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1.
Environmental Studies :
An Introduction

The term Environment is derived from the French word Environner,
which means to encircle or surrounded. All the biological and non-biological
entities surrounding us are included in environment. The concept of
environment is defined in the Environment (Protection) Act, 1986, according
to which all our living and non-living surroundings are included in it. The
following figure explains the environment in a better way :

Air

Man

Materials

Living Organisms

Fig. 1.1 : Our Environment

But the above explanation refers to the one side of
environment of human beings only. In broader concep
environment can be used in two ways. In one sense, it re
surrounds an entity. Any entity, say a person, a living organ Sr
company, etc., has its environment. That is why, we talk
environment, the business, the political environment, a
environment. In the second way, we use the word environ:
Here we mean the natuml enVIrongn;:nt : the air, watel;
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5 Environmental Studies : An Introduction

the natural environment affects human beings. We in turn have an impact

(often a negative impact) on the natural environment.
Environment has been defined in various ways by different scholars

and scientists :

e According to Hersch Kovitus, "Environment is the totality of all
those external conditions on the surface of earth, which influence
the evolutionary cycle of the living beings.”

e According to Dr. D.H. Davis, “In the context of human beings,
environment means all those physical features on land which.

-inﬂuence them continuously.”
e According to E,.'! Ross, “E VIronment is the extemal factors that

' mﬂuence s,

blologlcal forws of nature,
environment.
Thus env:ronment is the sum total of wate

organisms and matenals

Nature of Environmental Studies %

The concept of environment is too broad t
subject of Environmental Studies is no doubt in
has close relationship with all other subjects of
are numerous and involve many different discipli
biology, botany, zoology, soil science, technology, Oc
science, economics, sociology, anthropology, law,
nature of the subject is multi-disciplinary becau
relationships that exist in our natural environmen
other organisms, water, soil, air, trees and the oct
up in the following lines :

e For the understanding of the biotic comp
we take the help of various life scient
genetics, biochemistry and microbiologys

e In view of increasing environmental problems\

to them with the help of genetics and biot
We study physics, chemistry,

oceanography and geography in order ‘i
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Environmental Studies : An Introduction 3

chemical structure

with mass and ener;:rirg:'?stlf;r:?mponents iy g
In 9rder to deal with the socio-economic aspects associated with
\fanous development activities we have to study some other subjects
like economics, sociology and management.

° Suhjects like mathematics, statistics and computer science are
_ emerging as useful tools in environmental modeling.

e To find the technical solutions to environmental pollution control
and waste treatment a synthesis of civil engineering, hydraulics,
chemical engineering and nanotechnology is necessary.

e For disseminating environmental awareness two subjects are very

~ effe ch are environmental education and mass

ent and protection of various aspects and
yment we study environmental laws.

- sical | Mathematics | | Engineering | | Social Science
Sciences | |Sciences| | Statistics and Humanities,
i Technology o AN
Environmental
Studies
Fig. 1:2.

Scope of the Subject . 4

The subject encompasses a large number of areas and
have a direct relevance to each and every section of the society
is expanding dramatically day-by-day. Natural resources, €COI0gi
runway growth, imperilled ecosystems, disappearing fore )
species, escalating pollution, growing population, dangerous i
laws, social issues in relation to development and environme
other such issues come within the preview of .Envinonm
close look on these issues, topics and concerns is, hence, NECES

1. Natural Resources. We study about the natu :
conservation and management of natural resources in this
subject describes how humans are using and abusing tI;ie nn:
water, energy Sources, forests, land and minerals. He
degradation caused to these natural resources throug
and possible measures for reversing the decline.
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4 Environmental Studies : An Introduction

2. Ecology. This branch of science also comes within the scope of
Environmental Studies. This includes the study of the distribution and
abundance of living organisms and the interaction between organisms and
their environment. The environment of an organism includes both its physica
habitat which can be described as the sum of local abiotic factors like climate
and geology as well as the other organisms which share its habitat.

3. Bio-diversity. It refers to the variety of forms—the different plants,
animals and micro-organisms. It includes the genes they contain and the
ecosystem they form. It deals essentially with dynamic processes and
increases when new genetic variation is produced and decreases on the
loss of genetic variation or species extinction. Thus, it is a concept laying
emphasis on inter-related nature of the living world with its processes.

4. Environmental Pollution. The study of environmental pollution,
forms of environmental crisis, their causes and conservation measures also
comes within the ambit of Environmental Studies. Here we learn about the
possible dangers of pollutions—water, air and land. Effects of global warming
degradation of forest and role of government and civil society in combating
pollution are the major thrust areas. :

5. Human Population. In Environmental Studies, we study human
population and their inter-connection with the environment. The over-
exploitation of natural resources, the pressure of population explosion on
environment, the man-made natural hazards and the perfect solutions of
various problems are the main areas of interest.

6. Social Issues. We cannot ignore the social issues involved in
environmental perspective. Our technological dev t has strong
impacts on the natural as well as the social compc
social issues in relation to development an envir
complex relationships between people, envir
governments and environmental laws. Environing
issues of development and employment and presel
livelihoods’ and community-based conservatl
addresses the question of displacement of peopls

and other reasons. g

7. Crisis and Hazards. Various forms of
hazards also come within the scope of this

deforestation, energy crisis, garbaze, hazard
problems, earthquake, cyclonic storms, floods, ¢

Career Options
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Environmental Studies : An Introduction 5

env:ropmental management and environmental engineering. These are
emerging career options as trained manpower is greatly in demand for
sustainable development and environmental protection. Moreover, in order
;?’;ﬁ;':gég ersizcsrt; i‘);gblems in a holistic manner there is a need of skilled and

0 can devise effective research and development models
based on green technology.

Th_e pollu15ion control laws are becoming more stringent day by day and
hence industries are finding it difficult to dispose off the wastes produced.
They are now trying to adopt green technologies, which would reduce
pollution. For this purpose they are in need of trained manpower and
environmental professionals in order to avoid expensive litigation.

Green Market. Market for pollution control technology is increasing
the world over. Cleaning up of the wastes produced is another potential
market. It is estimated to be more than $100 billion per year for all American
business. Germany and Japan having more stringent laws for many years
have gained more experience in reducing effluents. Still there is a $200
billion market for cleaning up the former East Germany alone. The Green
market for India is evolving rapidly to meet the prescribed standards.

Next point of discussion is ensuring the quality products with ISO mark.
Environment friendly products are being given due preference which have
ecomark of ISO 14000 certification. Environmental auditors and
environmental managers would be in great demand in the coming years.

Green Advocacy. Emphasis is being given an appointing environment
lawyers who can deal with laws and legal matters related to various stands
of environment like water and air pollution, wildlife and forest Acts. So, the
importance of Environmental Studies in increasing rapidly. !

Green Media. Persons well-trained in environmental affairs are being
engaged in the field of print and electronic media. The sole purpose is _to %
spread awareness amongst the mass through various modes like radio,
television, magazines, advertisements etc.

Consultancy Service. Environmentally educated persons can pursue
the career of consultants as many non-government organisations (NGOs), =
government bodies and industries have opened the door of a plethora of
such options. The role these consultants is to devise systematic ways of
tackle issues related to environmental problems.

“Importance of Studies :

We cannot live without nature. If we want 1o lead a.ht_aalthy life and
aspire for a clean earth for our next generations, it i§ essenFIaI to undelfstanf: {
the basics of environment. Environmental Studies IS very.:rnpgrtant sinceit
deals with the most mundane problems of life where e.acr.l lnqundual n(;gtt_tersf
like dealing with safe and clean drinking water, hygienic llVll:’Q COIH ;Z:‘;: ]
clean and fresh air, fertile land, healthy food and sustainable develop i i
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The study of the [ nvironmental Studies Is Important because there is »
great need of public awareness for saving our earth which Is facing a global
environmental crisls, Our unsustainable way of consuming natural resources
al a rate greater than that at which nature can regenerate them and the
rapidity with which we are polluting the planet, can only lead to a catastrophe,

The crisis of today Is rooted in our attitude of domination and explotation
of Nature, based on the ‘Idea of Progress’. Many phenomena like population
and consumption have been growing exponentlally over the past 100-200
years, The concept of ecological footprint expresses the amount of land
needed to sustain the lifestyle of an entity-—a person, a city, a country, etc,
several international meetings have deliberated the issues of environment
and development and have come up with agreements. The accepted
approach is that of sustainable development,

The nature of Environmental Studies Is equally important for global as
well as local issues, For example, there are certain issues like global warming,
depletion of ozone layer, dwindling forests and energy resources, loss of
global biodiversity etc., which are going to affect the mankind a:
are global in nature and for that we have to think anc

The world is heading for an environmental disaste
wise monkeys, we do not want to see, hear, or talk abo
worse, we sometimes do talk about it, and then go a e
the environment and our lives were quite separate, Mi
problems arise from the deliberate or inadvertent abuse, n and ov
of natural resources by human beings. Land, water, € nergy re
and space have all been adversely affected by hu

On the other hand, there are some environment
of localized importance. For dealing with local ent
impact of mining or hydro-electric project in an a
and management of solid waste, river or lake pollutic
logging and salinization of soil, fluorosis problem in lo
pollution of ground water etc., we have to think ant

6

IMd a% a Wi Jeo
AR et

/ Need for Public Awareness i
Dissatisfaction with the Idea of Progress began
when the adverse environmental impact of unbridie
Books like Rachel Carson’s Sllent spring (Ca
environmental movement. 3
The United Nations Conference on Hu
stockholm was the first international init
problems, Later, the World Commission ¢
(WCED) was set up In 1983 with.
Chairperson. The WCED repc

for an integration of economi
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Environmental Studies : An Introduction 7

supported the concept of sustainable development and defined it as
‘development that meets the needs of the present without compromising
the ability of future generations to meet their own needs”.

