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Unit 13: Chemistry of air pollution -2025 

Acid rain  

Rain is one component of the water cycle. From the vapourization of water from various sources of water in 

the Earth’s surface water enters the atmosphere. The condensation of this gaseous water due to various factors 

in the atmosphere and returning back to the surface of the Earth is called precipitation. There are several forms 

of precipitation. Rain is return as liquid water. Return in solid form occurs as snow and hails. In addition 

restoration also occurs by condensation into tiny droplets (aerosol) resulting in mist and fogs. Whatever is the 

way of return, the water coming back to the Earth from the atmosphere is the purest part of the hydrologic 

cycle. Except the solid particles in the atmosphere and some dissolved gases like (O
2
, N

2
, CO

2
, NO

x
, SO

x
, H

2
S 

etc.), there is no other substance in atmospheric water. Of the gases dissolved carbon dioxide has drawn much 

attention. That is because when atmospheric carbon dioxide dissolves in water, it combines with water to form 

a weak acid named carbonic acid.  

CO
2
(g) + H

2
O(l) ⇌H

2
CO

3
(aq)  

Carbonic acid dissociates weakly and add H+ ions to water.        

H
2
CO

3
(aq)  ⇌ H+(aq) + HCO

3

-(aq)  

Therefore pH of rain water is little less than the pH of neutral water.  

Based on the present carbondioxide composition in the air, 400 ppm (0.04%) the minimum pH value of rain 

water is 5.6. That is, rain water is slightly acidic even in the absence of any other factor affecting it. This mild 

acidity is not harmful to aquatic organisms, man or any other water related activity.  

But due to various natural and human activities more acidic gases are added to the atmosphere. These are 

gaseous acidic oxide of nitrogen (NO
2
) and gaseous acidic oxides of sulphur (SO

X
). In the atmosphere, neutral 

oxide of nitrogen, NO, further oxidize to gaseous acidic oxide of nitrogen, NO
2
. Sulphur dioxide (SO

2
) and 

sulphur trioxide (SO
3
) are the gaseous acidic oxides of sulphur.  

Ways of gaseous acidic oxides of nitrogen enter the atmosphere  

Natural processes  

During lightning where the temperature is high, atmospheric nitrogen reacts with atmospheric oxygen 

forming nitric oxide (NO) and nitrogen dioxide (NO
2
).  
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NO and NO
2 

are also produced by volcanic eruptions and nitrifying bacteria living in the environment. 

Gaseous acidic compounds of nitrogen are also produced by the oxidation of ammonia (NH
3
) in the 

atmosphere which is produced by the microbial decomposition of nitrogenous compounds under anaerobic 

conditions. The amount of acidic gaseous compounds released to the atmosphere by all these natural process 

is very small. Thus the composition of naturally produced acidic gases of nitrogen in the atmosphere is very 

small and has no significant effect on making rain water acidic.  

Human activities  

The main human activity that emits gaseous acidic compounds of nitrogen to the atmosphere  

1. Burning of fuel in motor vehicles. Internal combustion engines produce energy by combusting liquid fuel 

in air under a very high pressure and high temperature. Atmospheric nitrogen which is inert under normal 

condition reacts with oxygen under these conditions of high pressure and temperature mainly producing 

nitric oxide.  

2. Nitric oxide gets oxidized further in the atmosphere giving nitrogen dioxide. Acidic NO
X 

produced by 

human activities makes rain water acidic. 

 

Ways of adding oxides of sulphur to the atmosphere  

Natural ways  

In the volcanic eruption, ash and gases containing huge amounts of sulphur dioxide are freed and these directly 

enter the atmosphere. As a result of microbial activities taking place under anaerobic conditions in the 

sediments on the bottom of the ocean and water reservoirs hydrogen sulphide gas is produced. Oxidation of 

this gas in the atmosphere gives sulphur dioxide. However the sulphur dioxide concentration in the atmosphere 

remains at a very low level because sulphur dioxide produced as above spread across a  
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Acidic NO
X 

produced by human activities makes rain water acidic.  

