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Chapter 8 

Air pollution 

Air pollution is, therefore, defined as the presence of any solid, liquid, or gaseous substance (including noise) present 

in the atmosphere in such concentrations that may or tend to be injurious to human beings, or other living creatures, 

or plants, or property, or enjoyment. The solid, liquid, or gaseous substances, which when present in air, cause 

harmful effects on the abiotic and biotic components of our environment, 

 
.Important Primary air pollutants are: 

1. Oxides of sulphur, particularly the sulphur dioxide (S02); 

2. Oxides of carbon like carbon monoxide (CO) and carbon dioxide (C02), particularly the carbon monoxide (CO); 

3. Oxides of nitrogen, like NO, N02, N03 (expressed as NOT); 

4. Volatile organic compounds, mostly hydrocarbons ; and 

5. Suspended particulate matter (SPM). 

 

The important secondary pollutants are: 

( i)  Sulphuric acid (H2S04);  

( i i)  Ozone (03);  

( i i i )  Formaldehydes ; and  

( iv)  Peroxy-acyl-nitrate (PAN); etc. 

 

Oxides of Sulphur. Sulphur dioxide (S02) is the basic air pollutant amongest all the oxides of sulphur. S02 is an 

irritant gas, and when inhaled, affects our mucous membranes. It increases the breathing rate and causes oxygen 

deficits in the body, leading to bronchial-spasms in some of the affected persons. Patients of asthma are very badly 

affected by this pollutant. 

 

S02 is also responsible for causing acidity in fogs, smokes, and in rains, and hence is the major source of corrosion of 

buildings and metallic objects. S02 mainly originates in the atmospheric air from the: refineries and chemical plants, 

smelting operations, and burning of fossil fuels. Thermal power plants may emit S02 quantities, as high as -jteh of the 

coal burnt by them. 

 
The Indian ambient air quality standards prescribe the permissible maximum annual average concentration of S02 for 

 

Carbon Monoxide (CO).  Carbon monoxide is a colourless, odourless, and toxic gas, produced when organic 

materials like natural gas, coal, or wood are incompletely burnt. Vehicular exhausts are the single largest source of 

carbon monoxide, carbon monoxide. Carbon monoxide possesses about 200 times affinity for blood-haemoglobin 

(H6) than oxygen. Eventually, when inhaled, CO replaces 02 from the haemoglobin, and forms what is known as 

carboxy-haemoglobin (CO.Hfc). This carboxy-haemoglobin is of no use for respiratory purposes ; and hence, CO 

inhalation impairs normal oxygen transport carried out by the blood. Low levels of CO inhalations produce symptoms 

like headache, dizziness, reduction in reaction time, etc. 

 

The national ambient air quality standards in India prescribe the maximum permissible concentration of CO, on hourly 

weighted average basis, as equal to 4000 ug/m
3
(i.e. 4 mg/m

3
) for residential areas, as shown in  

Oxides of Nitrogen 0NOx). Atmospheric nitrogen may combine with oxygen at high temperatures, as generated during 

fuel combustion, to form nitric oxide (NO). The nitric oxide (NO) at low levels is relatively harmless, but at high 

concentrations may cause asphyxiation and respiratory discomfort, 

 

Under the national ambient air quality standards prescribed in India the maximum average annual concentrations of 

oxides of nitrogen as N02 for residential areas is 60 ug/m
3
, which approximates to 0.032 ppm. 
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Hydrocarbons (HC). Hydrocarbons are the group of compounds consisting of carbon and hydrogen atoms. They are 

either evaporated into the atmosphere from the petroleum fuel supplies (such as petrol, diesel, etc.) or are emitted 

out in the automobile exhausts as the remnants of petroleum fuel that did not burn completely. The hydrocarbons 

may, therefore, also be contained in the smokes of incinerators using petroleum fuel for burning. 

 

Suspended Particulate Matter (SPM). The particulate matter in air may occur in air largely in solid form as particles 

of dust, smoke, fume, etc. ; and also in liquid form as mist and fog. The particles larger than a molecule but small 

enough to remain suspended in air are called aerosols 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. No. Term Meaning Examples 

(A) Liquid particles   
1. mist Aerosols consisting of liquid droplets. Sulphuric acid 

   Mist. 

2. Fog Aerosols consisting of water droplets.  

    

(B) Solid particles   
 

1. 
 

Dust 

 

Aerosols consisting of solid parti- 

 

Dust storm. 

  cles that are blown into the air,  

  or are produced from larger parti-  

  cles by grinding them down.  
 

2. 
 

Smoke  

 

Aerosols consisting of solid parti- 

 

Cigarette 

  cles or a mixture of solid and smoke, smoke 

  liquid particles produced by from burning of 

  chemical reaction, such as by garbage, etc. 

  fires.  
 

3. 
 

Fumes 

 

Generally means the same as 

 

Zinc/lead 

  smoke, but often used to indicate fumes. 

  aerosols produced by conden-  

  sation of hot vapour of metals.  
 

Photochemical Smog  



Civil Engineering  Environmental Engg 

 

 

 

5 | P a g e  
The Gate Coach  All Rights Reserved  28, Jia Sarai, New Delhi-16,   26528213, -9998            
 

Smog is a mixture of smoke and fog. 

