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Air Pollution I 
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What is air pollution? 

 Air pollution is the presence of undesirable material 
in air, in quantities large enough to produce harmful 
effects.  
 

 The undesirable materials may damage human health, 
vegetation, human property, or the global 
environment as well as create aesthetic insults (harm) 
in the form of brown or hazy air or unpleasant smells. 
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…What is air pollution? 

 Many of these harmful materials enter the atmosphere 
from sources currently beyond human control.  

 However, the principal sources of these pollutants are 
human activities (closely associated with our standard 
of living). 

 The remedy proposed in most industrial countries is 
to continue the activities and control the air pollutant 
emissions from them.  
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1. Some of the History of Air Pollution Control in 
the United States of America 

 Although air pollution control actions go back at least 
as far as the thirteenth century, most of the major 
effort in the world has taken place since 1945. 

 In the 1930s and 1940s, a factory smokestack issuing 
a thick plume of smoke was considered a sign of 
prosperity. 
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 Before 1945, industrial air pollution control efforts 
were directed at controlling large-factory emissions 
of pollutants that had led to conflict with neighbors of 
the factories. 

 Much of this did not involve governmental action, but 
rather was a response to nuisance damage suits or the 
threat of such suits. 
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 Between 1945 and 1969, as awareness of air pollution 
problems gradually increased, some worthwhile local 
efforts to control air pollution were initiated, notably 
in Pittsburgh, Los Angeles, and St. Louis. 
 Between 1963 and 1967 the federal government began to 

oversee and coordinate local and state air pollution control 
efforts.  
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 In 1969 and 1970, the United States experienced a 
great environmental awakening. 

 Environmental matters were scarcely mentioned in 
newspapers in 1968, but the same newspapers had an 
environmental story every day in 1970. 
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 This period saw the passage of the National 
Environmental Policy Act and the Clean Air Act of 
1970, both of which have had sweeping effects and 
have greatly changed american way of dealing with 
air pollution. 

 Similar changes took place throughout the industrial 
world at about the same time, with similar effects. 
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 At first the leaders of the older “smokestack” 
industries (steel, copper, some electric power) fought 
the new regulations, in the courts, in the press, and in 
congress. 

 Twenty-five years later their successors mostly have 
decided that the air pollution regulations are here to 
stay and that their goals should be to influence the 
regulatory process to make the regulations as clear 
and practical as possible and then to comply with the 
regulations in as efficient and economical way as 
possible. 
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 In the late 1980s, a new theme entered the air 
pollution arena: global air pollution. 

 In the 1980s, three problems emerged involving 
longer-lived pollutants and pollutants that are 
transported a long way before they do their damage: 
 acid rain 
 destruction of the ozone layer by chlorofluorocarbons 
 buildup of carbon dioxide in the atmosphere 
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 The legal and administrative structure developed in 
the 1970s to deal with local air pollution problems 
seems useless to deal with these international or 
global problems.  

 The developing countries responded later than the US, 
and used a mixture of the ideas combined from the 
US and the World Health Organization, which seek 
similar goals by somewhat different means. 
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2. Why the Sudden Rise in Interest in 
1969-1970? 

 Anti-Vietnam war activism was diverted into the 
environmental arena. 

 Environmental concern is often considered a luxury 
only wealthy nations can afford, and the US had 
become very wealthy. 

 To a person whose basic physical needs are satisfied, 
air pollution can be a much greater cause for concern. 



13 

 Furthermore, as we have learned to prevent or treat 
infectious disease such as influenza, tuberculosis, etc., 
we have doubled our average life span. 

 Therefore, we survive long enough to die of long-
term diseases such as arteriosclerosis, heart 
malfunctions, stroke, emphysema, and cancer, all of 
which are related to environmental factors, including 
air pollution. 

 Smoking analogy? 
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3. Dirty Air Removal or 
Emission Control? 

 Example 1 
The area of the Los Angeles basin is 4,083 square 
miles. 
The heavily polluted air layer is assumed to be 2,000 
ft thick on average. 
One solution to Los Angeles’ problems would be to 
pump this contaminated air away. 



15 

 Suppose that we wish to pump out the Los Angeles 
basin every day and that the air must be pumped 50 
miles to the desert near palm springs. 

 Assume also that the average velocity in the pipe is 
40 ft/s. 
Estimate the required pipe diameter. 
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 Solution: 
The flow rate required is 
 
 
 
 

 The required pipe diameter is 
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 This is about six times the height of the tallest man-
made structure, and far beyond our current structural 
engineering capabilities. 

 Therefore, we are unlikely to solve our air pollution 
problems by pumping away the polluted air. 

 Instead, we must deal with those problems by 
reducing emissions, the principal subject of the rest of 
this course. 
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4. One Problem or a Family 
of Problems? 

 Next slide (Table 1.1) 
Emissions estimates for the major man-made 
pollutants for the US in 1997. 



TABLE 1.1 
National emissions estimates for 1997 (Values in millions of short tons/yr) 
Source category PM10 SO2 CO NOX VOC Pb 

Transportation  0.7  1.4  67.0  11.6  7.7  0.00052 

Fuel combustion  1.1  17.3  4.8  10.7  0.9  0.00050 

Industrial processes  1.3  1.7  6.1  0.9  9.8  0.0029 

Miscellaneous  –   0.0  9.6  0.3  0.8  – 

 Total  3.1  20.4  87.5  23.5  19.2  0.0039 

 Percentage of 1970 total  –  65%  78% 116%  70%  1.7% 
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 The public thinks in terms of “general air pollution” 
and wonders if the problem is mostly industry (them) 
or autos (us). 

