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Preface  

Introduction 

 The ever increasing population and resultant industrialization have lead to 
serious environmental problems due to massive exploitation of resources like 
ozone depletion, global warming, acid rain, deforestation, specie decimation, 
air, water and soil pollutions and solid waste problems of similar magnitude.   
Pollution has existed long before the problem is exacerbated by colossal 
contribution of human activity.  The intensity of pollution nowadays is on a 
high rise awaiting action.  Countless pollution is evolving every day, from the 
minor to the major disastrous forms, destructing the living environment, 
causing imbalances to the environmental equilibrium, at the same time 
breaking the protocols set by scientists and governments at international 
level.  It’s a growing pain and a global threat, any where, any time in the 
world that demands a positive action.  Minimizing environmental degradation 
and pollution is an essential pre-requisite to achieving the goal of 
environmentally sustainable development. 

To cope up with these problems, there is a need of seeking fairly good 
knowledge of the common problems, causes and environmental friendly 
remedial measures.  

Objectives of the Course 

After going through this course the student will be able to:  

1. Develop knowledge and perception of the environment and 
environmental pollution. 

2. Provided with the knowledge, to act individually to make a positive 
change in the present state of the environment.   

3. Motivate to undertake group activities that will help in addressing their 
own environmental concerns for promoting environmentally 
sustainable development.     

The present study material covers nine units for course code 1422. Out of 
nine units, the first unit deals with an introduction to environmental pollution. 
The subsequent four units deal with emphasis on air pollution (2, 3, 4 and 5 
units). The concepts about water pollution have been explained in the sixth 
unit whereas the unit 7 deals with soil pollution in a logical sequence. The 
relevant concepts have been elaborated with the help of suitable examples. 
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Solid waste problems have been discussed in unit 8 on “Solid Waste 
Management”. The basic concepts about Noise Pollution have been 
considered in the last unit 9 in addition to its sources and effects. Attempt has 
been made to keep the language of the book simple and easy to understand. 
The theoretical work has been supported by figures and illustration.  
 
The students are given an opportunity to test their ability to solve Self 
Assessment Questions (SAQs). Besides, each unit starts with an introduction 
and the objectives. Try to complete your study of each unit within one to two 
weeks and also solve the SAQs. Keep in touch with your tutor and complete 
your assignments well in time. In addition, talking to other students can also 
help in understanding. Seeking help when you need is the key for making 
sure you complete your studies – so don’t give up.  
 
We will welcome any suggestions/comments for further improvement of this 
course. 
 
 
 

                                 Prof. Dr. Abdulrauf Farooqi 
       Chairman, Department of 

Environmental Science 
            AIOU Islamabad 
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1.1 Introduction 
 
Generally speaking everything around us is environment.  The term 
environment refers to physical, chemical and biological factors that surround 
living things.  Environment affects the size, shape and colour of the plants 
and animal and the ways in which they grow and live.  Environment is derived 
from the French word ‘environ’ meaning “encircle” so all the things encircle 
human and other living beings are called environment. 
 
 
 
 
 
 
 
Environment is the sum of all elements, factors and conditions in the 
surroundings which may have an impact on the development or survival of 
living and non living things or organisms.  This may include all livings as well 
as non living things.  Together, all such things are called our environment. 
Major components of earth environment are; 
 

i) Atmosphere  
The whole mass of gases or envelope which surrounds the whole 
earth.  Major gases present in the atmosphere are Nitrogen Oxygen 
and Carbon Dioxide.  Oxygen is used involves in cellular respiration 
and combines to form protective zone in the upper atmosphere.  
   

ii) Hydrosphere  
Hydrosphere is the part of the earth where all of the earth water is 
present including surface water (oceans, lakes and rivers), 
groundwater (water in soil and beneath the earth surface) snow cover, 
ice and water vapours.  Hydrosphere is about seventy (70%) percent 
of the earth’s surface.   
 

iii) Lithosphere 
The outer skin of the earth is composed of the crust and the 
uppermost mantle.  In lithosphere weathering of rocks produces soil 
and minerals to plants.  Soil contains decayed organic material 
(humus) which is a source of nutrients to plants.  Humus is formed 
from the decay of dead plants and animals.   
 

Box 1.1 Environment 

Environment: Environment means everything which 
exists around us and which can influence us in any way. 
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iv) Biosphere. 
It is that part of the lithosphere, hydrosphere and atmosphere in which 
life can exist.  Biosphere is capable of sustaining and supporting life. 
      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1 the four major components of environment include:  
Atmosphere, hydrosphere, lithosphere and biosphere 

 
1.2 Objective of the Unit 
 
After studying the material, it is hoped that the student will be able to; 

1. Define the Environment and the concept of Environmental 
pollution. 

2. Discuss history of environmental pollution. 
3. Describe and explain the types of pollution. 

 
1.3 Definition of Environmental Pollution  
 
Any undesirable change in the physical, chemical or biological characteristics 
of air, land and water that may harmfully affect human life or that of other 

Box 1.2 Humus 

Humus: The dark or black carbon containing residue in the 
soil resulting from the decomposition of vegetative tissues 
of plants originally growing in soil.  
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desirable species, our industrial process, living conditions and cultural assets 
or that may or will waste or deteriorate our natural resources. 
 
  
 
 
 
 
 
 
Pollution may be natural or anthropogenic (man-made). Natural pollution may 
result from natural phenomena e.g. from forest fire, volcanic eruption, and 
biological processes in the nature. Anthropogenic pollution result: 

a. Through the introduction of compounds aimed at improving crop yield. 
b. Through the introduction of compounds resulting from industrial 

processes and social activities.    
 
1.4 Concept of Pollution  
 
God has created this universe in a very beautiful way with its unique 
characteristics and functions.  Every segment of the universe has its natural 
composition.  When its natural composition is not disturbed it functions 
properly.  But if the natural quality is disturbed by any mean then it become 
unfit, either by altering its natural state or by adding some undesirable 
pollutant then it become polluted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Box 1.3 Environmental Pollution    

 Environmental Pollution: may be defined as the presence of any 
unwanted thing (species) in the environment in one or more then 
one combination in such an amount and for such a duration 
which is injurious to life and enjoyment or interfere with pleasant 

Box 1.6 it is important to note that:  

 Any substance which causes pollution is considered a pollutant 

Box 1.5 Pollutant 

Pollutant is the presence of any unwanted substance abundant 
to the level which occurred by any mean above the natural 
level in the environment; which ultimately has a detrimental 
effect on environment, living organism and mankind 

Box 1.4 Natural Quality 

The natural composition of earth is called as its natural quality.   
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Any undesirable change or unfavourable alteration pollutes the environment.  
Environmental pollution may adversely affect human, animals, plants or 
material causing injury to health, reduction of growth of plants or corrode 
metals.  The effect may be local or global as it may extend much further as 
they are transported through air or water.  The lakes and rivers get polluted 
by waste water from chemical and other industries.  The air is polluted by 
gases of automobile exhausts, industries and thermal power plants etc. 
 
Soil pollution is caused by excessive use of pesticides, insecticides, 
herbicides and various kinds of fertilizers.  Besides agricultural activities, solid 
wastes from industries and domestic waste also contribute in soil, water and 
air pollution. 
 
The American Heritage Dictionary of the English Language (1992 edition) 
defines pollution as: 
 

“The act or process of polluting or the state of being polluted, 
especially the contamination of soil, water or the atmosphere 
by the discharge of harmful substances”  

 
An introductory college textbook may define pollution in its glossary as a 
process, to make foul, unclean, dirty; any physical, chemical, or biological 
change that adversely affects the health, survival, or activities of living 
organisms or that alters the environment in undesirable ways (Saigo and 
Cunningham, 1992). 
 
As we enter the 21st century our definition of pollution becomes wider and 
more complex as to include natural and social systems affecting the quality of 
our environment. Since the Neolithic revolution (agricultural revolution), i.e. 
the shift from food collecting to food producing, man has modified natural 
systems to meet his needs. Thus age old relationships within the biosphere 
are being altered by the activities of human mind. Vernadsky coined a word 
“Noosphere” (Greek noos = mind) denotes the sphere of human thought. The 
main characteristic feature of noosphere is pollution. Human activities 
increased dramatically, frequently and chronically resulting into unforeseen 
problems of diverse nature. He “aesthetically” polluted natural landscapes, 
“culturally” eutrophied lakes and deliberately allowed poisonous gases to 
enter the atmosphere. 
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. 

 
 
 
 
 
 
 
Beginning with the industrial revolution in the 18th century, pollution became a 
more noticeable phenomenon in the middle of 19th century, particularly 
following the American Civil War. The word smog was probably introduced by 
a physician in 1905. 
 
 
 
 
 
1.5 History of Pollution 
The history of pollution on the earth could be traced from the day when man 
started burning wood for cooking and heating purpose.  People have long 
recognized the existence of noxious or bad air. Perhaps one of the first laws 
to control air pollution was enacted in 1273 when the King of England passed 
an act prohibiting the burning of soft coal. Leonardo da Vinci in 1550 noted a 
blue haze in the atmosphere. The phenomenon of acid rain was first 
described in the seventeenth century. Two major events, one in the Meuse 
Valley in Belgium in 1930 and the other in Donora, Pennsylvania, in 1948 
were responsible for raising alarm against air pollution in scientific 
community. London smog crisis in 1952 reinforced the formulations needed 
to control air quality. Bhopal Gas Tragedy (1984) affected 3.5 lakh people of 
Bhopal (India).  
 
 
 
 
 
 
 
 
 
 

Box 1.7   Eutrophication 
 
Eutrophication: Eutrophication is an increase in the concentration 
of chemical nutrients in an ecosystem (for example a lake) to an 
extent that has subsequent negative environmental effects such 
as severe reductions in water quality, fish, and other animal 
populations. 

Box 1.8 
 
Smog is a kind of air pollution; the word "smog" is a blend of two 
words of smoke and fog. 
 

Box 1.9 The Bhopal Gas Tragedy 
 
The Bhopal disaster or Bhopal gas tragedy was an industrial disaster that 
took place at a Union Carbide pesticide plant in the Indian city of Bhopal, 
Madhya Pradesh (MP). At midnight on 3 December 1984, the plant 
accidentally released methyl isocyanate (MIC) gas, exposing more than 
500,000 people to MIC and other chemicals. The first official immediate 
death toll was 2,259. The government of MP has confirmed a total of 3,787 
deaths related to the gas release. Others estimate 8,000-10,000 died 
within 72 hours and 25,000 have since died from gas-related diseases. 
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Ever since 1962, when Rachel Carson drew our attention to the hazards of 
DDT in Silent Spring, we have learned to be much more careful about how 
we use pesticides. But accidents and oversights still occur as a result of 
which people are seriously harmed by pesticides once thought to be safe 
(Rana, 2006) 
 
All human activities like clearing of trees for cultivation, cutting of forests, 
housing settlements resulted in an increased run-off altering the water quality 
of freshwater bodies.  The impact of cutting of forest in the Northern Areas of 
Pakistan is evident now in the form of increased amount of silt in rivers of 
Pakistan.   
This silt is deposited in the lakes like Terbela and Mangla where dams have 
been built. This process is called as silting.  Silting reduces the water storage 
capacity of Dams those results in water storage for power production and 
water use in agriculture sector.  Sitting has caused about 30% reduction in 
water storage in just 50 years in the lakes of Mangla and Terbela Dam of 
Pakistan.  Human activities have been a major factor for creating the most 
serious problem of the water pollution throughout the world.  
 
With the growth of civilization, large settlements and towns began to appear 
that gave rise to problems of waste disposal.  References in history indicate 
that the use of earth-pits was a common practice for waste disposal, while 
several ancient cities even developed elaborate sewerage systems.  
 
Evidence shows that the civilization like the Mohan-jo-Daro and Harrapa had 
drains for collection of waste water in Pakistan. The reference of white colour 
(sewage fungus) in the writing of Aristotle indicates that the effects of sewage 
were known to the ancient people.  As there was no treatment facility for this 
waste at that time, it is quite certain that this waste might have introduced 
severe problems of river and ground water pollution. 
 
As the cities and towns began to grow and with the increase in pollution and 
industrialization, the condition had further worsened, and pollution of water, 
air and soil became more serious. Many people have been increasingly 
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 convinced that the damage caused by the massive interference of man into 
the environment is not only jeopardizing the quality of life but present a 
serious threat to the survival of humanity.   
 
Keeping in view the above fact, it has become imperative to organize some 
global platforms to discuss the various issues and seek mutual co-operation 
in solving such kind of problems and at the same time, work together for 
common interest of protection of global environment for the better survival of 
human being.  The idea finally took shape in the form of Stockholm 
Conference in 1972.   
 
Stockholm Conference on environment (1972) 
 
The first UN conference of human environment was held in Stockholm of 
Sweden from 5th – 10th June, 1972.   The conference expressed its concern 
over the depletion of forest resources, air and water pollution.   
 
The Stockholm Declaration began with the call for all people “To bear a 
responsibility to protect and improve the environment for present and future 
generations.”The Stockholm Conference can be considered as the foundation 
stone for the consolidation of participating countries of the world in the field of 
environmental protection on a global scale.  
 
1.6 Types of Pollution 
 
Pollution may be natural or anthropogenic (man-made).  Natural pollution 
may result from natural phenomena e.g. from forest fire, volcanic eruption 
and biological processes i.e. decaying of dead animals and dead plants etc. 
in the nature.  Anthropogenic pollution results through;   
 
(a) The introduction of compounds like indiscriminate use of chemical 

fertilizers and pesticides aimed at improving crops yield. 
 

(b) Through the introduction of compounds resulting from industrial 
processes and other infrastructural (construction of buildings, roads and 
other settlements) and social activities. 
 

Pollution may be of various kinds some of the major types of pollutions are;  
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(a) Aquatic (water) pollution   

 
Domestic, industrial and other harmful or objectionable waste materials 
in sufficient quantities result in a measurable degradation of the water 
quality.  Unwanted change in composition of water results pollution and 
negative impacts on living and non living environment.   
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1.2 Some important sources of water pollution 
(Source: http://waterandme.tamu.edu/WaterPollution/index.htm) 

Waste Water Plant 

Mine 
Factory 

Logging Farm 
City 

Suburbs Port 

Oil Rig 
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As indicated in the figure number 1.2, the major sources of water 
pollution include municipal waste, factory emissions, farming and 
mining, oil extraction and refining etc. All these factors affect the water 
quality.  
 

 
 
 
 
 
(b) Atmospheric (Air) Pollution  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) Terrestrial (soil or land) pollution  
 

Various type of wastes either industrial, agricultural or domestic cause 
pollution of the soil.  With the rapid increase in human population, the 
demand for materials has increased. For the fulfillment of these 
demands natural resources have largely been used.  Certain industries 
are set up to produce items needed for day to day use.  The waste 
water (effluents) of these industries and other domestic wastes become 

Box 1.11 Water Quality Criteria  

Water quality criteria: The level of pollution and length of 
exposure at which adverse effect occurs on health and welfare.  
 

Box 1.12 Air Pollution  

In general air pollution may be defined as the disequilibrium 
of air due to the introduction of foreign elements mainly 
through anthropogenic sources to the air, so that the air 
becomes injurious to biological communities in general and 
human community in particular. 

Air pollution can be defined as 
‘the presence of unwanted 
materials in the air in such 
concentration which are 
harmful to man and his 
environment. Because of a 
large number of industries, 
various types of gases are 
released in the atmosphere 
along with particulate matter 
and become a major source of 
air pollution. 
 

Figure 1.3 Atmospheric Pollution 
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cause of land or soil pollution. Moreover intensive farming methods of 
agriculture have also released a number of pollutants to the soil.  For 
example the use of pesticides (the chemicals) used to kill harmful 
insects or small animals harmful for crop can increase the crop product 
but at the same time these are very poisonous for other living 
organisms.  These pesticides or insecticides cause soil and/or water 
pollution.  Soil pollutants are mostly solid wastes. These alter the soil 
composition and decrease soil fertility.  Indiscriminate use of fertilizer 
increase soil pollution problem.  Soil pollution decreases soil 
productivity and deteriorate the quality of crops and plants.  

 
Besides the above major types of pollution noise is also a kind of pollution.  
Noise pollution may be defined as; noise is unwanted, unpleasant sound that 
causes discomfort, noise is the wrong sound, in wrong place at wrong time.  
Noise pollution is the outcome of modern civilization, Big and crowded cities, 
heavy transport and roaring of huge industries etc. have given birth to this 
new sort of pollution.  Noise may be natural or manmade.  The natural noise 
like thunder, volcano or landslide is not under the control of man.  But most of 
the noises include: automobiles (trucks, buses, cards, scooters, trains and 
aero planes in the air) public gatherings, and huge factories.  
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1.7. Self Assessment Questions (SAQs)  
 
Hopefully you have read the unit, now please do the following task. 
 
Q.1. Fill in the blanks with the suitable words.  

a. __________ is the outer skin of the earth composed of the 
crust & upper most mantles.  

b. A substance which causes pollution is called ___________. 
c. The dark Carbon (Containing residue in the soil resulting from 

decomposition of vegetative tissues of plants originally 
growing in soil is _________.  

d. Soil Pollution is caused by excessive use of pesticides, 
insecticides, herbicides and ___________. 

e. ____________ activities have been a major factor for creating 
most serious problems of water pollution.  

Q.2. Discuss the term environment. 
Q.3. Explain the concept of pollutant. 
Q.4. Define Atmosphere, Hydrosphere and Lithosphere in your own words 
Q.5. Discuss the concept of Environmental pollution. 
Q.6. (a) Explain major types of pollution. 
 (b) Describe nature and sources of pollution.  



 14

1.8. Answers to Self Assessment Questions (SAQs)  
 
Answer to Question No1.  
a. Lithosphere 
b. Pollutant 
c. Humus 
d. Fertilizers 
e. Anthropogenic  

 
For questions 2 to 6 see the relevant sections of the Unit.
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Unit 2 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Air Pollution
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2.1 Introduction 

The presence of unwanted substances in the atmosphere in such a 
concentration that adversely affect human being in particular and 
environment in general is called air pollution.  These substances are 
generally present is less quantity.  But when the concentrations of these 
substances exceed certain level then it is considered as an air pollutant.  
When the concentration of these substances increase due to various human 
activities like combustion of fuel, heavy traffic, etc then the problem of air 
pollution increases, which consequently create health problems to human 
and other living things.  

2.2 Objectives  

After studying the material, it is hoped that you will be able to: 
 

1. Define Air Pollution 
2. Discuss major air pollutants and their impacts on man and 

environment. 
3. Know sources of air pollutants. 
4. Describe indoor air pollution. 
 

2.3 Structure of Atmosphere 

 
Atmosphere is composed of 
several layers or zones.  Each 
layer is separated from one 
another due to changes in 
temperature and altitude.  The 
first layer near earth surface is 
troposphere.  In this layer 
most of the living organisms 
exist and perform their 
functions.  Several gases like 
Oxygen, Nitrogen, and 
Hydrogen etc. are found here 
in greater quantity.  Dust and 
water vapours also remain in 
different concentrations in this 
region.   

 

Thermosphere 

Mesosphere 

Stratosphere 

Thermosphere 

100km 

 90km 

 70km 

 50km 

 30km 

 10km 

Temperature C 
  -100   0  60 

   0km  1000mb 

  0.001mb 

  1mb 

OZONE 

Figure 2.1 Temperature changes dramatically in 
different layers of the atmosphere 
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It ranges up to 12 km above the surface of the earth. Temperature decreases 
as we move from surface of the earth towards upwards in troposphere. Due 
to decrease in temperature cloud formation and air movements occur in 
troposphere.  The second layer from the surface of the earth above the 
troposphere is stratosphere. It extends in the range of 12-50 Kilometer (km) 
above the surface of the earth. In this region ozone (O3) is formed when 
atomic oxygen combines with the molecular oxygen, first by photochemical 
reaction oxygen molecule splits and form atomic oxygen and  then atomic 
oxygen with molecular oxygen form ozone O3 In this region this (O3) ozone 
act as umbrella and protects earth form the ultraviolet radiation of the sun.   

The third sphere region or layer is called mesosphere. In this region 
atmospheric pressure remains low and temperature very cold.  Mesosphere 
is the air mass ranging from the stratosphere to upper level of mesosphere 
about 80-90 km above the surface of the earth.   

Next layer of the atmosphere above the mesosphere is thermosphere.  This 
layer ranges/extends up to 500 km above the surface of the earth.  In this 
region temperature remains high/increase than the mesosphere.  The upper 
portion of thermosphere called ionosphere; since here ionization of molecules 
take place, due to high temperatures. The upper most layer of atmosphere is 
exosphere.  It ranges/extends up to 32,000 km from the earth’s surface.  Only 
hydrogen and helium are found there.  This is the outer space of atmosphere.  
Due to solar radiation, temperature remains very high.  The above mentioned 
layers or regions/sphere constitute/form the atmosphere. 

2.4 Major Air Pollutants and Their Impacts/ consequences 

Air may be contaminated or polluted by various natural and human (man-
made) activities. The unwanted substances in such a concentration, which 
can cause or produce negative or adverse effects on human and other living 
and non living environment  are considered to be pollutants.  

The presence of any undesirable substance species (thing) in the air to such 
an extent that it may interfere and have negative impact on man and his 
environment is called air pollutant. These could be any solid, liquid or 
gaseous substances present in the atmosphere in such quantity as may be 
injurious to human being, all living things and the environment. These 
substances include particulate matter (smoke, dust, fumes, aerosol) 
radioactive materials and gases like (sulfur oxides, oxide of nitrogen, carbon 
monoxide, hydrocarbon etc.  These substances are naturally present in the 
atmosphere anthropogenic (made-made) activities the concentration of these 
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substances increases to unbearable limit; consequently cause air pollution.  
Air pollutants emitted into the atmosphere, only a few are present in sufficient 
concentrations to be of immediate concern. They are of five major types: 
particulate matter, oxide of sulfurs, oxides of nitrogen, carbon monoxide and 
hydrocarbons.  

In general the term “particulate” refers to all atmospheric substances that are 
not gases. They can be suspended droplets or solid particles or mixtures of 
the two. Particulates can be composed of inert or extremely reactive 
materials ranging in size from 100 im (micron) down to 0.1 im and less. The 
inert materials do not react readily with the environment nor do they exhibit 
any morphological changes as a result of combustion or any other process, 
whereas the reactive materials could be further oxidized or may react 
chemically with the environment. 