Smog is caused by the interaction of some hydrocarbons and oxidants like S02 or NO^, under the influence of 

sunlight, giving rise to the formation of dangerous peroxy-acetyl-nitrate (PAN). The main constituents are nitrogen 

oxide, PAN, hydrocarbons, carbon monoxide, and large quantity of ozone. While PAN in itself is an extremely 

harmful gas, the ozone gas is also quite harmful to the respiratory system, 

 

Lapse Rate. In the troposphere, the temperature of the ambient (surrounding) air normally decreases with an 

increase in the altitude (height). This rate of change of temperature is called lapse rate. the prevailing lapse rate at a 

particular time and the particular place, which can be determined by sending up a balloon equipped with a 

thermometer and a self recording mechanism, is known as the prevailing lapse rate, or the ambient lapse rate, or the 

environmental lapse rate (ELR). 

 

 

as the air parcel moves up, its temperature decreases as its own heat energy is expanded due to increase in the 

volume of the air parcel. Using the law of conservation of energy and gas laws, therefore, it has been possible to 

mathematically calculate this rate of decrease of temperature with height, called adiabatic lapse rate. 

 

 

 

(a) When the ELR (say 15°C per km) is more than the ALR (say 8'C per km) as shown in (a), 6) In the reverse case, 

when ELR is less than the ALR, as shown in (fe), the environment is said to bestable, and this prevailing 

environmental lapse rate is called the sub-adi-abatic lapse rate (as it is less than the adiabatic lapse rate). 
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(c) the third case would be the one, when ELR one when ELR equals the ALR and both the lines coincide. The environment in such 

a case is called neutral  

Negative Lapse Rate and Inversion. In an unusual case, when the temperature of the environment (i.e. ambient air) 

increases with altitude, then the lapse rate becomes inverted or negative from its normal state. Negative lapse rate 

curve would then be of the type shown in  comparison to the normal lapse rate line. 

 

Negative lapse rate occurs under conditions, usually referred to as inversion, a state in which the warmer air lines 

over the colder air below. Such temperature inversions represent a highly stable environment. There are two types of 

inversions ; viz.  

( i)  radiation inversion ; and  

( it )  subsidence inversion ;  

 

(a) Looping plume. Looping plume (a)] has a wavy character and occurs in super-adiabatic environment ; which pro-

duces highly unstable atmosphere, because of rapid mixing. 
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(b)Neutral plume. Neutral plume is the upward vertical rise of the plume from the stack, as shown in fig  which 

occurs when the environmental lapse rate is equal to or very near to the adiabatic lapse rate. The upward lifting of the 

plume will continue till it reaches an air of density similar to that of the plume 

 

(c) Coning plume. The neutral plume tends to cone as shown in (c), when the wind velocity is greater than 32 km/hr, 

and when cloud cover blocks the solar radiation by day and terrestrial radiation by night. Coning plume also occurs 

under subadiabatic conditions ( i.e.  when environmental lapse rate is less than the adiabatic lapse rate). 

 
(d)Fanning plume. Under extreme inversion conditions, caused by negative environmental lapse rate, from the 

ground and upto a considerable height, extending even above the top of the stack, the emission will spread only 

horizontally, as it cannot lift due to extremely stable environment. 

 
(e) Lofting plume. When there exists a strong super adiabatic lapse rate above a surface inversion, then the plume 

is said to be 'lofting'. Such a plume has minimum downward mixing, as its downward motion is prevented by 

inversion, but the upward mixing will be quite turbulent and rapid. 
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(f) Fumigating plume. When an inversion layer occurs at a short distance above the top of the stack, and super 

adiabatic conditions prevail below the stack, then the plume is said to be fumigating  

 
(g) Trapping plume. When inversion layers exist above the emission source, as well as below the source, then 

naturally, the emitted plume will neither go up, nor will it go down, and would remain confined between the two 

inversions, as shown in such a plume is called a trapping plume, and is considered a bad condition for dispersion, 

 
 

Controle device for particularizes  

Gravitational settling chambers  

The emitted smokes, when made to pass through a settling chamber drop some of their larger sized particles in the 

chamber, under stoke’s law. The largest size patilce (d) that can be removed with 100% efficiency in such a chamber 

of length L and bight H is given H is given by equation  

  
18

p

.uh.H
d c.

g.L.P
 

Where hu = horizontal velocity of gas passing through the chamber between 0.5 to 2.5 

m/sec.  

p density of particles removed  

= viscosity of air, at the given temperature in kg/m. sec  
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C = correction factor for existing non quiescent conditions in the gas flow through the 

chamber generally taken at equal to 2.  

 

 
 

Centrifugal collectors 

Centrifugal collectors including cyclone collector or separator and dynamic precipitator  

A cyclone collector is a specially designed closed chamber in high the velocity of the 

inlet gas is transformed into spinning vortex, and the particles for the gas are thrown out 

under the centrifugal force the particles thrown out on the walls of the chamber slide 

down to the hopper, and, are thus removed  
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Electrostatic precipitators  

In electrostatic precipitators, the flue gas is made to pass through a highly ionized zone where the particles get 

electrically charged and are separated out form the gas, with the help of electrostatic forces in the powerful electric 

field  They are widely used in thermal power plants, pulp and paper industries, meaning and metallurgical industries, 

iron and  

 

 
steel plants, chemical industries, etc.    

Fabric filters < m  > 99%  

(i) Fabric filters can give high efficiency, and can even remove very small particles in dry 

state.  
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(ii) performance decrease becomes visible, giving prewarning.  In such a system, the 

flue gas is allowed to pass through a woven or felted fabric, which filets out the 

particulate matter and allows the gas to pass small particles are retained on the fabric, 

initially through interception and electro static attraction ; and later on, when a dust mat 

is traction ; and later on, when collecting particles more efficiently    

 
 

 
 

 


