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1. Describe some early air pollution episodes, 
their causes and their health consequences 
(slides 4‐11)

2. List the criteria pollutants and describe their 
concentration trends (slides 22‐29)

3. Describe the health effects associated with 
exposure to O3 and PM2.5 (slides 30‐35)

4. Describe some of the health effects 
associated with traffic‐generated air pollution 
(slides 40‐43)

Learning Objectives



Early days: coal smoke
and industrial smoke
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• 1930 Meuse Valley, Belgium. Air 
inversion results in 60 dead and 
thousands sick from exposure to 
industrial air emissions.



• 1948 Donora, 
Pennsylvania. Air 
pollution episode kills 
20 people and 
numerous animals, 
and half of the town's 
12,000 residents 
become ill due to 
uncontrolled 
emissions from 
industrial facilities



• 1948 - 1972 Various “killer fog” 
episodes beset London.

• 1952 the most famous London 
episode lasted about a week. 
Over 4000 deaths in the city were 
attributed to this one event.  Very 
few deaths occurred in the 
surrounding countryside.
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Residential & Commercial 
Heating with coal is phased 
out by the early sixties
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Ringelmann Chart% Opacity

Stern, 1982



PM2.5  and PM10



Photochemical smog
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• early morning emissions of NO and hydrocarbons in the presence of 
sunlight will produce NO2, O3  , particulate nitrates and partially 
oxidized organic particles

• the O3 and PM concentrations will peak later in the day than NO2

Photochemical Smog and Ozone

Relative 
Concentration , PM2.5



Valente et al  J.Geophys Res 103:22, 555-568, 1998

Nashville Southern Oxidants Study

Ozone formation downwind of Nashville, TN.



Air quality management:
Dealing with a complex mixture 

of pollutants





Regulated Air Pollutants in U.S.
• Criteria Pollutants

• A group of relatively few ubiquitous pollutants
• Regulated by EPA for 40+ years
• “Adverse” levels are derived from non‐cancer risk

• Hazardous Air Pollutants (HAPs or “Air Toxics”)
• A much longer list of pollutants (187) 
• Regulated by EPA for 20+ years
• “Adverse” levels are derived mainly from cancer risk  



How is an air quality standard expressed?
*An average concentration over a specific time period (an hour, a day, or a year, for 
example). 

*The averaging time is based upon the associated health and welfare impacts.  
(concentration x time = exposure)

*The concentration is expressed in parts per million (ppm) or micrograms of 
pollutant per cubic meter of air (µg/m³). 

Definition of ppb Molecular weight Ideal gas law at 20c, 1 atm
(24.5 liters per mole)

0.075 ppm SO2 =

@ 20 C, 1 atm



For further information see http://www.epa.gov/air/criteria.html

Criteria Pollutants
Primary = Human health‐based Secondary = Non‐health effects



Number of people living in counties with 
EPA monitors exceeding the air quality 

standard

http://www.epa.gov/airtrends/aqtrends.html#airquality



CO max 8-hr average, 1980-1999
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Pb max quarterly avg, 1980-1999
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Sulfate particles 
are formed 
downwind in the 
atmosphere by 
oxidation of SO2
that is emitted 
primarily by coal 
power plants in 
the midwest.



http://www.epa.gov/airtrends/aqtrends.html#airquality



http://www.arb.ca.gov/research/health/health.htm

Health Effects

Sulfur Dioxide (SO2)

 Worsened asthma symptoms

 Bronchoconstriction
 Worsened asthma symptoms

 Coal‐fired power plants
 Smelters
 High sulfur fuel combustion
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EPA, 2007



Pope & Dockery JAWMA, 2006

Long term exposure to 
PM2.5 is associated with 
about a 20% higher risk 
of cardiopulmonary 
mortality for those 
living in a dirty city 
(annual avg. = 25g/m3 ) 
compared with those 
living in a ‘clean’ city 
(annual avg. = 10 
g/m3)

Chronic Effects of PM2.5 Exposure



Clancy et al, 2002  The Lancet 360 (9341), 1210-1214

Long‐term exposures in 
Dublin, Ireland



Long‐term decreases in PM2.5 are associated 
with increased life expectancy

Health Benefits of reducing PM



Markandya and Wilkinson, Lancet, 2007

Reducing greenhouse gas emissions from electricity generation also 
reduces health impacts from traditional air pollution



Committee on Health, Environmental, and Other External Costs and Benefits of Energy Production and Consumption, National 
Research Council. "1 Introduction." Hidden Costs of Energy: Unpriced Consequences of Energy Production and Use. Washington, 
DC: The National Academies Press, 2010.

Monetized Damages from Air Pollution: Coal-Fired Plants
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Monetized Damages from Air Pollution: Gas-Fired Plants



Monetized Damages from Air Pollution: Gas-Fired Plants



A recent regulatory focus on 
traffic‐related pollutants



Ctotal = Cregion + Curban + Clocal

Most regulatory monitors in the U.S. capture 
urban scale pollution gradients, but not local 

gradients near roadways



Black Carbon (BC), CO, NOx, coarse and ultrafine particle concentrations are 
increased within 100 m downwind of major roadways relative to upwind values. 
In contrast, PM2.5 is not very different.

Zhu et al, 2002

wind

What pollutants are elevated near roadways?



Brunekreff et al, 1997

Truck traffic vs. Lung Function
• SES gradient
•Truck vs. car
•Loop detectors



Children’s Health Study

Why are we concerned about 
these near-roadway exposures? 



Association Between LVMI and NOx
Exposure

• Left ventricular mass index (LVMI) is a marker of 
subclinical cardiovascular disease, measured by 
cardiac MRI in MESA cohort

• Increased LVMI associated with hypertension, 
atherosclerosis, failure

UW Studies

VanHee et al., 2011



VanHee et al., EHP 2010

Near-road effects modulated by genes 
associated with blood pressure regulation



Gan et al, Environ Health Perspect 119:501–507 (2011).

Coronary Heart Disease Mortality
(452,725 participants)

Long‐term exposure to traffic soot is 
correlated with CHD mortality

Spatial distribution of soot

UW  & UBC Studies



Committee on Health, Environmental, and Other External Costs and Benefits of Energy 
Production and Consumption, National Research Council. "1 Introduction." Hidden Costs 
of Energy: Unpriced Consequences of Energy Production and Use. Washington, DC: 
The National Academies Press, 2010.



Committee on Health, Environmental, and Other External Costs and Benefits of Energy 
Production and Consumption, National Research Council. "1 Introduction." Hidden Costs 
of Energy: Unpriced Consequences of Energy Production and Use. Washington, DC: 
The National Academies Press, 2010.



Laboratory Health Effects Studies

UW Studies



UW Studies
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UW Studies

Cosselman et al, 2011



International Air Quality



WHO, 2005

14735



Nasa earth observatory



View at Tsinghua University—the haze is air 
pollution: mainly fine sulfate particles 



Hotel next to National Stadium

…and no there is nothing wrong with the camera…



WHO, 2005
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