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Personal Exposures Vary 

Substantially over Time and Space

• In the U.S. adults spend 60-90% of their time indoors.

• Particles from different sources likely have different 

toxicity

• Traffic is associated with myriad health effects

• Few studies have considered multiple microenvironments 

simultaneously.



Exposure Study Details

• 44 participants (Fort Collins, Colorado residents)

• 24-hr continuous personal monitoring (9pm – 9pm)

• Exposure by mode
o Driving

o Cycling

• Exposure by route
o Direct route (major roadways)

o Alternative route (trails, side streets)

• One repeat per route/mode

• 373 person-days



How Does Exposure Vary Across a City?

GPS: Where, when,
how fast

HR: surrogate ventilation 
rate, activity

Accelerometer, T, RH, 
Light

Pollutant monitoring: BC, CO, 
PM2.5, noise, ultrafine particles, 
VOC, NO2

BC

PM2.5

VOC

CO

UFP

noise

NO2

Spatiotemporal Exposure Assessment

• 10 sensors, 10-s resolution
• 86,000 data points per 24 hour sample





Where Do People Spend Their Time?



Transit, Eatery: Higher Exposure Levels



High Between-day and 
Between-person Variability

• PM2.5 daily 
mean 
concentration 
can vary by an 
order of 
magnitude for 
replicate days 
by the same 
person



Which Microenvironments are 
Most Important for Exposure?

• Ratio may give better estimate of exposure 

than time fraction alone

• May provide insight for where interventions 

could be focused to reduce exposure

Mass – Time
Ratio

Fraction of Cumulative 
Exposure in ME

Fraction of Time  in ME
=



Transit, Eatery contribute disproportionally



Which Factors Contribute to Exposures in 

Different Microenvironments?

• Determinants of commute exposure: 
• Mode (car, bike)

• Route (high traffic, low traffic)

• Time (length of route and AM or PM)



Commute Routes
• Direct and 

Alternative routes 

cover the whole 

city of Fort Collins

• Alternative routes 

for cyclists 

included off-road 

bike paths, where 

possible



Cycling increases 
exposures to particulates

• Shows comparison 

to driving on 

direct route.

• Driving: alternate 

routes can reduce 

some exposures

• Cycling: increases 

for particulate 

pollutants can be 

reduced through 

use of alternate 

routes.



Cycling also takes longer

• Cycling on a direct route takes 61% longer (73% 

longer on alternative route).

• Increased time spent in commute exacerbate the 

impact on cumulative exposure.



A Holistic Approach Gives  More 

Complete Exposure Assessment

• A backpack sampling method was used to track 

microenvironmental multi-pollutant exposures in Fort 

Collins, CO.

• The majority of participants time and cumulative BC 

and PM2.5 exposures occur in the home.

• Microenvironments that account for a small proportion 

of time, often account for a disproportionately larger 

portion of exposure, including traffic.

• Cyclists can experience higher exposures to 

particulates than drivers, and accounting for increased 

time spent commuting and increased ventilation rates 

can exacerbate this impact.



Ambient PM associated with 

Personal Exposures of PM and BC