The idea of sustainable development has been criticized for being
interpretable in many ways. Yet, it has caught the attention of many people,
since it seems to imply that development and environmental conservation
can go together.

Besides Stockholm, the other major effort was the United Nations
Conference on Environment and Development (UNCED) held in 1992 in Rio
de Janeiro. Attended by more than a hundred heads of state and 30,000
participants, UNCED came up with several documents including :

e ‘The Rio Declaration on Environment and Development’, listing 27

principles of sustainable development,

e ‘Agenda 21’, a detailed action plan for sustainable development in

the twenty first century, and

e 'The Convention on Biological Diversity".

The next conference, popularly known as Rio +10, was held in
Johannesburg, South Africa, in 2002. This conference recognized that the
implementation of the Rio agreements had been poor. It marked a shift
from agreements in principle to more modest but concrete plans of action.

The 2004 Nobel Peace Prize was awarded to Kenyan Environmentalist
Wangari Maathai for her contribution to sustainable development, democracy
and peace. This is the greatest recognition given to the cause of environment
at international level. The Norwegian Nobel Committee, while awarding the .

prize, expressed the views “peace on Earth depends on our ability to secure
our living Environment.” .

Maathai, Kenya’s Deputy Environment Minister is the founder of Kenya
based Green Belt Movement. This movement comprising mainly of women
has planted about 30 million trees across Africa. This has helped in slowing |
desertification, perserving forest habitats for wildlife and food for future
generations and has helped combat poverty. 5

Maathi has given a beautiful slogan "When we plant new trees, we
plant the seeds of peace.” e

But to make our environment clean and green we need public awareness
for environmental issues. This is possible only when people of all classes
are aware about these concerns. There are many factors that limit
awareness of environmental issues. To the millions of poor people, the
problems of daily existence are more important than environmental
degradation., The more prosperous are afraid that, in the name of
environment, their comforts may be taken away. In any case, most ofu
not pay the real costs of exploiting nature. P

There is also false anti-environment propaganda
like the large corporations, for whom constant growth is Vi

F
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level, parties are more interested in short term gains and will not adopt
unpopular measures to conserve the environment. Further, in this age of
extreme specialization very few can look at the larger picture of what is
happening to the world. There is also a paucity of reliable and clear
information on the environment. To make matters worse, indicators like
Gross Domestic Product (GDP) give us a misleading picture of what is
desirable.

In fact, the public has to be educated about the fact that if we are

degrading our environment we are actually harming our own selves. This is
because we are a part of the complex network of environment where every
component is linked up. It is all the more important to educate the people
that sometimes the adverse impact of environment are not experienced
until a threshold is reached. So we may be caught unawares by a disaster.

awareness amongst people that we have no other option but to follow
sustainability principles. Only then life of mankind on this earth :
secure and our future generations would be safe. Environmen
is needed to change the mindset of modern society for an
approach. »

9‘5".4-‘-:«0!\4?

How would environmental awareness help to prote

Environment belongs to all and there is an urgent need to create

Model Questions
Define environment. What is the crisis of environment?
How could we define environmental studies and related
Discuss the multidisciplinary nature of Environmental
Why is the need for studying environmental issues im
How would you define the scope of environmental ed

Why is there a general lack of public awareness abou
issues?
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Natural Resources

Man’s living solely depends upon the gifts of nature. The gifts of nature
include Nature’s endowments, resources and reserves. Before dealing with
resources in detail, it becomes imperative to know about endowments,
resources and reserves. The gifts of nature which are useful to us for our
living are natural endowments. They include rocks, minerals, soils, water,
plants and animals. But these natural endowments have no meaning unless
man tries to work on them and gets something useful out of them. Only
when man recognises the value of natural endowments, they become natural
resources. Before knowing the use of iron, during the stone age there were
large quantities of iron in the earth, but they were mere natural reserves or
endowments. After man started using them, the mineral endowments
became mineral resources. The stocks of natural resources thatare available
for use by man are termed as reserves, such as reserves of timber, coal,
petroleum and natural gas etc.

“ Defining Natural Resources
The word resources is made up of two words : Re+source. ‘Re’ means

again while ‘source’ implies basic or original place of birth. Therefore,
resource literally means resurgence of a thing from its original place of
birth. According to dictionary, “Those things of human life and environment
which are essential for survival of human being are known as resource,”
The most important natural resources are water, soil, sunlight, air, forests,
animals and minerals as man depends upon them for satisfying his needs
of food, clothing and shelter. The meaning of the word ‘Resources’ has
undergone a change in recent times, as a result of interaction among nature,
man and his culture. During the early days of twentieth century the most
valuable natural endowments were known as natural resources but due to
man’s advancement of science and technology the concept of natural
resources has broadened. Now-a-days the natural resources |
whole natural environment as each and every part of It is well equipped
with the natural gifts or natural endowments for use by man. In thl!
all the living and non-living elements of lithosphere, atmOsEIEH
hydrosphere have become natural resources as they are capable off
comforts to man, M
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10 - Natural Resources

Resources can be classified into two main categories :

(i) Renewable Resources. These are enexhaustive in nature and
can be regenerated within a given span of time e.g,, forests, wildlife, wind
energy, biomass energy, tidal energy, hydro power etc. Solar energy is also
a renewable form of energy as it is an inexhaustible source of energy.

(i) Non-renewable Resources. These cannot be regenerated e.g,
Fossil fuels like coal, petroleum, minerals etc. Once we exhaust these
reserves, the same cannot be replenished.

Table 2- 1- -. ‘ il
Natural ?{esources b
i
J 1 1
Inexhaustible Exhaustible
!_J v
— Solar energy \lf 1 o
— Wind power Renewable Non-renew:
— Rainfall — _‘_l. B
L : — Water — Biolo
A g"‘gg ‘gv:fres | Soil fertility L— Miner
Yoo — Natural vegetation y
— Wildlife
—— Aquatic animals
—— Humans
Conservation

The word ‘conservation’ is derived from two Latin words, ‘con’
‘together’ and ‘servare’, meaning to ‘keep’ or ‘quard’. '
together’ is the literal meaning of the word conservati
conservation was coined by Gifford Pinchot shortly after the
Conference of 1908. In general, the concept of conser
for non-renewable resources but for renewable reso
management is necessary, which is a part of conserval

The conservation of natural resources is a 3
rational use of resources so that a harmony be
requirements and its availability can be esbablnshed o

resources need a proper resources A .,i_, . nt '
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Natural Resources 11

Apart from national efforts by each country, efforts on global level have
also been' started under United Nations. Different agencies of the UN are
now playing a key role in setting the world on the long road towards
Fonservation of natural resources and protection of the environment. The
increase in public support for conservation measures both at international
and local levels has given this movement a new life, but still there is a long
way to go.

In this chapter.we will study about the status and conservation of the
following major natural resources :

(a) Forest Resources

(b) Water Resources

(c) Mineral Resources

(d) Food Resources

(e) Energy Resources

() Land Resources.

Forest Resources

The word ‘Forest’ is derived from Latin word 'Foris” which means a
thing outside home or the land undistributed by man. In other words, natural
cover of grass, plants and trees is called as forests. In the beginning almost
75% of the earth’s surface was covered with forests, but in course of time
with increase in population and added requirement of land for its settlement
and other activities, the forest area went on depleting and, at present, it
covers only 30% of the surface. Former USSR accounts for about a 5th of
the world’s forests, Brazil for about a 7th and Canada and' USA each for
6-7%. Now man sees the depletion of forest resources with concern and is
making efforts to conserve them. The greatest losses have occurred in
tropical Asia where one third of the forest resources have been destroyed.
However, latest reports reveal that maximum loss of forest cover is currently

taking place in Brazil.

Uses of Forests ; -
Forests are an important renewable natural resource. Forest ecosystem

is dominated by trees, their species-content varying in different parts of the
world. Forests contribute substantially to the economic development of our
country by providing goods and services to the people and industry. They
also play an important role in enhancing the quality -of environment by
influencing the life supporting system. Forests are also linked with 1 C
and civilisation. Forests help man in several ways. They. rovide
products and also many indirect advantages to him. -
Food. Man especially abori ins d or St
provide him fruit, nuts and roots whi
food needs. ' 2
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Clothing. Forests are responsible for saﬁs_fying f:lothing needs of man
in a big way. They provide chemicals and wild a_mmals living in forests
provide him for chemicals and fir are used for making clothes. |

Housing. Man builds houses with materials obtained from forests. Even
the modern houses in big cities get timber for wood work. One third of the
wood harvest is used for building materials as lumber, plywood and
hardwood, particle board and chipboard.

Fuel. Half of the timber cut each year is used as fuel for heating and
cooking. Forests were major source of power. They still hold this status,
though some what subdued. Wood is used in houses and factories as a
means of power. Actually forests are the basis of coal and petroleum.

Industrial Raw Materials. Innumerable products such as rubber,
gum, cork, raisin, tunning materials, gataparcha and terpentine, woodpulp,
sabai grass, tree branches and timber etc., are obtained from forests. We
use them in factories and industries as raw materials to produce new
products, which satisfy our needs and make our life comfortable.

Non-Wood Products. In many poorer countries, especially in Asia,
non-wood forest products (NWFPs) such as food, fibre, honey, and medicinal
form an important source of income and a critical component of food security
and well-being. Some forests are also sources of minerals. Forests provide
employment and income, recreation, education, scientific study, protection
of natural and cultural heritage, aesthetic pleasure, and spiritual solace.

Increase in Fertility of Soil. Tree leaves fall into soil and get decayed.
Decayed leaves produce humus and increase soil fertility,.