The classification of various particulates may be made as follows: 
 

 Dust - It contains particles of the size ranging from 1 to 200 1 m. 
These are formed by natural disintegration of rock and soil or by the 
mechanical processes of grinding and spraying. They have large 
settling velocities and are removed from the air by gravity and other 
inertial processes. Fine dust particles act as centers of catalysis for 
many of the chemical reactions taking place in the atmosphere. 

 Smoke - It contains fine particles of the size ranging from 0.01 to 1 1 
m which can be liquid or solid, and are formed by combustion or other 
chemical processes. Smoke may have different colours depending on 
the nature of material burnt 

 Fumes - These are solid particles of the size ranging from 0.1 to 1 1 m 
and are normally released from chemical or metallurgical processes. 

 Mist - It is made up of liquid droplets generally smaller than 10 1 m 
which are formed by condensation in the atmosphere or are released 
from industrial operations. 

 Fog - It is the mist in which the liquid is water and is sufficiently dense 
to obscure vision. 

 Aerosol - Under this category are included all air-borne suspensions 
either solid or liquid; these are generally smaller than 1mm. 

 
Particles in the size range 1 - 10 mm have measurable setting velocities but 
are readily stirred by air movements, whereas particles of size 0.1 - 1 im have 
small settling velocities. Those below 0.1 mm. a submicroscopic size found in 
urban air, undergo random Brownian motion resulting from collisions among 
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individual molecules. Of all the different types of particulates in the 
atmosphere, the presence of trace elements such as cadmium, lead, nickel 
and mercury may constitute the greatest health hazard. Many of the trace 
metals are toxic and are concentrated in the finest of particulate matter in a 
variety of combined forms such as oxides, hydroxides, sulfates and nitrates. 

Table 2.1 Major Sources and Health and Environmental Effects of Air Pollutants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oxides of Sulfur 

The most important oxide emitted by pollution sources is sulfur dioxide (SO2). 
SO2 is a color less gas with a characteristic, sharp, pungent odor. It is 
moderately soluble in water (11.3 g/100 cm) forming weakly acidic sulfurous 
acid (H2SO3). It is oxidized slowly in clean air to sulfur trioxide. In a polluted 
atmosphere, SO2 react photo chemically or catalytically with other pollutants 
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or normal atmospheric constituents to form sulfur trioxide, sulfuric acid and 
salts of sulfuric acid. 

Sulfur trioxide (SO3) is generally emitted along with SO2, at about 1-5 percent 
of the SO2 concentration. SO3 rapidly combines with moisture in the 
atmosphere to form sulfuric acid which has a low dew point. Both SO2 and 
SO3 are relatively quickly washed out of the atmosphere by rain or settle out 
as aerosols. This is the reason why SO2 and SO3 are relatively quickly 
washed out of the atmosphere by rain or settle out as aerosols. This is the 
reason why SO2 mass in clean dry air is so small compared to annual 
emissions from anthropogenic sources. 

Nitrogen Oxide 

Of the six or seven oxides of nitrogen, only three-nitrous oxide (N2O), nitric 
oxide (NO), and nitrogen dioxide (NO2)- are formed in any appreciable 
quantities in the atmosphere. Often NO and NO2 are analyzed together in air 
and are referred to as NOR. 

Nitrous oxide is a colorless, odorless nontoxic gas present in the natural 
atmosphere in relatively large concentrations (0.25 ppm). The major source 
of N2O in the atmosphere is the biological activity of the soil and there are no 
significant anthropogenic sources. It has a low reactivity in the lower 
atmosphere and is generally not considered an air pollutant. 

Nitric oxide is a colorless, odorless gas produced largely by fuel combustion. 
It is oxidized to NH2 in a polluted atmosphere through photochemical 
secondary reactions. Nitrogen dioxide is a brown pungent gas with an 
irritating odor which can be detected at concentrations of about 0.12 ppm. It 
absorbs sunlight and initiates a series of photochemical reactions. Nitrogen 
dioxide is of major concern as a pollutant; it is emitted by fuel combustion and 
nitric acid plants. 

Carbon Monoxide 

It constitutes the single largest pollutant in the urban atmosphere. CO is 
colorless, odorless, and tasteless, and has a boiling point of 192°C. It has a 
strong affinity towards the hemoglobin of the blood and is a dangerous 
asphyxiant. An asphyxiant gas is a non-toxic or minimally toxic gas which 
dilutes or displaces the oxygen containing atmosphere, leading to death. The 
rate of oxidation of carbon monoxide to carbon dioxide in the atmosphere 
seems to be very slow; mixtures of CO and CO2 exposed to sunlight for 
several years have been found to remain almost unchanged. Carbon 
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monoxide is present in small concentrations (0.1 ppm). The main sources of 
CO in the urban air are smoke and exhaust fumes of burning coal, gas or oil. 

Hydrocarbons 

The gaseous and volatile liquid hydrocarbons are of particular interest as air 
pollutants. Hydrocarbons can be saturated or unsaturated, branched or 
straight-chain, or can have a ring structure as in the case of aromatics and 
other cyclic compounds. In the saturated class, methane is by far the most 
abundant hydrocarbon constituting about 40 to 80 percent of the total 
hydrocarbons present in an urban atmosphere. The unsaturated class 
includes alkenes (olefins) and acetylenes. Among the alkenes the prominent 
pollutants are ethylene and propene. The first member of the aromatic class 
is benzene, but some of its substituted derivatives such as toluene and m-
xylene are usually present in larger concentrations in the urban atmosphere. 
Terpenes are a particular class of volatile hydrocarbons emitted largely by 
natural sources. These are cyclic non-aromatic hydrocarbons found in pine 
tar and in other wood sources. 

The hydrocarbons in air by themselves alone cause no harmful effects. They 
are of concern because the hydrocarbons undergo chemical reactions in the 
presence of sunlight and nitrogen oxides forming photochemical oxidants of 
which the predominant one is ozone. Methane has very low photochemical 
activity as compared to that of other hydrocarbons. For this reason, it is the 
non-methane hydrocarbon concentration that is of interest while considering 
air pollution (Rana 2006). 

Effects of Air Pollutants 

 Air pollutants affect health of human beings and animals. It damages 
vegetations, alters atmosphere and soil properties, reduces visibility, 
deteriorates materials and impairs production processes. It also disturbs 
temperature, alters wind distribution and interferes with comfortable living.   
Each of the above mentioned effects need proper attention for the sake of 
human health and well being of man and his environment.   

Effects of Air Pollution on Atmospheric Properties: Air pollutants affect 
atmospheric properties in the following ways: 

1. Visibility reduction 
2. Fog formation and precipitation 
3. Solar radiation reduction 
4. Temperature and wind distribution alteration 
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These effects are primarily associated with the urban atmosphere. In 
addition, there is much current interest in possible effects of air pollutants, 
mainly carbon dioxide and particles, on the atmosphere as a whole. 

In addition to reducing visibility, air pollution affects urban climates with 
respect to increased fog formation and reduced solar radiation. The 
frequency of fog formation has been observed to be higher in cities than in 
the country in spite of the fact that air temperatures tend to be higher and 
relative humidifies tend to be lower in cities as opposed to the country. The 
explanation for this observation lies in the mechanism of fog formation. 

Effects of Air Pollution of Materials 

Air pollutants can affect materials by soiling or chemical deterioration. High 
smoke and particulate levels are associated with soiling of clothing and 
structures, and acid or alkaline particles, especially those containing sulfur 
corrode materials, such as paint, masonry, electrical contacts, and textiles. 
Ozone is particularly effective in deteriorating rubber. 

Effects of Air Pollution on Vegetation 

Pollutants which are known phytotoxicants (substances harmful to 
vegetation) are sulfur dioxide, peroxyacetyl nitrate (an oxidation product in 
photochemical smog) and ethylene. Of somewhat lesser severity are 
chlorine, hydrogen chloride, ammonia, and mercury. In general, the gaseous 
pollutants enter the plant with air through the stomata in the course of the 
stomatal respiration of the plant. Once in the leaf of the plant, pollutants 
destroy chlorophyll and disrupt photosynthesis. Damage can range from a 
reduction in growth rate to complete death of the plant. Symptoms of damage 
are usually manifested in the leaf, and the particular symptoms often provide 
the evidence for the responsible pollutant. 

Effects of Air Pollutants on Human Health 

We now come to the most controversial and probably the most important 
effect of air pollution, that is on human health. First we consider the 
mechanisms by which pollutants can affect the human body. We then discuss 
the type of evidence available on the effects of long-term exposure to 
pollutant levels characteristic of urban areas. 

Pollutants enter the body through the respiratory system, which can be 
divided into the upper respiratory system, consisting of the nasal cavity and 
the trachea, and the lower respiratory system, consisting of the bronchial 
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tubes and the lungs. At the entrance to the lungs, the trachea divides into two 
bronchial trees which consist of a series of branches of successively smaller 
diameter. The entire bronchial tree consists of over 20 generations of 
bifurcations, ending in bronchioles of diameters of about 0.05 cm. At the end 
of the bronchioles are large collections of tiny sacs called alveoli. It is across 
the alveolar membranes that oxygen diffuses in the opposite direction. 
Although an individual alveolus has a diameter of only about 0.02 cm. there 
are several hundred million alveoli in the entire lung, providing a total surface 
area for gas transport of roughly 50 m2. 

The respiratory system has several levels of defense against invasion by 
foreign material. Large particles are filtered from the airstream by hairs in the 
nasal passage and are trapped by the mucus layer lining the nasal cavity and 
the trachea. These large particles are unable to negotiate the sharp bends in 
the nasal passage, and because of their inertia, impinge on the wall of the 
cavity as the air rushes down toward the lung. In addition, particles may also 
be scavenged by fine hair-like cilia which line the walls of the entire 
respiratory system. These cilia continually move mucus and trapped material 
to the throat where they are removed by swallowing. Most particles of sizes 
exceeding 0.5 to 5 m are effectively removed in the upper respiratory 
system. 

Particles of radii less than a few micrometers generally pass through the 
upper respiratory system, escaping entrapment. Some of the larger of these 
particles (about 1 m in size) are deposited on the bronchial walls 
immediately behind bifurcations in the bronchial tree. The mechanism for this 
deposition is believed to be inertial impaction which results from the swirling 
air motions caused by the bifurcation. Very small particles (radii < 0.1 gm) are 
strongly influenced by Brownian motion (rapid, irregular movement due to 
collisions of the particle with air molecules). As a result, these particles have 
a high probability of striking the bronchial walls somewhere in the bronchial 
tree. There is effectively a “window” in the size range 0.1 to 1 rim, where the 
particles are too large to be influenced by Brownian motion but are too small 
to be trapped in the upper portion of the lung. Particles in this size range are 
able to penetrate deep into the lung. 

For gases, the solubility governs what proportion is absorbed in the upper 
airway and what proportion reaches the terminal air sacs of the lungs. For 
example, SO2 is quite soluble and consequently, is absorbed early in the 
airway, leading to airway resistance (swelling) and stimulated mucus 
secretion. On the other hand, CO, NO2 and O3 are relatively insoluble and are 
able to penetrate deep into the lung to the air sacs. Nitrogen dioxide and 
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ozone cause pulmonary edema (swelling) which inhibits gas transfer to the 
blood. Carbon monoxide is transported from the air sacs to the blood and 
combines -with hemoglobin as oxygen does. 

It is important to note that more than one pollutant may induce the same 
effect. For example, sulfur dioxide and formaldehyde both produce irritation 
and increased airway resistance in the upper respiratory tract, and both CO 
and NO2 interfere with oxygen transport by hemoglobin. Several pollutants 
usually are present at the same time, and as a result, observed effects may 
actually be attributable to the combined action of more than one pollutant. A 
good example of this is the case of SO2 and particulate matter. Health effects 
become far more serious when both are present then if either occurs 
separately. A possible explanation for this effect is that SO2 becomes 
absorbed on the surface of very small particles and is carried by the particles 
deep into the lung. 

 Carbon Monoxide 

The effects of carbon monoxide exposure are reflected in the oxygen-carrying 
capacity of the blood. In normal functioning, hemoglobin molecules in the red 
blood cells carry oxygen, which is exchanged for carbon dioxide in the 
capillaries connecting arteries and veins. Carbon monoxide is relatively 
insoluble and easily reaches the alveoli along with oxygen. The carbon 
monoxide diffuses through the alveolar walls and competes with oxygen for 
one of the four iron sites in the hemoglobin molecule. The affinity of the iron 
site for CO is about 210 times greater than for O2, so that this competition is 
extremely effective. When a hemoglobin molecule acquires a CO molecule it 
is called carboxyhemoglobin (abbreviated COHb). The presence of 
carboxyhemoglobin decreases the overall, capacity of the blood to carry 
oxygen to the cells. In addition, the presence of CO on one of the iron sites of 
a hemoglobin molecule not only removes that site as a potential carrier of an 
02 molecule but also causes the other iron sites of the molecule to hold more 
tightly onto the 02 molecules they are carrying. The formation of COHb is a 
reversible process, with a half-life for dissociation after exposure of about 2 to 
4 hr for low concentrations. 

The major source of CO in urban areas is automobile exhaust. Levels typical 
of urban areas range from 5 to 100 ppm. It appears that the most serious 
danger associated with CO is the exposure of drivers on heavily congested 
highly congested highways to CO levels of the order of 100 ppm. It has been 
found experimentally that relatively low COHb levels can affect the ability to 
estimate time intervals, can delay reaction times, and reduce visual sensitivity 
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in the dark. The supposition that CO leads to increased incidences of traffic 
accidents, by virtue of effects such as these, is indeed a compelling one. 

 Oxides or Sulfur 

Sulfur dioxide is highly soluble and consequently is absorbed in the moist 
passages of the upper respiratory system Exposure to SO2 levels of the order 
of 1 ppm leads to constriction of the airways in the respiratory tract. 

 Oxides of Nitrogen 

There is no available evidence supporting the proposition that nitric oxide 
(NO) is a health hazard at levels found in urban air. Nitrogen dioxide (NO2), 
on the other hand, is transformed in the lungs to nitrosamines, some of which 
may be carcinogenic. In addition, NO2 may be transferred to the blood to form 
a compound called methemoglobin. Nitrogen dioxide is known to irritate the 
alveoli, leading to symptoms resembling emphysema upon long-term 
exposure to concentrations of the order of 1 ppm. 

2.5 Pollutant Sources 

There were various sources of air pollutants.  As we have discussed 
previously that most of pollutant substances are present naturally in low 
concentration in the atmosphere, and by exceeding certain level then it cause 
adverse effects on human health and environment.  Usually pollutants can be 
divided in two groups.  

1. Primary pollutants and  
2. Secondary pollutants  

 
Primary pollutants are directly emitted from the source, e.g. particulate 
matter, gases like sulfur dioxide, hydrogen sulfide, carbon monoxide and 
radioactive materials etc. Primary air pollutants are released in large 
concentrations into atmosphere. 

 

 

 

 

Box 2.1        Particulate matter 
 
Particulate matter: Particulate refers to all atmospheric substances 
that are not gases.  They can be suspended droplets or solid 
particles or mixture of the two.  They are very small in size ranging 
from 100 um to 0.1 um (micrometer) and less. Particulate matter 
may be classified as, dust, smoke, fumes, mist, fog and aerosol. 
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While secondary air pollutants result from chemical and photochemical 
reactions in the atmosphere. The steps and reaction mechanism in the 
process are influenced by various factors like moisture content, 
meteorological forces, topography and concentration of reactants present in 
the atmosphere. 

 

 

 

Sources of air pollution refer to the various locations, activities or factors 
which are responsible for the releasing of pollutants in the atmosphere. 
These sources can be classified into two major categories which are: 
Anthropogenic Sources: (man- made or human activity related) 

 Stationary Sources as smoke stacks / chimneys of power plants, 
manufacturing facilities, municipal waste incinerators. Power plant is 
also used to refer to the engine because it more accurately describes 
what the plants do, which is the conversion of other forms of energy, 
like chemical energy, gravitational potential energy or heat energy into 
electrical energy. 

 

 
 
ISLAMABAD: Smoke rises from a brick kiln in Gangal,  near Islamabad highway. 
 http://www.dawn.com/wps/wcm/connect/dawn-content-
library/dawn/news/sci-tech/16-removal-of-brick-kilns-proposed-hs-14 

Box 2.2 Topography Definition 
 
The up and down changes in hills and mountains of a 
particular location is referred to by scientists as topography. 
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 Mobile Sources as motor vehicles, aircraft etc. Exhaust gases of 
automobiles and aircrafts play a very important role in polluting the 
atmosphere. 

  

  

  

 

 

 

 

 
 
 
The sources therefore include:  
 
 

 Marine vessels, such as container ships or cruise ships, and related 
port air pollution. 

 Burning woods, fireplaces, stoves, furnaces and incinerators. 

 Oil refining and industrial activity in general, the refining process 
releases numerous different chemicals into the atmosphere; 
consequently, there are substantial air pollution emissions and a 
notable odor normally accompanies the presence of a refinery. Aside 
from air pollution impacts there are also wastewater concerns, risks of 
industrial accidents such as fire and explosion, and noise health 
effects due to industrial noise. 

 Chemicals, dust and controlled burn practices in agriculture and 
forestry management. Controlled or prescribed burning is a technique 
sometimes used in forest management, farming, prairie restoration or 
greenhouse gas abatement. Fire is a natural part of both forest and 
grassland ecology and controlled fire can be a tool for foresters. 

Fig 2.2(a) Stationary 
sources 

Fig 2.2(b) Mobile sources 
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Controlled burning stimulates the germination of some desirable forest 
trees, thus renewing the forest. 

 Fumes from paints, hair sprays, varnish, aerosol sprays and other 
solvents are also counted as pollutant sources in the air. 

 Wastes deposition in the landfills which produce methane gas which 
is not toxic; however, it is highly flammable and may form explosive 
mixtures with air. Methane is also an asphyxiant and may displace 
oxygen concentration is reduced to below 19.5% by displacement. 

 Military, such as nuclear weapons, toxic gases, germ warfare and 
rocketry are anthropogenic sources of air pollutant. Besides; 

 Burning of fossil fuels.  We use wood; coal and fossil fuel etc for 
energy in homes, factories, burning of these are responsible for air 
pollutant. 

 Smokes of chimneys like SO2 etc harmful and can react with water to 
form sulfuric acid.  

 Deforestation: Indiscriminate cutting of trees and jungles by human 
can disturb the balance of CO2 and O2 in nature and cause air 
pollution. 

 Increase in population: More need for goods and services lead to 
heavy traffic, more emissions pressure on forest cover consequently 
increase the release of air pollutant. 

 Emission from vehicles: Heavy traffic, leads to high temperature, more 
smoke, consumption of more fuel etc.  Vehicles include cars, 
motorcycles, trucks etc all are counted as man-made sources for air 
pollutant. 

 Most of factories in Pakistan also use fossil fuels as a source of 
energy, so they are also a source of air pollution.  

Natural Sources of Air Pollutants  

These sources include: 

 Dust from natural sources, usually large areas of land with little or no  

vegetation’s 

 Methane emitted through the digestion of food by animals, for 
example cattle’s, cows etc. 
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 Radon gas, radioactive decay within the earth’s crust. Radon is a 
colorless, odorless, naturally occurring, radioactive noble gas that is 
formed from the decay of radium. It is considered to be a health 
hazard. Radon gas from natural sources can accumulate in buildings, 
especially in confined areas such as the basement and it is the 
second most frequent cause of lung cancer, after cigarette smoking. 

 Smoke and carbon monoxide from wildfire; and volcanic activity, 
which produce sulfur, chlorine, and ash particulates, are natural 
sources of air pollutants. Natural eruptions releasing poisonous gases 
like SO2, H2S & CO etc. Natural organic and inorganic decays of 
vegetation and animals, pollutant grain of flowers.  All these are 
produced and released in air making air foul and injurious to health.  

 

2.6 Indoor Air Pollution 

Indoor air pollution is that kind of pollution which is associated to inside the 
buildings.  These buildings may be small chambers, or very large buildings 
including industrial plants, hospitals and other buildings which are not 
environment friendly.  Indoor Air Pollution is serious problem of urban areas.  
It ranges from homes, offices to industrial buildings of various types.  Indoor 
air pollution includes pollution of gas stoves, smoke, building materials and 
air conditioners. 

 Improper ventilation and low quality building materials further increase indoor 
air pollution.  Indoor air pollutants like dusts, fumes, smoke, vapour, solvent 
and gases are frequently involved in health problems.  Workers in industries 
who have close contact with this pollution are affected by various types of 
health problems including vomiting, stomach and kidney problems.  Besides 
indoor air pollution causes asthma, skin disease, allergy, breathlessness and 
coughing.   

Human kind faces the most prolonged and worst exposure to pollution within 
the four walls of his home. Indoor air pollution can have an astonishing 
variety of sources including cooking gas ranges, space heaters, fire places, 
wood-or coal burning stores, cigarette smoking, household products like 
detergents, waxes, polishes, air fresheners, pesticides, glues, paints, hair 
sprays, oven cleaners, permanent press fabrics, synthetic fibers and leaning 
activities like dusting and vacuum cleaning. And of course whatever pollutes 
the outside air eventually becomes indoor pollution as well, especially in older 
leaky buildings. 
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An open flame produces carbon monoxide and nitrogen oxides. Biomass 
fuels (wood, crop residues and animal dung), burnt indoors for daily cooking 
and space heating in millions of households across the developing world, are 
slowly turning these homes into death traps. These sources are responsible 
for almost 60 percent of the total worldwide exposure to particulates. Biofuels 
generate 10- 100 times particulates per meal owing to their low thermal and 
heat transfer efficiencies. Biofuel combustion is responsible for the emission 
of pollutants such as sulfur dioxide, nitrogen dioxide, carbon monoxide, total 
suspended particulates and polyaromatic hydrocarbons. What makes biofuel 
smoke particularly deadly is its composition which is similar to tobacco 
smoke. Women suffer more from these biofuels. Still births and chronic 
obstructive lung disease or cold are the other health impacts of indoor air 
pollution. 

 

Figure 2.3 there are many sources of indoor air pollution in homes. These 
sources of indoor air pollution include combustion sources (oil, gas, kerosene, 
coal, wood, tobacco products), building materials, wet or damp carpet, 
cabinetry or furniture made of certain pressed wood products; household 
cleaning products, central heating and cooling systems, humidification devices, 
and outdoor sources such as radon, pesticides, and outdoor air pollution.  
Source: US.EPA. http://pubweb.epa.gov/oar/oaqps/eog/course422/ap4.html 
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Six major categories of ill health can be attributed to indoor exposures. 

