
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 J E 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.
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21.1 Air Pollution  
in the Lower Atmosphere
A Brief Overview

smog
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Stationary sources
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Mobile sources -

2

General Effects of Air Pollution

-

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.

-

-

x

Carbon Monoxide

-

-

Ozone and Other Photochemical Oxidants
-

 

-



2 1 . 1  Air Pollution in the Lower Atmosphere 467 

-
-

-

-

-
-

-
-
-

Particulate Matter:  PM10 , PM2.5 , 
and Ultrafine Particles

-

ultra-
fine particles

-

2

2

-

-

-

-

3

-



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

Lead 

-
-

-

-

-

)

-
-

-

-

-

global dimming

10,0001,0001001010.10.01

Greatest
lung

damage
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Fog
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Very fine 
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asbestos
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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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FIGURE 21.7 Development of photochemical smog over the 
Los Angeles area on a typical warm day. 
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FIGURE 21.8 The city of Los Angeles on (a) a clear day and (b) a smoggy day.
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FIGURE 21.9 Two causes of 
the development of atmospheric 
inversion, which may aggravate  
air-pollution problems.
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FIGURE 21.10 Part of Southern California showing the Los 
Angeles basin (south coast air basin). (Source: Modified from S.J. 
Williamson, Fundamentals of Air Pollution [Reading, MA: Addison-
Wesley, 1973].)
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less air pollution. The greater the 
emission rate and the longer the 
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more air pollution. The chimney 
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FIGURE 21.12  Change in United States population, gross domestic product, energy 
consumption, and aggregate emission of the six common air pollutants (ground-level ozone, 
particulates, lead, nitrogen dioxide, sulfur dioxide, and carbon monoxide) from 1990 to 2007. 
(Source: U.S. Environmental Protection Agency, 2008, air quality trends through 2007. www.epa.gov.
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that address the problems of acid rain, toxic emissions, ozone 
depletion, and automobile exhaust. In dealing with acid rain, 
the amendments establish limits on the maximum permissible 
emissions of sulfur dioxide from utility companies burning 
coal. The goal of the legislation—to reduce such emissions 
by about 50%, to 10 million tons a year, by 2000—was more 
than achieved (refer back to Table 21.2).

An innovative aspect of the legislation is the in-
centives it offers to utility companies to reduce emis-
sions of sulfur dioxide. As explained earlier here and 
discussed in detail in Chapter 7, the incentives are 
marketable permits (allowances) that allow companies 
to buy and sell the right to pollute23 (see A Closer 
Look 21.1). The 1990 amendments also call for re-
ducing emissions of nitrogen dioxides by approxi-
mately 2 million tons from the 1980 level. The actual 
reduction has been 10 million tons—an air- pollution 
success story!

Ambient Air Quality Standards
Air quality standards are important because they 

are tied to emission standards that attempt to control 
the  concentrations of various pollutants in the atmo-
sphere. The many countries that have developed air 
quality standards include France, Japan, Israel, Italy, 
Canada, Germany, Norway, and the United States. Na-
tional Ambient Air Quality Standards (NAAQS) for 
the United States, defined to comply with the Clean 
Air Act, are shown in Table 21.3. Tougher standards 
were set for ozone and PM2.5 in recent years to reduce 
adverse health effects on children and elderly people, 
who are most susceptible to air pollution. The new 
standards are saving the lives of thousands and improv-
ing the health of hundreds of thousands of children. 
The ozone standard was significantly strengthened in 

The gas is quite clean and can be transported relatively eas-
ily, augmenting supplies of natural gas. True, it is still fairly 
expensive compared with gas from other sources, but its 
price may become more competitive in the future.

Desulfurization, or scrubbing (Figure 21.13), re-
moves sulfur from stationary sources such as power plants. 
This technology was developed in the 1970s in the United 
States in response to passage of the Clean Air Act. How-
ever, the technology was not initially implemented in the 
United States; instead, regulators chose to allow plants to 
disperse pollutants through very tall smokestacks. This 
worsened the regional acid-rain problem.