 

Ways of adding oxides of sulphur to the atmosphere  

Natural ways  

1. In the volcanic eruption, ash and gases having sulphur dioxide are freed and enter the atmosphere.  

2. As a result of microbial activities taking place under anaerobic conditions in the sediments on the 

bottom of the ocean and water reservoirs hydrogen sulphide gas is produced.  

3. Oxidation of this gas in the atmosphere gives sulphur dioxide.  

However the sulphur dioxide concentration in the atmosphere remains at a very low level because sulphur 

dioxide produced as above spread across a very large area of the atmosphere. Sulphur dioxide gas entering 

the atmosphere due to natural ways hardly contributes to make the rain water acidic. (Acid rains restricted to 

the relevant areas have been reported after volcanic eruptions.)  

Human activities  

1. Compounds of sulphur includes as impurities in fossil fuels such as diesel and furnace oil produced 

during the refining of crude oil. These compounds containing sulphur turn into sulphur dioxide on 

combustion and enter the atmosphere.  

 

2. Elemental sulphur and sulphur compounds (e.g. FeS) presents as impurities in coal get oxidized during 

the combustion of coal and enter the atmosphere as sulphur dioxide. 

 

3.  Sulphur dioxide produced by human activities like this largely adds on to the atmosphere at certain 

specific regions. For this reason there could be a very high concentration of sulphur dioxide in the 

areas around such sites (e.g; coal power stations). Acidic oxide of sulphur (SO
x
) generated by such 

human activities cause acidity of rain water.  

 

 

How pH is lowered in rain water by acidic gases  

NO is produced during the combustion in engines. N
2
(g) + O

2
(g)  →2NO(g)  

NO in vehicular emissions gets oxidized in the atmosphere giving NO
2
. 
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                                  2NO(g) + O
2
(g) → 2NO

2
(g) 

 In the presence of air NO
2 
reacts with water and produce  

 

SO
2 
gas entering the air is further oxidized to SO

3 
gas. 2SO

2
(g) + O

2
(g) ⇋2SO

3
(g)  

SO
3 
reacts with water vapour to form sulphuric acid. In the presence of air SO

2 
gas also reacts with water 

vapour giving sulphuric acid.  

SO
3
(g) + H

2
O(1) →H

2
SO

4
(aq) 

2SO
2
(g) + O

2
(g) + 2H

2
O(l)            →                   2H

2
SO

4
(aq)  

The compounds HNO
3 
and H

2
SO

4 
formed above are strong acids. They completely ionize in water adding 

H
3
O+ ions to water in large amounts.  

HNO
3
(aq) + H

2
O(l) →      H

3
O +(aq) + NO

3

- (aq)  

H
2
SO

4
(aq) + 2H

2
O(l) →.   2H

3
O+(aq) + SO

4

2- (aq)  

Because of the H
3
O+ ions added to water by the strong acids, the pH value of water decreases below the pH 

caused by carbonic acid formed by dissolving CO
2 
gas.  

Lowering of pH of rain water below 5.6 by adding strong acids to the rain is called acidification of water or 

formation of acid rain. High acidity of water leads to many problems.  

Effects of the acidification of water  

Aquatic organisms are very sensitive to the change of pH in water. Therefore even a small drop in pH in water 

is harmful to them. This causes changes in behavioural patterns, retardation of organogeny and destruction of 

eggs and immature organisms of fish and other aquatic organisms etc. This is detrimental to biodiversity.  
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1. Death of coral polyps responsible for the formation of coral reefs stops their formation and bleaches 

the reefs.  

2. Continuous fall of acid rains in forested areas leads to degradation of chlorophyll in plant leaves which 

causes gradual death of the plants. Death of plants from their top to bottom is a sign of their ruin 

brought about by acid rains.  