1. Acute respiratory infections (ARI) in children. 
2. Adverse pregnancy outcomes for women exposed during 

pregnancy. 
3. Lung cancer. 
4. Chronic lung ailments (bronchitis and asthma) and associated 

heart maladies. 
5. Diseases of the eyes. 
6. Increase in the severity of coronary artery disease. 

 
Not many people are aware that the nail-polish remover they use could be 
the cause for their diminished mental capacity, or that the batteries from their 
personal stereos are slowly discharging poisonous mercury into the air. Air 
inside a building can be laden with a witch’s brew of chemicals, gases, 
smokes, odors, fumes, microorganisms and other pollutants sometimes in 
concentrations high enough to pose serious threats to health. Some of the 
worst offenders are photocopying machines and other electrical equipment 
(emitting ozone), solvent cleaners like paints or paint thinners (sources of 
benzene), carpets and plastic products (sources of benzene), insect sprays, 
mothballs, floor waxes, aerosol (sprays cleaners), oven and window cleaners, 
air fresheners and insulation foams and disinfectants (formaldehyde 
sources). Even the innocuous bricks and walls of some houses shelter and 
emit gases like randon; paints containing asbestos and asbestos-insulated 
walls also lead to polluted air. 

These pollutants, besides causing irritation of eyes, lungs and throats and 
retarding mental capacity, can act as catalysts for asthma attacks, and 
scientists believe that they may even lead to accelerated growth of tumors. 
The consumers are not always told how dangerous some of the products 
they use are. With the recent emergence of a multitude of electronic gadgetry 
and growing consumer markets for house hold cleaners, insecticides, and 
cosmetics, it seems getting a breath of fresh air has become a difficult task, 
whether you are outdoors of indoors.  

2.7 Control Strategies 

Air pollution cannot be controlled completely; however, it can be reduced or 
minimized up to certain extent by adopting some means/ways and strategies.  
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These strategies include: 

1. Control at the sources: air pollution can be controlled by minimizing 
the formation of air pollutants or by modifying, destroying or trapping 
before they are released in the atmosphere. Some methods can be 
employed to control the pollutant at source.  By relocating the 
industries from heavily populated areas to some other areas outside 
the city along with keeping considerations of meteorological 
conditions.  For example many steel industries are being relocated 
from Islamabad industrial areas to Hattar Industrial Estate.  

2. These steel industries were releasing dangerous smokes to residents 
of Islamabad. Because of dangerous health effects on congested 
areas of Islamabad, about 20 steel industries have been shifted to 
Hattar Industrial Estate at present. 

3. Air pollution can also be minimized by substitution of raw material and 
field. e.g. the usage of low sulfur oxide fuel during combustion.  
Grading of coal to remove coal dust from other sizes can reduce 
particulate air pollution.  Substitution of greater pollution producing 
fuel by other (Less pollution producing) fuel is an important method to 
reduce air pollution. 

4. Proper disposal:  Another effective method of air pollution control in 
the atmosphere is properly dilution and dispersion of the pollutants as 
they are released from the source. It is possible by providing greater 
height of chimneys or stakes.   

5. The height of the stacks should be more than the height of the tallest 
buildings, near the source.  The dispersion and dilution of pollution in 
the air is also dependent on meteorological factors like velocity and 
direction of wind and prevailing temperature profile to avoid the 
exposure of pollutants to a large (greater) proportion of nearby 
population.  

Prevention and Control at Global Level 

The control of air pollution is ultimately an engineering problem. The WHO 
recommended the following procedures for the prevention and control of air 
pollution: 

1. Containment: That is prevention of escape of toxic substances into 
the ambient air. Containment can be achieved by a variety of 
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engineering methods such as enclosure, ventilation and air cleaning. 
A major contribution in its field is the development of “arrestors” for 
the removal of contaminants. 

2. Replacement: That is, replacing a technological process causing air 
pollution by a new process that does not. Increased use of electricity 
and natural gas in place of coal is an example of replacement. 

3. Dilution: Dilution is valid so long as it is within the self-cleaning 
capacity of the environment. For example, some air pollutants are 
readily removed by vegetation. The establishment of “green belts” 
between industrial areas is an attempt at dilution. The capacity for 
dilution is, however, limited and trouble occurs when the atmosphere 
is overburdened with pollutants.  

4. Legislation: Many countries have adopted legislation for control of air 
pollution. The Pakistan Environmental Protection Act 1997 was 
passed by the National Assembly of Pakistan on September 3, 1997, 
and by the Senate of Pakistan on November 7, 1997. The Act 
received the assent of the President of Pakistan on December 3, 
1997. 

5. International Action: To deal with air pollution on a world-wide scale, 
the WHO has established an international network of laboratories for 
the monitoring and study of air pollution. The network consists of two 
international centers at London and Washington, three centers at 
Moscow, Nagpur, and Tokyo and 20 laboratories in various parts of 
the world. These centers will issue warnings of air pollution where and 
when necessary. 

  

 

      

       

 

Box 2.3 It is important to note that: 
 
Air pollution can also be minimized by process modification, 
using of alternate (less pollution producing) fuels, alteration of 
machine / equipments, closed collection and recovery 
systems and good operating practices 
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2.8 Self Assessment  Questions 
 
Question No 1:  Fill in the blanks with suitable words. 

a) Each layer of atmosphere is separated from one another due to 
changes in temperature and _________________________ 

b) Most of the living organisms exist and perform their functions in 
______________________ layer of atmosphere. 

c) _________________________ and air movement occur in 
troposphere due to decrease in temperature. 

d) Unwanted substances in such a concentration, that they produce 
negative impact on human and other living and non-living 
environment are considered as ____________________ 

e) Air pollutants include particulate matter, gases and -
__________________________________. 

f) Air pollution adversely affect animal and human health, damage 
vegetation, deteriorates materials, atmospheric properties, soil 
and ______________________________. 

g) Anthropogenic sources of air pollution include smoke from 
chimneys, burning of fossil fuels, traffic pollution and 
_____________________________. 

 
Q.2 Describe air pollution. 

Q.3 What are the major air pollutants, discuss the impacts of air pollutants 

on man and his environment. 

Q.4 How indoor air pollution cause health problems. 

Q.5 What are the sources of air pollutants? 

Q.6 Describe the structure of atmosphere. 
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2.9 Answers to Self Assessment Questions ( SAQs) 

Q.1  

a. Altitude 

b. Troposphere 

c. Cloud Formation 

d. Pollutants 

e. Radioactive material 

f. Reduces visibility 

g. Deforestation 

For answers to questions No 2 to 6 please study the relevant sections of the 
unit. 
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3.1 Introduction 

The presence of some acids like nitric acid, sulfuric acid and hydrochloric 
acid bring down the pH of the atmospheric precipitation.  These acids present 
in the atmosphere react with cautions forming acid rain.  The fall of harmful 
acids occurs along with the rain is called acid rain.  It occurs when air-borne 
pollutants like SO2 and NOx mixed with the rainwater.  The activity in 
rainwater is measured in pH scale.  The lower the pH value the more acidic it 
is. The rain waters always slightly acidic due to the presence of SO2 
dissolved in it.  The pH of acid rain ranges from 3.5 to 4.5. 

When the gases like SO2 and NOx mix with water in the atmosphere it, 
become acidic and the water of rain become injurious when the pH value falls 
below 4. 

 

   

 

The acidity of water is determined by the pH. The pH is expressed as 
negative logarithm of hydrogen ion concentration.  It is ranging from 0-14.  A 
pH of seven is considered as natural, value less the 7 being acidic and value 
greater than 7 is alkaline.  Lower the pH, the grater Hydrogen (H+) ion 
concentration.  Acid deposition is mainly related to the use of high-sulfur coal 
and oil, the combustion of which produces considerable quantities of SO2 and 
nitrogen oxide (NO).  The man-made sources of SO2 mainly include the 
combustion of fossil fuels, the factories and automobiles of power houses etc;  
mixes with the rainwater and react to form H2S, which cause acid rain and 
bring damage to the ecosystem.   

 

 

     

The acid forming gases and pollutants being in gaseous phase not only affect 
the areas of their origin but also spread over large areas and cause problem 
in the neighboring regions.   

Oxides of sulfur and Nitrogen (Sox and NOx) entering in the atmosphere are 
converted into H2SO4 and HNO3 respectively.  These remain suspended in 

Box 3.1 pH Defined 

pH is a measure of the concentration of hydrogen ions 
in solutions that shows how acidic and alkaline it is. 

Box 3.2 Acid Rain 

“Acid rain” means the presence of excess amounts of acid 
in rain waters.” These acids are sulfuric acid (H2SO4), 
nitric acid and hydrochloric acids. 
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the atmosphere and when it rains it react with rainwater and come to the 
earth surface in the form of acid rain.   

 

 

H2SO4 is the major contributor to acid precipitation, HNO3 rank second and 
HCl third in this respect.  The prime constituents of acidic deposition are 
sulfur Nitrogen, Hydrochloric acid, Ammonia and various organic acids also 
affect the pH.  Acid rain is also linked to human-related emissions of sulfur 
and nitrogen oxides (SOx, NOx).  So both natural and anthropogenic (man-
made) human-related activities cause acid rain and acid deposition. 

3.2 Objective  

After studying the material, it is hoped that the student will be able to; 

1. Describe the term acid deposition. 
2. Know and discuss the sources of acid deposition. 
3. Understand the effects of acid deposition. 
4. Know the possible remedy/control strategies to cope up with acid 

deposition. 
 
3.3 Source of Acid Deposition: 

There are two types of acid deposition sources.  

1. Natural sources: Natural sources of acid deposition are known to 
contribute to the production of acid in the atmosphere.  Natural air 
borne acid and their precursors can be wind generated material, 
products of geothermal emission or biological processes. Natural 
phenomena generate acidic substances and their precursors including 
nitric oxides from lighting and sulfurous gases from volcanic eruption 
and an aerobic decomposition.   

2. Anthropogenic or man-made sources: These human-related (man-
made) sources of acidic deposition are primarily sulfur and nitrogen 
oxide emission that are converted to acid in the atmosphere. The 
principal sources are particles and gases from the combustion of 
fossil fuels, automobiles emissions and to a lesser extent from the 
non-combustion processes like various chemical process.  
Combustion processes or sources includes public utilities, industrial, 

Box 3.3 Acid Deposition 
Any precipitation or deposition that is more acidic than the 
normal is known as acid rain or acid deposition 
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residential and commercial heating and transportation vehicles.  Non-
combustion sources that produce acidic precursor include metal ores, 
from smelting plant and industrial chemical processing plants.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Nature and Development of Acid Rain 
 
Acid rain is now one of the most serious environmental problems in 
developed countries. Interest in the problem has increased significantly since 
the 1990s. Acid rain is widely believed to result from the washout from the 
atmosphere of oxides of sulfur and nitrogen. Although these oxides exist 
naturally in environmental cycles and ultimately have natural sources. The 
main sources today are coal fired, power stations and smelter and motor 
vehicle exhausts. These gaseous pollutants are light and immiscible and they 
can be carried hundreds if not thousands of kilometers by prevailing winds. 
The oxides may be mixed with other chemicals in the atmosphere to produce 
the poisonous and corrosive substances that either settle as dry fallout or are 
washed out by rain as acid deposition. Emissions and fallout were previously 
extremely localized, but since the introduction of ‘tall stacks’ policies in both 

Figure 3.1 A corrosive rain formed when sulfur emissions for motor vehicles, industrial plants, or 
electric generating stations combine with hydrogen and oxygen in the atmosphere to form sulfuric 
acid (H2SO4). This is not only corrosive to anything it may come into contact with, it also raises the 
acidity of lakes and ponds, often to the point that fish and other aquatic life cannot survive. 
Source:http://www.jamesglass.org/JGA/2labor/00laborGENERAL/05_glossary/0-5_glossary.htm 
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Britain (since 1958) and the USA (since 1971) illogically dispersed particulate 
pollutants and hence reduced local damage; emissions are now lifted into the 
upper air currents and carried long distances downwind. The tall stacks 
policies have thus turned a smoke problem into an acid rain problem. Neither 
winds nor acids respect political boundaries, so the pollutants are often 
country across state and national frontiers. Acid rain thus represents a hidden 
export from one country to another. Thus acid rain is a critical problem for 
international relations and it rightly claims a high priority on the agenda of 
political debate both within and between countries.  

The most suitable solutions to the problems of acid rain require prevention 
rather than cure and there is broad agreement in both the political and 
scientific communities on the need to reduce emissions of sulfur and nitrogen 
oxide to the atmosphere. The technology now exists to make this possible. 
However, clean-up programs will be expensive and they might yield only 
qualified improvements. The problem of acid rain arises strictly speaking, not 
so much from the rainfall itself as from its effects on the environment. Runoff 
affects surface water (such as rivers and lakes) and ground water, as well as 
soils and vegetation. Consequently changes in rainfall acidity can trigger off a 
range of impacts on the chemistry and ecology of lakes and rivers, soil 
chemistry and processes, the health and productivity of plants and building 
materials and metallic structures. 

3.4 Effects of Acid Deposition 

The harmful effects caused by acid deposition are as under: 

Acid deposition is very much injurious to the life, it kills and damage 
vegetation increases the pH of water bodies (i.e. make acidic).  It badly 
affects the metal work of buildings.  Due to increase in acidity the productivity 
of soil and lake are severely affected.  Most of the animals and plants living in 
water die in acidic pH.  

Acid deposition or acid rain damages historical monuments and building 
mainly those made of marble stones.  It also causes severe damage to forest 
land. Acid deposition adversely affects, water bodies, soil and terrestrial 
vegetation, material and health.  A high level of NOx in air when inhaled by 
human readily combines with hemoglobin and causes respiration problem.  It 
can cause internal bleeding, gum inflammation and sometimes cause lung 
cancer. Human health can be affected by acidification of air, food and water.  
Consumption of low pH water in itself is dangerous.  It can also release heavy 
metals from the pipes of distribution system into the potable water supply.   
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Human health might also be affected via the intake of food and water 
contaminated with toxic heavy metals mobilized by fallout acid rain. The 
significance of such impacts is more than purely scientific they affect the 
quality of life for humans, they threaten environmental stability and the 
sustainability of food and timber reserves and they pose real economic 
problems. The most suitable solutions to the problems of acid rain require 
prevention rather than cure, and there is broad agreement in both the political 
and scientific communities on the need to reduce emissions of SO2 & NO to 
the atmosphere. 

Acid Rain and Geology 

The impact of acid rain on the environment depends not only on the level of 
acidity in the rain, but also on the nature of the environment itself. Areas 
underlain by granitic or quartatic bedrock for example, are particularly 
susceptible to damage, since soils and water already acidic and lack the 
ability to buffer or neutralize additional acidity from the precipitation. Acid 
levels, therefore, rise, the environmental balance is disturbed and serious 
ecological damage is the inevitable result In contrast, areas which are 
geologically underlain by limestone or chalk for example - are much less 
sensitive and may even benefit from the additional acidity. The highly alkaline 
soils and water of these areas ensure that the acid added to the environment 
by the rain is very effectively neutralized. In areas covered by glacial drift or 
some other unconsolidated deposit the susceptibility of the environment to 
damage by acid rain will be determined by the nature of the superficial 
material rather than by the composition of the bedrock.  

Acid Rain and Aquatic Environment 

In general, there is a tendency for all lakes to become more acidic with time, 
as a result of natural ageing processes, but studies of acid sensitive lakes 
suggest that observed rates of change in pH value since the middle of the 
nineteenth century have exceeded the expected natural rates. The 
consequences of Lake Acidification lead to a number of changes in lake biotic 
communities. The relative availability of inorganic carbon (as CO3 or HCO3) 
and phosphate in relation to water pH, altered appreciably in lakes.  

Most of the investigations into the impact of acid rain on aquatic communities 
have involved fish populations. Many fish species disappear with Lake 
Acidification. In addition, fish in acid lakes also succumb to toxic 
concentrations of metals, such as aluminum, mercury, manganese, zinc and 
lead, leached from the surrounding rocks by the acids. 
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Acid Rain and Terrestrial Environment 

Terrestrial ecosystem takes much longer period to show the effects of acid 
rain than aquatic ecosystem. As a result, the nature and magnitudes of the 
impact of acid precipitation on the terrestrial environment has been 
recognized only in recent decades. Acid precipitation damages the forests 
and other vegetation cover in a number of ways. The changes include crown 
dieback, necrosis of foliages, defoliation, soil acidification and various other 
related processes. As a result, vegetation cover or forest declines on long 
term basis. Besides, mobilization of toxic metals, such as aluminum, 
cadmium, zinc, mercury, lead and cooper and iron is another feature which 
accompanies soil acidification. Thus detrimental effects of these toxic metals 
can be observed on terrestrial environment. 

Acid Rain and the Built Environment 

Acid rain also contributes to deterioration of the build environment; 
particularly in limestone and marble rock buildings. Several monuments thus 
get affected with time by continued acid precipitation in the area. Crystals of 
calcium and magnesium sulfate begin to form on or beneath the surface of 
the stone, as corrosion effect induced by acid rain. By attacking the fabric of 
buildings acid rain causes physical and economic damage, but it does more 
than that, it also threatens the world’s cultural heritage. 

3.5    Coping with Acid Deposition 

Coping acid deposition and acid rain is very essential for the protection of 
environment. The possible remedy could be adding of lime to lakes and forest 
and to reduce the emission of SO2 from the industries and especially from 
thermal power plants.  Moreover there is a need of taking firm steps to reduce 
the emission of Nitrogen oxides from the automobile and industries.  Possible 
solution for removal and control of oxides of sulfur (SOx) could be; 
 
- The use of low sulfur fuel 
- Removal of SOx from Flue gases (scrubber) 
- Removal of sulfur from fuel during refining process. 
- Substitution of other energy sources for fuel combustion.  
- Coal cleaning and gasification.   
- Seeking alternate methods for power generation.  
 
Abatement of acid deposition directed towards the control of sulfur dioxide 
emissions together with some quantities of nitrogen oxides. The above-
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mentioned strategies could reduce or control the acid rain and its adverse 
effects up to reasonable extent; e.g. substitution of coal by other fuels, 
producing lower emissions of acid gases, can also be a good strategy for the 
control of acid rain. Natural gas is one of the fields which produces 
insignificant quantities of sulfur dioxide and can be a best substitute for coal.   
 
Mitigation of Acid Rain Problems 
 
Although the cause and effect relationship between emissions of SO2 and NO 
and acid rain damage is not universally accepted, most of the solutions 
proposed for the problem involve the disruption of that relationship. On the 
whole the reduction of acid-forming gases is all that is required to slow down 
and eventually stop the damage being caused by the acidification of the 
environment. Among the acid-forming SO2 emission control is the most 
important aspect of the solution. A number of measures were suggested for 
minimizing SO2 emission into the atmosphere these includes desulfurification 
of fuel gas emission control technology, adoption & SO2 recovery as H2S04 
etc. On the whole, progress towards the large scale abatement of acid 
emissions has been slow and methods for controlling NO lag behind those for 
behind those for dealing with SOs. Of course, emissions of SO, are beginning 
to decline in many areas. But lakes and forests already damaged require 
considerable time to recover back to the past conditions (Rana 2006). The 
above mentioned are some of the possible mitigative measures through 
which acid deposition can be controlled up to some extent. 
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3.6 Self Assessment Questions (SAQs) 
Q.1 Fill in the blanks with the suitable words 

a. The presence of excessive amounts of acid in rain water results ------- 
b. In acid rain nitrogen and sulfur oxides convert to --------------and --------

----------- respectively. 
c. ------------------------- is the major contributor of acid precipitation. 
d. Anthropogenic source of acid rain are from combustion of fossil fuels 

and ----------------------. 
e. Acid rain is injurious to life as it kill and damage vegetation and 

increase the ------------------- of water bodies. 
f. High level of -------------------- in air, if inhaled by living organism, it 

combines with hemoglobin and cause respiratory problems. 
Q.2 Describe the sources of Acid deposition in your own words. 
Q.3 Explain the term acid rain. 
Q.4 Discuss the effects of acid deposition 
Q.5 How acid deposition could be control or minimize? 
Q.6 Which gases and pollutants are the major contribute to acid rain in the 

atmosphere? 
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3.7 Answer to Self Assessment Questions (SAQs) 
 
Q. 1 a.  Acid rain 
 b. Nitric Acid and sulfuric acid 
 c. Sulfuric Acid (H2SO4) 
 d. Automobile emissions 
 e. pH 
 f. Nitric Acid 
For Question No. 2 to 6 please study the relevant sections of the unit.      
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4.1 Introduction 

Global warming or greenhouse effect is one of the most important global 
ecological problems. This problem emerged with the increase of atmospheric 
temperature due to various human activities on the earth.  Increase in the 
earth’s temperature is mainly due to the excessive use of fossil fuels and 
other industrial processes leading to a buildup of green house gases in the 
atmosphere. These green house gases are carbon dioxide, nitrous oxide, 
methane and chlorofluorocarbons.  These gases contribute to the thermal 
properties of the atmosphere.  The effect produced by the accumulation of 
carbon dioxide and water vapour in the upper atmosphere, which insolates by 
preventing heat loss.  Chlorofluorocarbon (CFC) also helps to create the 
green house effect.  

Solar radiations are trapped in the atmosphere due to the presence of thick 
layer composed of carbon dioxide and water vapour, resulting in an increase 
in temperature on the earth’s surface.   

 

 

 

 

The primary cause of an increase in global temperature is increasing 
concentration of carbon dioxide (CO2) by extensive deforestation and burning 
of fossil fuels. Besides increase in population, industrial processes, 
transportation, vehicular emissions and other human activities have further 
complicated this global environmental problem.   

4.2 Objectives 

After going through this unit, it is hoped that the students will be able to;  

1. Understand the concept of global warming 

2. Know the greenhouse gases and their role in global warming. 

3. The effects of global warming 

4. How to cope up with Global warming. 

 

Box 4.1 Global Warming 
 
Accumulation of green house gases is responsible for the 
increase of average temperature on the surface of the earth.  
This increase of average temperature on the earth surface is 
known as global warming.   
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4.3 Earth as a Green-house 

The atmosphere around the earth plays a critical role in maintaining even the 
earth’s temperature (surface temperature).  Like a glass in the green-house, 
atmosphere absorbs some of the long wave radiation emitted by the earth, 
and radiation energy back to the earth surface.  Excessive increase in certain 
gases i.e. Nitrous Oxide, Methane, Ozone, Chemicals used in industries and 
refrigeration i.e. chlorofluorocarbons (CFC) and especially carbon dioxide 
(CO2) causes blanketing effect in increasing heat energy. This phenomenon 
is known as greenhouse effect.  Carbon dioxide is the most common green 
house gas that is produced primarily when fossil fuel is burnt to produce 
energy.  Transportation and industrial activities contribute greatly to the 
production of CO2.  
 
