
Chapter 20: 

Global Air Pollution 
Ozone Depletion, Acid Deposition, and 

Global Warming 



20.1 Stratospheric Ozone Depletion 

The ozone layer is a portion of the stratosphere  

   with a slightly higher concentration of ozone  

   molecules.  
 

 

 

 

 

 

 

 

 

 

 

 

It forms a protective shield that filters out  

   harmful ultraviolet radiation. 

Figure 20.01A: The ozone 
layer. Ozone molecules 

absorb ultraviolet radiation 
striking the Earth's 

atmosphere and convert it 
into heat.  



Figure 20.01B: Ozone concentrations in the atmosphere and stratosphere.  



 Human civilization threatens the ozone 

layer through two principal activities:  

1. the use of a class of chemical compounds called 

chlorofluorocarbons (CFCs) 

2. jet travel through the stratosphere 

 

Activities That Deplete the Ozone Layer 

Figure 20.03: Supersonic speed: at 
what price? This supersonic transport 
once flew through the stratosphere, 

releasing nitric oxide, destroying ozone.  

© Graham Bloomfield/ShutterStock, Inc.  



Chlorofluorocarbon 

 molecules were 

 once used as: 

   

 Propellants 

 Refrigerants 

 Blowing agents 

 Cleaning agents 

Activities That Deplete the Ozone Layer 

Figure 20.01: The ozone layer. (a) Ozone molecules 
absorb ultraviolet radiation striking the Earth’s 
atmosphere and convert it into heat. (b) Ozone 

concentrations in the atmosphere and stratosphere. 



Activities That Deplete the Ozone Layer 

CFCs are stable molecules that diffuse into 

the stratosphere, where they break down, 

releasing chlorine atoms. 

Chlorine atoms react with ozone molecules, 

destroying them.  

Other chlorine- and bromine-containing 

compounds have also been used widely and 

are known as ozone depleters. 

 



Figure 20.02: The chemistry of CFCs and ozone depletion.  



 All jets release nitric oxide gas, a pollutant that reacts 

with ozone.  

 

 Jets that travel through the stratosphere, such as the 

SST, however, have the greatest impact.  

 

 Because few high-flying jets are in use today other 

than in the military, jet travel poses a lower risk than 

the use of CFCs. 

 

Activities That Deplete the Ozone Layer 



Studies of the ozone 

layer show substantial 

declines over the 

globe, with the highest 

level of depletion in 

the southern 

hemisphere and 

Antarctica. 

Ozone Depletion: The History of a 

Scientific Discovery 

Figure 20.04A: Mapping ozone depletion. 
This map of North America shows the 
ozone depletion at different latitudes 

between 1969 and 1988.  



Figure 20.04B: Computer 
generated images of the 

changing size of the ozone hole 
over Antarctica  

Courtesy of NASA/JPL/Agency for Aerospace Programs 
(Netherlands)/Finnish Meteorological Institute  



 Ozone depletion is resulting in an increase in 
ultraviolet radiation striking the Earth, especially in 
unpolluted areas.  

 

 Ultraviolet radiation causes: 
 Skin cancer 

 Cataracts 

 Premature aging 

 

 It could also seriously damage: 
 Ecosystems 

 Crops 

 Materials 

 Finishes 

 

The Many Effects of Ozone Depletion 



Banning Ozone-Depleting Chemicals: 

A Global Success Story 

 As scientific evidence on ozone depletion 

accumulated, world nations tightened restrictions on 

the production of ozone-depleting chemicals.  

 

 Three international treaties have already been signed 

to eliminate the production of ozone-depleting 

compounds. 

 

 Progress has been made toward meeting these 

goals. 



Figure 20.05: Graphing success. This graph shows the predicted concentrations of ozone-
depleting chemicals in the atmosphere under various scenarios.  



Most CFCs have been being replaced by a class of 
compounds called HCFCs.  

 

 These less stable compounds deplete the ozone 
layer but not as rapidly as their predecessors.  

 

 Because of this, they are viewed mainly as an interim 
solution.  

 

 Efforts are under way to replace CFCs used for 
cleaning agents with more friendly water-soluble 
agents. 

