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Mobility-based exposure analysis

emissionsĄ concentration Ą exposure Ą intakeĄ dose Ą health effectsemissions

Source: Marshall and Nazaroff, 2007

Exposure: contact between an agent and a target.

Research question: 

How does daily mobility affect (estimates of) air pollutant exposures?



Three mobility approaches

Method
# of 

individuals
Location

Direct exposure 

measurement
10 ï100

ÅGPS

ÅGeo-coding 

Geo-coded 

travel survey
50 ï50,000 Geo-coding

Monte-Carlo 

simulation

100,000 ï

millions
Origin-destination travel matrix

*
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Input data

1. Ambient concentrations (CAMx model)
ï 5 air toxics

ï One year

2. Time-location-activity survey
ï ~ 29,000 person-days

ï ñGeo-codedòlocations

3. Breathing rates
ï Age, gender, activity level (Layton 1993)

4. Microenvironments
ï Indoors, outdoors, in-vehicle

ï Monte Carlo



(1) Concentrations
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(2) Mobility
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Results

Output: 

Å 24-hour inhalation rate (mg d-1) 

for each pollutant for each 

individual
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Mobility can increase or decrease 
exposures

Lines: 1:1 and factor of 
two.

Mean difference: 
8%.(Ozone, benzene: 
<10%,
butadiene, Cr(VI): 30%.)

Mobility reduces 
variance.

With 
mobility

If they stayed at home
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Other findings (North 
America)

1.  Mobility correlates with 

- affluence

- population density

2. Intake rates and ethnicity

Median intake, relative to 

population median



Implications: epidemiology

Classical error theory: 

[observation] = [reality] + [error]

Source: Seatton et al., 2010



Implications: epidemiology

Classical error theory: 

[observation] = [reality] + [error]

Mobility-related errors 

correlate w/ measurement, and bias

change the variance.

Source: Seatton et al., 2010



Mobility-related bias: 
epidemiology

Best estimate, overall 
average bias: 0.7 ς0.9.

LUR versus IDW.

Source: Seatton et al., 2010



Mobile-phone / GPS



Mobile-phone / GPS

Research topics:
ÅDoes it work?
ÅTemporal variability
ÅDistributions rather than 

central tendencies



LUR animation



Summary

1.  Three mobility-based approaches: 
Å GPS 

Å Geo-coded transportation survey (*)

Å Monte-Carlo simulation with O-D matrix

2. Good synergies between tools to account for mobility and to 

estimate exposure to transportation emissions (..and, physical 

activity)

3. More work to be done!



Thank you.
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National LUR



On-highway exposures 



Overseas contexts

Source: Apte et al., accepted

On-road pollution: Delhi, India



Personal mobility



Source: Lopez et al., 2006

Active travel & air pollution



Trade-offs & co-benefits
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ñSweet-spotòand ñSour-spotòPostal Codes

Walkability Nitrogen Oxide (NO) Ozone

Source: Marshall et al., 2009