 
 
 
 
 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

Box 4.2 Green-house Effect 
 
The natural global warming of our atmosphere caused by the presence 
of carbon dioxide and other green house gas, which trap solar radiation 
somewhat like glass does in green house 

Figure 4.1 the greenhouse effect is the rise in temperature that the Earth experiences 
because certain gases in the atmosphere (water vapor, carbon dioxide, nitrous oxide, and 
methane, for example) trap energy from the sun. Without these gases, heat would escape 
back into space and Earth’s average temperature would be about 60ºF colder. Because of 
how they warm our world, these gases are referred to as greenhouse gases. 
Source: http://www.myclimatechange.net/default. aspx?Page=Article&SubjectId=14&cat=1&sub=1 
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The additional warming that may be produced by increased level of green 
house gases that absorb infrared radiation is known as the enhanced green 
house effect. 

 

 

 

 

 

 

 

 

 

 

 

The troposphere is a house like structure covered with glass, which allow the 
shorter light waves to pass into the house where they are converted into long 
wave length, i.e. heat wave which the pane do not allow to escape.  The 
condition thus generated increases the internal temperature of the house 
likewise the gaseous layer in troposphere specially made of CO2, NO, CH4, 
CFC and water vapour make a layer on the earth’s atmosphere, which allows 
the light waves, infrared radiation and UV rays coming from the sun to pass 
through the troposphere.   

The earth absorbs much of the solar energy and converts to longer wave i.e. 
heat.  Some of the heat escapes into space, the green house gases absorb 
the rest and some radiates back to the earth’s surface and cause increase in 
atmospheric temperature.  Due to the burning of fossil fuels and enormous 
industrialization throughout the World (globe), the concentration of carbon 
dioxide has increased in the atmosphere, which has caused the green house 
effect or global warming.   

 

Figure 4.2 (a) The earth is 
covered by a blanket of gases 
which allows energy from the 

sun to reach the earth’s 
surface, where some of it is 

converted to heat energy. Most 
of the heat is re-radiated to the 

space but some of it is re-
radiated to the ground by green 

house gases in the 
atmosphere. This is a natural 

effect which keeps the Earth’s 
temperature at a level 

necessary to support life. 

Figure 4.2 (b) Human 
activities particularly burning 

fossil fuels (coal, oil and 
natural gas, agriculture, land 
clearing are generating more 

greenhouse gases. Greater 
concentrations of green 

house gas will trap more 
heat and raise the Earth’s 

surface temperature 
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4.4 Other Green-house Gases 

Green-house gases are those gases, which contribute to green house effect 
and cause increase in temperature.  These include carbon dioxide, water 
vapour and certain other trace gases including methane (CH4), Nitrous oxide 
(N2O), Chlorofluorocarbons (CFCs) and tropospheric ozone (O3) these gases 
absorb infrared radiation, and all these gases are accumulating in the 
atmosphere as a result of human activities. The origin of green house gas is 
an important issue in relation to minimize the potential global climatic 
changes and its impacts.  Carbon dioxide (CO2) is released in the 
atmosphere in large amount, by burning carbon-containing fossil fuels, coal, 
oil and natural gas.  Carbon dioxide is also released by land conversion such 
as burning of tropical forest.  Burning itself release carbon dioxide into the 
atmosphere, trees normally remove carbon dioxide from the atmosphere 
during photosynthesis. Tree removal prevents the process of photosynthesis.  
The levels of other global warming gases are also rising.  For example the 
combustion of gasoline in the car’s engine releases not only carbon dioxide 
but also nitrous oxide (NO2). 

 

 

 

 

Nitrous oxide is produced by various industrial processes and by the use of 
fertilizers.  It is also released in the atmosphere by combustion of coal, oil, 
biomass, modern waste disposal practices, and woodland, grasslands and 
tropical forests. Chlorofluorocarbons (CFCs) are totally man-made and do not 
occur naturally. Chlorofluorocarbons are used in refrigerators and air 
conditioners, as aerosol propellants and cleaning agents. It is released into 
the atmosphere from old leaking refrigerators and air conditioners.   

Decaying of organic matter under an aerobic conditions produces Methane 
(CH4).  Besides decomposition of carbon-containing organic material by an 
aerobic bacteria in moist places as sanitary landfills and intestinal tracts of 
cattle and other large animals (including human) is major source of methane 
(CH4).  Other sources of methane are sheep and cattle dung, burning of 
biomass and mining of coal and mineral oil.  The above mentioned 
greenhouse gases, especially human derived carbon dioxide generated from 
burning of fossil fuels make important contribution to global warming.  Since 

Box 4.3 Green House Gases 
 
Green House Gases: are those gases which contribute to green 
house effect and cause increase in temperature. These are 
Carbon dioxide (CO2), Chlorofluorocarbon (CFC) Methane 
(CH4), tropospheric Ozone (O3) and Nitrous oxide (N2O)  
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carbon dioxide and other green house gases trap the solar radiation 
somewhat like glass does in a green house The natural trapping of heat in 
the atmosphere is referred to as the greenhouse effect. While gases that 
absorb infrared radiation (heat) are known as green house gases.  

4.5 Effects of Global Warming 

The potential effects of global warming include melting of ice and rising sea 
level, changes in precipitation pattern, effects on organisms, effects on 
human health and agriculture.  In addition to these effects, unanticipated 
surprises will probably occur as a result of climate change.   Climate changes 
like global warming can disturb large ocean currents.  Other environmental 
consequences of further global rise in temperature or global warming may be: 

 Varying effects on agriculture in different areas thus altering the 
economy, employment and food supply.    

 Extreme climatic changes prolonged heat waves and drought, heavy 
rain fall in some area, more draught in other areas.   

 Disruption of ecosystems, changes in species pattern and loss of 
biodiversity and natural resources of economic importance. 

 Decreased agricultural yield changes in types, density and location of 
forests.  

 Loss of wild life, flooding of many coastal wetlands would mean the 
loss of breeding grounds of fish and birds.  

 Increased flooding in some areas and decline in water quality of 
others. 

 Effect on nutrient cycling, leaching and desertification in various 
areas.  

 Considerable disturbance in food supply increased incidence of 
respiratory diseases, allergies.  

 Water pollution from several parts of the world will contaminate  sea 
water.  

 Glacier and ice caps will melt contributing further to the rise of sea 
level. 

 Global warming could seriously disrupt various types of ecosystems.  
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 Natural ecosystem would be disrupted with unpredictable results as 
some species adapted easily to new conditions, while other would not 
and may become extinct. 

 The above mentioned were some of the possible effects of global 
warming.  

4.6 Coping with Global Warming 

Although global warming is a global issue and a priority  concern for the 
environmentalist.  Its consequences are not limited and are boundary less.  
Therefore both industrialized and developing countries of the world should 
carry on experimenting with various ways to reduce the quantities of green 
house gases emissions.  Only through the reduction of green house gases in 
the atmosphere, the global warming problem could be controlled or 
minimized.   
 
Let us discuss some of the possible ways to cope with the problem of global 
warming. There are ways through which global warming can be 
prevented/reduced. They include energy efficiency, development of 
environmentally sound sources of energy, and increasing the biosphere sinks 
of carbon dioxide through re-forestation and other such practice.  There is a 
dire need to develop strategies that will deal with this problem.  Even we 
cannot immediately stop polluting the atmosphere with green house gases, 
yet we can reduce the amount of additional green house gas emission in the 
atmosphere, by judicial/wise use of fossil fuels for energy.  Other remedial 
measure would be to search or development of alternative to fossil fuels that 
offer a solution to warming caused by carbon dioxide emissions.  Some 
alternatives to fossil fuels could be solar energy, nuclear energy, and hydro 
power.   
 
Human population and its level of fuel consumption could be managed for the 
reduction of carbon dioxide emission in particular and other green house 
gases in general.  By increasing the energy efficiency of automobile and 
other machinery can reduce fuel consumption and less CO2 emission that 
would help to mitigate global warming.  Other mitigative measure could be 
the use of technology to make coal a cleaner fuel.  Sulfur could be removed 
by installing desulfurization systems or scrubbers to clean the power plant 
exhaust.  These are very expensive.  Global warming could be controlled to 
some extent by adopting increased dependence on renewable energy 
sources, reduce deforestation and more environmental compatible life style.  
The most important strategy being considered is planting more trees.   
Planting trees is a low-tech and relatively less expensive strategy to mitigate 
global warming.  
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4.7 Self Assessment Questions 
 
Q.1 Fill in the blanks with the suitable words. 

 
a. -------------- is increased of atmospheric temperature, due the 

various activities of inhabitants of earth. 
b. Green house gases include carbon dioxide, nitrous oxide, 

methane and ------------------------ 
c. In global warming solar radiation get trapped in the 

atmosphere due to the presence of their layer of ------------------ 
d. Accumulation of green house gases is responsible for average 

-------------------- in atmospheric temperature. 
e. Further complication of global warming is due to increase in 

population, transportation, vehicle emissions and ----------------- 
f. Enhanced green house effect may be produced by 

absorbance of ------------------- radiations. 
Q.2 Describe the green house gases and their origin. 
Q.3 Discuss the effects of global warming 
Q.4 Explain the term green-house effect in your own words. 
Q.5 What do you know by coping with global warming. 
Q.6 Discuss earth as a green-house.       
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4.8 Answers to Self Assessment Questions 
 
Q.1 a. Global warming 
 b. Chlorofluorocarbon 
 c. Carbon dioxide 
 d. Increase 
 e. Deforestation 
 f. Infrared 
 
For Question No. 2 to 6 please study the relevant section of the unit. 
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5.1 Introduction 

Ozone is a deep blue gas composed of three oxygen atoms surroundings the 
earth like delicate veil protecting the earth form the direct gaze of the sun.  
Ozone is our umbrella against the ultraviolet radiation.  Ozone is found at the 
height of about 15 to 45 kilometer (km).  It is most dense 20-25 km up.  
Ozone is found in the stratospheric layer of atmosphere.  

The stratosphere is the second major layer of Earth’s atmosphere, just above 
the troposphere, and below the mesosphere. It is stratified in temperature, 
with warmer layers higher up and cooler layers farther down. This is in 
contrast to the troposphere near the Earth’s surface, which is cooler higher 
up and warmer farther down. The stratosphere is situated between about 10 
km (6 miles) and 50 km (31 miles) altitude above the surface at moderate 
latitudes, which at the poles it starts at about 5 km (5 miles) altitude.  Ozone 
scans the ultraviolet light coming along with the sunlight.  It filters the UV light 
and prevents them from reaching earth surface.  UV light is harmful to living 
organisms on earth.  The exposure to these harmful radiations may cause 
various skin diseases and even cancer to human beings. 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 5.1 Stratospheric ozone occupies the region of the atmosphere 
between 10 and 50 kilometers from the earth's surface and provides a shield 
against damaging ultraviolet radiation. 

Source: http://www4.nationalacademies.org/beyond/beyonddiscovery.nsf/web/ozone3  
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The chlorofluorocarbons (CFCs) mainly used in air conditioners, refrigerators, 
fire extinguishers etc. may accidentally leak out and get released into the air. 
When these CFCs reach stratospheric ozone, it results in the depletion of 
ozone. 

5.2 Objectives  

After studying the unit, the student would be in position to: 

1. Understand the nature and importance of ozone layer. 

2. Explain ozone depletion. 

3. Discuss formation of ozone layer. 

4. Discuss the role of chlorofluorocarbon, (CFCs) in ozone depletion. 

5. Know and describe effects of ozone depletion on human society, 
animals and vegetation.  

5.3 Nature and Importance of the Ozone Shield 

Ozone or tri-oxygen (O3) is a tri-atomic molecule, consisting of three oxygen 
atoms. It is an allotrope of oxygen that is much less stable than the diatomic 
O2. Ground-level ozone is an air pollutant with harmful effects on the 
respiratory systems of animals and humans. Ozone in the upper atmosphere 
filters potentially damaging ultraviolet light from reaching the earth’s surface. 
It is present in low concentration throughout the earth’s atmosphere.  
Typically, stratospheric ozone occurs at a concentration of about 350 DU, 
equivalent to a layer of only 3.5 mm (0.14 in).  

The part of atmosphere enveloped by ozone (O3) is ozone layer and is also 
known as ozonosphere. Without this layer, life on earth would not be able to 
survive.  Ozone concentrations of as much as ten parts per million occur in 
the ozone layer, which is formed through the interaction of sunlight with 
oxygen.   

The naturally occurring nitrogen compounds in the atmosphere have 
maintained ozone concentration at a stable level.  High concentration of 
ozone at ground level are dangerous to human health and here it act as 
pollutant.  But in the stratosphere the ozone layer protect life on the earth 
from the full force of the sun’s carcinogenic ultraviolet radiation, it is critically 
important for protection of life on the earth.  
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Ozone is a naturally produced, essential component in stratosphere, which 
encircles our planet some 10 to 45 km above the surface of the earth.  The 
stratospheres contain a layer of ozone that shields the surface of the earth 
from much of the ultraviolet radiation coming from the sun.  In spite of being a 
trace gas it play a major role in maintenance of climate and biology of the 
earth. It filters out all the radiation below 300-A0 (UV-B radiation) that are 
biologically harmful. 

5.4 Formation and Breakdown of the Shield 

Ozone Formation 

Ozone is formed in the stratosphere by the combination of oxygen (O2) and 
atomic oxygen (O) in the presence of a third body usually on the surface of a 
particulate.  The atomic oxygen results from the photolytic dissociation of 
oxygen.  In nature Ozone (O3) is formed when ultraviolet light strikes an 
oxygen molecule. A photon splits the oxygen molecule into two highly 
reactive oxygen atoms (O).  These atoms combine quickly with an oxygen 
molecule to form ozone.   

O2           sun light               O+O (Atomic oxygen) 

2O2 + 2(O) + M    2 O3 (ozone) + M 

(M) Third body which is absorbed the excess energy liberated by the reaction 
and thereby stabilize the ozone molecule. (Sinha, S.et al. 2005)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2 shows ozone layer in stratosphere above the surface of the earth.  
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It acts as protective shield for earth surface as it absorbs the UV radiation 
wavelength (280-320 nm) responsible for DNA mutation and skin cancer.  
The UV radiations also cause global warming, faster degradation of plastic, 
fabric etc.     

Break Down of the Ozone Shield/ozone Depletion 

Ozone depletion describes two distinct, but related observations: a slow, 
steady decline of about 4 percent per decade in the total volume of ozone in 
Earth’s stratosphere (ozone layer) since the late 1970s, and a much larger, 
but seasonal, decrease in stratospheric ozone over Earth’s Polar Regions 
during the same period. The latter phenomenon is commonly referred to as 
the ozone hole. In addition to this well-known stratospheric ozone depletion, 
there are also troposphere ozone depletion events, which occur near the 
surface in Polar Regions during spring. The detailed mechanism by which the 
polar ozone holes form is different from that for the mid-latitude thinning, but 
the most important process in both trends is catalytic destruction of ozone by 
atomic chlorine and bromine.   

The main source of these halogen atoms in the stratosphere is photo 
dissociation of chlorofluorocarbon (CFC) compounds, commonly called 
freons, and of bromofluorocarbon compounds known as halons.  These 
compounds are transported into the stratosphere after being emitted at the 
surface. Both ozone depletion mechanisms strengthened as emissions of 
CFCs and halons increased. CFCs and other contributory substances are 

EARTH EARTH 

ULTRA VOILET RADIATION 

OZONE 
LAYER 

Fig 5.2(a) what does the ozone layer do? 
It absorbs 99% of the harmful UV radiation 

Fig 5.2 (b) without ozone layer? 
Most of the harmful radiation will 
penetrate the atmosphere 
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commonly referred to as ozone-depleting substances (ODS). Since the ozone 
layer prevents most harmful ultraviolet radiation from passing through the 
earth atmosphere, observed and projected decreases in ozone have 
generated worldwide concern leading for banning the production of CFCs and 
halons as well as related ozone depleting chemicals such as carbon 
tetrachloride and trichloroethane.  

Several chemicals used in or produced by industries greatly affect the speed 
at which ozone is broken down.  The CFCs which are used in propellants in 
aerosols in refrigeration technology, as foam blowing agent in plastic 
industries and as solvent in electronics.  Other gases that speed up the 
breakdown of ozone include nitrous oxide (NO, Chlorine, Fluorine and 
Bromine. CFCs principally Freon (CFCl3) (Trichlorofluoro methane) and 
Freon 12 (CF2Cl2) (Dichlorodifluoromethane) have been widely used since 
1930 as propellant because they are essentially chemical enter and non 
flammable.  The Freon photolytically dissociate when exposed to radiation 
between 170-220 nanometer (nm) which is available in the stratosphere.   

This dissociation produces free chlorine and fluorine atom, which catalytically 
destroy ozone.  The CFCs react with the ozone and break them down into 
oxygen, which deplete the ozone layer. This in turn allows more and more 
amount of UV rays to reach the earth surface.  Nitrogen oxides released from 
the supersonic jets traveling at a height of 15 km above the surface also 
severely damage the ozone layer.  

 

 

 

 

 

 

a 

(a)       (b) 

Figure 5.3 a: shows thick dots layers of ozone, it can absorb more solar 
radiations hence low level ultraviolet (UV) radiation reach to the Earth’s surface 
while b: indicates thin dotted layer i.e depleted ozone layer so high level solar 
radiation (UV) reaching to the Earth’s surface. 
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Effects of Ozone Depletion on Society, Animal and Vegetation 

High level UV would have a number of adverse effects on human society; 
skin cancer would become more common.  Eye diseases would increase and 
the ability of body immune system will disturbed.  The yield of many crops 
could fall along with delayed seed germination, because ultraviolet radiation 
slows down many aspects of the plant growth.  Plastic would also affected by 
UV and life time of much commonly used synthetic material could be 
shortening.  Damage to ocean ecology (Fish crops) would occur.  The climate 
would also change into warmer and wetter, flooding, consequently ecosystem 
will be disturbed.  In addition ozone depletion is likely lead to more smog in 
the cities.  Other consequences of ozone layer depletion include accelerated 
global warming, increased acid rain, reduction in the population of sensitive 
species and degradation of outdoor plastic and paints.   

5.5 The Culprit CFCs 

The chlorofluorocarbons are synthetic organic compounds composed of 
carbon, chlorine and fluorine that have a number of industrial and commercial 
applications.  Chlorofluorocarbons are non toxic, non flammable and easily 
liquefiable under pressure, making them ideal refrigerants, propellant for 
aerosol spray cans, foaming agents, solvent and cleaning fluids.   

Later on it was realized that the main culprit for ozone layer depletion is 
chlorofluorocarbon (CFC).  The most widely used chlorofluorocarbon is CFC-
11 and CFC-12 (Freon).  As CFCs are non-toxic and non corrosive 
compounds, therefore, they are extensively used as coolants in air 
conditioners and refrigerator, as cleaner for various equipments, in insulation 
and packaging.  Ozone depletion has emerged as a major global 
environmental problem in the last and present century.  Then disastrous 
consequences of CFCs were realized.  The chlorofluorocarbon (CFCs) 
carbon tetrachloride in the high altitude (atmosphere) are broken down by 
sunlight into chlorine and fluorine, which react with the ozone layer and break 
them down to oxygen at a much faster rate compare to their conversion to 
ozone again.  Thereby, they degrade the ozone layer and make ozone hole in 
that area. Chlorofluorocarbon (CFCs) CFC-12 (Freon) is the most commonly 
used CFC in industries.  Its formula is CF2Cl2. 

The process of destruction of ozone by this compound is given below: 

CF2Cl2 + UV radiation                      CF2Cl + Cl (single chlorine atom) 

Cl + O3                          O2 + ClO (Chlorine Monoxide) 
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ClO + O     Cl + O2 

Net reaction: O3 + O    2O2 i.e ozone is being destroyed                                          

One ClO (oxide of chlorine) molecule can catalyze the destruction of 
thousands of ozone (Agarwala S.P.2006). Chlorine and bromine containing 
substances may also catalyze zone destruction.  But the primary chemicals 
responsible for ozone loss in the stratosphere are a group of versatile 
chlorine containing compound called chlorofluorocarbons (CFCs). 
 
5.6 Efforts to Control the Problem 

As the protection of ozone layer is essential for the survival of all kind of life 
on the surface of the earth, therefore there is great need to take all such 
indicatives by which ozone layer could be protected from depletion.  It would 
be very wise step if the air pollution is checked at source and eliminate air 
pollutants by framing some emission limits.  For the control of air pollution 
and consequently protecting the ozone layer the following steps, which 
should be adopted with utmost care may be of immense help.  The emission 
of nitric oxide molecules chlorine atom and hydroxyl ion have to be totally 
checked and monitored, as it can reacts in the stratosphere with ozone and 
consequently cause ozone depletion. 

A comprehensive approach has to be adopted to reduce emission of some 
noxious gases like hydrocarbon, halogens, green house gases and especially 
chlorofluorocarbons (CFCs) as explained above are responsible for the 
maximum damage to ozone layer. The old machines especially refrigerators 
and air conditioners which may release CFC in the atmosphere need to be 
replaced by newer eco; or environment friendly ones.  There should be 
complete check on the release of high quantity of various gases and other 
material from nuclear explosions (Nuclear Test) which damage the ozone 
layer.  

Besides the above mentioned measures and steps there is a dire need for 
international action, protocol and agreements to protect ozone layer from 
deletion.  In such kind of action, protocol, agreement, participation and 
cooperation of both developing and developed countries should be 
mandatory without any discrimination.  Without such kind of agreements 
ozone depletion would remain a serious environmental problem and would be 
much more serious threat.  

 



 67

5.7 Self Assessment Questions 

1. Fill in the blanks with suitable words.   
a. Ozone is found at height of about ------------------------ km. 
b. The ---------------------- radiation is very harmful to life living on 

earth as it cause various skin diseases and even cancer to 
living organism. 

c. The part of atmosphere enveloped by ozone (O3) layer is 
known as --------------------------. 

d. Ozone is found through the interaction of sun light with ---------. 
e.  Seasonal decreased in stratosphere ozone over Earth Polar 

Region is referred as ------------------ 
f. CFC and other contributory substances are referred as --------- 
g. Ozone depletion can result skin cancer, eye diseases, 

decrease in crop yield and increase in ------------------------- 
2. Discuss the nature and importance of ozone layer. 
3. What do you understand by the culprit CFCs? 
4. What efforts can be done to control the problem of ozone depletion? 
5. Write note on ozone depletion.  
6. Describe the effects of ozone depletion on society and vegetation.  