 

Substitutes for Ozone-Destroying CFCs 



 The accumulation of CFCs and other ozone-depleting 

compounds in the atmosphere has begun to slow.  

 

 Despite this progress, the ozone layer will take many 

years to recover.  

 

Many people will develop and die from skin cancer, 

but the phase-out will also spare many people as 

well. 

 

The Good News and Bad News about Ozone 



20.2 Acid Deposition 

Acid deposition from 

pollutants is a global 

problem with serious 

social, economic, and 

environmental impacts. 

 

Figure 20.09A: Acid precipitation: a 
growing problem. As shown here, acid 

precipitation in the eastern United States 
has increased between (a) 1955  

National Atmospheric Deposition Program [NRSP-3], 2007.  



Acids are chemical substances that add 

hydrogen ions to a solution.  

 

Acids are measured on the pH scale, which 

ranges from 0 to 14, with 7 being neutral—

neither acidic nor basic. 

What Is an Acid? 



Rainfall in unpolluted areas has a pH of about 
5.7 and is just slightly acidic.  

 

Acid deposition refers to rain and snow with a 
pH of less than 5.7 and the deposition of acid 
particles and gases.  

 

Acids reach the surface of the Earth either as 
wet deposition (rain or snow) or dry 
deposition (particulates and gases). 

What Is Acid Deposition? 



Acid precursors come from natural and 

anthropogenic sources, the latter being the 

most important. 

Where Do Acids Come From? 

Figure 20.08A: Sources of sulfur dioxide. Volcanic eruptions, such as the Mount St. Helens 
blast shown here, is one natural source of sulfur dioxode.  

Copyright © Weyerhaeuser. Used with permission.  



Where Do Acids Come From? 

Of the anthropogenic sources, the 

combustion of fossil fuels is the most 

significant. 

Figure 20.08B: Coal-fired power plants like this one produce most of the anthropogenic 
sulfur dioxide.  

© isifa Image Service s.r.o./Alamy Images  



 Acid precursors can be transported hundreds of 

kilometers from their site of production to their site of 

deposition.  

 

 Acid deposition occurs downwind from virtually all 

major industrial and urban centers.  

 

 Acid deposition is increasing in strength (acidity) and 

expanding in geographic range. 

The Transport of Acid Precursors 



Acid deposition has 

acidified lakes 

throughout the world.  

 Hundreds of lakes no 

longer support aquatic 

life, and thousands are 

on the verge of 

ecological collapse. 

The Social, Economic, and Environmental 

Impacts of Acid Deposition 

Figure 20.10: Changing pH. These graphs 
show the pH level in Adirondack lakes.  



Soil and surface waters have a buffering 
capacity—an ability to resist changes in pH.  

 

The buffering capacity plays an important role 
in determining if a lake will be damaged by 
acid deposition. 

The Social, Economic, and Environmental 

Impacts of Acid Deposition 



Acidity kills aquatic 

organisms and 

impairs growth and 

reproduction.  

 

Acidity also 

leaches heavy 

metals, toxic to 

fish, from the soil.  

 

The Social, Economic, and Environmental 

Impacts of Acid Deposition 

Figure 20.10: Changing pH. These graphs 
show the pH level in Adirondack lakes.  



Acid deposition affects birds living near 

lakes and aquatic species such as 

salamanders, which are a key element of 

the food chain. 

 

The Social, Economic, and Environmental 

Impacts of Acid Deposition 



 Acid deposition damages 
forests in many parts of the 
world and may affect crops 
as well.  

 

 Trees and other plants are 
damaged directly by acids. 

 

 They are also damaged 
indirectly through changes in 
the soil chemistry and soil-
dwelling organisms. 

The Social, Economic, and Environmental 

Impacts of Acid Deposition 

Figure 20.14: Forest die-off. This forest in 
Germany is now largely dead because of 

many years of acid deposition.  

© Marin Siepmann/imagebroker/Alamy Images  



 The Social, Economic, and Environmental Impacts of 

Acid Deposition (cont.) 
 

 The sulfur and nitrogen in sulfuric and nitric acid 

promote plant growth. 
 

 Their negative effects (such as direct damage and 

changes in the soil chemistry) typically outweigh 

any benefits resulting from their fertilizing effect. 