Nearly all scrubbers (90%) used at coal-burning power 
plants in the United States are wet scrubbers that use a lot 
of water and produce a wet end product. Wet scrubbing is 
done after coal is burned. The SO2 rich gases are treated 
with a slurry (a watery mixture) of lime (calcium oxide, 
CaO) or limestone (calcium carbonate, CaCO3). The sulfur 
oxides react with the calcium to form calcium sulfite, which 
is collected and then usually disposed of in a landfill. 21

In West Virginia, a coal mine, power plant, and syn-
thetic gypsum plant located close to each other joined 
forces in 2008 to produce electric energy, recover sulfur 
dioxide, and produce high-quality wallboard (sheetrock) 
for the construction industry. The power plant benefits 
by selling the raw gypsum (from scrubbers) rather than 
paying to dispose of it in a landfill. The wallboard plant is 
right next to the power plant and uses gypsum that does 
not have to be mined from earth.22

Air Pollution Legislation and Standards

Clean Air Act Amendments of 1990
The Clean Air Act Amendments of 1990 are 

comprehensive regulations enacted by the U.S. Congress 

FIGURE 21.13 Scrubber used to remove sulfur oxides from the gases emitted by tall stacks.
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Table 21.3 U.S. NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS)

POLLUTANT STANDARD VALUEa STANDARD TYPE

Carbon monoxide (CO)
 8-hour average 9 ppm (10 mg/m3) Primary c

 1-hour average 35 ppm (40 mg/m3) Primary
Nitrogen dioxide (NO2)
 Annual arithmetic mean 0.053 ppm (100 μg/m3) Primary and secondary d

Ozone (O3)
 8-hour average 0.075 ppm (147 μg/m3) Primary and secondary
Lead (Pb)
 Quarterly average 1.5 μg/m3  Primary and secondary
Particulate (PM 10) Particles with diameters of 10 micrometers or less
 Annual arithmetic mean 50 μg/m3  Primary and secondary
 24-hour average 150 μg/m3  Primary and secondary
Particulate (PM 2.5)b Particles with diameters of 2.5 micrometers or less
 Annual arithmetic mean 15 μg/m3  Primary and secondary
 24-hour average 65 μg/m3  Primary and secondary
Sulfur dioxide (SO2)
 Annual arithmetic mean 0.03 ppm (80 μg/m3) Primary
 24-hour average 0.14 ppm (365 μg/m3) Primary
 3-hour average 0.50 ppm (1300 μg/m3) Secondary

a Parenthetical value is an approximately equivalent concentration.
b The ozone 8-hour standard and the PM 2.5 standards are included for information only. A 1999 federal court ruling 
blocked implementation of these standards, which the EPA proposed in 1997. EPA has asked the U.S. Supreme Court to 
reconsider that decision. (Note: In March 2001, the Court ruled in favor of the EPA, and the new standards are expected to 
take effect within a few years.)
c Primary standards set limits to protect public health, including the health of sensitive populations such as asthmatics, 
children, and the elderly.
d Secondary standards set limits to protect public welfare, including protection against decreased visibility and damage to 
animals, crops, vegetation, and buildings.

Source: U.S. Environmental Protection Agency.
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Table 21.4 AIR QUALITY INDEX (AQI) AND HEALTH CONDITIONS

    ACTION 
   GENERAL ADVERSE LEVEL 
INDEX VALUES DESCRIPTOR CAUTIONARY STATEMENT HEALTH EFFECTS (AQI)a

0–50 Good None None None

51–100 Moderate Unusually sensitive people Very few symptomsb  for the  None
  should consider limiting most susceptible peoplec 
  prolonged outdoor exertion.   

101–150 Unhealthy  Active children and adults, and Mild aggravation of symptoms in None 
 for sensitive people with respiratory disease, susceptible people, few symptoms  
 groups such as asthma, should limit for healthy people  
  prolonged outdoor exertion.  

151–199 Unhealthy Active children and adults, and Mild aggravation of symptoms in None 
  people with respiratory disease, susceptible people, irritation  
  such as asthma, should avoid symptoms for healthy people  
  prolonged outdoor exertion;   
  everyone else, especially   
  children, should limit   
  prolonged outdoor exertion.  

200–300 Very Active children and adults, and  Significant aggravation of Alert 
 unhealthy people with respiratory disease,  symptoms in susceptible people, (200+) 
  such as asthma, should avoid widespread symptoms in healthy 
  outdoor exertion; everyone people  
  else, especially children, should   
  limit outdoor exertion.  