 68

5.8 Answers to Self Assessment Questions 

a. 15 to 45 km 

b. UV 

c. Ozonosphere 

d. Oxygen 

e. Ozone Hole 

f. Ozone depleting substances 

g. Increase in sea level 

For Question No 2 to 6 please study the relevant sections of the unit. 
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6.1 Introduction 

Water is essential for the survival of all forms of life.  Water is course, 
absolutely essential to life, not only human life but also all life, animals and 
plants.  Indeed it is a part of life itself; since the protoplasm of most living cells 
contain about 80 % of water and any substantial reductions in this percentage 
is disastrous.          

   

 

 
 

 Most of the biochemical reactions that occurs in the metabolism and growth 
of living cells involve water, and all takes place in water, which as often been 
referred to as the universal solvent.  Some environmentalists consider that 
fresh surface water will prove to be limiting factor in the capacity of our planet 
to support the rapidly expanding human population. The average per capita 
fresh availability in Pakistan was 55% about twenty five years ago which has 
now been reduce to thirteen percent. It means that water availability has 
decreased five times in just twenty five years in Pakistan.  

For human beings water is physiologic necessity and is ingested in quantities 
greater than all substances combined.  Man uses water not only for drinking 
and culinary purposes but also for bathing, washing, laundering, heating and 
air conditioning. It is also used for agriculture, gardening, industrial 
processes, cooling, and fishing and so on so forth.  

 Every human activity involves some use of water; the used water returns to 
the environment either with pollutants or with an increase in temperature, or 
both, which changes its natural level in the environment.  Then the water is 
said to be polluted. The used water is called as waste water.  

 

       

   

Whenever there is any alteration/contamination (change) occurs in the 
natural composition of water either naturally or anthropogenic ally (man-
made), the water is then said to be polluted.   

Box 6.2 Waste Water  
 
Waste Water: Polluted Water is also called as waste water. 

Box 6.1 Protoplasm 
 
Protoplasm means living matter of cells, while cells are 
the basic units of life or living organisms. 
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Polluted water is defined as that water whose condition or composition or 
both are changed, which make it unsuitable or less suitable for any or all of 
the functions and purposes for which it would have been suitable in its natural 
state.  Not only physical and chemical changes but also the biological 
changes make water polluted.  

Polluted water not only adversely affect the public health, safety or welfare of 
domestic, commercial, industrial, agricultural and recreational uses of water 
but also become harmful to live stock, wild animals, fish and other aquatic 
life.   

   

 

 

 

It is important to note that water pollution can also be counted as the 
contamination of water by foreign matter such as micro-organisms, 
chemicals, industrial waste domestic sewage. Matter such as those 
deteriorates the quality of the water and renders it unfit for use, and could 
negatively (adversely) affect the health of living organism and non living 
environment. 

6.2 Objectives 

1. After studying this unit, the student would be able to: 
1. Describe the concept of water pollution 
2. Know the importance of water 
3. Discuss the sources of water pollution 
4. Explain types and effect of water pollution 
5. Understand water cycle in nature 
6. To understand the remedial measures for the control of water 

pollution 

6.3 Water Cycle 

The circulation of water in the environment is called water cycle or hydrologic 
cycle.  Water through the processes of evaporation and transpiration enter 
into the atmosphere from the earth, and it coming back to the earth surface in 
the form of precipitation or rain.  

Box 6.3 Water Pollution 
 
Water pollution: Any physical or chemical change in 
water that adversely affects the health of human and 
other organism is called water pollution 
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 This hydrologic or water cycle continuously operates.  The supply of fresh 
water on the surface of the earth (land) and is essential for all living 
organisms. 

 

 

 

 

 

 

The water circulates between atmosphere, land surface and underground 
layers in different forms by evaporation, transpiration and rain fall 
(precipitation). High temperature causes the evaporation of surface water to 
atmosphere. Water vapours heat up and move to upper layers of 
atmosphere. When these vapours reach in upper atmosphere, they appear 
as clouds.  

At dew point the water vapors condense in the form of rain drops and rain fall 
occurs. There are three forms of rain that is rain drops, snow fall and hailing.  
Ground water also flows through permeable sediments or rocks slowly and 
eventually it is discharged into rivers, wetlands or spring.  Therefore, ground 
water and surface water are also interrelated parts of the water cycle. The 
rain water flows on the earth surface and makes streams, rivers and finally 
reaches to ocean. Some of rain water seeps into earth and reaches the 
ground water. Ground water is the water present below the earth surface. We 
draw ground water by wells, tube wells or hand pumps for daily use. 

Plants also absorb water from ground water and use for their life activities. 
Some part of water absorbed by plants is lost into atmosphere as water 
vapours and this process is called as transpiration. All these processes that 
are evaporation, transpiration and precipitation (rain fall) continue in nature to 
operate water cycle on earth.      

Box 6.4 Evaporation  
 
Evaporation: The conversion of water from a liquid form to 
vapour form is called evaporation. 
 

Box 6.5 Transpiration 
 
Transpiration: Transpiration is the evaporation of water 
(formation of water vapour) from the leaves of plants. 
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Figure 6.1: Shows the process of water cycle. Due to high temperature water from the earth 
surface (river, stream and lakes) evaporates and moves to atmosphere to form clouds. The 
same water coming back to the earth surface in the form of rain. Thus circulation of water in 
the environment continuously renews and operates. 
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Figure 6.2 Distribution of existing water resources on earth 

 
This figure shows the total distribution of water on the surface of the earth. 
Sea water is about ninety seven point five percent 97.5% while Fresh water is 
about two point five percent 2.5%. The detail classification of this 2.5% fresh 
water is given below in figure 6.3. 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

Figure 6.3 Classification of fresh water resources on earth 
 
Figure 6.3 shows the classification of fresh water resources on the surface of 
the earth. 

1. Ice caps ------------------------------------------------------------------  1.97% 
2. Ground water -----------------------------------------------------------   0.5% 
3. Other water (lakes, rivers, soil moisture and water vapors)     0.03%   

Total fresh water on the surface of the earth      2.5% 
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(97.5) 

Ice Caps 
(1.97) 

Ground Water 
(0.5) Other Water 

(0.03) 

Ground Water 
(0.5) 

Other Water (0.03) 
 (Lakes, rivers, soil 

moisture, water 
vapors) 

Ice Caps 
(1.97) 

Salt Water
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About ninety seven point five percent (97.5 %) of the earth’s water is in the 
ocean and contains a high amount of dissolved salts. Seawater is very too 
salty for human consumption and for most other uses.  Most of the fresh 
water is unavailable for easy human consumption because it is frozen as 
polar or glacial ice or is in the atmosphere or soil.  Rivers, streams lakes, and 
ground water account from only a small portion. Human beings, plants and 
animals are mostly depending upon the ground water, lakes and rivers for 
their survival and daily use.  

 

 

 

6.4 Sources of Water Pollution 

Any change/alteration or contamination in the physical and chemical 
characteristics of water by any way, which interfere with the pleasant life and 
become injurious to life, is called water pollution.  Before discussing sources 
of water pollution, lets us examine that what are the major causes of water 
pollution. 

Causes of Water Pollution 

Water pollution has many causes and characteristics. The primary sources of 
water pollution are generally grouped into two categories based on their point 
of origin. 

1. Point-source pollution: Refers to contaminants that enter a 
waterway through a discrete “point source”. Examples of this category 
include discharges from a wastewater treatment plant, outfalls from a 
factory, leaking underground tanks, etc. 

2. The second primary category, non-point source pollution, refers to 
contamination that, as its name suggests, does not originate from a 
single discrete source. Non-point source pollution is often a 
cumulative effect of small amounts of contaminates gathered from a 
large area. Nutrient runoff in storm water from sheet flow over an 
agricultural field, or metals and hydrocarbons from an area with high 
impervious surfaces and vehicular traffic are examples of non-point 
source pollution. 

Activity 6.1 

After looking at the figures 6.2 and 6.3, can you guess, 
which part of fresh water we use for daily activities 
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Water pollution can also be classified on the basis of nature of water body, for 
example;  

A. Freshwater Pollution which includes water pollution of lakes, rivers, 
ponds etc. Many rivers in Pakistan are being polluted by the 
discharges of Industrial effluents, domestic and municipal wastes, 
e.g., Kabul River, Indus River, Ravi, Jhelum, Sutlej, and Lyari Rivers.  

B. Groundwater Pollution; if raw sewage is dumped into the soil, the 
liquid percolates into ground that may cause groundwater pollution. 
Usually soil acts as filter, but the dissolved toxic substances percolate 
down causing heavy metals pollution,. The groundwater is mostly 
used by human for drinking purpose; if these heavy metals enter in 
human body they cause serious illnesses.  

C. Ocean Pollution: The oceans are ultimate sink into which all wastes of 
rivers and much of that in air are deposited.  

There are six major pollutants that can enter in oceans, these are;  

1. Sewage and Fertilizers  
2. Chlorinate hydrocarbons, pesticides, insecticides (DDT). 
3. Heavy Metals 
4. Oil and petroleum products 
5. Radioactive substances 
6. Plastics 

The primary focus of legislation and efforts to curb water pollution for the past 
several decades was first aimed at point sources. As point sources have 
been effectively regulated, greater attention has come to be placed on non-
point source contributions, especially in rapidly urbanizing/suburbanizing or 
developing areas.   

With the increase in population the number of industries with its effluents, 
domestic sewage, agricultural waste, improper drainage system and garbage 
are increasing day by day.  These effluents, wastes, garbage and other 
pollutants, enter in or mixed with water and consequently the water gets 
polluted.  The above mentioned are the major causes of water pollution. 

Source of water pollution: Source of water pollution include Industrial effluent: 
Waste water coming out from industries, domestic sewage, agricultural 
discharge, solid waste pollution; in the form of garbage, rubbish, sewage and 
other miscellaneous materials, thermal pollution of water and oil pollution 
(pollution caused by oil) are the major sources of water pollution.  
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Water is a vital natural resource which is essential for a multiplicity of 
purposes. Its many uses include drinking and other domestic uses, industrial 
cooling, power generation, agriculture (irrigation), transportation and waste 
disposal. In the chemical process industry, water is used as a reaction 
medium, a solvent, a scrubbing medium, and a heat transfer agent. As a 
source of life for man, plants and other forms of life it cannot be replaced. 

Dozens of times a day those of us who live in the industrialized nations of the 
world enjoy a blessing denied to 75 percent of the world population: abundant 
supplies of clean water. But water is essential for life on earth. No known 
organisms can live without it. For centuries water has been used as a 
dumping ground for human sewage and industrial wastes. Added to them are 
the materials leached out and transported from land by water percolating 
through the soil and running off its surface to aquatic ecosystems. Thus the 
term water pollution refers to “Water contamination by a variety of chemical 
substances or eutrophication caused by several nutrients and fertilizers”. US 
Department of Health Education and Welfare defines water pollution as “The 
adding to water of any substance, or the changing of water’s physical and 
chemical characteristics in any way which interferes with its use of legitimate 
purposes”. 

Origin of Wastewater 

Wastewaters can be classified by their origin as domestic wastewater and 
industrial wastewater. Any combination of wastewater that is collected in 
municipal sewers is termed as municipal sewage. Domestic wastewater is 
that which is discharged from residential and commercial establishments, 
whereas industrial wastewater is that which is discharged from manufacturing 
plants. The pollutants in domestic wastewater arise from residential and 
commercial cleaning operations, laundry, food preparation, body cleaning 
functions, and body excretions. The composition of domestic wastewater is 
relatively constant. 

Industrial wastewater is formed at industrial plants where water is used for 
various processes, and also for washing and rinsing of equipment, rooms, 
etc. These operations result in the pollution of the products and byproducts 
that are discharged, either deliberately or unintentionally into them. 

Normally, wastewaters are conducted to treatment plants for removing 
undesirable components which include both organic and inorganic matter as 
well as soluble and insoluble material. These pollutants, if discharged directly 
or with improper treatment, can interfere with the self-cleaning mechanisms 
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of water bodies. The capacity for self-cleaning is due to the presence of 
relatively small numbers of different types of micro-organisms in the water 
bodies. These microorganisms use as food much of the organic pollutants 
and break them down into simple compounds such as CO2 or methane, and 
the micro-organisms produce new cells also. But often either a pollutant does 
not degrade naturally or the sheer volume of the pollutant discharged is 
sufficient to overwhelm the self-cleaning process. Also, the microbial 
population can be destroyed by toxic wastes build up and reach high enough 
levels that will prevent re-establishment of a microbial population. The water 
quality thus becomes permanently degraded. 

Various constituents of wastewater are potentially harmful to the environment 
and to human health. In the environment, the pollutants may cause 
destruction of animal and plant life, and aesthetic nuisance. Drinking water 
sources are often threatened by increasing concentration of pathogenic 
organisms as well as by many of the new toxic chemicals disposed of by 
industry and agriculture. Thus, the treatment of these wastes is of paramount 
importance. 

The major sources of water contamination have been domestic, industrial, 
agricultural waste products, solid wastes, heat and radioactive materials. 

Domestic Water Pollution 

Domestic water requirements differ from season to season and from rural to 
urban areas. We use more water in summer than winter. Water consumption 
in cities is greater than rural areas. Factors like standard of living and habits 
of the people determine the per capita use of water. 

The starting point of domestic water pollution is urbanization. It is rapidly 
progressing throughout the world. Urban waters often have elevated nutrient 
levels, especially phosphorus. Many urban water surfaces are covered with a 
thin film of oil and grease. In a planned city the runoff is channeled into two 
ways. In the first, storm and domestic sewers are separate systems. In the 
second, storm and domestic sewers are combined. The leakage of sewers is 
very common in big cities. The consumption of this water by poor people 
specially those living in slums close to sewers leads to diseases that often 
take the shape of an epidemic.  

Domestic water pollution is mainly caused by sewage. Sewage is defined as 
the water-borne waste derived from home, animal or food processing plants 
and includes human excreta, soaps, organic materials, different types of 
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solids, waste food, oil detergents, paper and cloth. They are the largest group 
of water pollutants. Water pollution is caused by uncontrolled dumping of 
waste collected from villages, towns and cities into ponds, streams, lakes and 
rivers. A major ingredient of most detergents is phosphate. Phosphates 
support luxurious growth of algae. Algae withdraw large quantities of oxygen 
from water. It becomes detrimental to other organisms. Domestic waters are 
the primary sources of water pollution. 

The huge discharge of sewage allows following events that lead to water 
pollution. 

1. Depletion of Oxygen Contents: The aerobic bacteria present in water 
are responsible for the decomposition of organic matter. The quantity 
of oxygen utilized by the bacteria for the degradation of organic 
substance is called biological oxygen demand (BOD). Thus BOD 
value can be used as an indicator of water pollution. Alongwith BOD, 
the quantity of oxygen dissolved in a water body (DO), indicates the 
quality of bio-life in a water system. DO below 4 to 5 ppm is 
detrimental to the system. 

2. Promotion of Algal Growth: Stimulation of heavy algal growth and shift 
in the algal flora to the blue green algae, leading to the formation of 
obnoxious blooms, floating scums or blankets of algae results into 
eutrophication. Most of the algal bloom do not seem to be utilized as 
food by the invertebrates or zooplankton, thereby, minimizing the 
predatory control. Biological decomposition of such algal masses in 
turn leads to oxygen depletion. In a poorly oxygenated condition, fish 
and other animal die and clean river is turned into a stinking drain. 

3. Spread of Infections/Diseases: Micro-organisms, usually viruses, 
bacteria, some protozoans and helminthes occur in water bodies as a 
result of sewage disposal. Consumption of contaminated water 
causes water borne infectious diseases. 

Industrial Water Pollution 

Pollution mainly caused by the discharge of industrial effluents into the water 
body is known as industrial pollution. These effluents contain a wide variety of 
inorganic and organic substances such as oils, greases, plastics, plasticizers, 
methylic wastes, suspended solids, phenols, pesticides, heavy metals and 
acids. Major industries are usually located on or near the coastline or 
riversides. 
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Figure 6.4 showing industrial waste water of Olympia Paper & Board Mills  
(Source: Zahidullah, 2009) 
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The discharge of industrial wastes results into the following:  
i. Organic substances deplete the oxygen content. 
ii. Inorganic substances render the water unfit for drinking and other 

purposes. 
iii. Acids and alkalies adversely affect the growth of fish and other 

aquatic organisms. 
iv. Dye change the color of water and affect the aquatic life. 
v. Toxic substances cause serious damage to flora and fauna. 
vi. Oil and other greasy substances interfere with the self purification 

mechanism of water. 
 
Agricultural Water Pollution 
 
Water pollution can be caused by agricultural wastes such as fertilizers, 
pesticides, soil additives and animal wastes that are washed off from the land 
to the aquatic system through irrigation, rainfall and leaching. In both fresh 
and marine systems they enter the food chain, accumulate in non-target 
organisms and increase in animal tissue to alarming concentrations. They 
may find entry into the drinking water supplies.  
 
Solid Waste Pollution 
 
Solid waste varies in composition with the socio-economic status of the 
generating community. The following materials could be classified as solid 
waste. 

i. Garbage — Decomposable wastes from households, food, canning, 
freezing and meat processing operations that are not disposed off in 
wastewater. 

ii. Rubbish — All non-decomposable wastes, garden wastes, cloth, 
paper, glass, metals and chemicals. 

iii. Sewage Sludge. 
iv. Miscellaneous Materials — chemicals, paints, explosives and mining 

wastes. 
River or ocean dumping of these materials leads to water pollution. This 
tends to contaminate surface as well as ground water. Because of a high 
organic nature of this material, a large BOD is placed on the receiving waters 
and the sediment becomes coated with highly organic ooze. Non-combustible 
materials are generally disposed off by ocean dumping.  

 



 83

Thermal Pollution 

An increase in the optimum water temperature by industrial processes (steel 
factories, electric power houses and atomic power plants) may be called as 
thermal pollution. Many industries generate their own power and use water to 
cool their generators. This hot water is released into the system from where it 
was drawn, causing a warming trend of surface waters. If the system is poorly 
flushed, a permanent increase in the temperature may result. However if the 
water is released into the well flushed systems, permanent increase in 
temperature does not occur. 

Many organisms are killed instantly by the hot water resulting into a high 
mortality. It may bring other disturbance in the ecosystem. The eggs of fish 
may hatch early or fail to hatch at all. It may change the diurnal and seasonal 
behaviour and metabolic responses of organisms. It may lead to unplanned 
migration of aquatic animals. Macrophytic population may also be changed. 
As temperature is an important limiting factor, serious changes may be 
brought about even by a slight increase in temperature in a population. 

Oil Pollution 

Oil pollution, an oxygen demanding waste, is of concern not only from 
sensational major spills from ships and offshore drilling rigs but also from 
small spills and cleaning operations. 

A layer of oil floating on the ocean surface can interfere with the exchange of 
oxygen and carbon dioxide and reduce the rate of photosynthesis of marine 
plankton and the respiration of marine animals. Fuel oil added to sea water in 
very low concentration (199 ppb) depresses photosynthesis. 

6.5 Types and Effects of Water Pollution 

Water pollution is the addition of unwanted substance which degrades the 
quality of water so that it either become health hazard or unfit for us.   

In other words water pollution consists of any chemical or physical change in 
water that adversely affects the health of human and other organism.  Water 
pollution can be divided into these categories on the basis of sources and 
storage of water.  Ground water pollution, surface water pollution, lake water 
pollution and river water pollution.  Water pollution is a global problem that 
varies in magnitude and type of pollutants. 
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On the basis of pollutants major types and effects of water pollution are the  

Following; 

(i) Organic Pollutants 

 These pollutants are organic in nature. They demand oxygen for their break 
down in waste water. This group includes oxygen demanding wastes, 
(organic matter) disease causing agents e.g. sewage, synthetic organic 
compound, oil, industrial and run off agricultural lands etc. 

All of these organic materials undergo degradation by bacterial activities, in 
the presence of Dissolved Oxygen (DO). The presence of pollutants reduces 
light transmission through surface water, and hence photosynthesis by 
marine plants.  

Depletion in dissolved oxygen causes damage to water, birds, coastal plants 
and animals.  In other words, it damages marine life on massive scale and 
also affects of sea food which enters the human food chain. 

(ii) Inorganic Pollutants  

This group consists of inorganic salts, mineral acids finely divided metals on 
metal compounds, trace elements, and complexes of metal with organic in 
natural water and organo-metallic compounds. 

All these inorganic chemicals find their way into water from municipal and 
industrial waste waters and urban runoff.  These pollutants can kill or injure 
fish and other aquatic life. 

 

Box 6.6 Pollutant 
  
Pollutant:  The presence of any species, chemicals, microbes or 
other (substances), abundant to the level of nature or substance 
which occurred by any mean (natural or man-made) above the 
natural level in the environment; which ultimately has a detrimental 
effect on environment and there from on living organisms and 
mankind is called pollutant. 

Box 6.7   Aquatic Life 
 
The life of those organisms that live in water is called Aquatic 
Life. 
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And they can interfere with the suit abilities of water for drinking, industrial, 
irrigation and other uses. 

(iii)  Radioactive Substances 

Harmful radiation of Sr-90, Cs 137, Ra-226, Uranium and thorium may result 
in water from their mining and processing ores, as well as by the uses of 
these radioactive materials in “Nuclear weapons” nuclear power plants; 
medical, industrial and in research applicants.  Leakage in any of the above 
uses gives rise to radioactive fallout, which pose the problem of radioactive 
pollution land for reaching effects on the environment and mankind.   

(iv) Sediment Pollution 

Sediments are soil and mineral particles washed from the land by storm and 
flood waters, from crop lands, unprotected forest soil, overgrazed pastures 
and roads.  In other words the natural processes of soil erosion give rise to 
sediments in water.  It represents the most extensive pollutants of surface 
water.  Sediments fill stream channels and reservoirs, reduce the amount of 
sun light available to green aquatic plants.  Besides, sediments plug water 
filters and good supplies, thus reducing the fish population.  Sediments and 
suspended particles are also important repositories for trace elements, e.g. 
Cr (Chromium), Cu (copper), Mo (Molybdenum), Ni (Nickel), Co (Cobalt) and 
Mn (Manganese).  