 

 Damage to Materials 
 

 Acids cause billions of dollars of damage to 

priceless statues, buildings, and materials. 



Figure 20.15: Lady Liberty gets a face-lift.  

© Mitchell Bleier/Peter Arnold, Inc.  



Many stopgap measures have been initiated 

to help reduce the threat of acid deposition, 

including: 

 

 installation of smokestack scrubbers 

 combustion of low-sulfur or desulfurized coal 

 liming lakes to neutralize acidity 

Solving a Growing Problem — 

Short-Term Solutions 



Figure 20.16: Liming. Millions of dollars are spent by the Swedish government to lime rivers 
and lakes each year to offset the influx of acids from the sky.  

© Martin Bond/SPL/Photo Researchers, Inc.  



A sustainable design strategy to help prevent 
the production of acid precursors (and thus 
reduce acid deposition) includes: 

 

 fuel efficiency 

 renewable fuels 

 recycling 

 population stabilization 

 growth management 

Long-Term Sustainable Strategies 



Market-based strategies, such as tradable 

permits, have proven successful in reducing 

sulfur dioxide emissions in the United States 

 

Corresponding changes are being seen in the 

acidity of rainfall as well as many lakes and 

streams.  

 

Are Controls on Acid Deposition Working? 



20.3 Global Warming/Global Climate Change 

Global Energy Balance and the Greenhouse 
Effect 

 

 Much of the sunlight striking the Earth and its atmosphere 
is converted into heat and is radiated back into space.  

 

 Natural and anthropogenic factors affect the amount of 
solar radiation striking the Earth and the rate at which 
heat escapes.  

 

 Therefore, these factors influence the temperature of the 
Earth’s atmosphere. 

 



Figure 20.17A: Acid deposition on the decline. These maps show a significant decrease in 
wet sulfate emissions in the U.S.  

Source: Environmental 
Protection Agency http://www.epa.gov/airmarkt/progress/ARP_4.html  



Greenhouse gases come from natural and 

anthropogenic sources. 
 

Anthropogenic sources have been increasing 

dramatically over the past 50 years. 

Greenhouse Gases: 

Where Do they Come From? 



Figure 20.02B: The chemistry of CFCs and ozone depletion. The free radical can react with 
ozone in the ozone layer, forming chlorine oxide. This reaction reduces the ozone 

concentration. 



The accumulation of greenhouse gases is 
very likely responsible for the increase in 
average daily temperatures.  

 

This is linked to changes in other aspects of 
climate, such as: 
 rainfall patterns  

 the frequency and severity of storms 

 

 Many of these changes affect ecosystems. 

 

Upsetting the Balance: 

Global Warming and Global Climate Change 

 



Scientists predict the effect of greenhouse 

gases by using computer programs that 

simulate global climate.  

 

They use information on projected levels of 

greenhouse gases to determine future 

temperature and other climatic effects. 

 

Predicting the Effects of Greenhouse Gases 



 A small but climatically significant increase in global 
temperature is expected by the end of the next 
century. 

 

 This increase is a result of increasing emission of 
greenhouse gases.  

 

 Scientists predict that this increase will very likely 
result in a rise in sea level with potentially devastating 
effects on coastal human population centers. 

Predicting the Effects of Greenhouse Gases 



Global temperature increases could shift rainfall 
patterns, increasing precipitation in some areas 
and decreasing it in others.  
 

Too little rain in some areas and too much in 
others could affect food production and 
economic output. 
 

Preliminary studies suggest that global warming 
may be responsible for an increase in the 
number and severity of storms across the 
globe. 

Predicting the Effects of Greenhouse Gases 



 Some climatologists are reluctant to pin any blame 
on global warming, but the 2005 hurricane season 
shattered records that have stood for decades. 

 Named storms: 27 
 Previous record: 21, in 1933 

 Hurricanes: 13 
 Previous record: 12, in 1969 

 Major hurricanes hitting the United States: Four 
(Dennis, Katrina, Rita, and Wilma) 
 Previous record: Three, most recently in 2004 

 Hurricanes of Category 5 intensity (greater than 
155 mph): Three (Katrina, Rita, and Wilma) 
 Previous record: Two, in 1960 and 1961 

Predicting the Effects of Greenhouse Gases 



Figure 20.23: The yellow line is the average boundary of the ice pack from 1979 to 2004.  