Prevention of Soil Erosion. Forests control wa
and allow water to percolate into the earth. Roots
and do not allow soil to become loose. Intensity
these factors prevent soil from being eroded. Fores
thus controlling deserts from spreading. 2

Moisture Attraction from Atmosphere. Leaves of trees att
moisture present in the atmosphere. This leads to cause 1
enough water for irrigation, '

Production of Oxygen. The trees produce o3
which is so vital for life on this earth. They are
lungs. 5 :

Reducing Global
(CO,) is absorbed by
forest canopy acts as

12

L
L
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: Place of S_helter to Wild Animals. Forests provide shelter to wild
animals. They live, roam and grow in forests without fear and harm. Man

?Iso ct)sbtalns numerous animal products from animals and birds living in
orests.

State of World’s Forests

It is difficult to assess the extent of the world’s forests. Data supplied
by countries is often unreliable, though satellite imagery is increasingly
being used to verify data from ground surveys. The definition of a forest
also varies from one assessment to another.

The highlights of two global forest assessments are presented below, -
one from the World Commission on Forests and Sustainable Development
(\;VCFSD), and the other from the Food and Agricultural Organization (FAO)
of the UN.

Table 2.2 :
Change in Forest Resources of World (1990-2000)

Areas of the Total forests Change
world (Forest area in million hectares) 1990-2000
1990 2000 Percentage
Africa | 70275 650 - =78 3
Asia 551 548 -7.0 1.
Australia and 201 Jgg =" -18 B
other island 3
Europe 1030 . 1039 +08
Northern & Central 555 549 -1.0
America ;
Southern America 923 886 4.1
Total of World 3962 . 73869 - a1 R

Source - UNO Food and Agriculture Organization, State of the World Fo

In its 1999 report, WCFSD came to the following conclusions a
state of the world’s forests :

e The world’s remaining forested areas amounted to about
hectares in 1999, down from about 6 billion hectares
ago.

° F:%ty six countries have lost between 90 and 100 per
forests. i

° ecades of the twentieth century,
/ largely in the

13
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14 Natural Resources

e Forest decline threatens the genetic diversity of the world’s plants
and animals. About 12.5 per cent of the world’s plant species and
about 75 per cent of the world’s mammal species are threatened

by forest decline. e ‘
e In developing countries alone, some US$ 45 billion per year is lost

through poor forest management.

e In Europe, forests are declining due to drought, heat, pests, and
air pollution. The number of completely healthy trees in European
forests fell from 69 per cent in 1988 to 39 per cent in 1995.

The WCFSD concluded, "The decline is relentless. We suspect it could
change the very character of the planet and of the human enterprise within
a few years unless we make some choices’. The Global Forests Resources
Assessment 2000 (FRA 2000) of the FAO was primarily based on information
provided by countries, supplemented by state-of-the-art technology to verify
and analyse the information. More than 200 countries and areas were
presented in the assessment. For the definition of a forest, FRA 2000 adopted
a threshold of 10 per cent minimum Cover, for both natural forests and
forest plantations. :

The main findings of FRA 2000 were : ‘
e The world’s forest cover in 2000 was about 3.9 billion hectares, or

approximately 0.6 hectare per capita. About 95 per cent of the
forest cover was in natural forest and 5 per cent in forest plantations.
e The distribution of forest area by ecological zone, in terms of
percentage, was 47 per cent in the tropics, 33 per cent in the
boreal zone, 11 per cent in temperate areas, and 9 per c
subtropics. |
e Deforestation in the 1990s was estimated at 14.6 million
per year. The figure represents the balance of annual
natural forests minus the area replaced through refo
forest plantations. Expressed in another way, duril
the world lost 4.2 per cent of its natural forests, but:
cent through reforestation (with plantations), affor
- the natural expansion of forests.
e Overall, however, the loss of natural forests is still higk
and increases in plantation establishment and then
of forests have not been able to compensate for the 108
e Despite the high losses of the world’s natural forests at
level, new forest plantation areas are being establ
rted rate of 4.5 million hectares per year. The
slopment are China, Ind

14 ' o :
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plans. At least 123 million hectares of tropical forests were reportedly
sub_]eqt to management plans. In industrialized countries, the
majority of the forests are under some form of protection or
sustainable management.

® Ofthe world's forests, 12.4 per cent were estimated to be in
protected areas according to the categories defined by the World
Conservation Union (IUCN). '

Table 2.3 :
Comparison of Forest Cover

Country Percentage of Country Percentage of
Total Forest Area Total Forest Area

Finland 69.23 France - 22445

Brazil 65.91 Australia 18.87
Sweden 62.22 China 13.40
Malaysia 53.33 India 11.73
Canada 4543 England - 9.79
Nepal 35.46 ‘Bangladesh el
America - 31.61 Pakistan Aer) 38

Sri Lanka 25.76 :

Source : World Development Report, 1997

Over Exploitation
Exploitation of forests has been continued since e
vast potential. It was the growing dem‘and of the cities
our forests. Besides this local cattle, goats, sheep etc., not oni
vegetation but also pull out the roots of plants. After denu
Himalayas, the process of deforestation started in the
(extending parallel to the Himalayas). Shivalik sal forests we
for industrial use (railway sleepers etc.). Thus foot
once covered with dense forests, are facing an acute wal
semi-desert conditions. When forests die, ecological balane
nature breaks away; and floods or drought are the terribl
The trees not only increase rainfall of an area, but also-f._
which falls on the ground as rain. Plants also reduce evapor
water in in soil for a long time. e
g destroyed to meet human der

dl
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can cut trees very quickly. When some species are selected for logging,
non-target species are also damaged.

(b) Logging companies create infrastructure, especially roads, in forests
to make their task easier. However, roads provide easier access to the
interiors of forests and encourage the entry of invasive species, hunters,
poachers, tourists, plant collectors, and people in general. This, in turn,
leads to further exploitation of the forest resources.

(c) Another area of concern is the depletion of forest-based wildlife due
to commercial harvesting and trade of bushmeat. This practice of killing
wild animals for meat is prevalent in Africa, where many species of primates
and antelopes are threatened.

(d) The construction of dams in forests invariably causes enormous
damage. Dam reservoirs inundate and destroy forests and their biodiversity,

/Deforestation

In day-to-day language, uncontrolled felling of forests is known as
deforestation. In official language deforestation is a continuous loss of forest
area resulting from cutting of forests than planting. Extensive and unabated
deforestation, over-grazing and the growing hunger for land have hit the
ecology of the world. The total forest area of the world in 1990 was estimated
to be 7,000 million hectares which was reduced to 2,890 million ha in 1975
and fell down to just 2,300 million ha by 2000. Deforestation rate is relatively
less in temperate countries, but it is very alarming in tropical countries
where it as high as 40-50 per cent and at the present rate it is estimahed

tropical forests.
Despite increasing awareness of |mportance1
rates continue to increase. E=nid
e Each day about 32,300 ha of forest dis:
another 32,300 ha of forest suffers de:
e During 2000-2005, the tropical defore
8.5% as compared to 1990’s deforestation rate
e Loss of primary forests have increased by &
e Further, primary forests are being replaced by
less biodiversity.

Indian Scenario

India today is the poorest in the:
The per capita forest land in
average of 1 hectare, Ca
ha. Indian forests ca
India is losing about 1
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value in our country. During a peri - i
g hectartg 2 g ;pienac.rd of 25 years (1951-1976) India has lost
_ Large-scale deforestation has been done for fuel, fodder, valley projects,
industrial uses, road construction etc. India consumes nearly 170 million
ton of firewood annually, and 10-15 million hectares of forest cover is being
stripped every year to meet fuel requirements. Actual fuelwood consumption
yvent up from 86.3 million ton in 1953 to about 135 million ton in 1980,
indicating pressure on forests. During a period of 20 years (1951 to 1971)
forests have been cut for agriculture (24.32 lakh hectares), river valley
projects (4.01 lakh hectares), industrial uses (1.24 lakh hectares), road
construction (0.55 lakh hectares) and miscellaneous uses (3.88 lakh
hectares). .

Thus a total of 3.4 million hectares of forests were lost during this
period. Nearly 1 per cent of the land surface of India is turning barren every
year due to deforestation. In the Himalayan range, the rainfall has declined
3 to 4 per cent due to deforestation.

Table 2.4

Forest Statistics : Indian Perspective
e Total forest area : 67,701,000 ha
Percent of land area : 22.8%
e Deforestation Rates : ,
Total forest loss (since 1990) : 3,762,000 ha
Annual forest loss (2000-2005) : 29,400 ha
o Break down of forest area

Natural : 32,943,000 ha
Semi-natural - ; ! : 31,532,000 ha
Production plantation : 1,053,000 ha
Plantations (2005) : 3,226,000 ha
e Forest classification _
Public Forest .+ 98.4%
Private Forest Al O
e Forest use
Production : 21.2%
Protection : 14.8% |
Conservation : 21.7% =
Multiple purposes T 24%

Source : MoEF (Annual Report 20

)
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leading to enhanced requirement of timber and fuelwood, and grazing
respectively. Following are some of the important causes of deforestation :

1. Natural Causes. Natural causes have always been responsible for
forest destruction but nature counters the damage by producing more forests
itself. Secondly, natural causes affect a limited forest area. All forests on the
earth are not affected by it. Some the causes are : '

(a) Forest Fire. During summers, dry leaves and twigs catch fire due
to friction and heat; sometimes lightning is also responsible for forest fire.
Due to this, many times the forests of an area are damaged.

(b) Natural Disasters. Many times natural calamities like earthquakes,
floods, cyclones etc. also destroy or damage the forests.

