haven, CT 

Exposure Metrics

Personal Behavior/Time Activity
Microenvironmental Characteristics

Ambient Monitoring Data

Land-Use Regression
Modeling

Air Quality Modeling
(CMAQ, AERMOD, hybrid)

Exposure Modeling
(SHEDS, APEX)

Statistical modeling
(Data blending)

Monitoring Data

Monitoring Data

Monitoring Data

Emissions Data

Emissions Data

Emissions Data

Meteorological Data

Meteorological Data

Land-Use/Topography

Land-Use/Topography

Land-Use/Topography

Monitoring Data
Emissions Data

Meteorological Data
Land-Use/Topography

Input data
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Example 2: LUR Model Development using 
modeled concentrations in New Haven, CT 

Dependent Variables Independent (Predictor) Variables

Pollutant Concentrations
Benzene, NOx, and PM2.5 Predicted 

by Coupled Regional and Local 
Scale Air Quality Models

=
Traffic 

Intensity and
Proximity to 
Roadways

Proximity to 
Industrial 
Sources

Proximity to 
Ports and 
Harbors

Population 
and Housing 

Density
+ + +

Dependent Variables Independent (Predictor) Variables

Pollutant Concentrations
Benzene, NOx, and PM2.5 Predicted 

by Coupled Regional and Local 
Scale Air Quality Models

=
Traffic 

Intensity and
Proximity to 
Roadways

Proximity to 
Industrial 
Sources

Proximity to 
Ports and 
Harbors

Population 
and Housing 

Density
+ + +

Dependent Variables Independent (Predictor) Variables

Pollutant Concentrations
Benzene, NOx, and PM2.5 Predicted 

by Coupled Regional and Local 
Scale Air Quality Models
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Traffic 

Intensity and
Proximity to 
Roadways

Proximity to 
Industrial 
Sources

Proximity to 
Ports and 
Harbors
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and Housing 
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Pollutant Concentrations
Benzene, NOx, and PM2.5 Predicted 

by Coupled Regional and Local 
Scale Air Quality Models

=
Traffic 

Intensity and
Proximity to 
Roadways

Proximity to 
Industrial 
Sources

Proximity to 
Ports and 
Harbors

Population 
and Housing 

Density
+ + +

• Traffic intensity near 
the home (vpd/km2)

• Proximity (1/distance) 
to major roadways

• Proximity (1/distance) 
to seaports

• Proximity (1/distance) 
to harbors

• Population density in 
census block group

• Housing density in 
census block group

• Proximity to 
industrial emitters of:

–Benzene
–NOx
–PM2.5

• Traffic intensity near 
the home (vpd/km2)

• Proximity (1/distance) 
to major roadways

• Proximity (1/distance) 
to seaports

• Proximity (1/distance) 
to harbors

• Population density in 
census block group

• Housing density in 
census block group

• Proximity to 
industrial emitters of:

–Benzene
–NOx
–PM2.5

• Multivariate linear regression models
• Initial pool of 60 potential predictors 
• Eliminated variables based on high correlation with 

other selected predictors and/or lack of interpretability

19 land-use variables 
included in model 
selection

Proximity to Industrial PM2.5 Sources (1/km) Facilities emitting � 100 and < 100 lbs/year

Proximity to Industrial NOx Sources (1/km) Facilities emitting � 100 and < 100 lbs/year

Proximity to Industrial Benzene Sources (1/km) Facilities emitting � 100 and < 100 lbs/year

Proximity to Ports and Harbors (1/km)

Proximity to Roadways (1/km) Roads with  � 10, 20, 30, 40, 60, 70, and 90 thousands veh/day

Population and Housing Density within census block group

Traffic Intensity (vehicles per day /km2) Within 125, 250, 500, 1000, 1500, and 2000 meters



12 Office of Research and Development
National Exposure Research Laboratory

LUR Model Evaluation

• We used modeled air pollution concentrations from CMAQ and 
AERMOD to develop LUR models for benzene, PM2.5, and NOx

• Then we evaluated the LUR models in several different ways and 
found that: 

–The LUR model fits were quite robust over the range of training 
sites considered 

–However, when these LUR models were tested against an 
independent hold-out data set, their performance diminished 
considerably

� Model performance and robustness improved as number of sites 
used to build the models increased (> 100 sites)

• Results confirm the challenges facing the LUR community when 
attempting to fit empirical response surfaces to spatially and 
temporally varying urban pollution levels
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Example 3: Hybrid Air Quality Modeling
to support local-scale epi studies (NEXUS, Detroit)

Near-road EXposures and effects from Urban air pollutants Study (NEXUS)

Partnership between EPA/ORD, 
University of Michigan and 
Community Action Against Asthma

1. Which measures of traffic-related air pollution are most closely associated 
with aggravated asthma?

2. Do children with asthma who live near major highways show more 
inflammation and other biological responses?

3. Does traffic exposure influence the likelihood of respiratory viral infections 
in children with asthma?

NEXUS focuses on       
three research questions:
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Hybrid Air Quality Modeling
to support NEXUS local-scale epi study
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Advanced Air Pollution Line Source Model 
for Planning and Exposure Research

• Improved line-source dispersion model (AERLINE) for near-road 
applications (Venkatram et al. 2007, 2009).

� Compatible with AERMOD input
� Includes meandering- low wind speeds
� Line can be oriented anywhere in 3-D 

• Results from NERL’s field studies, wind tunnel and tracer 
experiments provide a basis for algorithm development to account
for roadside features impact on near-road air quality

• Improvements needed:
� Vehicle induced turbulence
� Effects of barriers
� Depressed roads
� Computational efficiency
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Example 4: Air Quality Modeling
to support community-scale assessments

C-FERST: Community-Focused Exposure and Risk Screening Tool 
to improve public health in communities by facilitating identification of 
“at risk” communities and “hot spots” within communities, and 
providing information to develop solutions
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Models can estimate relative impacts 
of various controls for stationary 
sources, mobile sources, and 
regional background

Reducing emissions from mobile sources

Reducing emissions from mobile and 
some stationary sources

Reducing regional background

Providing Information to 
Develop Solutions
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• Advancing the use of exposure science in the air quality standard 
setting and standard implementation process 

• Improving characterization of ambient air quality with high spatial 
and temporal resolutions

• Streamlining and integrating air quality and exposure information 
to optimally assess exposures (reduce exposure misclassification) 
and make models accessible to multiple users

Challenges to the Air Pollution Modeling 
Community in Connection to Exposure 
and Health Research
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Factors that Impact Exposures that Need to be Incorporated into an 
Integrated Modeling System 
• Local sources (mobile, area and point) on outdoor residential concentrations
• Local meteorology on outdoor residential concentrations and infiltration rates
• Housing type and house operations on infiltration and indoor concentration
• Locations and Activities on personal exposure

An integrated modeling system that can be operationally applied 
in air quality management practices (e.g., standard setting, 
standard implementation, risk mitigation, accountability)

• Human Activity
• Indoor Penetration
• Personal Sources
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• Emissions 
• Meteorology
• Dispersion
• Chemistry

Air Quality 
Modeling

Exposure 
Modeling

Tools Needed for Advancing Exposure Science