Over 300 Hazardous Everyone should avoid 300–400: Widespread symptoms Warning
  outdoor exertion. in healthy people (300+) 
   400–500: Premature onset of Emer- 
   some diseases gency 
   Over 500: Premature death of ill (400+) 
   and elderly people; healthy  
   people experience symptoms  
   that affect normal activity 
a Triggers preventative action by state or local officials.

b Symptoms include eye, nose, and throat irritation; chest pain; breathing difficulty.

c Susceptible people are young, old, and ill people and people with lung or heart disease.

AQI 51–100 Health advisories for susceptible individuals.

AQI 101–150 Health advisories for all.

AQI 151–200 Health advisories for all.

AQI 200+ Health advisories for all; triggers an alert; activities that cause pollution might be restricted.

AQI 300  Health advisories to all; triggers a warning; probably would require power plant operations to be reduced and carpooling to 
be used.

AQI 400+  Health advisories for all; triggers an emergency; cessation of most industrial and commercial activities, including power 
plants; nearly all private use of vehicles prohibited.

Source: U.S. Environmental Protection Agency.
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 FIGURE 21.14 (a) Structure of the atmosphere and ozone 
concentration. (b) Reduction of the potentially most biologically 
damaging ultraviolet radiation by ozone in the stratosphere. 
(Source: Ozone concentrations modified from R.T. Watson, 
“Atmospheric Ozone,” in J.G. Titus, ed., Effects of Change in 
Stratospheric Ozone and Global Climate, vol. 1, Overview, p. 70 
(U.S. Environmental Protection Agency). 
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Measuring Stratospheric Ozone
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FIGURE 21.15 Processes of 
natural formation of ozone and 
destruction by CFCs, N2O, and 
methyl bromide. (Source: Modified 
from NASA-GSFC, “Stratospheric 
Ozone,” accessed August 22, 2000, 
at http://see.gsfc.nasa.gov.)
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FIGURE 21.16 (a) Idealized diagram of the Antarctic polar vortex and (b) the role of polar 
stratospheric clouds in the ozone-depletion chain reaction. (Source: Based on O.B. Toon and R.P. 
Turco, “Polar Stratospheric Clouds and Ozone Depletion,” Scientific American, 264, no. 6 [1991]: 
68–74.)



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

Table 21.5 ULTRAVIOLET (UV) INDEX FOR HUMAN EXPOSURE

EXPOSURE CATEGORY UV INDEX COMMENT

Low < 2 Sunblock recommended for all exposure

Moderate 3 to 5 Sunburn can occur quickly

High 6 to 7 Potentially hazardous

Very high 8 to 10 Potentially very hazardous

Extreme 11 Potentially very hazardous

 Note: At moderate exposure to UV, sunburn can occur quickly, at high exposure, fair-skinned people may burn in 10 minutes or 
less of exposure.

 Source: Modified after U.S. Environmental Protection Agency 2004 (with the National Weather Service). Accessed June 16, 2004 
at www.epa.gov.
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FIGURE 21.17 Some potential sources of indoor air pollution.
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Table 21.6 SOURCES, CONCENTRATIONS, OCCURRENCES, AND POSSIBLE HEALTH EFFECTS OF INDOOR 
AIR POLLUTANTS 

  GUIDELINES (DOSE OR POSSIBLE HEALTH 
POLLUTANT SOURCE CONCENTRATIONS) EFFECTS

Asbestos Fireproofing; insulation, vinyl floor, and 0.2 fibers/mL for fibers Skin irritation, lung 
 cement products; vehicle brake linings larger than 5 μm cancer

Biological aerosols/ Infectious agents, bacteria in heating, None available Diseases, weakened 
     microorganisms ventilation, and air-conditioning  immunity 
 systems: allergens

Carbon dioxide Motor vehicles, gas appliances, smoking 1,0000 ppm Dizziness, headaches, 
   nausea

Carbon monoxide Motor vehicles, kerosene and gas space 10,000 g/m2 for 8 hours; Dizziness, headaches,
 heaters, gas and wood stoves, 40,000 g/m3 for 1 hour nausea, death
 fireplaces; smoking

Formaldehyde Foam insulation; plywood, particleboard, 120 g/m3 Skin irritant, carcinogen
 ceiling tile, paneling, and other 
 construction materials

