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Background
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ÅEpidemiologic studies are critical in establishing the 
association between exposure to air pollutants and adverse 
health effects

ÅResults of epidemiologic studies are used by U.S. EPA in 
developing air quality standards to protect the public from the 
health effects of air pollutants

ÅA major challenge in environmental epidemiology is the 
adequate exposure characterization



Characterizing Exposures
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ÅMeasurements from central-site ambient monitors are typically used to 
characterize air pollution exposures 

ÅRelying solely on central-site monitors does not account for spatial 
heterogeneity, temporal variability, or influence of infiltration and indoor 
sources. 

ÅStatistical interpolation techniques and GIS models can provide additional 
spatial resolution in ambient concentration estimates. 

ÅModels (e.g. CMAQ) estimate ambient concentrations by combining 
information on meteorology, source emissions, and chemical fate and 
transport. 

ÅHybrid modeling approaches, which integrate regional scale models with 
local scale dispersion models, provide new alternatives for characterizing 
ambient concentrations



Tiers of exposure estimates
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Providing more detailed characterization of exposures for use 

in epidemiologic analyses is expected to help establishing 

association between air pollution and health outcomes



Near-road EXposures and effects from 
Urban air pollutants Study (NEXUS)
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NEXUS Study
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The NEXUS study is investigating whether children with asthma living 
near major roadways in Detroit, MI have greater health impacts 
associated with air pollutants than those living farther away, particularly 
near roadways with high diesel traffic 



Study Design
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Exposure 

class

Distance 

to road 

(m)

Vehicles / day 

(annual average)

High-traffic, 

high-diesel 

(HD)

< 150 > 90000 total

> 6000 

commercial

High-traffic, 

low-diesel 

(LD)

< 150 > 90000 total

< 4500 

commercial

Low traffic 

(LT)

> 300 > 25000 total

Each sample location assigned an exposure class 
defined by proximity to roadways

Á Hybridmodelingto estimate spatially & temporally varying exposures

Á Limited measurements for evaluating and refining models



Near Road Gradients
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To evaluate differences in near-road pollutant gradients between the 
three traffic exposure groups (LD, HD and LT), receptor grids were 
refined within each NEXUS sub-area (including the participants homes 
and schools)



Key Elements in Air Quality Modeling

MOBILE SOURCES: RLINE model is used in conjunction with traffic  activity and 
primary mobile source emission estimates to model hourly exposures at study 
ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƘƻƳŜ ŀƴŘ ǎŎƘƻƻƭ ƭƻŎŀǘƛƻƴǎΦ

STATIONARY SOURCES: Industrial sources such as stacks from manufacturing 

facilities are modeled using AERMOD using emissions from NEI 2008 and 

temporal profiles from SMOKE.

BACKGROUND: A space/time 
ordinary kriging (STOK) method 
combines AQS measurements and results 
from two CMAQ simulations: 1) using all 
emissions in a broad region and 2) all 
anthropogenic emissions in the Detroit 
study domain removed. The ratios of 
concentrations from two CMAQ 
simulations along with AQS data from 
background sites in the region, were 
used to estimate background 
concentrations. 9
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Model Results
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ÅHybrid modeling provided hourly pollutant concentrations for 
Traffic-related air pollutants (primary PM2.5, EC, NOx, CO, 
benzene)

ÅHourly concentrations were processed to calculate daily and 
ŀƴƴǳŀƭ ŀǾŜǊŀƎŜ ŜȄǇƻǎǳǊŜ ƳŜǘǊƛŎǎ ŦƻǊ ŜŀŎƘ ǎǘǳŘȅ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
home and school locations

ÅModels provide pollutant surfaces capturing spatial and 
temporal variability across health study domain (Fall 2010 ς
Spring 2012)



Model Evaluation

11Locations of PM2.5 and BC (), NOx (ƶ) monitors at NEXUS sites, and AQS sites (ƴ)

Model results were compared 
to ambient monitoring data in 
Detroit:

Åfrom routine AQS 
observational network 

Åfrom intensive monitoring 
campaign, part of the NEXUS 
study



Model Evaluation
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ÅModel results correlate well 
with observed data 

ÅThe Allen Park site near I-75 has 
best comparison 

ÅThere is more scatter at the 
άbŜǿōŜǊǊȅέ ŀƴŘ ά!ƳōŀǎǎŀŘƻǊ 
.ǊƛŘƎŜέ ǎƛǘŜǎΣ ƭƛƪŜƭȅ ŘǳŜ ǘƻ 
uncertainties in spatial allocation 
of emissions near these locations 
(modeled as 1km x 1km area 
sources)

ÅLƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ά5ŜŀǊōƻǊƴέ ǎƛǘŜ 
is impacted by industrial sources 
modeled as stacks with their 
known locations

Comparison between modeled daily average PM2.5 concentrations for one-
year period of 2010 at observed PM2.5 concentrations at all four AQS sites



Time series of hourly NOx concentrations 
at  AQS site 26 -163-0019  (E. 7 Mile Road) 
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Modeled concentrations 
generally follow the time 
series of observed data, 
however there are some 
over-predictions at certain 
hours likely due to 
uncertainties in emissions 
from traffic. 

The monitoring site is away 
from major highways, 
therefore the observed 
concentrations are influenced 
by emissions from local roads 
and regional sources


