
Indoor exposures to outdoor air pollution 

 
2013 ACSA/AIA Housing Research Lecture Series 

Monday October 7, 2013 

Brent Stephens, Ph.D. 

Civil, Architectural and Environmental Engineering 

Illinois Institute of Technology 

brent@iit.edu 

Advancing energy, environmental, and 

sustainability research within the built environment 

www.built-envi.com 

Twitter: @built_envi 

mailto:brent@iit.edu
mailto:brent@iit.edu
http://www.built-envi.com
http://www.built-envi.com
http://www.built-envi.com
https://twitter.com/built_envi
https://twitter.com/built_envi


What do you think of when you hear ñair pollution?ò 
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http://latimesblogs.latimes.com/photos/uncategorized/2008/08/11/olympicsmog_3.jpg 



What do I think of when I hear ñair pollution?ò 
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Americans spend almost 

90% of their time indoors 

~75% at home or in an office 

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 

Å Many indoor pollutant sources 

Å Outdoor pollutants also infiltrate indoors  

 

Much of our exposure to outdoor air pollution occurs indoors 

 

Health effects of indoor exposures are difficult to assess 

Å Time-consuming, invasive, and costly 

 

Many connections are already made with outdoor pollutants 

Å There remains a need to advance knowledge of indoor exposures 

ïCan improve connections to health effects 

ïCan inform how building design and operation impacts exposures 
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Some outdoor airborne pollutants are regulated 

National Ambient Air Quality Standards (NAAQS) 

Å US EPA and the Clean Air Act (1970) 

Å Set limits for 6 ñcriteriaò pollutants 
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Pollutants Regulated Outdoors 

Carbon monoxide (CO) 

Lead (Pb) 

Nitrogen dioxide (NO2) 

Ozone (O3) 

Particulate matter 

PM2.5 and PM10 

Sulfur dioxide (SO2) 



Sources of particulate matter 
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http://science.howstuffworks.com/environmental/green-science/air-pollution-heart-health2.htm http://photo-junction.blogspot.com/2010/05/air-pollution-photos.html 



Particulate matter: Up close 
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Casuccio et al., 2004 Fuel Process. Technol.; Ormstad, 2000 Toxicol.; Hinds, 1999 Aerosol Technol. 

gases 

viruses 
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Particle deposition in the respiratory system 
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Hinds, 1999 Ch. 11 

Nasopharyngeal 

 

 

Tracheobronchial 
(N&T regions cleaned  by mucus) 

 

 

Alveolar 

ă PM10 ă PM2.5 ă Ultrafine 

Most particles of outdoor 

origin are smaller than 100 nm 

Urban  

Traffic 

Urban  

Background 

Rural 

Costabile et al., 2009  

Atmos Chem Phys 



Outdoor PM and health effects 
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Pope et al., 2002 J Am Med Assoc 

PM2.5 and pediatric ER visits PM2.5 and mortality 

Rate ratio = Adjusted Mortality-rate ratios 

Fine particles = mean PM2.5 concentration for several years in the 1980s 

Steubenville, OH 

Harriman, TN 

St. Louis, MO 

Watertown, MA 

Portage, WI 

Topeka, KS 

Mean PM2.5 concentration measured outdoors 

in six cities over several years in the 1980s 

Dockery et al., 1993 New Engl J Med Strickland et al., 2010 Am J Respir Crit Care Med 

3-day average PM2.5data measured outdoors 

in Atlanta, GA from 1993 to 2004 



Health effects: Outdoor air pollution and mortality 
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Fann et al., 2012 Risk Analysis 

An estimated 130,000 deaths in 

2005 in the US were related to 

outdoor PM2.5 



Indoor proportion of outdoor particles 
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Outdoor particles infiltrate into and persist 

within buildings with varying efficiencies 

Chen and Zhao, 2011  

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 Williams et al., 2003 Atmos Environ 

Kearney et al., 2010 Atmos Environ 