Inhalable particulates Smoking, fireplaces, dust, combustion 55-110 g/m3 annual; Respiratory and mucous
 sources (wildfires, burning trash, etc.) 350 g/m2 for 1 hour irritant, carcinogen

Inorganic particulates 
     Nitrates Outdoor air None available 
     Sulfates Outdoor air 4 g/m3 annual; 12 g/m3

  for 24 hours

Metal particulates 
     Arsenic Smoking, pesticides, rodent poisons None available Toxic, carcinogen 
     Cadmium Smoking, fungicides 2 g/m3  for 24 hours
     Lead Automobile exhaust 1.5 g/m3  for 3 months
     Mercury Old fungicides; fossil fuel combustion 2 g/m3  for 24 hours

Nitrogen dioxide Gas and kerosene space heaters, gas 100 g/m3  annual Respiratory and
 stoves, vehicular exhaust  mucous irritant

Ozone Photocopying machines, electrostatic air 235 g/m3  for 1 hour Respiratory irritant
 cleaners, outdoor air  causes fatigue

Pesticides and other Sprays and strips, outdoor air 5 g/m3  for chlordane Possible carcinogens
     semivolatile     
     organics

Radon Soil gas that enters buildings, 4pCi/L Lung cancer 
 construction materials, groundwater

Sulfur dioxide Coal and oil combustion, kerosene 80 g/m3  annual; 365 g/m3  Respiratory and
 space heaters, outside air for 24 hours mucous irritant

Volatile organics Smoking, cooking, solvents, paints, None available Possibe carcinogens 
 varnishes, cleaning sprays, carpets, 
 furniture, draperies, clothing

Source: N. L. Nagda, H. E. Rector, and M. D. Koontz, 1987; M. C. Baechler et al., 1991; E. J. Bardana Jr. and A. Montaro (eds.), 1997;
M. Meeker,1996; D. W. Moffatt, 1997.
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FIGURE 21.19 Concentrations 
of common indoor air pollutants 
compared with outdoor 
concentrations plotted on a log 
scale, that is, 102  100; 103  
1,000, 104  10,000, etc. (Source: 
A.V. Nero Jr., “Controlling Indoor Air 
Pollution,” Scientific American, 258, 
no. 5 [1998]: 42–48.)

FIGURE 21.18 (a) This dust mite (magnified 
about 140 times) is an eight-legged relative of 
spiders. It feeds on human skin in household 
dust and lives in materials such as fabrics on 
furniture. Dead dust mites and their excrement 
can cause allergic reactions and asthma attacks 
in some people. (b) Microscopic pollen grains 
that in large amounts may be visible as a brown 
or yellow powder. The pollen shown here is 
from dandelions and horse chestnuts. 

(a) (b)
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Table 21.7 SOME SYMPTOMS OF INDOOR AIR POLLUTION  

  COMBUSTION BIOLOGIC  HEAVY 

SYMPTOMS ETSa PRODUCTSb POLLUTANTSc VOCSd METALSe SBSf

Respiratory

Inflammation of mucous membranes Yes Yes Yes Yes No Yes

 of the nose, nasal congestion

Nosebleed No No No Yes No Yes

Cough Yes Yes Yes Yes No Yes

Wheezing, worsening asthma Yes Yes No Yes No Yes

Labored breathing Yes No Yes No No Yes

Severe lung disease Yes Yes Yes No No Yes

Other

Irritation of mucous membranes of eyes Yes Yes Yes Yes No Yes

Headache or dizziness Yes Yes Yes Yes Yes Yes

Lethargy, fatigue, malaise No Yes Yes Yes Yes Yes

Nausea, vomiting, anorexia No Yes Yes Yes Yes No

Cognitive impairment, personality change No Yes No Yes Yes Yes

Rashes No No Yes Yes Yes No

Fever, chills No No Yes No Yes No

Abnormal heartbeat Yes Yes No No Yes No

Retinal hemorrhage No Yes No No No No

Muscle pain, cramps No No No Yes No Yes

Hearing loss No No No Yes No No
a Environmental tobacco smoke.
b Combustion products Include particles, NOx, CO, and CO2 .
c Biologic pollutants include molds, dust mites, pollen, bacteria, and viruses.
d Volatile organic compounds, including formaldehyde and solvents.
e Heavy metals include lead and mercury.
f Sick building syndrome.