 Engineers recognize that there is not “one” air 
pollution problem but a group of related problems. 
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 From 1970 to 1997, the US has made significant progress in 
reducing emissions of lead (mostly by taking lead out of 
gasoline) and modest progress in reducing emissions of the 
other major pollutants. 

 The air pollutant emissions situation can be roughly 
approximated by: 

( )
   

     
Air pollutant economic activity pollutant emissions

population
emissions per person per unit of economic activity
     

=     
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 Since the environmental awakening of 1969-1970, 
the population of the US has increased by about 30%, 
the economic activity per person by about 80%, and 
the motor vehicle usage by about a factor of 4. 

 However, the pollutant emissions per unit of 
economic activity have declined steadily because of 
stringent programs of emission control. 
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 Thus, in most of the US, the emissions and hence the 
measured concentrations of most pollutants in the 
atmosphere declined steadily between 1970 and 1997. 

 There are exceptions to this decline, e.g., increases in 
acid rain in the northeastern United States. 
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5. Emissions, Transport, 
Receptors 
 Next slide (Fig. 1.1) 

A schematic of the air pollution process. 
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 In Fig. 1.1 we see a major reason why air pollution is 
different from water pollution or industrial hygiene. 

 If the same figure were drawn for water pollution, the 
atmospheric transport box would be replaced by a 
box for groundwater or stream transport. 

 Those mechanisms are indeed complex, but not 
nearly as complex as atmospheric transport. 
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 We would also see that the chemical or biological 
form in which most water pollutants are emitted is the 
one that causes harmful effects. 

 The same is not true of air pollution: many of the 
major pollutants are formed in the atmosphere and are 
called secondary pollutants to distinguish them from 
their precursors, the primary pollutants. 
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 Next slide (Fig. 1.2) 
Smoothed average concentrations of four major air 
pollutants for one day in Los Angeles. 

 CO and NO are primary pollutants, emitted mostly by 
automobiles, their peak concentrations occur during 
the morning commute period. 

 NO2 and O3 are secondary pollutants formed in the 
atmosphere by a complex set of reactions, 
summarized as: 
NO + HC + O2 + sunlight → NO2 + O3  (1) 
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 The peak concentration of NO2 occurs before the 
peak for O3 because the reaction sequence forms NO2 
first, then O3. 

 The CO concentration peak does not decline as 
rapidly as the NO peak because the CO concentration 
is reduced only by atmospheric mixing and dilution 
whereas the NO concentration is reduced by dilution 
and mixing and by the chemical reaction in Eq. (1). 
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 The afternoon commute also produces increases in 
NO and CO, but the measured concentrations are not 
as large as the morning peaks because the average 
wind speed is higher and the atmospheric mixing is 
stronger in the afternoon than in the morning. 

 It has also been observed that the highest peak O3 
concentration normally occurs about 30 to 60 miles 
downwind of the place that had the maximum 
morning emission of NO and HC because the 
polluted air mass can ride the wind that far in a day. 



32 

 The two pollutants of greatest current health concern 
are both secondary: ozone, as described above, and 
fine particles. 

 The very small particles that enter most deeply into 
out lungs and that are believed to be most harmful are 
largely formed in the atmosphere by reactions that 
can be summarized as: 
HC + SOX +NOX → fine particles 
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6. Units and Standards 
 In this course, both English and SI (cgs) units are 

used. 
 A concentration expressed in parts per million (ppm) 

is almost always ppm by volume or by mol if it is 
concentration in a gas, and ppm by mass or weight if 
it is concentration in a liquid or solid. 



34 

 When standard conditions for a gas are referred to, 
there seems to be only one choice for pressure, the 
standard atmosphere. 

 Unfortunately, there is no comparable agreement as 
to which temperature should be used. Vaues of 0℃, 
18℃, 20℃ and 25℃ are used. 

 Throughout this course, unless stated otherwise, air 
and process gases are assumed to be at 1 standard 
atmosphere and 20℃ (= 68oF) 



Outdoor Air 
Pollution 



Primary vs. Secondary Pollutants 

 Primary- put directly into air 
from polluting source. 
 

 Secondary- when primary 
combines with other 
substances in air and creates 
something more hazardous 
(acid rain, smog) 
 

 Sun often provides energy. 



Major Sources of Primary Pollutants 

Stationary Sources 

 Combustion of fuels for power and heat. 

 Other burning such as wood & crop burning or forest fires 

 Industrial/ commercial processes 

 Solvents and aerosols 

Mobile Sources 

 Highway: cars, trucks, buses and motorcycles 

 Off-highway: aircraft, boats, farm equipment, and 

construction machinery. 



Natural Sources 

 Forest fires- ash, particulates, carbon dioxide 

 Volcanoes- ash, acid mist, hydrogen sulfide 

 Decaying vegetation- sulfur compounds 

 Trees - Volatile Organic Compounds (VOC’s) 

 Dust- from storms in arid regions 

 Gut bacteria- methane gas 



Criteria Air Pollutants 

EPA uses six "criteria pollutants" as indicators of air quality 

1. Sulfur Dioxide:  SO2 

2. Nitrogen Dioxide:  NO2 

3. Carbon monoxide: CO 

4. Lead:  Pb 

5. Particulate Matter:  PM10 (PM 2.5)  

6. Ozone:  ground level O3 
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