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Air Pollution

• Definition: the presence of one or more

contaminants in air in such a concentration and of

such duration as to a nuisance or to be injurious to

human life, animal life or vegetation.

• Sources of air pollution:

1. Natural source: dust storms, volcanoes, lightning, 

biological decay etc.

2. Anthropogenic Source: industries, power plants, 

vehicular emissions , agricultural, burning of solid 

wastes
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Types of Anthropogenic Sources

• Stationary: with relatively fixed location (smoke 

stacks, chimneys , construction site, stroage piles, 

industrial estates)

• Mobile: moving sources of emissions (Automobiles,  

aircrafts, ships ,trains)

Air Pollution
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Air Pollution Episode
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Air Pollution Episode
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Air Pollutants

Air Pollutants
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Primary Pollutants: the ones emitted directly into the air.

For Example:

1. Particular matter (PM)

2. SO2

3. CO,CO2

4. NOx

5. Hydrocarbon (HC)

6. Lead (Pb)

Major Source:

1. Motor vehicle : COx, NOx, PM, HC, Pb

2. Industries : COx, NOx, PM, HC,SO2

Classification of Air Pollutants
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Primary Pollutants
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Secondary Air Pollutants: Produced through

reactions between primary air pollutants, and   normal 

atmospheric constituent.

For Example:

1. NOx + HC + O2  O3 +  other pollutants  

PAN(photo chemical smog)

2. SO2 + O  SO3

3. NOx + H2O HNO3

4. SO2 + H2O + O H2SO4

Classification of Air Pollutants
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Criteria

• Convectional Pollutants: USEPA, through Clean Air
Act (1970) has designated 7 major air pollutants for
which ambient air levels are mandated : SO2, CO,
PM, NOx, Pb, HC, photochemical oxidants (O3 +
PAN).

• Non-Convectional Pollutants:USEPA has considered
some pollutants as non convectional, setting
standards for their emissions.

• These are considered especially toxic and
hazardous. For example; asbestos , benzene,
beryllium, mercury, PCBS, Volatile hydrocarbons

Criteria Pollutants
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Effects of Air pollution

• Damage to human health

• Damage to property, equipment and facilities

• Harmful effects on plants

• Reduced visibility

Effects of Air Pollution
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1. Particulate Matter:

• There are both natural and human sources of 

atmospheric particulates

• The biggest natural sources are dust, volcanoes, 

and forest fires.

• The biggest human sources of particles are 

combustion sources , mainly the burning of fuels in 

internal combustion engines in automobiles and 

power plants.

Major Urban Air pollutants
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Particulate Matter Level

Major Urban Air pollutants
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Particulate matter: Environmental Effects

• Reduced visibility

• Metal/building corrosion

• Soiling of clothes

• Health problems, bronchitis

• Reduced plant growth

Major Urban Air Pollutants
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2. Carbon monoxide:

Most abundant air pollutant

Produced by incomplete combustion

Major source (app.77%) is motor vehicle exhaust

Health effects

CO enters the blood stream and binds preferentially 

to hemoglobin, thereby replacing oxygen; thus 

oxygen carrying capacity of the blood reduces.

320 times stronger than oxygen

Major Urban Air pollutants
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3. Oxides of Nitrogen (NOx):

 Primarily Nitric oxide(NO) and Nitrogen dioxide(NO2)

Sources

 Fuel combustion in power plants and automobiles.

Motor vehicles account for about 30 % of emissions of 
nitrogen oxides.

 In city centers the values rises upto 70% .

Effects

High levels may be fatal, while lower levels affect the delicate 
structure of lung tissue.

Affects plant growth

Deterioration of fabrics& structure

Acid rain

Global warming

Major Urban Air pollutants
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Major Urban Air Pollutants
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4. Sulfur oxides (SOx)

Formed during combustion of fuel containing sulfur

Thermal power plant

Effects

Irritation of lung and throat, impairs the respiratory 

system’s defence against foreign particles and 

bacteria. So increased respiratory tract infections.

Damage to plants and structures

Acid rain

Major Urban Air Pollutants
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5. Hydrocarbon:

• Sources 

Internal combustion engine, refineries, industries 

etc.

• Effects

Cause oil film after the rain

Injure respiratory tract

Carcinogens

Global warming

Photochemical smog

Major Urban Air Pollutants
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6. Volatile Organic Compounds(VOC):

→VOCs are organic compounds that vaporize easily.

For example

→Gasoline, benzene, toluene, and xylenes.

• Sources

• Burning of fuels, solvents, cleaning supplies, paints 
and glues.

• Effects

→Contribute to smog formation

→Can cause serious health problems such as cancer

→Can harm plants

Major Urban Air pollutants
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7. Lead (Pb):

Pb is a metal found naturally in the environment as well 
as in manufactured products.

Small solid particles of Pb can become suspended in the 
air.

Pb can then be deposited on soil and in water

• Sources

Metal processing industries

Lead acid battery

• Effects

Can cause blood, organ, neurological damage in 
humans and animals.

Lead can also slow down the growth rate of plants.

Major Urban Air Pollutants
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8. Ozone (O3):

• Ozone  is not emitted directly into the air but it is 

created by chemical reactions between oxides of 

nitrogen (NOx) and volatile organic 

compound(VOC) in the presence of sunlight.

Health effects:

• Breathing ozone can trigger a variety of health 

problems including chest pain, coughing, throat 

irritation , and congestion. It can worsen bronchitis, 

and asthma.

Major Urban Air Pollutants
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Environmental Effects

Ozone also effects vegetation and ecosystems:

• Reduction in agricultural and commercial forest 

yields

• Reduced growth and survivability of tree seeding

• Increased plant susceptibility to disease, pests, and 

other environment stresses(e.g. Harsh weather)

Major Urban Air Pollutants



Thermal Inversion



CE-341 – Environmental Engineering-1Lecture # 0201-JFeburary-2016 25Engr. Gul-e-Hina IEER UET Lahore

Thermal Inversion

Thermal Inversion
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Photochemical Smog
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Formation of Photochemical Smog
Conditions:

Photochemical smog formation requires the following conditions:

1. Sunny day

2. NOx

3. HC

• Temperature inversion (pollutants accumulate in the lower inversion layer)

• The Peroxyacetylnitrate (PAN) (CH3 CO-OO-NO2) in photochemical smog can 

irritate the eyes, causing them to water and sting.
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Photochemical Smog
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Effects
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Photochemical Smog Episode



CE-341 – Environmental Engineering-1Lecture # 0201-JFeburary-2016 32Engr. Gul-e-Hina IEER UET Lahore

Control
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• Use cleaner fuels

Elimination of the pollutant from the process input 

like lead free petrol

Low sulphur fuels

Better land use planning

Reduced use of private cars

Control for Air pollution
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• Make process changes

Combustion temperature to reduce NOx

Replace thermal plants with hydroelectric

• Use control equipment for emissions

Use of cyclones, electrostatic precipitators, bag 

house filter, wet scrubbers

Control for Air pollution
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Air Pollution Control Equipments
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Air Pollution Control Equipment