(¢) Biological Factors : Biological factors also play a role in
deforestation. They include pet animals, microbes, bacteria and insects
etc. which can damage the trees. '

2. Human Factors. The man-made factors far exceed the natural
causes in their destructive power e.g. in deforestation at present. The main
human factors are following : s

(/) Expansion of Agricultural Land. With the development of human i Tl
civilization a large scale deforestation took place to meet the demand for
agricultural land. With further increase in population, the demand for food
increased and therefore the land for agriculture was largely expanded by
damaging a large area of forests. In India only, in the last two decades,
approximately 35 lac hectares forest land has been converted into agricuitu " ek
land. L ieaE

(/i) Shifting Agriculture. The practice of shifting agricultt
continued for thousands of years in the North-Eastern states
Arunachal Pradesh, Mizoram, Nagaland, Meghalaya. Manip
1t is called as Jhum cultivation. In this type of agriculture, th
an area of forest by cutting or fire and use it for agricultural practi
some years, when the fertility of that land is reduced, the _
clear other area in the same way. This practice of agriculturs
fatal for environment and forests for the past 40-50 years.
survival of a family was the main concern for agriculture and
of agriculture were traditional; a family did not have to clea
before 20-30 years. But now, market and profit motive |
therefore, the frequency of land clearing ha dl
cleared within 4 or 5 years or eve 'S, \
year new land is to be cleared,
Population increase is also
It is also wol
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Another important cause of
this, for the crops like apples,
lopes are cleared of forests by
re, the forest or hilly slopes are
ries like Malaya, Indonesia, Sri
xes for packing the products of
ng the forests. For example, in
y 50,000 trees are cut annually to meet

(/i) Plantation and Horticulture,
deforestation is commercial plantation. In
rubber, coco, coffee, coconut etc. the hill s
cutting or burning. For this kind of agricultu
cut on a large scale for plantation in count
Lanka and India. Moreover, the wooden bo
these plantation are also made by destroyi
Himachal Pradesh, approximatel
packing demands.

(/v) Over-grazing : With increase in- population, the need for dairy
products increased. For fulfilling this need the number of cattle was enhanced
and under dairy farming industry forests were cleared and developed into
pastures. With continuous over-grazing the vegetation is vanishing. Specially,
grazing causes a harm to newly germinated plantlets in the forest area.
The natural development of forests is thus stopped this way. In the areas
with mediterranean climate and in temperate areas, grazing on a large
scale has damaged the forests.

(v) Mining. Due to mineral extraction, the land in mining area is
disturbed. The vegetation cannot grow in this land and if vegetation is to
be restored, it takes a lot of time. An irreparable loss is taking place of the
forest resources due to mining activities in West Bengal, J harkhand, Orissa,
Madhya Pradesh, Uttar Pradesh, Rajasthan and Uttrakhand etc.

(vi) Dam-projects. The forests have been destroyed on a large scale
for constructing multipurpose river valley dam projects in almost all countries
of the world. Due to these projects a lot of forest areas have been fi
In India, only Narmada Sagar Dam project has resulted in loss
hectares of forests. _

(vii) Commercial Purposes. Forests provide raw mate ials
industries. For example, paper and pulp industry, match b
packing, railway compartments, boats and timberwood are ti

b

forests are cut very unscientifically taking into consideration onl
of contractors. On the other side, due to increase in popula
for raw material is continuously increasing. Consequently, thy
wood for commercial purposes is increasing. In the areas of e
20 million hectares of forests are cleared annually only o
grounds. In the same way, a forest area of around 14.6 lac
been cleared for industrial purpose in India in only last three y
to an estimate.
(vii) Development of Road and Rail Transports. Defe
for construction of railway.tracks and roads is also not less
millions of kilometres of railway tra nillions
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thousand hectares of forests have been destroyed in India only for road
construction.

(/x) Urbanization and Tourism. Due to increase in population and
many other reasons, urban area is expanding. Forests are cleared to supply
land for habitation. Forest area is contracting. In the era of modernity, very
large residential houses, beautiful hotels and community homes are being
constructed in which much more wood is used than in simple residential
houses. Tourist activities have also harmed forests. Specially in hilly regions,
hotels are constructed to attract the tourists. Even the places at very high
altitudes like Gangotri are not spared.

(x) Firewood and Fodder. In rural areas, the forests are cut for the
purposes of firewood and fodder also. Mainly in deserts people use green
leaves of trees as fodder. The moisture loss in atmosphere due to this
results in low amount of rain. According to an estimate, for only using as
firewood, 23 crore 50 lac cubic metre fuelwood is cut annually in India.
Some specialists believe that the wood used for fuel is mainly derived from
branches and twigs thereby causing no great harm to forests.

‘Impacts of Deforestation
Deforestation exposes soils and shade species to wind,

evaporation and erosion. Soil fertility goes down due to the rapid Ieadilg
of essential mineral nutrients. The topsoil is eroded and this accelerates

siltation in dams, rivers, and the coastal zone. The increased sedlmentaﬂon
harms downstream fisheries. ,
(1) Deforestation, degradation and fragmentation of forests
species and lead to the extinction of some. In particular, m
and butterflies suffer due to the loss of their habitat. s
(2) Local and global climate changes may also result from defores!

soil by the roots of plants, evaporates and falls back on the
precipitation. When a large forest is cut down, the regional rainfall p
may be affected.

(3) Deforestation may also lead to global warming by e
stored in the trees, It the trees burn, the carbon is released im
the trees are cut and removed, half the carbon remains in
branches, twigs, etc. When they decompose, the carbon is slo

(4) Deforestation has increased land erosion a lot, which
soil flows to sea alongwith water, Due to absence of trees 0
6,000 million tonnes of fertile s i l.-'?

(5) Clearing of forests aff
of food, fuel, construction m

grazing. What ls n
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Forest Fires

Wildﬁres, usually started by lightning,
combustion frees the minerals locked in the d

rich ashes are necessary for the growth of
flourishes after a fire.

gerni:rr'uzsti(;?\n;?v: pla!nt cover and expaose the soil, which stimulates the
: ertain types of seeds. They also help control pathogens
and harmful insects. Occasional fires burn away some of the dry organic
matter and prevent more destructive fires from occurring later on. For all
these reasons, prevention of fires is not necessarily good for a forest.

Intentional or accidental human-induced fires do however. cause
damage. Such fires have become a major problem in large forests, especially
in countries like Canada and the US. In a numbeér of developing countries,
fires continue to be used for land clearing with adverse consequences.

Climate change also causes more fires than usual. In many countries,
there was an increase in wildfires during the 1990s as compared with previous
decades. The climate phenomenon El Nino was implicated as a major
contributing factor to the severe forest fires in the 1990s (as well as in the
1980s). El Nino is an occasional phenomenon that causes change in climate
patterns worldwide (see Chapter 14 for a more detailed account). This
phenomenon provokes severe droughts in generally humid or temperate
areas, enhancing the propensity for devastating fires.

have an ecological role. The
ry organic matter, The mineral-
plants. The vegetation usually

Big Dams : _
Big dams and river valley projects have multi-purpose uses, however,
these dams are also responsible for the destruction of vast areas of forests.
India has more than 1550 large dams, the maximum being in the m v
of Maharashtra (more then 600), followed by Gujarat (mo!'e than ZSO)ﬂ Ak
Madhya Pradesh (130). The highest one is Tehri dam, on river Bhagiral
Uttarakhand and the largest in terms of capacity is Bhakra dam on
Satluj in Himachal Pradesh. 4 . ' ;
Big dams have been in sharp focus of various envnronmer}tal gro!
over the world which is mainly because of several ecological p
including deforestation and socio-economjc problems related to‘ : al
native people associated with them. The S]Ient Valley. hydrgelectncf
was one of the first such projects situated in the tropical rain forest a
Western Ghats which attracted much concern of the people. :
For building big dams, large scale devastation of fores
which breaks the natural ecological balance of the region. Floods
and landslides become more prevalent in such areas. Fo_ :
repositories of invaluable gifts of nature in the form o_l;:e el
destroying these (particularly, the trqpl@l rain forests) w could be
these species even before knowing them. These S g

.ﬂl“ 2 e
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marvellous economic or medicinal value. This storehouse of species which
have evolved over millions of years get lost due to deforestation in a single
stroke. : :

Forest and Climate Change

Forests both influence and are influenced by climate change. They play
an important role in the carbon cycle and the way we manage forests could
significantly affect global warming.

Forests hold more than 50 per cent of the carbon that is stored is
terrestrial vegetation and soil organic matter. Hence, deforestation
contributes significantly to net emissions of carbon dioxide into the
atmosphere. ;

If the predicted global warming occurs, the impact on forests is likely to
be regionally varied, dramatic, and long-lasting. Even now, we can see how
any extreme weather has great impact on forests. For example, the 1999
storms in Europe caused heavy damage to forests and also to trees outside
forest areas. - _

The Kyoto Protocol on climate change may have a great impact on
forest management. Under the Protocol, a country with forests emission
credits, since its forests absorb carbon dioxide. These credits are tradable,
that is, a developing country can sell its credits to an industrialized country
that has exceeded its quota of emissions. The latter would invest in
afforestation and reforestation projects in the developing country.

Forest Conservation 4
Sustainable forest management was first discussed a

major differences between the industrialized countries an 1t
countries and the Summit could only come up with a set of not
principles. e
The International Tropical Timber Organization (ITT
1983 under the United Nations Commission for Trade a
(UNCTAD). ITTO brings together the producer and consumer
is a major platform for issues concerning sustainable forest man:
In 1985, FAO, UNDP, the World Bank, and the World Resources
came up with the Tropical Forestry Action Plan, later revamped ar
as the National Forest Action Programme.
The Kyoto Protocol, Convention on Biological Diversit t
Convention to Combat Desertification are three of the in e
agreements that have a bearing on forests, The UN For ‘ orests,
created in October 2000, is a permanent high-level intergovernim

with universal membership.
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: : s also supported by initiatives
like the UNESCO Man and the Biosphere Programme.pp Gl

Sustainable Forest Management

~ Sustainable Forest Management (SFM) is the use of the world’s forests
in su_cl'! a way that they continue to provide resou rces in the present, without
depriving future generations of their use. One of the principles of SFM is to

fully involve local communities in forest management., Implementing this

principle is, however, difficult since forest departments are usually very

reluctant to lose their control over forest resources,

SFM has also become an element of climate change negotiations. As

mentioned earlier, the Kyoto Protocol would compensate countries for the

benefits their forests provide to the world. The industrialized countries are
ready to support SFM in developing countries so that they can buy the
credits and continue to pollute the atmosphere.