Courtesy of Josefino Comiso and NASA/Goddard Space 
Flight Center Scientific Visualization Studio  



Organisms and ecosystems could be 

profoundly influenced by global climate 

change. 

 

The influence will be especially strong if the 

rate of change occurs faster than their ability 

to adapt (which seems inevitable). 

 

The Ecological and Health Impacts of 

Global Climate Change 



Sea water circulates 
throughout the oceans 

 

Warm water from the 
tropics flow north in the 
Atlantic and help warm 
northern landmasses. 

 

A massive melting of 
 glaciers could add 
 enough cool, fresh  
 water to the oceans 
 to disrupt the global 
 currents. 

 

Changing Ocean Current 

Figure 20.28: A Victim of Global 
Warming. This tiny Island in Tuvalu is 

losing ground to rising sea levels caused 
by global warming.  

© Ashley Cooper/Alamy Images  



Figure 20.29: Changing rainfall patterns. This map shows measured changes in global rainfall 
over the past 100 years.  Reproduced from Climate Change 2001: Synthesis 

Report. A contribution of Working Groups I, II and III to 
the Third Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press. 
Used with permission of IPCC.  



Global climate change could result in civil unrest, 

including war, as countries try to defend and 

secure dwindling food, water, and energy 

supplies. 

 

National and International Security 

Figure 20.26: Radioactive 
forcing (RF) components.  

Reproduced from Climate Change 2007: The Physical 
Science Basis. Working Group I Contribution to the 
Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press.  



Evidence shows many indications that global 

climate change is occurring. 

 

 Global carbon dioxide levels are increasing 

 Sea level is on the rise 

 Polar ice is diminishing 

 Global temperatures are rising 

 Glaciers are melting. 

 Frequency and severity of storms/droughts. 

 

 

Is Global Climate Change Occurring? 



Figure 20.20: Natural Cycles. The Earth's temperature (bottom panel) cycles approximately 
every 100,000 years.  

Reproduced with kind 
permission from Springer 
Science+Business Media: 
Clim. Change, A slippery 
slope: How much global 
warming constitutes 
"dangerous anthropogenic 
interference?" vol. 68, 2005, 
pp. 269-279, J. E. Hansen.  



Figure 20.21C: Graph of average global temperature since 1950.  

Data from GISS, BP, CDIAC, DOE, and Scripps 
Institute of Oceanography  



Figure 20.23: The yellow line is the average boundary of the ice pack from 1979 to 2004.  

Courtesy of Josefino Comiso and NASA/Goddard Space 
Flight Center Scientific Visualization Studio  



Factors that may result in a rapid increase in 
global carbon dioxide levels, causing 
accelerated planetary warming include: 

 
 warming of the oceans 

 melting of land-based ice 

 loss of forests  

 

Other factors, however, may offset these 
changes. 

 

Uncertainties: What We Don’t Know 



Uncertainty exists on the global climate 
change issue, which has slowed progress 
toward solutions.  

 

Many believe that the costs of reducing or 
eliminating greenhouse gases are 
outweighed by the potential costs of global 
climate change. 

 

Solving a Problem in a Climate of Uncertainty: 

Weighing Risks and Benefits 

 



 Redesigning human systems according to sound 
principles of sustainability could help alleviate the 
problem of global warming. 

 

 Population stabilization can help reduce our demand 
for fossil fuels and other greenhouse-enhancing 
activities such as deforestation.  

 

 Restoring forests, especially in the tropics, could 
have a profound effect on global carbon dioxide 
levels. 

 

Solving the Problem Sustainably 



Recycling and energy efficiency greatly 

reduce energy demand and cut greenhouse 

gas emissions.  

 

 

 

Solving the Problem Sustainably 



Renewable energy technologies can provide 

us with much-needed power, with little or no 

impact on global climate. 

 

Solving the problem of global warming will 

require the efforts of all sectors of society and 

every country on Earth. 

 

Solving the Problem Sustainably 