 

3. Acid rains make soil acidic. Owing to the acidity, poisonous metal ions (Al3+, Cd2+, Cr2+, Hg2+) and 

other toxic ions strongly bound to the insoluble soil structure get detached and dissolve in water. 

Increased concentration of these ions is harmful to aquatic organisms and not suitable for human 

consumption.  

 

 

4. High aqueous concentration of Al3+, Fe3+ and heavy metal ions such as is very harmful to aquatic 

organisms.  

 

5. High acidity rain water brings about speedy dissolving of micronutrient metal ions in the soil such as 

Fe3+, Zn2+ and Cu2+ in water which are then leached out easily. This makes soil infertile.  

 

 

6. Acid water dissolves rocks and minerals in soil containing calcium, magnesium and aluminum. 

Excessive ions of these in water raises the hardness of water.  

 

7. Acidity increases the rate of corrosion of metal structures in constructions. This weakens their 

mechanical strength and reduces the life time.  

 

 

8. Acid rains damage statues and other artistic creations made of calcium carbonate minerals such as 

marble. This obliterates their fine carvings denigrating their historic value.  
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9. It decreases the mechanical strength of houses and other constructions made by mortar and cement 

which contain lime stone. Acid rains and acidic gases convert the less soluble corbonates in mortar 

and cement into more soluble sulphates and nitrates.  

2CaCO
3 
+ 2SO

2 
+ O

2 
+ 2H

2
O  →2CaSO

4
.2H

2
O + 2CO

2 

 

 

Activities that could be taken to reduce acid rains  

1. Using coal and diesel with low sulphur content in coal and diesel power plants.  

2. Adopting methods to remove acidic gases like sulphur dioxide like acidic gases emitted by power plants.  

1. (i)  Burning coal with substances (CaCO
3
) that can react with sulphur dioxide (Fluidized bed 

combustion)  

CaCO
3
(s) →CaO(s) + CO

2
(g)  

CaO(s) + SO
2
(g)→ CaSO

3
(s)  

2. (ii)  Converting sulphur dioxide in power plant waste gases into solid substances. (reacting with 

calcium hydroxide (Lime slurry process))  

Ca(OH)
2
(aq) + SO

2
(g) → CaSO

3
(s) + H

2
O(l)  

3. Employing environmental-friendly fuels or alternate energy sources such as solar energy, wind power, 

tidal energy, geothermal energy and nuclear power in place of coal and diesel.  

 

Global warming  

For all natural processes and dynamic activities carried out by man on the Earth, energy is provided by the 

sun. There is an empty space between the sun and all the other planets including the Earth. Because of this 

reason solar energy travels to the Earth as radiations. This radiant energy comes to the Earth mainly as visible, 

infrared and ultraviolet radiations. Radiation energy of the sun reaching the Earth like this are subjected to 
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various transformations in the Earth finally leaves the Earth. That is to say, there is an energy equilibrium in 

the Earth.  

Because of the transformations undergone by the radiant energy reaching the Earth heat is generated in the 

Earth. As a result the Earth gets heated up and reaches a certain temperature. Because of the transformation 

of solar energy, its return and establishment of an equilibrium, the extent to which the Earth is heated remains 

constant. Therefore on the whole the average temperature of the Earth is assumed to be a constant value. This 

is about 15 0C. However due to Earth’s 23.50 inclination to its axis’s situation of latitude intensity of solar 

energy received by various regions is different. Because of this seasonal changes the temperature in different 

parts of the world in various time intervals is different.  

For example, in equatorial regions the temperature is high and it is uniform throughout the year. From the 

equator to polar regions seasonality becomes acute and temperature within the year varies with in wide limits. 

The summer is extremely hot while the winter is intensely cold. In polar regions an extremely cold weather 

prevails throughout the year.  

The average temperature of the Earth, that is 15 0C is a favorable condition for the  existance of life. The 

reason for the prevalence of the favourabe temperature is the green house effect existing on the Earth. The 

potency of the green house effect on the Earth helps to maintain an optimum temperature favourable for life.  