By 2000, 14S countries were engaged in nine international initiatives to
develop and implement criteria and identify indicators for SFM, covering 85
per cent of the world’s forests. There are 140 countries with national
programmes in various stages of development.

Communities Involved

Many local communities have lived in or near forests and have used
them in a sustainable manner. In the twentieth century, however, there

were two developments in this regard.

® First, due to an increase in population and poverty,
migrated into the forest areas and began over-exploiti
. resources. : -
e Second, when governments began protecting forests a d decla
them as protected areas, they viewed the local people as ene
of the forests and tried to prevent them from even entering
forest area. 3

The result was an increase in the illegal use of forest resot
conflicts between government representatives and the local peop
It is now increasingly being realized that local people should be
as partners in conservation. Most programmes now involve local con
in planning, decision-making, and implementation. In retur_n for ¢
access to the forests, the locals can provide labour and help in con
They can become excellent guides in ecotourism ventures.
Extractive Reserves. Extractive reserves are protected forests
local communities are allowed to harvest products, such as f

rubber, oil, fibres, and medicines, in ways that dq not harm the

objective is to improve the lives of the people, while conserving &
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This approach believes that local people would have a greater stake in
conservation if they continue to get the benefits that they previously enjoyed.
It recognizes the fact that, in many instances, we have to use the land an
forests in order to preserve them.

In India and some other countries, communities living in or near the
forest are involved in conservation in three ways : joint forest management,

social forestry, and sacred groves.
Joint Forest Management. Around the 1980s, the Government of

India came to recognize the important role of local communities in forest
conservation. They introduced the concept of Joint Forest Management
(JFM), with a view to working more closely with local user communities in
the protection and management of forest resources.

In JFM, the local ccmmunities are involved in planning the conservation
programme. They are allowed controlled access to the forest areas and
permitted to harvest the resources in a sustainable manner. In return, they
become the guardians of the forest.

The Tamil Nadu Afforestation Project (TAP), implemented with Japanese
aid, is cited as a successful example of JFM. During the first phase (1995-
2003) of implementation, Rs. 6.5 billion was spent and one million acres of
degraded forest land and upgraded, involving 400,000 people in 1800
villages. :

In the TAP villages, 2500 self-help groups comprising 25,000 women
were formed. The basic needs of the people of the TAP villages such as
drinking water and foads were met by integrating the development schemes
of several departments. - S

Social Forestry. Social forestry refers to the planting
with the involvement of local communities, in unused a
degraded government forest areas, in and around agricultural
railway lines, roadsides, river and canal banks, in village
government waste land, and panchayat land. '

The term ‘social forestry’ was first used in India in 197
has been adopted in many Asian Countries. A major con
the planting of eucalyptus trees under social forestry.
was chosen for the majority of social forestry proje
on difficult sites and out-performs indigenous species ing
w00f:| very rapidly. However, it has some adverse ¢ ologi
nutrients, water hydrology, biodiversity, and wildlife,

The traditional sacred groves of India play an important rol
community participation and conservation of biodivesity. Th f
of India are a unique traditional institution devoted
forests and biodiversity. O i

disappeared under |
However, according to on
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:ﬁ:joiSS Shgogog;tl;végilir- estimates put the number at between 100,000
ettt In remo ' ' -
ced proi te areas remain undisturbed, while others ;
dIn recenF years, there has been an increasing interest in documenting
l.:-;‘n conserving the sacred groves. In 1999, the Indira Gandhi Rashtriya
Manav Sangrahalaya (the National Museum of Mankind) and several other
lﬂStltUthI’!Sl estabiished a museum for sacred groves in Bhopal, with the
goal of raising awareness of the important role these ancient forests play in
conservation. The museum celebrates the communities, festivals, and rituals
associated with the gloves of different states.

Role of Individuals and Groups
—~ There are remarkable stories from all over the world of individuals and
groups going to great lengths to save or plant trees. Some examples are :
~ Chipko Movement. It was born in a small hilly village of the upper
reaches of Himalayas. The illiterate tribal women commenced this unique
movement in December 1972 that became famous as the Chipko (means
to embrace) movement. It questioned the development based on the ruthless
butchery of nature to achieve short term gains. It challenged the old belief
that forests mean only timber, and emphasized their role in making soil,
water and pure air which are the basis of life.

On March 26, 1974, a group of men arrived stealthily in the forest next
to Renni village in the Garhwal District of the Himalayas. They had been set
by a contractor to begin cutting down 2500 trees in the forest. Anticipating
resistance from the people, the contractor had ensured that all the men of
the village were away on that day. :

Word of the arrival of the axe-men spread in the village and the women
came out of their houses. About 25 of them, led by Gaura Devi, confronted
the contractor’s men. They pleaded with the men not to start the fell
operations, but the men responded with threats and abuses. As
confrontation continued, more women joined the protest. Ultimately,
men were forced to leave, since the women would not budge.

The movement continued under the leadership of Shri Su
Bahuguna in various villages like Advani and Budhekar of Tenri-
Mr. Bahuguna presented the plan of this movement for protectio
and water through ban on tree-felling in the Himalayas at the UNEP til
held in London in June 1982. Every standing green tree in the forest is
sentry to protect us from avalanches and landslides, to save our Sols
conserve our water. Important gift of three to us is not timber, but
water and oxygen. - S

The Chipko’s plan is infact a slogan of planting five
fuel, fibre and fertiliser trees to make communities self sufficien

‘basic needs. It should generate a decentralized, self renewing @
thrm prosperity. It will protect the environment and bring perma
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prosperity and happiness to mankind. Mr, Bahuguna alongwith a team of
dedicated workers later undertook marches of 300 km from Srinagar
. (Kashmir) to Siliguri,

| quiko Movement. Chipko reached to Karnataka as Appiko. Like a
migrating bird the idea of Chipko flew south to Salkani village of Sirsi taluka
in North Kanara district of Karnataka on September 8, 1983, The Chipko
movement put on new feathers to become the Appiko Chaluvali of Kannada.
Some 160 men and women marked eight km to the Kelase forest where the
contractor’s axemen under orders from the forest department has turned
the area into a slaughter house. They hugged the trees and compelled the
axeman to stop tree felling.

As the movement started spreading, political parties jumped forward

to monopolise it. Mr. Pandurang Hegde, a student of Delhi School of Social
Work went to Navjeevan Ashram in Tehri Garhwal in 1979. This was centre
of Chipko movement. He participated in the movement and later joined the
Kashmir-Kohima Chipko foot march in Bhutan. The Appiko movement was
launched in other talukas of the district. Due to this local contractors became
much nervous. The movement organisers received much support from many
other quarters. For instance, Prof. Madhav Gadgil of Indian Institute of
Science, Bangalore could conclude “that contentions of Yuvak Mandalis e,
excessive damage in the course of felling and excessive concentration of
trees marked for felling were true.” He went on to recommend that such
Mandalis be involved in conservation programmes. Indian Plywood Co., the
West Coast Paper Mill, Harihar Polyfibres, WIMCO etc., can never undo the
inc/apalable harm caused by depletion of forests in Western Ghats. d

Green Beit Movement. Wangari Maathai is a social and political activist
of Kenya. She studied in the US and also received a doctorate in biology
from the University of Nairobi, the first woman in east and central Afi
do so. She was a Professor at the Nairobi University in Kenya w
launched the Green Belt Movement (GBM) in 1977.

Her objective was to empower the people and to show them thal
could choose to destroy or build the environment. GBM encouraged §
women to plant millions of trees to combat deforestation, in ret
which they received sufficient fuelwood.

The movement has set up 5000 tree nurseries run by
disabled persons. Seedlings are given away free to groups and indivi
For every tree that survives for three months, the planter receives ass
payment. By 1988, 40,000 people were planting trees and in due
the movement spread to many other African countries. y

Wangari came into the limelight when she led a protest ag
building of a 62-storey building in the middle of Freedom Park, N
most popular public space. The dent, Daniel Arap
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When Wangari returned to Kenya, she took up the cause of political
D_risongrs. She criticized the President for allowing deforestation and
dusplacmg people. Once, when she and a group of wormen were on a hunger
strike demanding the release of political prisoners, the riot police came in
and knocked her unconscious. Through all the persecution, Wangari stood
solid and unbowed, like the trees she had planted.

The political climate changed in Kenya in 2002, when Mwai Kibaki came
to power. Wangari became a Member of Parliament and the new President
appointed her as Assistant Minister for Environment. In October 2004, she
was awarded the Noble Peace Prize.

~Chico Mendes. The efforts of Chico Mendes cannot be forgotten. As a
leader of the tappers’ union, Chico campaigned for extractive forest reserves
for tappers, who would use and maintain the rainforest in its natural state
for generations. He ran into a conflict with powerful groups interested in
clearing the forests for raising cattle. Chico argued that this would destroy
valuable forests and that overgrazing would reduce soil fertility. Ranching
would only bring short-term gains.

" In 1988, the Xapuri Rural Workers’ Union led by Chico successfully
prevented the powerful cattle rancher, Darli Alves, from deforesting an area
that the tappers wanted as a reserve. On December 22, 1988, Chico was
<hot dead. Darli was later convicted of Chico's murder.

