
People around the world are wearing masks
to protect themselves against swine flu. 
(Source: http://www.baltimoresun.com/news/
nation-world/ny-swineflu-photos,0,859331.
photogallery [Getty Images Photo / May 2, 
2009].)
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Air Pollution

L E A R N I N G 
O B JE C T I V E S

The atmosphere has always been a sink—a place of 

deposition and storage—for gaseous and particulate 

wastes. When the amount of waste entering an area 

of the atmosphere exceeds the atmosphere’s ability 

to disperse or break down the pollutants, problems 

result. After reading this chapter, you should 

understand . . .

 The two major ways that pollution affects living 

things: by direct contact down here and by altering 

the atmosphere above us;

 Why air pollution from human activities, combined 

with meteorological conditions, may exceed the 

atmosphere’s natural ability to remove wastes;

 What the major categories and sources of air 

pollutants are;

 How “acid rain” is produced and how its 

environmental impacts might be minimized;

 Why air quality standards are important;

 Why the economics of air pollution is controversial 

and difficult;

 What the major indoor air pollutants are, where they 

come from, and why they cause some of our most 

serious environmental health problems;

 “Green buildings” and other major strategies for 

controlling and minimizing indoor air pollution;

 The “ozone hole” and the science of ozone 

depletion.
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Shown here is an aerial view of Dallas, Texas and the greater 
Kansas City metropolitan area are both participating in the new 
initiative called Sustainable Skylines, through the U.S. Environ-
mental Protection Agency.



462  C H A P T E R  2 1  Air Pollution

C A S E  S T U D Y

-

-

-

green buildings

Sustainable Skylines: Dallas and Kansas City

21.1 Air Pollution  
in the Lower Atmosphere
A Brief Overview

smog
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FIGURE 21.1 This steel mill in Beijing, China, is a major source 
of air pollution.

FIGURE 21.2 Burning sugarcane fields, Maui, Hawaii—an 
example of a fugitive source of air pollution.
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The Major Air Pollutants 
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FIGURE 21.3 Idealized diagram showing some of the parts 
of the human body (brain, cardiovascular system, and pulmonary 
system) that can be damaged by common air pollutants. The 
most severe health risks from normal exposures are related 
to particulates. Other substances of concern include carbon 
monoxide, photochemical oxidants, sulfur dioxide, and nitrogen 
oxides. Toxic chemicals and tobacco smoke also can cause chronic 
or acute health problems.
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Table 21.1 MAJOR NATURAL AND HUMAN-PRODUCED COMPONENTS OF SELECTED AIR POLLUTANTS

 EMISSIONS (% OF TOTAL) MAJOR SOURCES OF
AIR POLLUTANTS  NATURAL HUMAN-PRODUCED HUMAN-PRODUCED COMPONENTS PERCENT

Particulates 85 15 Fugitive (mostly dust) 85

   Industrial processes 7

   Combustion of fuels (stationary sources) 8

Sulfur oxides (SOx) 50 50 Combustion of fuels (stationary sources, mostly coal) 84

   Industrial processes 9

Carbon monoxide (CO) 91 9 Transportation (automobiles) 54

Nitrogen dioxide (NO2)  Nearly all Transportation (mostly automobiles) 37

   Combustion of fuels (stationary sources, mostly 
   natural gas and coal) 38

Ozone (O3) A secondary pollutant derived Concentration present depends on reaction in lower
 from reaction with sunlight atmosphere involving hydrocarbons and thus 
 NO2, and oxygen (O2) automobile exhaust

Hydrocarbons (HC) 84 16 Transportation (automobiles) 27

    Industrial processes 7
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Table 21.2 U.S. EMISSIONS OF CRITERIA POLLUTANTS FROM 1970–2007

 MILLIONS OF TONS PER YEAR

 1970 1980 1985 1990 1995 2000 2005 2007

Carbon Monoxide (CO) 200 178 170 144 120 102 89 81

Lead ND 0.074 0.023 0.005 0.004 0.002 0.003 0.002

Nitrogen Oxides (NOx) ~27 27 26 25 25 22 19 17

Volatile Organic  
  Compounds (VOC) ~30 30 27 23 22 17 15 15

Particulate Matter (PM)

  PM10 ND 6 4 3 3 2 2 2
  PM2.5  ND ND 2 2 2 1 1

Sulfur Dioxide (SO2) 32 26 23 23 19 16 15 13

Totals ND 267 250 220 191 161 141 129

Notes:

1.  In 1985 and 1996 EPA refined its methods for estimating emissions. Between 1970 and 1975, EPA revised its methods 
for estimating PM emissions.

2.  The estimates for 2002 are from 2002 NEI v2; the estimates for 2003 and beyond are preliminary and based on 2002 
NEI v2.

3. No data (ND)

Source:  Environmental Protection Agency, 2008.

Air Trends accessed June 10, 2008 @ www.epa.gov.
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FIGURE 21.4 Sizes of selected particulates. The shaded area 
shows the size range that produces the greatest lung damage. 
(Source: Modified from Fig. 7–8, p. 244 in Chemistry, Man and 
Environmental Change: An Integrated Approach, by J. Calvin 
Giddings. Copyright © 1973 by J. Calvin Giddings. Reprinted by 
permission of Harper Collins Publishers, Inc.).
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FIGURE 21.5 The pH scale shows the levels of acidity in 
various fluids. The scale ranges from less than 1 to 14, with 7 being 
neutral: pHs lower than 7 are acidic; pHs greater than 7 are alkaline 
(basic). Acid rain can be very acidic and harmful to the environment. 
(Source: http:/ga.water.usgs.gov/edu/phdiagram.html. Accessed 
August 12, 2005.)
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FIGURE 21.6 Idealized diagram showing selected aspects of acid rain formation and paths.
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Sulfurous smog 
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Urban Air Pollution: Chemical  
and Atmospheric Processes

smog
FIGURE 21.7 Development of photochemical smog over the 
Los Angeles area on a typical warm day. 
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