Greenhouse effect  

As we all know, to grow an agricultural crop a certain optimum temperature is essential throughout the life of 

the crop. When we go from the equator of the Earth to mid latitude regions, the annual period of time with 

this optimum temperature gradually decreases. On reaching the polar regions, the time with optimal 

temperature necessary for plant growth becomes so short that plants do not grow in those regions. If plants 

grow at all, they are plants with a very short life span. 

Hence, life in a particular region, if the time interval during which the optimum temperature necessary for a 

certain crop is less than its life span, growing that crop in the relevant, region is difficult. A greenhouse 

lengthens this period of optimal temperature without an external heat supply in a safe house located in that 

particular region. The temperature in a greenhouse is higher by 2 0C to 6 0C than the temperature outside. For 

this reason, even if the outer temperature is lower than the optimal temperature, it can be maintained that 

optimum temperature inside the greenhouse.  
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Action of a greenhouse  

A greenhouse is an almost completely safe kept house. Its roof and walls are made of transparent material so 

that solar rays can penetrate them. Through these transparent materials visible and ultraviolet radiations 

coming from the sun, passes into the greenhouse.  

Inside the greenhouse, these radiations are absorbed by the soil and other substances in it. 

The roofing materials and materials for the walls of the greenhouse are selected in such a way that they are 

transparent for the visible and UV radiations but reflect IR radiations. When IR rays are reflected inside the 

greenhouse for a longer period of time they are absorbed by carbon dioxide and water  vapour and are 

converted to heat. This increases the temperature inside the greenhouse. This is the process takes place inside 

a green house. The atmosphere of the Earth too exhibits a process somewhat equal to the action of greenhouse. 

This is known as the greenhouse effect of the earth.  

 

Greenhouse effect of the Earth  

Solar radiations falling on the Earth are mainly belong to the ultraviolet and visible zones. Of these most of 

the radiations belonging to the ultraviolet zone are absorbed by the upper atmosphere and very little reaches 

the Earth’s surface. It is UV radiations of very low energy that come like this. Visible rays and low energy 

UV rays reaching the Earth surface are absorbed by the Earth’s surface (soil) and re-radiated as low energy 

radiations like in a greenhouse. In this re-radiation energy is emitted as low energy visible rays and IR rays. 

The emitted visible rays return to space without undergoing any significant change. But the IR radiations 

emitted could be absorbed by certain gases in the air. Fortunately the main gases in the air – N
2 
(78%), O

2 

(21%), Ar (1%), cannot absorb these IR radiations. If these gases occupying more than 99% of the Earth’s 

atmosphere had absorbed IR radiations, the temperature of the Earth could have been very high.  

Greenhouse gases  

The gases which can absorb infrared radiations exist stably in the atmosphere for a long period of time are 

referred to as greenhouse gases.  

Any gas having two or more atoms can absorb IR radiations. Also a hetero diatomic gases (e.g CO) can absorb 

IR radiations. Homo diatomic gases (N
2
, O

2
) and monatomic gases (e.g. Ar) cannot absorb IR rays. Hence any 

gas which is not monatomic and homo diatomic can absorb IR rays. Nevertheless, if a gas is to act as a 

greenhouse gas in the Earth’s atmosphere, it should have following characteristics.  

1. Ability to absorb infrared rays  
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2. Ability to stay stably in the atmosphere for a long period of time. 

Although would be present in certain amounts in the atmosphere and they are capable of absorbing IR rays, 

the gases such as SO
2
, NO

2
, NO and CO are not reckoned as greenhouse gases. This is because their life span 

in the atmosphere is very short. Of the above greenhouse gases, all the gases except halogenated hydrocarbons 

exist in nature or short-lived are not considered greenhouse gases. As per the foregoing facts the main  

greenhouse gases present in the atmosphere are,  

1. Water vapour (H
2
O)  

2. Carbon dioxide (CO
2
)  

3. Methane (CH
4
)  

4. Nitrous oxide (N
2
O)  

5. Volatile halogenated hydrocarbons (CFC, HFC, HCFC)  

The greenhouse gases mentioned before absorb IR rays emitted from the Earth and retain them long in the 

Earth. Therefore the Earth gets heated. The result of this heating is the maintenance of the normal temperature 

of the earth at around 15 0C. Thus greenhouse effect is favourable factor essential to sustain life.  