Chico’s death brought international attention to the question of saving
the Amazon forests. His name has become synonymous with the worldwide
fight to save forests. In 1990, the Chico Mendes Extractive Reserve was
ectablished and so also the Chico Mendes Foundation. b3t

b

Model Questions 4
What is natural resource? Give examples. ; E
What are renewable and non-renewable resources? Explain in brief.
Write a short note on the concerns resulted due to over-exploitation
natural resources. =
_ What is the state of the world's forests?

4

5. Discuss the major uses of forests.

6. What are the products and services provided by forests?
*

8

9

ol

i

. Explain the causes and consequences of deforestation.
. What is the role of forest lines? o=
. Discuss the relationship between forests and climate ch
10. What are the international and national initiatives in for
Explain in brief. )
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Water Resources

Water is a prerequisite for the existence of life. Human beings, animals,
and plants cannot survive without water; in fact, the human body is mostly
water. We can go without food for up to 30 days or more, but we cannot go
without water even for a few days. When the water content in the body by
just 1 per cent, we experience thirst. If it drops by 10 per cent, there is
danger of death.

Water is the most critical limiting factor for many aspects of life, such
as economic growth, environmental stability, biodiversity conservation, food
security, and health care. In most cases there is no substitute for: water. An
energy source can be replaced by another, but water as a resources is
largely irreplaceable.

The good news about water is that we can reuse it. It may change its
form, but we can always retrieve it. In fact, the molecules in the waterwe
use have been around for millions of years. The Earth holds the ]
quantity of water as it did when it was formed. B

The paradox of the water situation is that there is scarcity a
As we shall see, there is a lot of water on Earth and yet the
of people facing acute water scarcity. :

World Water Scenario

The total water in the world is estimated to be 1400
all this water were spread over the surface of the earth,
deep. This is a lot of water, Unfcrtunately, 97 per cent of t
in the ocean, and is too salty to drink. 2

Of the remaining 3 per cent, two-thirds is Iocked
inaccessible Icecaps and glaciers. That leaves a mere ..5.; e
million cu. km. Again, half of this is ground-water and most©

underground. About 200,000 cu. km. can be found in rlve
14,000 cu. km. in the atmosphere. g

® A key element of the water

The remaining
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the land as rain and snow. The first advantage is that we get this
supply every year, Second, as the water eva porates from the ocean
and falls on land it loses its salt content and thus becomes potable.
e We need water for domestic purposes (drinking, bathing and
< sanitation), agriculture, industrial processes, and energy production.
The water needed for each activity varies with climate, lifestyle,
culture, tradition, diet, technology, and wealth. Also, the more
accessible the water, the more it is used.
e The absolute minimum requirement for domestic use is 50 litres
per person per day, though 100-200 litres is often recommended.
e Adding the needs of agriculture, industry, and the energy sector,
the recommended minimum annual per capita requirement,
according to the World Health Organization (WHO), is about 1700
cu. m.
® The annual supply of fresh water is 40,000 cu. km. and this amounts
to about 6600 cu. m. per person per year (for a population of 6
billion). This appears to be plentiful, since the minimum annual
needs of a person are only about 1700 cu. m. By this token, we
should be comfortable with regard to the world water situation.
Yet, there is worldwide scarcity of water.

Water Scarcity _

If a country has about 1700 cu. m. of fresh water per. person per year,
it will experience only occasional or local water problems. If the availability
falls below this threshold value, the country will begin to experience periodic
or regular water stress. If the availability of water further falls below 1000
cu. m. per person per year, the country will suffer from chronic water scarcity.
The lack of water will then begin to adversely affect human health and

'l

well-being as well as economic development. If the annual per capita supﬁ:'y:gs;

=2
»

of water falls below 500 cu. m., the country will reach the stage of absolute
scarcity. &
In India, the per capita water availability was 5177 cu. m. 1951, but
the figure dropped to 2464 cu. m. in 1990 and further down to 1820 cu. m.
in 2001. India will be the next major country to move into the water-stressed
category.
In 1990, 28 countries, with populations totalling 335 million, expe
water stress or scarcity. By 2025, about 50 countries (including India) wil
fall into one of the categories mentioned above, with water scarcity affectir
more than 3 billion people worldwide. China, the most populous nation |
the world today, will only narrowly miss the water stress benchmark
2025. In the North China Plain, however, water shortages are already act
with demand outstrippir the f the tw:
- only a few countries \ i

-------
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Even how, in the developing world, about 30 per cent of the population
or 1.2 billion people are without a safe and reliable supply of water, It is
also estimated that 80 per cent of all illnesses in developing countries =
be traced to contaminated water.

Causes of Water Scarcity

There are a number of reasons behind this increasing water scarcity

(a) Distribution of availabie water is uneven over space and time. sOmé
areas of the world get too much water while other places get too little,
Moreover, transporting water over long distances is impractical.

(b) In some regions rainfall occurs over a short period in the year,
leading to floods during the monsoon and drought in summer. The run-off,
because of deforestation, flows quickly into the ocean before it can be
used. Much of the rainfall is ir. remote and inaccessible places. Some of the
rain is also needed to maintain special ecosystems, such as wetlands, lakes,
and deltas. Additionally, global warming is now changing rainfall patterns.

(c) The rapidly increasing pollution of rivers, lakes, and ground-water
is also reducing the usable supply of water. In many places, available water
is polluted and has become unfit for use. Incredibly small amounts of
substances like oil can pollute huge amounts of water.

(d) In many places the rates of extraction of groundwater for irrigation
are so high that aquifers are getting depleted. As a result, water tables are
falling, notably in India, China, and the US (which together produce half
the world’s food). The major rivers of the world ned dry before they
reach the sea. The Yellow River in China, ' the
Darya in Central Asia, the Nile in Egypt, a ado ir US are
some examples. EET =

(e) There is gross inequity in allocation
the richer groups corner a large portion of th
areas draw a great deal of water from the sur
poorer rural people. 4

Summer Scarcity in Cities -

The megacities of the world, many of th
need a lot of water, This water is often drawn f
and far off rivers and lakes. For example, @
Chennai comes from many surrounding agn
find it more profitable to sell the water tha
cizarly constitutes an unwelcome shift in \
threaten our food security. ‘

There are also plans to bring water to CF
the Krishna River and the Veeranam Lake. Ba
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km away. Such practices, apart from i i |
also deDriYe the rural areas of much |2;§a{eséng§1;-cost o watgr,

_Even if a city gets good rain, the water is not retained in the area.
Buildings, paving, and roads cover most of the land and the rainwater does
not percolate into the ground. Chennai, for example, has an average rainfall
of 1290 mm per year, which is more than the national average. Yet, 90 per
cent of this rain is lost as run-off, through evaporation, or flows into the
sewage system.

Megacities also pollute the water. They release large amounts of
wastewater into the rivers and the ocean. Worldwide, less than 20 per cent
of urban wastewater is at present treated. Another issue is that the urban
poor often pay a greater part of their income for water than the rich do.

Leaking taps in cities (and other places) waste enormous amounts of
water. In many cities, more than half the available supply is lost through
leaks and rotting pipelines. There is an urgent need to devise water-efficient
toilets, taps, washing machines, dishwashers, etc.

Accessibility of Water

Human beings use about 54 per cent of all accessible fresh water
supplies. By 2025, this share will increase to 70 per cent. This will have
serious implications for all other life forms, including plants.

It is significant that domestic consumption accounts for only 8 per cent
of available water and yet there is world-wide scarcity of drinking water.
Agriculture continues to consume the major portion of available fresh water.
However, there is a clear difference in water use between developing
countries and industrialized countries. While agriculture consumes the bulk
of available water in the former, industry consumes more than agriculture
in the latter. This shows that there will be a severe problem in developing
countries once they industrialize to the level of rich, industrialized countries.

We have no reliable figures on water consumption by Indian industry.
The estimates range between i3 billion cu. m. and 67 billion cu. m. per
annum. We are sure, however, that this requirement is increasing rapidly. It
is estimated that the demand for water by Indian industry will triple over
the next 20 years. The same will be true of China and many other developing
countries. e

Since, the total available water supply is limited, as increase of S
to one user means taking away from another user. In the I
irrigation and drinking water for the local community will both

In India, the thermal power plants are the water guzzlers,
for about 87 per cent of total industrial consumption of water.
board, the efficiency of water use in India is Way behind
standards. There is tremendous scope for reduction of const
Indian industry. : | "
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There is no incentive for Indian industry to reduce consumption, since
It gets water at ridiculously low prices. In order to attract industrial units to
an area, state governments often offer assured water supply at low rates,
The pricing in most cases ignores the opportunity cost of water (that is, the
benefit from possible alternate use) as well as the damage caused, such as
pollution of water supplies by the discharge of wastewater.

The amounts paid by the industry to the pollution control boards under
the Water Cess (Prevention and Control of Pollution) Act of 1977 are also
meagre. In contrast, industries in Europe pay much more for water. In
addition, some European countries have introduced the principle of *Polluter
Pavs’ where industries are charged for the amount of pollution contained in
their wastewater discharge. '

This leads us to another important aspect of the use of water by
industry—the pollution of water bodies by wastewater discharge.

o Table 3.1 :
India’s Position in Population and Water Availability

Year Population Water Availability
(in crore) (Cubic metre per person per year)
1947 40 : 5,000
2000 100 : 2,000
2025 139 1,500
2050 160 1,000

Source : Yojana, June 2004, p. 31.