(v) Heat or Thermal Pollution 

The problem of thermal pollution originates from the practice of using water 
as a coolant in many industrial processes, e.g. thermal power plants.  The 
waste hot water (some time streaming) is returned to the original water 
bodies where the temperature may rise by about 100C or more.  This 
increase in temperature decreases Dissolved Oxygen (D.O) of water and 
adversely affects fish and other aquatic life. 

Effects of Water Pollution  

Following are the major effects of water pollution; 

Effects of Run-of pollution: Rain picks up dirt and silt and carries it into the 
water. If the dirt and silt settle in the water body then these sediments prevent 
sunlight from reaching aquatic plants. If the sun can’t reach the plants, these 
perish. These sediments also clog fish gills and smother organisms that live 
on the bottom of the body of the water. 
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Effects of Oil Pollution and Antifreeze 

If oil is spilled on the water, the effects on the ecosystem and the components 
are harmful. Many animals can be annihilated in case they ingest oil. Oil 
contaminated prey may be a reason of death for many. If the oil coats the 
feathere of birds, these may die. Oil and antifreeze makes the water have a 
foul odor and there is a sticky film on the surface of water that kills animals. 
Oil is the most harmful pollutant in the water. 

Contaminated Ground Water Effects 

If contaminated water enters the ground, there may be serious effects. 
People may become very sick and there is probability of developing liver or 
kidney problems and cancer or other illnesses. 

Fertilizers and Other Chemicals 

Nitrates in drinking water leads to diseases of infants they may lead to their 
death. Cadmium is a metal in sludge derived fertilizer. This can be absorbed 
by crops. When people ingest this, they may cause diarrheal disorders, liver 
and kidney damage. The inorganic substances like mercury, arsenic and lead 
are the causes of pollution. Other chemicals can also lead to problems 
concerning the taste, smell and colour of water. Pesticides, are poisonous to 
all sorts of life. Pesticides are used in farming, homes and forestry. 

Effects of Agricultural Water Pollution 

Rain and irrigation water drains off cultivated land that has been fertilized and 
treated with pesticides, the excess nitrogen and poisons are mixed with it into 
the water supply. These pesticides are toxic and pollute the water in a 
different mode. Aquatic plants growth cause de-oxygenation of water and 
annihilate flora and fauna in a stream, lake and river. Fertilizers enhance the 
growth of bacteria that are in water and increase the concentration of bacteria 
to hazardous levels. 

Effects of Thermal Water Pollution 

Machinery in the industries in cooled with water from lakes and rivers. This 
water reaches the river in a heated state. This water decreases the ability of 
the aquatic system to hold oxygen and raises the growth of warm water 
species. 
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Effects of Heavy Metal Water Pollution 

Heavy metals like lead, mercury, iron, cadmium, aluminum and magnesium 
are present in water sources. If these metals are present in the sediment, 
these reach the food chain through plants and aquatic animals. This causes 
heavy metal poisoning in case the level in the water is very high. 

Some other Effects of Water Pollution 

In rivers, oceans and seas, water pollution effects flora and fauna in them. 
Further, the birds and animals that consume this contaminated food supply 
can perish. Blood diseases, nervous system disorders and heat diseases are 
some of the effects of water pollution. Many toxins in polluted water lead to 
cancer. Rarely, the body’s chromosomal makeup can be altered. Some of the 
less potent effects are skin lesions, vomiting and diarrhea. 

6.6 Water Logging and Salinity 

Water logging is a verbal noun meaning the saturation of such as ground or 
the filling of such as a boat with water. 

Ground may be regarded as water logged when the water table of the ground 
water is too high to conveniently permit an anticipated activity. After heavy 
rain, it may prevent the playing of outdoor sports. 

In agriculture, various corps need air (specifically, oxygen) to a greater or 
lesser depth in the soil. Water logging of the soil stops air getting in how near 
the water table must be to the surface for the ground to be classed as water 
logged, varies with the purpose in view. A crop’s demand for freedom from 
water logging may vary between seasons of the year, as with the growing of 
rice. 

In irrigated agricultural land, water logging is often accompanied by soil 
salinity as water logged soils prevent leaching of the salts imported by the 
irrigation water.  

From a gardening point of view, water logging is the process whereby the soil 
blocks off all water and is so hard it stops air getting in. 

The development of agricultural drainage criteria is required to give the 
designer and manager of the drainage system a target to achieve in terms of 
maintenance of an   optimum depth of the water table. 
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Drainage by wells 

Subsurface drainage of groundwater can also be accomplished by pumped 
wells (vertical drainage, in contrast to horizontal drainage). Drainage wells 
have been used extensively in the salinity control and reclamation 
programme (SCARP) in the Indus valley of Pakistan. Although the experience 
was not overly successful, the feasibility of this technique in areas with deep 
and permeable aquifers is not to be discarded. 

The well spacing in these areas can be so wide that the installation of vertical 
drainage systems could be relatively cheap compared to horizontal 
subsurface drainage (drainage by pipes, ditches, and trenches, at a spacing 
of 100m or less) 

Salinity  

Is the salt content in the soil; salt affected soils are cause by excess 
accumulation of salts, typically most pronounced at the soil surface. Salts can 
be transported to the soil surface by capillary transport from a salt laden 
water table and then accumulate due to evaporation; they can also be 
concentrated in soils due to human activity. As soil salinity increases, salt 
effects can result in degradation of soils and vegetation. 
 
Stalinization is a process that results from: 
 

 High levels of salt in the soils. 
 Landscape features that allow salts to become mobile. (movement of 

water table) 
 Climatic trends that favour accumulation. 
 Human activities such as land clearing and aqua culture activities. 

 

Salt is a natural element of soils and water. The ions responsible for 
Stalinization are: Na, K, Ca2, Mg2 and Cl. As the Na (sodium) predominates, 
soils can become sodic. Sodic soils present particular challenges because 
they tend to have very poor structure which limits or prevents water infiltration 
and drainage. 
 
Salts are flushed or leached out of the soil by drainage water in areas with 
sufficient precipitation. In addition to mineral weathering, salts are also 
deposited via dust and precipitation. In dry regions salts may accumulate, 
leading to naturally saline soils. Proper irrigation management can prevent 
salt accumulation by providing adequate drainage water to leach added salts 
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from the soil. Disrupting drainage patterns that provide leaching can also 
results in salt accumulations. 
 
Salinity from dry lands can occur when the water table is between two to 
three meters from the surface of the soil. The salts from the groundwater are 
raised by capillary action to the surface of the soil. This occurs when 
groundwater is saline (which is true in many areas), and is favoured by land 
use practices allowing more rainwater to enter the aquifer than it could 
accommodate. For example, the clearing of trees for agriculture is a major 
reason for dryland salinity in some areas, since deep rooting of trees has 
been replaced by shallow rooting of annual crops. 
 

Salinity from irrigation can occur over time wherever irrigation occurs, since 
almost all water (even natural rainfall) contains some dissolved salts. When 
the plants use the water, the salts are left behind in the soil and eventually 
begin to accumulate. Since soil salinity makes it more difficult for plants to 
absorb soil moisture, these salts must be leached out of the plants root zone 
by applying additional water. This water in excess of plant needs is called the 
leaching fraction. Salination from irrigation water is also greatly increased by 
poor drainage and use of saline water for irrigating agricultural crops.  
 
Salinity in urban areas often results from the combination of irrigation and 
groundwater processes. Irrigation is also now common in cities (gardens and 
recreation areas). 
 
The consequences of salinity are: 
 

a. Detrimental effects on plants growth and yield 
b. Damage to infrastructure (roads, bricks, corrosion of pipes and 

cables) 
c. Reduction of water quality for users, sedimentation problems 
d. Soil erosion ultimately, when crops are too strongly affected by the 

amounts of salts. 
 
Salinity is an important land degradation problem. Soil salinity can be 
reduced by leaching soluble salts out of soil with excess irrigation water. High 
level of soil salinity can be tolerated if salt-tolerant plants are grown. Salinity 
control relates to controlling the problem of soil salinity and reclaiming 
stalinized agricultural land. 
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The aim of soil salinity control is to prevent soil degradation by salinization 
and reclaim already salty (saline) soils. Soil reclamation is also called soil 
improvement, rehabilitation, and remediation. Salty (saline) soils are soils that 
have a high salt content. The predominant salt is normally sodium chloride 
(NaCl, “table salt”). Saline soils are therefore also sodic soils but there may 
be sodic soils that are not saline but alkaline. 
 
Salty soils are common feature in irrigated lands in arid and semi-arid regions 
as well as areas that have poor or little crop production. The problems are 
often associated with high water tables, caused by a lack of natural 
subsurface drainage to the underground. Poor subsurface drainage may be 
caused by insufficient transport capacity of the aquifer or because water 
cannot exit the aquifer for instance, if it is situated in a topographical 
depression. The prime cause of human-caused salinization is irrigation. River 
water used in irrigation contains salts. All irrigation water, however ‘sweet’, 
contains salts that remain behind in the soil after the water has evaporated. 
 
Most of the water lost in irrigation is stored underground which can change 
the original hydrology of local aquifers considerable. Many aquifers cannot 
absorb these quantities of water and, the water tables rises leading to water 
logging. Water logging causes two problems: it reduces the yield of most 
crops and leads to an accumulation of salts brought in with the irrigation 
water. 
 
Although the principles of the processes of salinization are fairly easy to 
understand, it is more difficult to explain why certain parts of the land suffer 
from the problems and other parts do not, or to predict accurately which part 
of the land will fall victim. The main reason for this is the variation of natural 
conditions in time and space, the usually uneven distribution of the irrigation 
water, and the seasonal or yearly changes of agricultural practices.  
 
Drainage is the primary method of controlling soil salinity. The system should 
permit a small fraction of the irrigation water (about 10 to 20 percent, the 
drainage or leaching fraction) to be drained and discharged out of the 
irrigation areas. 
 
In regions with pronounced dry and wet seasons, drainage may be operated 
to the wet season, and closed during the dry season. This practice of 
checked drainage saves irrigation water.  
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The discharge of salty drainage water problem may pose environmental 
problems to downstream areas. The environmental hazards must be 
considered very carefully and, if necessary mitigating measures must be 
taken. If possible, the drainage must be limited seasons only, when the salty 
effluent does inflict the least harm. 
 
6.7 Water Pollution Control 
 
Water is the basic need of life. Therefore, it is extremely important to protect it 
from pollution.  The whole water system should be examined and develop an 
effective and workable monitoring system to preserve and maintain the best 
quality of water.  There is a need for adopting various methods through 
which, trapping of nutrients, reduction, in waste and contamination/pollution 
of water could be control.  Such kind of strategy should be adopted through 
which prevention of new sources of pollution and control of the existing 
source of pollution could be possible. 
 
Wastewater is very complex containing many ingredients like inorganic, 
organic substance. So efforts should be directed to reduce the amount so 
these pollutants by reutilizing or recycling of their components. Various 
techniques used for the control of water pollution include; 

a. Stabilization of ecosystem 
b. Reutilization and recycling of wastes, and  
c. Removal of pollutants 

Control of groundwater pollution is relatively difficult and we must know 
accurate information on the distance between aquifer and the ground, the 
volume of groundwater body and structure of the underlying stratum and also 
the Physico-chemical and biological characteristics of the pollutants. 
 
Sewage Disposal and Treatment 
 
Sewage is the water supply of the used water of a community. It contains 
dilute water borne wastes from houses, offices, and industries. The chemical 
composition of sewage varies from day to day. Sewage contains many 
harmful organics, and inorganic matter present in the sewage water supports 
the growth of many pathogenic bacteria and other microbes, these 
pathogenic microbes can cause epidemics in human if sewage water is 
accidentally mixed with the drinking water supply. Sewage water is treated by 
physical, chemical or geological processes to remove the organic matter. 
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a. Physical Treatment 

Various suspended and floating materials from sewage can be removed 
physically be various screening devices. After screening, the sewage is 
passed through grit chambers to allow the settlement of solids. Then it is 
passed through sedimentation tanks for few hours. Then the supernatant 
effluent is drawn out. Chlorine is passed through it for disinfection and finally 
it is discharged into a water body or into porous soil. 
 

b. Biological Treatment 
This method is widely used for sewage treatment. The water from toilets, 
bath-tubes, kitchens etc., is passed into septic tanks which can handle a few 
hundred gallons per day to municipal plants which can handle of even greater 
volumes. 
 
A septic tanks, the key component of a septic system, is a small scale 
sewage treatment system common in areas with no connection to main 
sewage pipes provided by private corporations or local government’s septic 
system are a type of onsite sewage facility (OSSF). In Pakistan, most of the 
population depends upon septic tanks in the absence of sewer systems. 
 
The term ‘septic’ refer to the anaerobic bacteria environment that develops in 
the tank and which decomposes or mineralizes the waste discharged into the 
tank. Adding supplemental bacterial agents to the tank may accelerate the 
digestion of solids in the tank. Septic tanks can be coupled with other on site 
wastewater treatment units such as biofilters or aerobic systems involving 
artificial forced aeration. 
 
Periodic preventive maintenance is required to remove the irreducible solids 
which settle and gradually fill the tank, reducing its efficiency. In most 
jurisdictions this maintenance is required by law, yet often not enforced. 
Those who ignore the requirement will eventually be faced with extremely 
costly repairs when solids escape the tank and destroy the clarified liquid 
effluent disposal means. A properly cared for system, on the other hand, can 
last for decades and possibly a lifetime. 
 
Awareness about the origin of pollution and its prevention needs to be 
created among the masses.  The Government has non-governmental 
organizations have to take some serious steps for the prevention of pollution.  
The industries should be instructed to treat their effluent (waste water) before 
discharging them into water bodies.  Thus water pollution could be reduced 
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up to some extent.  Domestic sewage and other biodegradable waste should 
not be released or enter in the fresh water bodies.  Insecticide which is non-
biodegradable should not be used frequently; and biological control practices 
should be applied, like introduction of natural species in the field to check the 
pest control.  The effluent of various industries should pre-treat into settler 
tanks to decrease its pollution strength before discharging into rivers or other 
fresh water bodies.  The practices of recycling/refuse and bi-product recovery 
should be encouraged for prevention and reduction of pollution up to a 
greater extent.  
 
Excessive fertilizer and pesticides should not be used, because in turn these 
contribute a lot in water pollution.  The above mentioned are some of the 
measures/steps through which water pollution could be control/or minimize. 
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6.8 Self Assessment Questions  
 
Question 1 Fill in the blanks with suitable words. 

a. Organisms living in water is called--------------------------------- 
b. Water contamination by micro organisms, chemicals, 

industrial waste and sewage is called---------------------------- 
c. .Evaporation of water from leaves of plants is ----------------- 
d. Conversion of water from liquid to vapours is ------------------ 
e. Nitrates in drinking water cause diseases in -------------------- 
f. -------------------------------------- cause of salinity is irrigation. 

Q.2  Explain water pollution in your own words. 
Q.3  What are the major types of water pollution? Discuss. 
Q.4  Describe the major sources of water pollution.  
Q.5  Discuss the importance of water. 
Q.6  Define pollutant, enlist or/name some important water pollutant. 
Q.7  What do you understand by the term “Water cycle” or          

hydrological cycle? 
Q.8  Discuss the effects of water pollution on environment and human 

being. 
Q.9  Narrate some steps/measures for prevention and control of water 

pollution. 
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6.9 Answers to Self Assessment Questions  

Question No1 

a. Aquatic life 

b. Water pollution 

c. Transpiration 

d. Evaporation 

e. Children 

f. Secondary 

For questions No.2 to 9 please study the relevant sections of the unit. 
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Soil Pollution 
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7.1 Introduction 

With the rapid increase in human population, the demand for the utility and 
services has increased.  For the fulfillment of the everyday needs and 
demands a large number of industries have set up and with the passage of 
time these industries are further increasing.  So effluent and wastes of these 
industries along with domestic wastes are polluting the land and soil.  More- 
over modern agricultural practices introduce various kinds of soil pollutants 
like pesticide, insecticide and fertilizer, resulting in severe chemical 
contamination of soil. Besides radioactive wastes from various atomic 
reactors have resulted in severe soil pollution on the other hand increase in 
urbanization and building construction has resulted in reduction of land for the 
waste to be disposed.  Due to the addition of various undesirable and 
unwanted waste substances in the soil, the soil composition is altering 
increasingly, which consequently get polluting and decrease its productivity.   
The above mentioned industrial, agricultural and domestic wastes cause soil 
pollution, which in turn adversely affect the plants and organisms living in and 
on the land. 

 

 

   

 

Soil pollution problem is increasing worldwide due indiscriminate use of 
chemicals in agriculture, industries and other man-made activities and ill 
planning of waste disposal.  

7.2 Objectives 

After studying the unit the student would be able to: 

1. Understand the problem of soil pollution 

2. Know the structure of the soil 

3. Describe the concept of soil erosion 

4. Explain desertification 

5. Discuss factors responsible for/cause of soil pollution.  

6. To know and describe solution for soil pollution problem. 

 

Box 7.1 Soil Pollution 
 
Soil pollution: Any physical or chemical change in soil that 
adversely affects the health of plants and other organisms 
living in and on it, and it disturb or alter its natural 
composition is called soil pollution. 
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7.3 Soil Structure and Function 

The structural characteristic, of soil is determined by the percentages (by 
weight) of different sizes inorganic mineral particles of sand, silt and clay that 
it contains. The soil consists of three particles i.e. Sand, silt and clay.  The 
size assignments for sand, silt and clay give soil scientist a way to classify 
soil texture.  
 
 
 
 
 
 
 
 
 
Particle larger than 2 millimeter (mm) in diameter, are called gravel or stones 
and are not considered soil particles because they do not have any direct 
value to plants.  The largest soil particles (0.05 to 2 mm in diameter) are 
called sand. Medium size particles (0.002 to 0.05 mm in diameter) are called 
silt, and small particles (less then 0.002 mm in diameter) are called clay.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          Figure 7 shows the three basic three particles of the  soil 
 
 
 
 

Box 7.2 Soil Texture 
 
Soil texture is a soil property used to describe the relative 
proportion of different grain sizes of mineral particles in a 
soil. Particles are grouped according to their size into what 
are called soil separates. These separates are typically 
named clay, silt, and sand. 
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Figure 7.1(a) shows the three basic components of soil: clay is the smallest 
one silt is smaller while sand is the larger among these particles. 

 
Sand particles are large enough to be seen easily with the eye; silt particle 
are about to size of flour particle and are barely visible with the eye, and clay 
particle can only be seen under an electron microscope.  A soil texture affects 
many of the soil properties, which in turn, influence plant growth.  Soil 
minerals are often present in charged form called ions. Mineral ions may be 
positively charged (K+ for example) or negatively charged (NO-

3 for example). 
Each clay particle has predominantly negative electrical charges on its outer 
surface that attract and reversibly bind positively charged mineral ions.  Many 
of these minerals ions, such as Potassium (K+) and magnesium (Mg++), are 
essential for plant growth and are “held” in the soils for plant use by their 
interactions with clay particles.  In contrast, negatively charged mineral ions 
are usually not held as tightly in the soil and are often washed out of the root 
zone.   
 
Soil always contains a mixture of different sized particles, but the proportions 
vary from soil to soil.  A “Loam” which is an ideal agricultural soil, has an 
optimum combination of different soil particle sizes:  It contains approximately 
40 % each of sand and silt, and about 20 % of clay. Generally the large 
particle provides structural support, aeration, and permeability to the soil, 
whereas the smaller particles bind together into aggregates or clumps, and 
hold nutrients minerals and water.  Soils with large proportion of sands are 
not as desirable for most plants because they do not hold mineral ions or 
water as well.  Plants grow in such soils are more susceptible to mineral 
deficiencies and drought.  Soils with larger proportions of clay are also not as 
desirable for most plants because they provide poor drainage and often do 
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not contain enough oxygen.  Clay soil used for agriculture tends to get 
compacted, which reduces the number of pore spaces that can be filled by 
water and air. 

7.4 Soil Erosion 

Soil erosion is the loss of top soil from the land.  It is always occurs in nature 
but happen faster with the misuse of land.  Therefore, time has come to give 
it a proper and serious attention, so that we can meet the demand of food 
supply getting or achieved from soil to the huge population.  

 

 

   

 

 

The process of soil erosion include detachment of soil particles from the soil 
surface through the action of wind, water and some other human activities 
leading to the degrading of soil. This is one of the ill effects of modern 
methods of intensive agricultural farming.  As a result of soil erosion the 
upper layer of soil is washed from one place to another, which has the major 
nutrients like organic and inorganic minerals essential for plant growth.  
Excessive ploughing and intensive irrigation processes remove the 
living/fertile soil from the surface, and through wind or flow of water they get 
deposited to the lakes or rivers. 

The causes of soil erosion are: 
i. Loss of vegetation cover, 
ii. Indiscriminate cutting of trees, 
iii. Overgrazing and frequent fires etc. expose the soil surface to the 

process of soil erosion.   
iv. High population growth is also a cause of soil erosion. Since immense 

population growth has led to the intensive and frequent cultivation of 
lands.  As a result the amount of soil erosion far exceeds the amount 
of soil formation on the surface of the land.   

v. Besides natural phenomena like heavy rain, intense wind, absence of 
boundaries around the agricultural fields and  

Box 7.3 Soil Erosion  
 
Soil erosion: the removal of top soil from the land, caused by 
wind and flowing water, soil erosion occurs naturally be 
precipitation and runoff, but human activities like clearing 
land etc. accelerate it. 
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vi. Lack of education on the part of cultivators also contribute or cause 
soil erosion.  

Figure 7.2 Loss of Plant cover leads to soil erosion 

Soil Eroded 
or washed off 
by agents like 
water, wind 
etc. 
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Soil Erosion Control Measures Include 
 
Afforestation, contour farming, reduction in the use of herbicides, proper 
plantation methods, right kind of plantation, and proper education and 
scientific knowledge on part of farmers.  By adopting the above mentioned 
measures man-made or man-induced soil erosion can be controlled and 
checked up to greater extent. 
 
7.5 Desertification      

When the soil is not able to support any plant growth, it is said to be non 
productive. The loss of productivity of soil by various agents is known as 
desertification.  Desertification is caused by various reasons.  The main 
reasons include water logging and salinity, soil erosion, soil exhaustion 
(monoculture i.e. repetition of one crop), dune migration and climate change.  
The other reason for desertification is poor land management and 
environmental pressure which degraded many of the world arid and semi arid 
lands.   Desertification may also be accelerated by drough.  The problem of 
desertification is worsening day by day. 