The percentages of greenhouse gases in the Earth are given in below. Amounts of greenhouse gases in the 

Earth  

 

What would happen if the percentage of greenhouse gases in the Earth increases? The outcome is the 

production of more heat in the Earth due to absorption of more IR radiations by the increased amount of 

greenhouse gases. The heat so produced circulated longer in the Earth causing an increase in Earth’s 

temperature. Along with the indindustries initiated by man with the industrial development the proportion of 

greenhouse gases is gradually increasing. It increased rapidly industrial revolution after  the second world war.  

Changes in the composition of greenhouse gases before the industrial revolution and at present. 



 10 

 

From Table 1.6 it is clear that the amount of all greenhouse gases has drastically increased. Owing to the 

increase in greenhouse gases the temperature of the earth has increased by ℃ 

 

 

 

 

Human activities leading to the increase in greenhouse gas concentration Carbon dioxide (CO
2
)  

1.  Coal and petroleum are being burnt in excessive amounts. The carbon reserves which occurred inertly 

inside the Earth for millions of years were burnt in a very short time adding the resulting CO
2 
to the 

atmosphere. When the rate of addition of CO
2 
to the atmosphere exceed the rate of the mechanisms 

which remove CO
2 
from it, CO

2 
gas accumulates in the atmosphere.  

 

2. Because of excessive deforestation, trees are felled indiscriminately. The debris contain carbon 

reserves collected over hundred of years. When these are decomposed by the microbial activity CO
2 
is  

 

3. added to the atmosphere. This causes the carbon dioxide content in the atmosphere to rise.  
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Methane  

4. When the indiscriminately disposed organic wastes decay in the environment they are acted upon by 

anaerobic bacteria. When those bacteria decompose organic substances methane is produced. Disposal 

of urban wastes as heaps of garbage is also a reason for the production of methane in large amounts. 

Agricultural practices (paddy cultivation) undertaken in marshy and water-logged areas favour 

anaerobic decomposition of organic substances producing methane. 

 

 

5. Methane is also produced in the guts of the ruminants like cattle, sheep and goats due to bacterial 

decomposition of plant material under anaerobic conditions. Therefore rearing such animals in 

commercial scale is a reason to release methane in large amounts to atmosphere. Crude oil mining 

too increases the methane content in the atmosphere. During the mining process methane gas 

occurring as natural gas in crude oil deposits is freed to the atmosphere.  

 

 

Nitrous oxide  

6. Oxides of nitrogen are mainly added to the atmosphere by the bacterial action on nitrogenous 

compounds. Action of denitrifying bacteria on the nitrogen compounds added to the soil as fertilizers 

in agriculture produces nitrous oxide (N
2
O).  

Gaseous halogenated hydrocarbons  

Halogenated hydrocarbons are very powerful greenhouse gases. These are ten thousand times as strong 

as carbon dioxide. For this reason, presence of these gases in the atmosphere even in small quantities 

contributes significantly to global warming. Halogenated hydrocarbons are rare in nature. Halogenated 

hydrocarbons responsible for increasing the global warming are,  

1. Chlorofluorocarbon (CFC) 

2. Hydrochlorofluorocarbon (HCFC)  

3. Hydrofluorocarbon (HFC)  
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All these three types are compounds synthesized by man and are used  

 

 

1. As cooling gases in air conditioners and refrigerators.  

2. They are also used as a blowing agent in the production of perforated plastics and in aerosols, for 

example in deodorant sprays and pesticides.  