Water for Irrigation :

There has been a five-fold increase in the use of water for irrigation
over the course of the twentieth century. The situation in India has worsened
since the adoption of the Green Revolution package. In 1992, only 16 per
cent of cropland was irrigated, but it produced 36 per cent of the food
harvest. In many countries 50 per cent or more of the food production
comes from irrigated land. These include countries such as India, China,
Egypt, Indonesia, Israel, Japan, Korea, Pakistan, and Peru. By 2025, up to
four billion people will live in countries that will | \sufficient water to
produce their own food. : :

Even now, inefficient and outdated irrigation practices continue, leading
to much wastage of water. When fields are fla
half of it gets to the root zone helping the grow:
half is wasted as it percolates, evaporates, or ru
lining of canals, and precision sprinkling must be

Most new land brought under agriculture uses gre
that are fast depleting. Meanwhile, available agricult
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g;;tz ;:c;; I:Zhr r;n:jlttlz?,a rﬁzienrvour siltation, shifF of water use, etc., salinization is
) _ g water table, which can result form the practice of
flooding the ﬂeld_s. As the water evaporates it leaves behind a deposit of
flsiig:so:otl;e :gizmzl'o-r:f 2s:jltatlon of reservoirs ip bfg dams has often cut their

5 1o am years. Finally, a shift in water use occurs when
cgltwatlon IS stopped in some places in favour of selling water to a nearby
city. As a result of these cropland losses, the total irrigated area may in fact
be decreasing.

The agricultural fields in countries like are often over-irrigated. This is
primarily because the farmers get free electricity and subsidized pumps
and thus do not pay the real economic price of water. Moreover, the Green
Revolution has doubled the amount of water used for irrigation.

Globalization and industrialization have led to an increased demand for
water, from industry and urban areas, in different parts of the world. The
rapid incréase in population also means that more water is needed for
drinking and for agriculture.

In many places, irrigation depends on water from dams. The world
over, large dams and canal systems are going out of fashion due to spiralling
costs, environment concerns, and displacement of people. Protest movement
in many places have stalled the construction of dams.

Al these facts seem to indicate that there is not much scope for
increasing irrigation at the same rapid rate of the last century. It is also a
sobering thought that all irrigation-based societies have failed in the past.

Conflicts Over Water _

The next world war may well be fought over scarce resources such as
oil and water. In fact, there is a long history of conflicts over water. Such
conflicts may arise from the desire to possess or control another nation’s
water resources, thus making the possession of water systems and resources
a political or military goal. T

Inequitable distribution and use of water resources, SOMetimeS arising
from development projects, may lead to disputes. Conflicts may -a_lso
when water systems are used as instruments of war, either as targe
tools. Worldwide, there are conflicts- brewing over many rivers af
basins, with more than 200 water bodies, around the world, being
by two or more countries. :

Y. Strife over water is erupting throughout the Midd|e.Eas§,
watersheds of the Nile to the Euphrates and Tigris RIVers. Likewise, the
a problem in South Asia’s Ganga-Brahmaputra Basin, where Bangiacs
India and Nepal are disputing the use of water. Ind!a and Net?; ¥
exploit the basin’s huge hydroelectric power-generating Po_t‘-;:_ﬁ_m
Bangladesh wants the water managed in @ Way that will mr:n o
during the monsoon season and water shortages during thé 3
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Of equal concern are the water conflicts between states in India that
share river basins, such as Karnataka and Tamil Nadu, which share the

Cauvery River. There are water shortages during the dry season in every
major city in South Asia: During the dry season, urban‘ water pipes are
often empty, creating situations where water must be delivered by truck to
desperate people.

The third category of conflicts is between industries and local
communities on several issues : excessive water consumption by industry
resulting in reduced availability for irrigation; preferential treatment for
industry in pricing; and pollution of groundwater, rivers, anc local water
bodies by wastewater discharges.

Agitations and public interest litigation on water issues are increasing
and more conflicts at all levels are expected in the future.

e Water Conflict in the Middle East. Three river basins, namely
the Jordan, the Tigris—Euphrates and the Nile are the shared water
resources for Middle East countries. Ethiopia controls the head
waters of 80% of Nile’s flow and plans to increase it. Sudan too is
trying to divert more water. This would badly affect Egypt, which is
a desert, except for a thin strip of irrigated cropland along the river
Nile and its delta. -

The population of Egypt is likely to double in the next 20 years, thereby
increasing its water crisis. Likewise, there is a fierce battle for water among
Jordan, Syria and Israel for the Jordan River water share.

Turkey has abundant water and plans to build 22 C
Euphrates for Hydroelectric power generation. But, it would
the flow of water to Syria and Iraq, lying downstream. Turk
become the region’s water super power. It plans to transport.
to starved Saudi Arabia, Kuwait, Syria, Israel and Jordan
next war in the Middle East would be fought over water a

® TheIndus Water Treaty. The Indus, one of the mightiest rivers
IS dying a slow death due to dams and barrages that have been
built higher up on the river. The Sukkur barrage (1932), Gulam
Mohammad Barrage at Kotyri (1958) and Tarbela a
on Jhelum, a tributary of Indus have resulted ic severe sh
the Indus delta. In 1960, the Indus water treaty was hed
by which Indus, the Jhelum and the Chenab were allocated to
Pakistan and the Satluj, the Rayi &
gmli)ng the riparian state. |

arrages across all the o
the treaty requires that the thrzz rvers in Indian et 4
be used for non-consumptive p
changing its flow and quality, w
between the two countries it is

urposes by India
ith Improving pe
desirable to
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4 ic talts and go for an integrat
tee ed development of the
basin in a sustainable manner, ’ e

The Cauvery Water Dispute. Out of India’s 18 major rivers, 17
gre shared between different states. In all these cases, there are
intense conflicts over these resources which hardly seem to resolve
The Cauvery river water is a bone of contention between Tamil
Nadu and Karnataka and the problem is almost hundred years old.
Tamil Nadu, occupying the downstream regicn of the river wants
water-use regulated in the upstream. Whereas, the upstream state
Karanataka refuses to do so and claims its primacy over the river
as upstream user. The river water is almost fully utilized and both
the states have increasing demands for agriculture and industry.
The consumption is more in Tamil Nadu than Karnataka where the
catchment area is more rocky. On June 2, 1990, the Cauvery Water
Dispute Tribunal was set up which through an interim award directed
Karnataka to ensure that 205 TMCF of water was made available in
Tamil Nadu'’s Mettur dam every year, till a settlement was reached.
In 1991-92 due to good monsoon, there was no dispute as there
was good stock of water in Mettur, but in 1995, the situation turned
into a crisis due to delayed rains and an expert committee was set
 to look into the matter which found that there was a complex
sttern in Cauvery basin. Sambra paddy in winter, Kurvai
;mmer and some cash crops demanded intensive water,
‘thus aggravating the water crisis. Proper rationing, rational sharing
patterns and pricing of water are suggested as some measures to
e The Satluj-Yamuna Link (SYL) Canal Dispute. The issue of
sharing the Ravi-Beas waters and SYL issues between Punjas o
Haryana is being discussed time and again and the case Q
Court. The Eradi Tribunal (1985) based the aliocation &
water on the basis of the time-inflow data of 20 years (1€
according to which 17.17 MAF (million acre feet) water was 4
now it is argued by Punjab that in the last 17
has been’ consistent decline reducing the quantity to
The Supreme Court on January 15, 2002 directed Punjabto

and commission the SYL within a year failing which the iz '.

told to complete it. However, tWo years have pa Ut
the SYL has been completed nor the conflict over
Beas water Is ree'.olws::’:i.bel et
The conflict is that Punja ng
Satluj stakes its claim, Haryana has faced acutte ?‘t;cll:?:):m
became a state in 1966 and has been trying 0

rian state for B
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MoU (Memorandum of Understanding) with UP, Rajasthan and Delhi for

allocation of Yamuna waters. The Yamuna basin covers the state of Haryana
while the Indus basin covers Punjab.

- The conflict revolving around sharing of river water needs to be tackled
with greater understanding and objectivity,

Traditional Water Management System

In India, even today, there are several villages where water management
is done not by the Irrigation Department, but by Jocal managers.

® In South India, a neerkatti manages the traditional tanks very

efficiently based on his/her knowledge of the terrain, drainage and
irrigation needs. They usually give preference to the tail end fields
and decide per capita allocation of water based on the stock of
available water in the tank and crop needs.

® In Maharashtra, the water managers are called havaldars or jaghyas

who manage and resolve conflicts by overseeing the water channels
from main canal to the distributory canals.

e In Ladakh, the water manager is known as churpun who has got

complete charge with full powers over allocation of available water.
The major source of water is melt water from glaciers and snow
supplementary by water from springs and marshes. The water is
distributed to different fields through an intricate network of earthern
channels.

In traditional water management, innovative arrangements ensure
equitable distribution of water, which are democratically implemented. The
‘gram-sabhas’ approve these plans publicly. While water disputes between
states and nations often assume battle like situations, ourtradl,tloaal water
managers in villages prove to be quite effective. y

Indian Situation

India and China are counted amount the water hotspots, primarily
because of their large populations that have to be provided wﬂ:hfmdaﬂd
drinking water. In India more than 60,000 villages did not have a source of
drinking water in 1994 and by now this number must have increased further
Diarrhoea, caused by consuming contaiminated water, claims the lives of
one million children every year. In addition 45 million people are annually
affected by poor quality water,

While the increasing population is one cause of India’s water crisis, the {
problem has been compounded by the steady deterioration, disuse, and
disappearance of traditional tanks and ponds. A large number of such local
water sources had been created by ancient kings all over India. Local
communities exercised control over these resources and|there were set
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rocedures i
Earticipation.for the maintenance of such tanks through community

With the arrival of the British, however, the Public Works Department
took over t_h_e control of water resources and this started a steady decline in
their corjdltlon. This has continued even after India’s independence leading
to the disuse of thousands of such sources of water. These tanks and ponds
were very effective in retaining rainwater and recharging the groundwater.
Deforestation of the hills coupled with the absence of tanks has increased
the run-off into the sea. s

In recent years the extraction of groundwater using bore wells operated
by electric or diesel pumps has reached gigantic proportions. One estimate
is that the extraction rate is already twice the recharge rate. In many states
water tables have been dropping at alarming rates.