Source: Modified from American Lung Association, Environmental Protection Agency, and American Medical Association, “Indoor Air 
 Pollution—An introduction for Health Professionals,” 523-217/81322 (Washington, D.C.: GPO, 1994).

-

-

62

-

-

62

-
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Designing Buildings to Minimize 
Indoor Air  Pollution

There is a movement under way in the United States 
and the world to create buildings specifically designed to 
provide a healthful indoor environment for their occupants. 
The basic objectives of the design are to minimize indoor air 
pollutants; ensure that fresh air is supplied and circulated; 
manage moisture to avoid problems such as mold; reduce 
energy use; use materials whose origin is environmentally 
benign and can be recycled, as much as possible; create as 
pleasing a working environment as possible; use vegetation 
planted on roofs and wherever else possible to take up 
carbon dioxide, release oxygen, and add to the general 
pleasantness of the working environment.

poor ventilation in homes, campers, and tents. Educated 
people are also more aware of their legal rights with re-
spect to product liability and safety. 

Making Homes and Other Buildings 
Radon Resistant

Protecting new homes from potential radon problems is 
straightforward and relatively inexpensive. It is also easy to 
upgrade an older home to reduce radon. The techniques 
vary according to the type of foundation the structure 
has. The basic strategy is to prevent radon from entering a 
home (usually sealing entry points) and ensure that radon 
is removed from the site ( this generally involves designing 
a ventilation system).65,  66

C R I T I C A L  T H I N K I N G  I S S U E
Should Carbon Dioxide Be Regulated along  
with Other Major Air Pollutants?

The six common pollutants, sometimes called the criteria pol-
lutants, are ozone, particulate matter, lead, nitrogen dioxide, 
carbon monoxide, and sulfur dioxide. These pollutants have a 
long history with the EPA, and major efforts have been made 
to reduce them in the lower atmosphere over the United States. 
This effort has been largely successful—all of them have been 
significantly reduced since 1990. 

In 2009, the EPA suggested that we add carbon dioxide 
to this list. Two years earlier, the U.S. Supreme Court had or-
dered the EPA to make a scientific review of carbon dioxide 
as an air pollutant that could possibly endanger public health 
and welfare. Following that review, the EPA announced that 
greenhouse gases pose a threat to public health and welfare. This 
proclamation makes it possible that greenhouse gases, especially 
carbon dioxide, will be regulated by the Clean Air Act, which 
regulates most other serious air pollutants. The EPA’s conclu-
sion that greenhouse gases harm or endanger public health and 
welfare is based primarily on the role these gases play in climate 
change. The analysis states that the impacts include, but are 
not limited to, increased drought that will impact agricultural 
productivity; more intense rainfall, leading to a greater flood 
hazard; and increased frequency of heat waves that affect hu-
man health.

The next step in adding carbon dioxide and other green-
house gasses, such as methane, to the list of pollutants regulated 
by the EPA will be a series of public hearings and feedback from 
a variety of people and agencies. Some people oppose listing 

carbon dioxide as an air pollutant because, first of all, it is a 
nutrient and stimulates plant growth; and, second, it does not 
directly affect human health in most cases (the exception being 
carbon dioxide emitted by volcanic eruption and other volcanic 
activity, which can be extremely toxic).

Critical Thinking Questions

After going over the information concerning global climate 
change and the role of carbon dioxide in causing change, con-
sider the following questions:

1. Do you think carbon dioxide, along with other greenhouse 
gases, should be controlled under the Clean Air Act? Why? 
Why not?

2. Assuming carbon dioxide and other greenhouse gases are to 
be controlled under the Clean Air Act, what sorts of pro-
grams might be used for such control? For example, the con-
trol of sulfur dioxide was primarily through a cap-and-trade 
program where the total amount of emissions were set, and 
companies bought and sold shares of allowed pollution up to 
the cap.

3. If the United States can curtail emissions of carbon dioxide 
under the Clean Air Act, how effective will this be in, say, 
reducing the global concentration of carbon dioxide to about 
350 parts per million given what other countries are likely to 
do in the future with respect to emissions and given that the 
concentration today is about 390 parts per million?
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