3. In repair and disposal of the above equipment these compounds enter the atmosphere. The 

atmospheric lifetime of these are hundreds of years.  

Adverse effects of global warming  

1. With the global warming polar ice caps and glaciers in high mountains areas tend to melt while the 

oceanic waters expand. This entails in inundation of costal lowlands.  

2. Loss of settlements, destruction of costal ecosystems,  

3. infertility of soil caused by the sea water swamping inland and devastation of crops are the other 

outcomes of this.  

4. Moreover it may obliterate Maldives and many other small island states in the pacific ocean 

completely from the world map.
 
 

5. Because of the high temperature epidemics (e.g; dengue, Ebola) spread fast.  

6. Melting of ice caps in polar regions  

• Increase in the number of hot days and decrease in the number of cold days per year, occurrence of 

strong heat waves more frequently and lasting for a longer period of time (rapid increase in the 

temperature in regions within a small time interval).  

• Frequent emergence of hurricanes, tornadoes etc. of greater violence.  

• Rapid spread if invasive plants and animals. Such plants and animals may encroach new areas (cold 

blooded animals like snakes and other reptiles would migrate to cooler areas).  

• Excessive drying of some regions (South Asia, Central Africa) while some other regions (e.g. 

Europe) receive heavy rainfall.  

• Frequent long-standing droughts and flash floods due to heavy rainfall in a short period of time.  
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Global climate change 

1. Many human activities in the world are connected with the climate of the relevant region. For 

examples, agriculture, animal husbandry, tourism and pottery are strongly linked to climatic patterns.  

2. The main global environmental problem occurs due to the global warming that originates from the 

shifting of energy balance of the planet is climate pattern changes. This problem is simply called as 

climate changes. Most of the other environmental issues that are related with global warming are 

secondary effects of climate changes.  

3. Not receiving rain on time, untimely rains, droughts and occurrence of whirl winds and tornadoes in 

regions where they have not been experienced before are examples. Prolonged droughts causing 

desertification in some regions forcing people to leave those areas. Climatic changes may indirectly 

engender political crises among nations and even battles.  

4. For example, when the citizens of a certain country are displaced they migrate to neighbouring 

countries and a need arises to provide political asylum for them. Political crisis and wars may erupts 

for sharing water in rivers common to several countries specially when water goes scarce.  

5. Global warming and climatic changes caused by it, is a problem common to the entire world. The 

most affected by this are the underdeveloped and developing countries which contribute least to 

global warming. So, in order to control global warming all the countries in the world should get 

together and have to adopt measures that minimize the emission gases which cause it.  

The following solutions could be suggested in this regard.  

• Limited the burning of fossil fuels and inclining to use alternative fuels. The  best option is sloar 

energy. In addition nuclear power and wind power be used. Updating the machinery of current use and 

increasing their fuel efficiency could also be done.  
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• Instead of fossil fuels it is suitable to use renewable sources of energy such as ethanol and biodiesel. 

The amount of pure carbon added to the atmosphere by the combustion of bio-fuels is nil.  

• By getting used to a simple lifestyle, high energy demand essential for a luxurious life can be 

minimized.  

• Minimizing deforestation. To make furniture and paper and obtain firewood, fast- growing plants can 

be used without destroying forests.  

• Avoiding indiscriminate waste disposal and adopting systematic method of waste disposal with 

proper management of waste. This minimize the emission of methane to the atmosphere.  

• Refraining from the consumption of meat as much as possible getting used to  

• vegetarian diet. By this rearing of animals such as cattle, goats and sheep for meat can be minimized.  

• Use of compost in place of chemical fertilizers. This helps minimize the emission of nitrous oxide 

(N
2
O) to the atmosphere.  

• Restricting the use of refrigerators and air conditioners and using in such machines with less 

powerful gases such as hydrofluoroolefins (HFO), isobutene (R600a) and coolant gas like ammonia 

in place of more stronger greenhouse gases like CFC and HCFC.  

 

 

 

 