 

 

 
 
 
Desertification is the degradation of land in arid and dry sub-humid areas, 
resulting primarily from human activities and influenced by climate variations.   
A major impact of desertification is biodiversity loss and loss of productive 
capacity, for example, by transition from land dominated by scrublands to 
nonnative grasslands. 
 
Desertification is induced by several factors, primarily anthropogenic.  The 
primary reasons for desertification are overgrazing, over cultivation, 
increased fire frequency, water impoundment, deforestation, over drafting of 
groundwater, increased soil salinity, and global climate change. Grazing and 
collection of firewood reduce or eliminate plants that bind the soil and prevent 
erosion.  All these come about due to the trend towards settling in one area 
instead of a nomadic culture.  
 

Box 7.4 Desertification 
 
Desertification: Degradation of once-fertile land into non-       
productive desert, caused partly by soil erosion, deforestation 
and over grazing. 
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Drought is also a contributing factor; the root causes are all related to man’s 
over exploitation of the environment. There is no geological evidence that 
deserts expanded significantly before the advent of civilization.  Droughts are 
common in arid and semi arid lands, and well-managed lands can recover 
from drought when the rains return.  Continued land abuse during droughts, 
however, increases land degradation.  Increase population and livestock 
pressure on marginal lands has accelerated desertification. In some areas, 
nomads moving to less arid areas disrupt the local ecosystem and increase 
the rate of erosion of the land.  Nomads typically try to escape the desert, but 
because of their land-use practices, they are bringing the desert with them. 
 
Some arid and semi-arid lands can support crops, but additional pressure 
from greater populations or decreases in rainfall can lead to the few plants 
present disappearing. The soil becomes exposed to wind, causing soil 
particles to be deposited elsewhere.  The top layer becomes eroded.  With 
the removal of shade, rates of evaporation increase and salts become drawn 
up to the surface.  This increases soil salinity, which inhabits plant growth.  
The loss of plants causes less moisture to be retained in the area, which may 
change the climate pattern leading to lower rainfall. 
 
Combating desertification is complex and difficult, usually impossible 
without alteration of land management practices that lead to the 
desertification.  Over-exploitation of the land and climate variations can have 
identical impacts and be connected in feedbacks, which makes it very difficult 
to choose the right mitigation strategy.   
 

Figure 7.3 Droughts, Famines and Desertification – 
Hydrological Hazards  
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Investigating the historic desertification plays a special role since it allows 
better distinguishing of human and natural factors.  It seems possible that 
current measures like reforestation projects cannot achieve their goals if 
global warming continues.  Forests may die when it gets drier, and more 
frequent extreme events as testified in sediments from earlier periods could 
become a threat for agriculture, water supply, and infrastructure.   
 
A number of solutions have been tried in order to reduce the rate of 
desertification and regain lost land; however most measures threat symptoms 
of sand movement and do not address the root causes such as overgrazing, 
unsustainable farming (e.g. cattle farming) and deforestation by the 
indigenous population.  In developing countries under threat of desertification, 
many local people use trees for firewood and cooking which has increased 
the problem of land degradation and often even increased their poverty.  In 
order to gain further supplies of fuel the local population add more pressure 
to the depleted forests; adding to the desertification process.  
 
Solutions focus on two aspects:  

 Provisioning of water (e.g. by wells, water pipes over long 
distances…) and 

 Fixating and enriching the soil. 
 
Fixation the soil is often done through the use of shelter belts, woodlots and 
windbreaks.  Windbreakers are made from trees and bushes and are used 
to reduce soil erosion and evapo-transpiration. 
 
 
 
 

  
 
 
 
 
 
 
 
More efficient use of existing water resources and control of salinization are 
other effective tools for improving soil fertility and counter desertification.  
New ways are being sought to use surface-water resources such as rain 
water harvesting or irrigating with seasonal runoff from adjacent highlands.  

Figure 7.4 Wind barriers reduce the speed and soil carrying ability of the 
wind. Tree windbreaks protect an area about ten times their height. Grass 
wind barriers are more flexible and can be pushed down by high winds, 
reducing the protected distance to five to seven times the barrier height. 
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New ways are also being sought to find groundwater resources and to 
develop more effective ways of irrigating arid and semiarid lands.  Research 
on the reclamation of deserts is also focusing on discovering proper crop 
rotation to protect the fragile soil, on understanding that what types of plants 
can be introduced/planted to local environments, and on how grazing lands 
and water resources can be developed effectively without being overused.              
 
Desertification is symptom of the diseases and under development.  It results 
from the combination of economic and soil factors such as poverty and 
inequitable distribution of resources with environmental issues such as 
inappropriate land use system and farming methods.  Desertification can be 
triggered by many factors including overgrazing, deforestation, and the 
expansion of intensive cash cropping onto marginal land.  Desertification 
commonly follows deforestation because water runoff the bared hills too 
quickly, carrying much of the top soil with it and causing major disturbance in 
the water balance on the earth surface.   
 
7.6 Factors Responsible for Soil Pollution  
 
Soil may be polluted by various factors and number of ways.  The major 
factors, ways, causes and kind of soil pollution are the following.  Acidification 
is one of the natural as well as anthropogenic (man-made) sources. The 
major man-made causes of acidification include certain land use practices, 
excessive use of fertilizers and acid deposition resulting from urban and 
industrial pollution.  Soil pollution by agricultural practices includes usage of 
huge quantities of pesticides, herbicides, weedicides and fertilizers to 
increase the crop yield, which in turn creates soil pollution problems. Another 
factor or cause of soil pollution is Industrial wastes. Disposal of industrial 
waste is the major factor responsible for soil pollution.  Wastewaters of 
various industries contain different type of pollutants. These pollutants affect 
and alter the chemical composition of soil.  As a result the soil gets polluted.  
Soil may be polluted by urban wastes. Urban wastes include both commercial 
and domestic waste which enter the soil and cause soil pollution problem. 
 
Soil pollution by radioactive pollutants: Radioactive substances resulting 
from explosion of nuclear devices penetrate the soil and cause land/soil 
pollution.  Soil may also be polluted by Biological agents, including human 
excreta in large quantities excreta of birds and animals constitute the major 
source of land pollution by biological agents.  Besides pathogenic organisms 
excreted by human (man) animals and municipal garbage also causes 
serious soil pollution problem.  In addition heavy metal contamination and 
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petroleum product as soil pollutants also contribute to the soil pollution 
problem.  The major kinds of soil pollution are: 

i. Acidification, 
ii. Salinisation and sodification, 
iii. Agrochemical pollution 
iv. Contamination by metals  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.5 Sources of soil Pollution 
(Source: http://www.amazonian.org/rain_land.htm) 

 
i. Acidification 
 
Acidification has a number of natural and anthropogenic causes. The main 
natural causes are long-term leaching and microbial respiration. The acids 
found in rainwater (carbonic acid) and in decomposing organic material 
(humic and fulvic acids) can stimulate leaching by dissociating into H ions 
and their component anions which then displace or attract base cations from 
the soil exchange complex. Leaching of bases is most common where 
precipitation exceeds evapotranspiration. Microbial respiration also leads to 
soil acidification through the production of CO2 which is dissolved in soil 
water to form carbonic acid. Other natural processes associated with soil 
acidification are plant growth and nitrification. During plant growth, nutrient 
base cations are obtained through root systems in exchange for H ions, thus 
leading to increased soil acidity. Nitrification is an oxidative process of 
organic decomposition whereby NH4 (ammonium) ions are converted to NO3- 
(nitrate) ions by nitrifying bacteria, with H ions as a byproduct. These ions are 
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then available for displacing and attracting base cations from the soil 
exchange complex, as mentioned above, thus leading to soil acidification.  
 
The main anthropogenic causes of acidification include certain land use 
practices, such as needle leaf afforestation, excessive use of inorganic 
nitrogen fertilizers, land drainage and acid deposition resulting from urban 
and industrial pollution. Needle leaf afforestation has been associated with 
the acidification of soils and surface waters for a number of reasons. First, 
needle leaf trees produce litter which is very acidic in comparison with most 
broadleaf species. Second, because of their high canopy surface area, 
needle leaf trees are able to ‘scavenge’ acid pollutants from the atmosphere, 
later releasing them into the soil via fall and stem flow. Thirdly, due to 
modifications of the surface and soil hydrology by drainage channels and 
shallow root networks, water transfer is rapid and is concentrated either at the 
surface or in the uppermost layer of the soil.  
 
Excessive use of inorganic nitrogen fertilizers in agricultural systems has also 
been associated with soil acidification, partly through the process of 
nitrification. If levels of NO3- ions in the soil are in excess of plant 
requirements, they will behave as mobile anions, thus encouraging the 
leaching process.  
 
Soils vary dramatically in their ability to buffer acidity, a characteristic known 
as the buffering or acid neutralizing capacity. The buffering capacity of a soil 
is defined as the amount of acid that needs to be added to cause a reduction 
in pH of one unit. Soils which contain significant quantities of base-rich, 
weatherable minerals have a high buffering capacity whereas those which 
are dominated by quartz and similarly resistant minerals have a low buffering 
capacity. 

There are a number of approaches to the management and remediation of 
soil and surface water acidity, including liming, sensible forestry management 
and reduction of acid emissions into the atmosphere. Liming has long been 
practiced on agricultural land to remedy the problems or modify, slow organic 
matter turnover, poor modulation in some legumes, calcium and molybdenum 
deficiency and aluminum and manganese toxicity. Liming materials most 
commonly used include ground limestone, chalk, marl and basic slag, the 
main active constituent being CaCO3 (calcium carbonate); other minor 
components include quicklime (CaO), slaked lime (Ca(OH)2) and MgCO3 
(magnesium carbonate). The lime requirement of a soil varies depending on 
its buffering capacity and is usually expressed as the amount of CaCO3 (t ha’) 
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required to raise the pH of the top 15 cm of soil to the desired value. In 
temperate areas, the ideal soil pH is about 6.5 for arable crops and about 6.0 
for grasslands. In tropical areas, however, pH values of about 5.5 are often 
preferred particularly in soils with high exchangeable aluminum contents, 
where phosphorus availability may be restricted under more alkaline 
conditions (Rana 2006). 

ii Salinization and Sodificaiton 

Soils that accumulate salts are known as saline or sodic soils. Growth of 
crops is adversely affected by soluble salts. Further, a saline soil is one that 
contains enough soluble salts to interfere with normal plant growth, while a 
sodic soil contains enough exchangeable sodium (ExNa) to also have an 
adverse effect on plant growth. Salt affected soils are a common feature of 
arid and semiarid geographic regions. Salinity can affect plant growth in three 
ways 

a. It can increase the osmotic potential and hence decrease water 
availability. 

b. It can affect biological metabolism 
c. It can diminish soil-water permeability and soil aeration by adversely 

affecting soil texture. To reclaim salt affected soil, excess salt should 
be leached down so to that EC of the soil solution becomes lower 
than the critical threshold of the crop grown. The calcium loss must be 
replenished. 

 
iii. Agrochemical Pollution 
 
The soil pollutants which affect agricultural production and human habitat are: 

i. Heavy metals 
ii. Agri-chemicals 
iii. Radioactive materials and 
iv. Petroleum products. 

 
 
iv. Heavy metal Contamination 

Heavy metals may be applied to the soil with pesticides, as plant nutrients, 
atmospheric fallout, and as a constituent of waste products. Heavy metals 
which tend to accumulate in soils include cadmium (Cd), chromium (Cr), 
copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn). Sewage 
sludge contains all of these heavy metals and has been applied to agricultural 
soils for some years as a means of disposal of this material. 
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The mobility of heavy metals is usually very slow; thus they tend to 
accumulate if applied repeatedly. Heavy metals can occur in the following 
pools: (a) the exchange sites, (b) incorporated into or on the surface of 
crystalline or non-crystalline precipitates, (c) incorporated into organic corn-
pounds, or (d) present in soil solution. 

Land application of municipal sewage sludge resulted in a marked increase in 
metal content in soils. Most heavy metals tend to accumulate in topsoil with 
little evidence of downward movement. However, under conditions of high 
leaching and with heavy loading of metals, due to the application of high rates 
of sewage sludge, enrichment of metals in subsurface occurs.  

Industrial Sources of Soil Pollutants 

Improper management of industrial wastes can have profound implications on 
soil pollution. Indiscriminate practices of land application of hazardous wastes 
could result in pollution of soils which would make that soil unsuitable for any 
productive purposes. Soil plays an important role when an industrial waste is 
deposited in a landfill or placed on the soil to promote degradation or break-
down. This will decrease the quantity of material available for transport into 
groundwater. 

Petroleum Products as Soil Pollutants 

Disposal of petroleum constituents, i.e., benzene, toluene, and xylene, can 
cause soil pollution and, in turn, depending on their bioavailability, can result 
in human health risk. Benzene is carcinogen and is responsible for a 
significant fraction of potential health risks associated with petroleum-
contaminated soils. Soil and groundwater contamination by refined petroleum 
products may also occur due to leaking underground storage tanks.  

7.7 Solution for Soil Pollution Problem 

Most of the soil pollutants are solid waste and a large portion of them are 
non-biodegradable in nature.  The effect of soil pollution on the environment 
is a global concern to day and unless it is checked right now, this would pose 
a serious threat to the environment. One of the solutions to the problem is to 
use biodegradable material in maximum possible cases. The uses of 
chemical fertilizers and pesticides have also to be reduced to minimize the 
soil pollution problem. 

Some of the remedial measures for soil pollution control are the following:  
Control of sewage, domestic and industrial waste.  Domestic sewage can be 
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decomposed by natural process i.e. by the action of microorganism as 
bacteria.  Industrial waste should be treated within the premises of industries 
before discharging into the environment. Collection and disposal of waste 
need proper arrangement so that to controller or check its adverse effect on 
the environment. 
 
Practices of recovery, recycling and re-use of waste should be adopted to 
save the resources on one hand and protect the environment from the ill 
effects of wastes on the other.  Recycling of metals, glass and plastic should 
encourage for the reduction of soil pollution.  Other methods for the control 
and protection soil pollution include: 
 

1) Land-filling 

Land filling of waste material is a very effective method for solid waste.  The 
land fill method consists of depositions of the waste (refuge) in a hole or in a 
low land by compacting them with soil to a certain height. Most of the organic 
matters undergo an aerobic decomposition and later become a part of the 
soil. 

2) Incineration 

It is a control burning of the waste and final solution to the solid waste 
problem.  This reduces the volume of the garbage and reduces the toxicity of 
waste.  However incineration has its own problem.  It is very expensive, and 
may also generate air pollution problem, as it release toxic gases into air  

3) Recycling of waste 

Recycling is the best possible method of solid waste management.  Most of 
the non-degradable material can be removed from the waste and can be 
recycled to freshly usable ones.   The clothes, paper and glass can easily be 
recycled It has two fold benefits, firstly, it reduces the consumption of original 
resources, and secondly it lessens the volume of the wastes. By adopting the 
above mentioned methods soil pollution could be controlled up to a greater 
extent.  
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7.8 Self Assessment Questions 
 

1. Fill in the blanks with suitable words 
a. Soil contain mixture of sand silt and -----------------------------. 
b. -------------------- are larger than 2 mm in diameter and are not 

considered as soil particles.  
 

c. -------------------- is an ideal agricultural soil. 
d. Loss of productivity of soil by various agents is called as ------------. 
e. Main reason of desertification are soil erosion, water logging, 

salinity and --------------------------------. 
2. Describe the concept of soil pollution. 
3. Explain soil structure in your own words. 
4. What do you know about soil erosion describe the causes and control 

measures of soil erosion? 
5. Explain the term “Desertification” and Enlist/name reasons of 

desertification. 
6. Discuss factor responsible for soil pollution/source and type of soil 

pollution. 
7. Describe in your own words the possible solution for soil pollution 

problem. 
 
 



 113

 
 
7.9 Answers to Self Assessment Questions 
 

Q.1  a. Clay 
  b. Gravel or stone 
  c. Loan 
  d. Desertification 
  e. Poor land management 

 
For Question No. 2 to 7 please study relevant sections of the unit. 

   
   
 

 



 114

 

Unit 8 

 

 

 

 

Solid Waste Management 



 115

Unit 8: Solid Waste Management 

Sr. No. Contents     Page No  

8.1   Introduction      135 

8.2   Objectives       135 

8.3   Solid Waste Categorization   135 

8.4   Solid Waste Problem    139 

8.5   Solid Waste Disposal Method   139 

8.6   Solid Waste Management: An Integrated  140 

Approach 

8.7   Self Assessment Questions   142 

8.8  Answers to Self Assessment Questions  143 

 



 116

8.1 Introduction 

Solid waste is the material that arises from several human activities and 
which is normally discarded as useless.  It consist of highly heterogeneous 
mass of discarded material from the urban communities as well as from 
agricultural and industrial activities. 

Solid waste is a serious pollution problem because of the large quantities of 
wastes that must be disposed off. Solid waste produce by industry include 
scraps from processing and manufacturing operations.  Solid waste produced 
by agricultural activities includes crops residues from farm, animal feedlots.  
Mining activities produce, mining tailings as a waste material.  A major part of 
solid waste comes from residential areas. The residential wastes, commercial 
as well as domestic waste consist of discarded material such as glass, 
bottles, paper, plastics, tin cans, card board, garbage, rags etc. as well as the 
construction material and streets and road sweeping.  Air and water pollution 
control equipment also provide waste material for disposal. Solid waste 
disposal methods are aimed at treating these wastes, so that they can be 
returned to the environment without causing any form of pollution. 

8.2 Objectives of the Unit 

After focusing on the unit, you would be able to; 

1. Explain the concept of solid waste management 
2. Narrate solid waste sources and classification/categorization. 
3. Discuss solid waste problem 
4. Describe solid waste disposal methods 
5. Understand an integrated approach of solid waste management 
 
8.3 Solid Waste Categorization or classification 

Solid waste categorization means to categorize or to classify the solid waste 
on the basis of its source, and types.   

1) Municipal Solid Waste.  2) Non Municipal Solid Waste  

1) Municipal solid waste: Solid waste may be municipal solid waste; It 
consists on solid material discarded by homes, offices, buildings, retail stores, 
restaurant, school, hospital, prisons and other commercial facilities.  It is a 
heterogeneous mixture consists on primarily of paper and paper board, 
plastic, metal, wood, food, waste glass and other material like rubber and 
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leather etc.  Municipal solid waste is relatively small portion of all the solid 
waste produced.   
 
 
 
 
 
 
 
2) Non Municipal Solid Waste: It includes waste from mining (mostly waste 
rock) agricultural and industrial solid waste is produced in substantially larger 
amount than municipal solid waste.  
 
 
 
 
 
 
 
For further detail; please study your text book “Environmental Pollution: 
Health and toxicology” Section 7.1 “Sources and Classification of Solid 
Waste” pg 81-84. 
 
Almost all processing and consumption activities of people, from agriculture, 
industry to commerce and health generate solid waste. According to an 
estimate a single person generates 1600 kg of waste in one year in 
developed countries. Several components of these wastes can be recycled 
whereas others remain to be non-biodegradable. Solid waste management 
should be an important objective of planning to ensure a better environment. 
 
Solid wastes may be classified based partly on content and partly on 
moisture and heating value. A typical classification is as follows: 
 

a. Garbage: Refers to the putriscible solid waste constituents produced 
during the preparation or storage of meat, wit, vegetables, etc. These 
wastes have a moisture content of about 70%. The wastes have 
potential for enriched biogas production. 

b. Rubbish: Refers to non-putriscible solid waste constituents, either 
combustible or non-combustible. Combustible wastes would include 
paper, wood, scrap, rubber, leather etc. Non-combustible wastes are 

Box 8.2 Non Municipal Solid Waste 
 
Non-Municipal Solid Waste: Solid waste generated by 
industries, mining and agriculture are called non municipal 
solid waste. 

Box 8.1 Municipal Solid Waste 
 
Municipal solid waste: Solid waste generated in homes office 
buildings, restaurants, schools and other commercial and 
industrial facilities are called municipal solid waste. 
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metals, glass ceramics etc. These wastes contain a moisture content 
of about 25%. 

c. Pathological Wastes: Dead animals, human waste, and hospital waste 
constitute pathological masks etc. The moisture content is 85% and 
there are 5% non-combustible solids.  

d. Industrial Wastes: Chemicals, paints, sand, metal ore processing, 
flyash, sewage treatment sludge, etc. are the examples of industrial 
waste. 

e. Agriculture Wastes: Farm animal manure, crop residues, etc. 
 
The principle sources of solid wastes are domestic, commercial, industrial 
and agricultural activities. Many times domestic and commercial wastes are 
considered together as the so-called urban wastes. The main constituents of 
urban wastes are similar throughout the world, but the weight generated, the 
density and the proportion of constituents vary from town to town within a 
country according to the level of economic development, geographic location, 
weather and social conditions. In general, it has been found that as the 
personal income rises, kitchen wastes decline but the paper, metals and 
glass wastes increase; the total weight generated rises but the density of the 
wastes declines. 
 
Manufacturing industries produce wastes which are solid or semi-solid. These 
wastes can be pyrophoric (self-igniting), explosive, toxic or radioactive. 
Chemical Process Industries (CPI) generate a variety of wastes, both organic 
and inorganic, which are mixture with a wide range of component 
concentrations.  
 
Most of the industrial wastes generated in cities come from small scale 
operations and these are usually disposed off along with the city refuse. 
Larger industries are often located outside the cities and the disposal of their 
wastes is primarily responsibility of the industries themselves. Some of the 
industrial wastes are often recycled (scrap metal and paper) while others can 
be utilized as an energy source specific processing plants in some regions. 
Energy can be recovered from solid wastes by numerous thermal routes as 
well as by biochemical conversion. The toxic and radioactive wastes, often 
classified as hazardous wastes, need special consideration before their 
disposal.  
 
Agricultural wastes comprise both crop residues and animal wastes such 
manure and urine. Animal and vegetable wastes contain valuable minerals 
and nutrients. Humus from agricultural wastes contains nitrogen, phosphorus, 
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potash and trace elements which are vital to the fertility of the soil and 
optimum plant growth. Burning of wastes as fuel further, leads to loss of 
valuable nutrients. 
 
 
Public Health Aspects 
 
The relationship between solid wastes and human disease is difficult to 
prove, Nevertheless, improper handling of solid wastes is a health hazard 
and causes damage to the environment. The main risks to human health 
arise from the breeding of disease vectors, primarily flies and rats. A common 
transmission route of bacillary dysentery, amoebic dysentery and diarrhoeal 
disease is from human faeces by flies to food or water and thence to humans. 
 
