Indoor exposures to outdoor air pollution
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Total n = 9,196

TOTAL TIME SPENT
INDOORS (86.9%)

IN A RESIDENCE (68.7%)

Americans spend almost
90% of their time indoors

OUTDOORS (7.6%) ~75% at home or in an office

IN A VEHICLE (5.5%)

OTHER INDOOR LOCATION (11%) 3

OFFICE-FACTORY (5.4%)
BAR-RESTAURANT (1.8%) Klepeis et al., J Exp. Anal. Environ. Epidem. 2001, 11, 231-252



Indoor vs. outdoor air pollution

Air pollution is both an indoor and an outdoor issue
A Many indoor pollutant sources
A Outdoor pollutants also infiltrate indoors

Much of our exposure to outdoor air pollution occurs indoors

Health effects of indoor exposures are difficult to assess
A Time-consuming, invasive, and costly

Many connections are already made with outdoor pollutants
A There remains a need to advance knowledge of indoor exposures
I Can improve connections to health effects
I Can inform how building design and operation impacts exposures



Some outdoor airborne pollutants are regulated

National Ambient Air Quality Standards (NAAQS)
A US EPA and the Clean Air Act (1970)
A Set | imits for 6 fAcriteriao pollu

Pollutants Regulated Outdoors
Carbon monoxide (CO)
Lead (PDb)

Nitrogen dioxide (NO,)
Ozone (Oy)

Particulate matter

PM, . and PM,,

Sulfur dioxide (SO,)



Sources of particulate matter

http://photo-junction.blogspot.com/2010/05/air-pollution-photos.html
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Particulate matter: Up close
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Casuccio et al., 2004 Fuel Process. Technol.; Ormstad, 2000 Toxicol.; Hinds, 1999 Aerosol Technol.



Particle deposition in the respiratory system
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Most particles of outdoor
origin are smaller than 100 nm
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Strickland et al., 2010 Am J Respir Crit Care Med



Health effects: Outdoor air pollution and mortality

Percentage of total deaths due to PM2.5 and ozone
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Fann et al., 2012 Risk Analysis outdoor PM2-5 10



Penetration factor

Outdoor particles infiltrate into and persist
within buildings with varying efficiencies
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Fraction of ambient PM , ; found indoors (F,

Indoor proportion of outdoor particles
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Kearney et al., 2010 Atmos Environ

Exposure to outdoor PM
often occurs indoors
Often at home

Meng et al., 2005 J Expo Anal Environ Epidem
Kearney et al., 2010 Atmos Environ
Wallace and Ott 2011 J Expo Sci Environ Epidem
MacNeill et al. 2012 Atmos Environ
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