The refuse dumps also serve as a source of food for rats and small rodents 
which quickly proliferate and spread to neighboring areas. Rats destroy 
property, infect direct bite and spread various diseases like plague, endemic 
typhus, salmonellosis, trichinosis, etc. Apart from diseases for which insects 
and rats are carriers, handling and transfer of biological wastes poses a 
threat to the worker and to those contacts. Disease transmission may occur 
through direct contact with the waste, through infection of open sores or 
through vectors. 
 
The hazardous wastes are injurious to human health; some have acute 
effects while others pose a health hazard after prolonged period of exposure. 
Improper disposal of such wastes has resulted in the death of humans and 
animals through contamination of crops or water supplies. 
 
The environmental damage caused by solid wastes is mostly aesthetic, 
Uncontrolled dumping of urban wastes destroys the beauty of the 
countryside; also, there is the danger of water pollution when the leachate 
from a refuse dump enters surface water or ground water resources. In 
addition, uncontrolled burning of open dumps can cause air pollution. Solid 
waste disposal is at present limited to land and the ocean. Some of wastes 
can be recovered and reprocessed, a procedure commonly known as 
recycling, however, before the wastes can be disposed of effectively, they 
must be collected efficiently. These activities, i.e., collection, disposal andlor 
recovery form a part of solid waste management system. The old ‘dilute and 
disperse’ concept of waste management no loger works and newer concept 
of ‘concentrate and contain’ may give way to a concept called integrated 
waste management.  
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8.4 Solid Waste Problem 

Solid waste problem is the third biggest problem in ranking after water and air 
pollution.  Solid waste is a concern of modern society.  With rapid increase in 
population the needs for foods and other essential item increases.  

To meet the needs of huge population more industries would be installed and 
agricultural practices will be increased for more crops.  Consequently more 
waste will be produced.  So time has come to look into the problem more 
seriously before it comes too difficult to control.  Therefore it is very essential 
to handle the problem of solid waste management in such a way that one 
could save himself and the entire community from the adverse effect of solid 
waste.  It not only affect the health, welfare of human being but also 
alter/change and pollute the soil, consequently productivity of soil is 
destroyed by solid waste.  

8.5   Solid Waste Disposal Methods 

Handling/collection; efficient collection and transportation are essential part of 
a overall solid waste management program solid waste disposal include the 
following measures.  

1) Disposal. Solid waste should be disposed of in such a way that could not 
harm the environment and human being.  

2) Solid waste disposal can be effectively replace by recovery and recycling 
of solid waste. To recover the valuable material from the solid waste is known 
as recycling of solid waste.  It is very clear that the resources of the world 
have been finite and in order to maintain a stable economic growth and 
standard of living in the future, it has been very necessary that we should use 
recourses very carefully and evolve technologies for recycling waste and 
residues thereby to save both the resources and energy.   There are two 
basic reasons for recycling. 

a) To conserve the resources for ourselves as well as for future 
generations.  

b) Reduction in volume of waste to be disposed.  
While utilizing the solid waste as an energy resource it would reduce the 
primary demand for energy resource and conserving the energy.  More over 
less energy is required to reprocess scrap than would be communed in suing 
the original material.  When the recyclable material are separated form the 
total refuse then its volume will decrease which will be disposed 
comparatively easily and with less effort, labour and expense.   Therefore the 
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recycling is very effective and economic method for some kinds of solid 
wastes disposal.  
 
3) Besides other solid waste disposal method include sanitary land fill, open 
dumping, deep soil injection, ocean dumping and composting.  The above-
mentioned methods each have it own advantages and disadvantages.  
Moreover it’s also depends on the nature and source of solid waste.  
However the three goals of waste prevention, in order of priority, are: first to 
reduce the amount of waste as much as possible, second to reuse products 
as much as possible and third to recycle material as much as possible.   
 
4) Incineration: It is the process of controlled burning of solid waste; usually 
plastic are burnt to produce some fuel. This is called as incineration. 
The above-mentioned are some of the methods through which solid waste 
could be prevented/controlled or minimized up to a greater extent.   

 
8.6 Solid Waste Management: An Integrated Approach 
 
Integrated waste management is the most effective way to deal with solid 
waste management with a combination of techniques.  
 

 

 

 

 

Even on a large scale, recycling and source reduction will not entirely 
eliminate the need for disposal facilities such as incinerators and landfills.  
They will however, substantially reduce the amount of solid waste requiring 
disposal in incinerators and landfills. 

 

  

 
 

 

Box 8.4 Integrated Waste Management 
 
Integrated waste management: A combination of the best waste 
management, techniques into a consolidated programme to deal 
effectively with solid waste management. 

 
Box 8.3 It is important to note that: 
 
By integrated waste management, we mean to adopt a variety of 
options that minimize waste, including the three (Rs) of waste 
prevention (reduce, reuse and recycle) are incorporate them into 
an overall waste management plan. 
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Self Assessment Questions 

Q.1 Fill in the blanks with suitable words. 
 

a. Waste generated at home, office, restaurants, schools and 
other commercial and industrial area is called -------------------. 

 
b. Waste generated by industries, mining and agricultural is 

called -----------------. 
 
c. Efficient method of solid waste disposal is ---------------------. 
 
d. Integrated solid waste management include three (3R) i.e. 

reduce, re-use and --------------------------. 
 
Q.2 Please mention True/False in the following statements. 
 
 i. Municipal solid waste is the waste produced in factory only  

ii. Landfill and incinerators are used for the disposal and 

treatment of solid waste  

iii. Solid waste is also generated by human activities 

iv. Energy cannot be produced from solid waste. 

v. Plastics are normally incinerated to produce oil. 

Q.3 What do you know about solid waste management. 

Q.4 Describe solid waste categorization in your own words. 

Q.5 Explain solid waste problem and effects of solid wastes. 

Q.6 Discuss solid waste disposal methods 

Q.7 Describe integrated approach of solid waste management 

Q.8 Write a note on recycling of solid waste 

Q.8 Describe the types of solid waste on the basis of its source. 
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8.8 Answers to Self Assessment Questions 

Q.1 

.  a. Municipal Solid Waste 

  b. Non Municipal Solid Waste 

  c. Re-cycling 

  d. Re-cycle 

Q.2  

i. False 

ii. True 

iii. True 

iv. False 

v. True 

For Question No. 3 to 8 please study relevant sections of the unit.  
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9.1 Introduction 

The undesirable or un-agreeable sound without the musical quality is called 
noise.  People living in big cities and near industrial centers suffer from the 
effects of noise disturbance.  Noise is also disturbing most of the people who 
live near air ports and busy commercial centers and large public places.  
Noise pollution is a great threat to human and it increasing day by day with 
various human activities.  If it is not controlled or minimized it will exceed the 
tolerable limits of human safety, its physiological and biological effect, will be 
so great that majority of people may be threatened to mental and physical 
breakdown.  Noise is considered and classified as the most harmful 
component of mechanized and industrialized life.  Therefore there is a need 
to reduce the noise, and to adopt some remedial measures for the control of 
noise pollution problem.   

9.2 Objectives 

After you have studied this unit, you should be able to; 

1. Understand the concept of noise pollution 
2. Discuss the sources of noise pollution 
3. Describe the effects of noise pollution 
4. Explain the strategies to control noise pollution 
 
9.3 Noise Concept and Characterization 

As discussed in the introduction, noise is an unwanted sound.  The vibration 
of an object produces sound.  Sound is either music or noise.  On the basis of 
this distinction whatever is pleasant to ear is music, while all that is 
unpleasant is noise such phrases as grading on the ears express the 
discomfort we feel on hearing unpleasant sound.  It is such 
unpleasant/unwanted impact of sound that is collectively described as noise 
pollution. It annoys and hurts people both physiologically and psychologically.  
So noise may be defined as undesirable sound that interferes significantly 
with comfort, health or welfare of people or with full use or enjoyment of life.  

 

     

 

Box 9.1   Noise Pollution 
 
Noise pollution: A loud or disagreeable sound, particularly when it 
results in physiological or psychological harm to human and animals 
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Unlike all other pollution causing components of environments, sound/noise 
is not an element, compound or substance which can accumulate and harm 
future generations.  It is special kind of wave-action usually transmitted by air 
in the form of pressure waves and received by the hearing apparatus (ear) in 
the body of human beings and animals.  

 

 

 

Sound may be broadly divided into two categories; musical sound and noise. 
Musical sound produced by the vibrations of regular or periodic intervals and 
which is pleasant to hear is called as musical sound.  While the sound 
produced when the vibrations of the source are irregular or non-periodic and 
appears unpleasant to hear is called noise.  Often this is a complex mixture of 
various tones and varying frequencies therefore appear unpleasant or 
disturbing and noise pollution may be differentiated as;   

 

 

 

 

 

 
Noise pollution is the undesirable sound dumped into the environment without 
regard to the adverse effect it may have on living organism including human 
beings and animals. 
 
Units of Noise 
 
Decibel (dB) is used in environmental noise pollution as measure of sound 
power level, sound intensity level and sound pressure level.  A decibel (one 
tenth of a bell) is a physical unit based on the weakest sound that can be 
detected by the human ear.  It is named after Alexander Graham Bell, the 
inventor of the telephone. Most of the noise that travels in the atmosphere is 
of human origin. 

Box 9.2   Sound 
 
Sound: sound is invisible and non material thing. It can be felt 
only, cannot be seen. 

Box 9.3 It is important to note that: 
 
Noise is unwanted, unpleasant or disagreeable sound that 
cause discomfort.  Noise is the wrong sound, in the wrong 
place at wrong time.  While noise pollution maybe defied as, 
‘Any unwanted electromagnetic signal that produces a jarring 
or displeasing effect and which interferes with the human 
communication, comfort and health.   



 129

There are some sources and their decibel (dB) found in air at room 
temperature is given below; 

Table 9.1 Sources and the respective sound produced in terms of Decibels 

Sr. No. Source Decibel (dB) 
1 Audible 20 
2 Living room, public library 40 
3 Bedroom at night 30 
4 Normal conversation 60 
5 Inside an automobile 90 
6 Heavy machinery workshop 90 
7 Auto on highway 110 
8 Satrum rocket take off 200 

Sinha, S. et al. (2005) 

Sound (Noise) level beyond tolerance; 
 80 dB is the normal and below 
 90 dB on prolonged duration can cause loss of hearing 
 100 dB is approaching the unhealthy measures 
 120 dB is the limit of human tolerance and extremely painful 

     Sinha, S. et al. (2005) 

9.4        Sources of Noise Pollution 

Noise may be produced by natural and man-made sources.  Natural sources 
of noise are thunder, volcano or landslide which is out of the control of 
human; whereas most of the noises are produced or created by human.  
They include factories, automobiles (trucks, buses, cars, scooters, trains, 
aero planes) T.V., Radio, public gathering, some time barking dogs and cows 
also create noise, which may irritate people badly. Besides followings are 
also considered as the major sources of noise pollution: 

 Transportation/traffic noise includes road traffic or highway noise, 
aircraft noise, and rail traffic noise.  

 Industrial noise consists on heavy machinery at the time of working 
and movement of goods and raw material also create a lot of noise 
pollution.  

 The other sources include noise from construction work, 
neighborhood noise (indiscriminate use of loudspeakers) and noise 
generated by domestic appliances like washing machines, mixer, 
power generation equipment and music system etc.   
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Noise is unwanted sound. The world has been derived from a Latin word 
“nausea” meaning noise. The sound is a form of energy. The environmental 
effects of noise depend not only on total energy but on the sound’s pitch or 
frequency and its time pattern. The apparent noise that is perceived by 
human ear depends on both the frequency and intensity of sound. The 
intensity of the sound is measured in decibels (d = deci meaning 10, B = Bell 
after the name of scientist Alfred Grahm Bell). Technically, a decibel (dB) is 
the amount of sound pressure that equals to 0.0002 microbars (energy of 
about 10-15 Watts). Since loudness is measured in logarithmic scale dB shall 
be: 

dB = 10 x log10 I / I
 

Where I is the measured sound intensity and 1 is the softest audible sound 
intensity. One decibel is the faintest sound intensity that can be perceived by 
human ear, and it can tolerate up to 180 dB. The frequency is defined as the 
number of vibrations. It is denoted by Hertz (Hz). One hertz is equal to 1 
vibration second. People can hear sound from 16 to 20,000 Hz. The range of 
vibrations below 16 is infra-audible and those above 20,000 Hz are 
ultrasonic. Many animals can hear sounds that are inaudible to human ear. 
The loudness can also be expressed in sones. One sone is equal to 40 dB at 
a pressure of 1,000 Hz.  

Sources of Noise Pollution 

Noise may be either natural such as wind, thunder and movement of water or 
manmade. If all symbols of civilization - from jet planes, vehicles, railway 
engines to factories generators, construction, machinery, television and radio 
sets and public address systems have something common - it is the noise. 

Industrial Noise Pollution 

The most offending noise sources are compressors, generators, furnaces, 
looms, grinding mills, releasing valves etc. that are used in many industrial 
processes and are installed in partially closed or open sheds. 80-120 dB 
noise level is common to most units which is hazardous. 

Domestic Noise Pollution 

Transistors, radio, T.V., other musical instruments, air-conditioners, washing 
machines, and kitchen appliances are common sources of noise at home. 
They not only do affect the users but the neighbors too. 
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Traffic Noise 

Continuous movement of vehicles causes traffic noise. It affects not only 
those who are moving but those too who live near the roads, railway lines, 
stations and airports. There had been a gradual increase in the traffic noise in 
recent years due to increased density of vehicles. Near the air ports, noise 
levels between 85 dB and 95 dB were recorded with an increase of 20-25 dB 
during landing and takeoffs. Near railway tracks too, ambient noise level 
increases up to 10-20 dB during train movement.  

Other Sources of Noise Pollution 

In metropolitan cities the crowded markets have become great source of 
noise pollution. Theatres, dance halls, circus carnivals, religious activities, 
fairs, and festivals are other sources of noise pollution. Aircraft noise pollution 
is a matter of serious concern especially in areas close to international air 
ports. Satellite launching operations and atomic explosions are other sources 
of noise pollution. 

9.5  Effects of Noise Pollution 

Noise pollution has some direct and indirect adverse impact on human 
health. Prolonged exposure to noise damages hearing, and cause headache.  
Noise being a form of radiation is scientifically and physiologically considered 
to be the greatest negative reward to our present mechanization, 
industrialization, advanced technologies and is probably the most hazardous 
and threatening element of our modern society life. Noise may under certain 
particular circumstances cause mental fatigue, loss of nervous balances, 
reduce physical and mental energy.  It also causes temporary restlessness 
and anxiety.   

Other negative impacts of noise pollution include; 

Auditory effects, speech interference, sleep interference, general annoyance, 
task interference (working efficiency), behavioural and emotional effects.   

Effects in Noise Pollution in Human Beings 

Sound is uncomfortable beyond 100 dB. Noise level generally exceeds 85dB 
in metropolises all over the world. The effects of noise in man are described 
below: 
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Auditory Effects 

The first organ to be effected by noise is the ear. More than 40% cobblers, 
fruit sellers, shopkeepers and drivers complain of tinnitus in the ears. 
Continuous exposure may lead to deafness/permanent loss of hearing. It is 
due to complete destruction of the organ of corti that transmits sound from 
ear to brain. WHO statistics showed that around 5% of the school children 
suffer from varying degrees of deafness. According to US Public Health 
Service, more than 7 million people are working where noise levels are high 
enough to damage hearing. Noise is a major health hazard in industry. 

Hearing loss due to noise exposure is a complex function of noise 
parameters and individual susceptibility. When noise does cause damage to 
the ear, the effects are pervasive and can involve damage to all the major cell 
systems of the cochlea. Perhaps the most sensitive structures are the 
stereocilia, which are the transduction links between the sensory hair cells 
and the tectorial membrane. One of the first pathologies seen is disruption of 
the mechanical cross-links between individual stereocilia on a given hair cell. 
Stereocilia can also develop “blebs” or growths and can fuse to form “giant 
stereocilia.” 

The outer hair cells (the motile sensory cells responsible for the exquisite 
sensitivity and frequency selectivity of the cochlea) appear to be more 
vulnerable to noise damage than the inner hair cells (the sensory cells that 
are responsible for conveying electrochemical information to the brain via 
auditory nerve fibers). In most of the cochlea’s examined after acute 
exposures in experimental animals or after a lifetime of exposures in humans. 
When inner hair cells are missing there is usually secondary degeneration of 
the afferent fibers that innervated them. 

The relation between cochlear blood flow and hearing loss from noise is not 
well understood, but there is relatively strong evidence that significant hearing 
losses are usually accompanied by capillary loss in stria vascularis and the 
spiral ligament. 

Gunfire and other short-duration, high-level impulse or impact noises 
constitute a special hazard to the ear. The high sound pressures associated 
with impulse noise cause the basilar membrane to be displaced a relatively 
large distance in a short time, thereby developing large inertial forces that 
literally rip the cochlea apart. In addition, exposure to high level impulse noise 
can lead to ripping of tight cell junctions and ejection of sensory cells from the 
cuticular plate. 
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Variability and Susceptibility 

Individual variability in susceptibility to noise induced hearing loss (NIHL) can 
be impressively large. In a particularly well-controlled epi-demiological study 
of hearing loss in a foundry and forging plant, workers with ostensibly the 
same exposure to noise developed markedly different hearing losses. 
Despite careful attention, ultimately it is difficult to control for all relevant 
factors that influence the amount of hearing loss a given individual will 
develop. Surprisingly, even when subjects are carefully screened and their 
noise history is known, there is still large intersubject variability in. The large 
degree of intersubject variability in the amount of hearing loss caused by 
exposure to noise highlights the need for developing predictive measures of 
susceptibility to noise. 

A number of factors that correlate with susceptibility to NIHL have been 
identified. For instance, an individual’s concentration of melanin can be 
related to susceptibility, with dark-skinned individuals being more resis-tant to 
noise than fair- skinned or blue-eyed individuals. 

Research has suggested that melanin plays a role in counteracting the toxic 
reactions produced by high level noise exposure. Another factor related to 
susceptibility is acoustic reflex contraction of the middle ear muscles. 
Individuals with efficient acoustic reflexes (fast acting, strong contracting, and 
resistant to adaptation) develop substantially less NIHL than individuals with 
less effective reflexes. Although factors such as these have been shown to 
be correlated with susceptibility to NIHL in large- scale studies, there are still 
no practical means of assessing an individual’s susceptibility to NIHL prior to 
noise exposure.  

Non-auditory Effects 

Noise promotes the development of several non-auditory health effects 
including speech disturbances, sleep problem, insomnia, annoyance, 
hypertension and physiological disorders. These are neurosis, anxiety, 
insomnia, hypertension, sweating, giddiness, nausea and fatigue. 
Cardiovascular system is especially vulnerable to high levels of noise. 
Chronic noise may lead to abortions and congenital defects. 

Reactions to noise pollution could be listed almost endlessly when one hears 
a loud noise, the blood vessels constrict, the skin pales, the pupils dilate, the 
eyes close, one winces, holds the breath and the voluntary and involuntary 
muscles become tense. Gastric secretion diminishes and blood pressure 
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increases. Adrenaline is suddenly injected into the bloodstream which 
increases tension, nervousness, irritability and anxiety. Prolonged exposure 
to such noise can lead to severe mental disorientation and in some cases the 
violence. According to Nobel Laureate Robert Koch noise is the worst enemy 
of health. 

Effects of Noise Pollution on Wild Life 

Wild life too has been affected by noise. Health status of several Zoo-animals 
viz: deers, lions, rhinos are known to be affected by noise. They appear dull 
and inactive. Several migratory birds have stopped resting in a habitat close 
to noisy cities. Grizzly bears, muskoxen and kangaroo rats in Malaysia have 
been affected by noise. They leave habitat and move to calm places. This 
change in habitat alters their food habits, health and mating behavior. 

9.5 Strategies to Control Noise Pollution 

Following are some of the strategies through which prevention and control of 
noise pollution can be done up to greater extent. 

- Elimination/Reduction of Noise Pollution at source. 

- Proper education, research and creation of public awareness about 
noise pollution. 

- Enforcement of anti-horn blowing laws near hospitals, educational 
institutions including schools, colleges, universities, nursing homes, 
libraries and residential areas.  

- Enforcement of certain standards for industries regarding noise 
pollution prevention.  

- In big cities and huge buildings sound absorbing materials for 
construction and similar facilities for indoor use like sound insulated 
ceilings, walls, doors and windows provide the best means of 
reducing the noise level.  

In industrial situation, worker can be protected by issuing and wearing 
protective devices like ear muffs, ear plugs etc. and by rotating workers from 
one room to another to avoid their prolonged exposure to noise pollution. 
Noise pollution at source can greatly be reduced by replacing the old and 
high noise-producing machine by modern machine with quiet or lower level 
sound emission.  Besides proper maintenance and alignment/adjustment of 
heavy machines in industries and of other equipment, noise level can be 
minimized/ reduced up to some extent.   
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Noise can also be controlled or reduced to tolerable level by adding sound 
absorbing material to rooms. Soft, porous surfaces are good sound absorbers 
like foamed plastics, porous plastics, glass fiber blankets, and carpets.    

Another way of reducing noise pollution is interrupting the path of noise.  The 
path of noise can be interrupted by various methods. They include barriers, 
enclosures, isolating vibration and damping vibration.  Although total 
elimination of noise pollution is not possible, however, this may be minimized 
by adopting some of the above mentioned strategies; for prevention, 
reduction and control of noise pollution (Rana 2006).   
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9.6  Self Assessment Questions 

Q.1 Fill in the blanks with suitable words 

a. Loud disagreeable sound resulting physiological or 
psychological harm to human and animal is called ---------------- 

b. ------------------------- is a physical unit based on weakest 
detectable sound by human ear. 

c. Noise is also a kind of ----------------------. 

d. ------------------------- can result in headache, mental fatigue, 
loss of nervous balance, restlessness and anxiety. 

e. Noise pollution has direct and indirect -------------------- on 
human health. 

Q.2. Differentiate between musical sound and noise. 

Q.3. Briefly discuss the sources of noise pollution. 

Q.4. What are the measures you think may be taken to control the noise 
pollution? 

Q.5. Classify the major sources of noise pollution. 

Q.6. Explain the concept of noise pollution 

Q.7. Describe the effect of noise pollution on man. 

Q.8. What do you know about the units of noise? 
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9.7  Answers to Self Assessment Questions 

Q.1 a. Noise pollution 

 b. Decibel 

 c. Pollution 

 d. Noise pollution  

 e. Impact 

For Question No. 2 to 8 please study relevant sections of the unit.  
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