The Way Out
Even in this grim situation, there are optimists who believe that there
will be dramatic solutions that will solve the water problem once-and-for-
all. Such dreams include :
e Transport of water in huge bags by sea : American and Norwegian
companies are developing huge bags for this purpose. :
e Towing of iceberg to places needing water : There are formidable
technological problems involved in putting this into practice.
e Discovery of new, deep aquifers full of water : This is similai to the
hope of finding huge oil wells and is an unlikely event.
e A new, cheap energy source that will make desalination affordable
- This is likely to remain a dream.. ‘
Most experts, however, believe that there are real limits to the availabi_lity
of water and that we are fast rcaching them. Perhaps a realistic solution

would be to find ways of using water more efficiently.

Inter-Linking of Rivers :
The idea of linking rivers has been around for a long time. In 1972, Dr.

K.L. Rao, the then Minister for irrigation, proposed a-plan to link the Ganga -
' ’ Dastur came up with a plan for a garland

and the Cauvery. In 1974, Capt.
canal. The goxgrnment set up the Nationa! Water Development Agency

NWDA) in 1982 to carry out studies on the question.
( The)re was no much progress til 2002, when the Supreme Court of

India, acting on a public interest petition, directed the governme_g; sti? ll:r;t;:":o
rivers within 10 years. In response, the gover.nment set t;;; : e il
build national consensus, work out the detailed plans,

entire work by 2016. Sl of the scheme :
Three major advantages are being Cl utra will cease

droughts will never occur, floods in the Gang

ted in favour
a and Brahamap
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to be a problem, and an additional 30,000 MW of hydropower will be
generated. However, the NWDA has not conducted any detailed assessment
of the financial feasibility, technological capability, ecological sustainability,
and political feasibility of the project.

The budget for the project ranges from Rs. 5,600 to 10,000 billion.
Even the lower estimate equals 25 per cent of our GDP, 2.5 times our tax
collection, and double our present foreign exchange reserves. Obviously,
funds of this magnitude will have to be raised from intérnational sources.
Even if we succeed in raising the funds, the annual interest alone would
amount to Rs. 200-300 billion. The water will have to be priced high to
meet such a burden. Will the farmers and other users be ready to pay the
charges?

It is doubtful if a political consensus can ever be achieved on the project.
Would the states be willing to freely share all the river waters? Even the
current inter-state water problems, such as the construction of the Sutlej-
Jamuna Link Canal, the sharing of Cauvery waters between Karnataka and
Tamil Nadu, and the height of the Sardar Sarovar Dam have all defined an
amicable solution. It is not even clear whether rivers such as the Ganga,
the Brahamputra, the Mahanadi, and the Godavari are water-surplus. The
sources of such rlvers are drying up and the rivers themselves are chocked
with silt.

The likely ecological consequences of building over 26@ reservoirs and
a network of criss-crossing canals cannot even be assessed now. Judging
from the experience of the Narmada Dam and other large projects, the
conseguences could be disastrous. Environmentali: ivi
fear large-scale submergence of habits, forests, and
destruction and wildlife habits and biodiversity;
populations; and so on. In some places enormou
have to be spent pumping water uphill. ;

In the past, every single irrigation project in India
cost and time overruns. The project to interlink r ers»
similar fate. ;

Water Conservation

communities, non-governmental organization (!
government agencies to implement measures for v
management. Some of the well known cases are :
e Auroville. The spectacular results of the efforts
community near Pondicherry over the past 35 yeg

water conservation, wastewater treatm
technologies, etc., have made it a model to fo
working with local communities and the govel
the traditional ponds and let the people man
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e Tarun_ Bharat Sangh, Alwar, Rajasthan. The building of check
dams in villages. |

e Ralegaon Siddhi, Maharashtra. Through the efforts of Anna
Hazare, the people have constructed bounds and percolation tanks
and brought back greenery to the area.

e Rajiv Gandhi National Drinking Water Mission, Madhya
Pradesh. This is one of the few successful government schemes
in water conservation. :

e Gram Gaurav Pratishthan. In an area in Maharashtra, the late
Vilas Salunke introduced the idea of a Pani Panchayat for the fair-
sharing of water.

e Tamil Nadu. The city of Chennai is blessed with a fresh water
coastal aquifer, which was being over-exploited. In the early 1990s,
the state government introduced controls and as a result the water
table did go up. :

Rainwater harvesting was first made compulsory in Chennai and was
extended to the entire state of Tamil Nadu in 2003. It is estimated that
rainwater is harvested in atleast 30 per cent of the structures in the state.
Rainwater harvesting is actively promoted by voluntary organizations 'ke
Akash Ganga, which has set up a ‘Rain Centre’ in Chennai to demonstrate
the methods of harvesting rainwater. i < :

e Efficient Water Use by Industry. Faced with water scarcity,

_increasing costs, and protests by local communities, several
industries, such as Arvind Mills, Chennai Petroleum Corporation, JK
~ Papers, and Natural Sugar and Allied Industry-have implem :
water conservation measures and have benefited by them

e Model Questions
. Why is water a unique natural resource? :
What percentage of the total water in the world is actually acce
to us? ;
What are the levels of water availability that indicate water
What are the environmental impacts of ground water usage?
Discuss droughts and floods with respect to their occurrence and i
. What are the special problems that big cities face on the water
Explain the main differences between the industrialised coun i
the developing countries with regard to water use. e
8. Discuss the major causes for conflicts over water? Write exampiess
9. What are the major inter-state water conflicts in India? -
10. How can we reduce the total demand of water?
11. Will the plan to inter-link Indian rivers solve our problems?
12. What is the good news from India on water conservation'e
management?

!\Jl—l

NV AW

39 -
Riddhi Vijay



=
Mineral Resources

Mineral Resources are those resources which are extracted from the
earth in the form of organic and inorganic substances. Man has been using
minerals from early stages of human civilisation. Their use has increased
immensely during the last one hundred years. As agriculture is the basis of
human civilisation minerals provide base to modern industries.

Various Uses of Minerals

Minerals are used in various ways. Some of them are :

1. Construction of buildings. ;

2. Manufacturing machineries.

3. Railway coaches, engines, motor-cars and other means of transport
and communication.

4. Minerals also provide fossil-fuels such as coal, petroleum and natural
gas. ' ; _.
~ Minerals are found in earth'’s crust mixed with other substar
are called Mineral Ore. Minerals are exhaustible resot
the mines from which minerals have been extra
for ever. In this respect mining is called the R
numerous desolated towns or settlements near aba
them Ghost Towns. '

Classifications of Minerals
Mineral resources can be classified into two cl ~
metallic.
1. Metallic Minerals. Those minerals w
characteristics are put in the group of metallic m
(i) Metallic minerals give metals which can
they can be converted into wires.
(ii) Iron, gold, silver, copper and aluminium are
(iii) They have brightens.
(iv) Machines, defence weapons and impleme

minerals.
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2. Non-Me
o tallli Minerals. This class of minerals lacks in brightness.
m.arbie andl 'e'ma icabifamll inU&:hen they are hit in order to stretch them, Coal,

‘ category of minerals. Petroleum used as power

resource is also non-metallic mineral.

Methods of Mining. Mining methods are of two ty They are open

- pes. are

cast-mining and shaft mining.
‘ Open Cast Mining. Open cast mining is applicable +hen mineral ore
is obtained after removing the upper layer of soil or rock. Sometimes upper
layer are removed resorting to explosions. Iron ore and coal are obtained
by open cast mining.

Shaft Mining. Shaft mining is resorted to when minerals are found at
great depths beneath the surface or under ocean water. In Bombay High
petroleum is mined through this method of mining.

Distribution of Minerals Iron Ore

Iron is the most used mineral metal in the world because :

1. It can be converted into peat iron, wrought iron, magnetic iron and
steel; '

2. It can be stretched in the form of sheets and drawn into wires;

3. It has its magnetic characteristics;

4. It is firm and rigid;

5. It is strong and durable; :

6. Almost all types of machines and machinery equipments nd
appliances are made of iron.

Thus iron has played an important role in the growth and develop
of our civilisation. It would not be exaggerated if we call the m
civilisation. ‘The Iron Civilisation’. _

It is not certain when man came across iron but it is certain tha
came to known about iron by accident. The Iron Pillar of New Delhi ¥
Kutub Minar is an evidence to that the Indian people had knowledge of
from time immemorial, and how developed our metallic knowledge

even in the early periods of history.

pN

Uses of Iron -
1. Iron is also used in buildings, factories, refineries and

food stuffs. .
2. Iron is the basis of our modern civilization, Itis used in manufacty

machines, and manufactured goods.
3. Huges pipelines for carrying petroleum, natu

f iron. |
water from one place to another are made 0
4. Tron makes the modern transport and communication possibie. &4

car, rails, engines and vehicles all are made of iron.

ral gas and irriga
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After mining iron ore it is smelted in huge furnaces, mixing in it coal
and dolomite in order to purify it. This process is turned as ‘smelting’,
Smelting of iron ore results in doing away ‘impurities’. Thus pig iron or
wrought iron is obtained. When carbon is extracted from the wrought iron,
iron comes into belng From this iron sheets or iron wires are made. Steel
comes into existence with the mixing of manganese, nickel, venedium,
chromium and tungsten.

World Distribution
Distribution of iron ore reserves in the world are very uneven. The
major iron ore producing countries include USSR, USA, Australia, Canada,

Sweden, France, Spain and India.
USSR. USSR accounts first in the production of iron ore in the world.

Major iron ore producing regions of the USSR are :

(i) Moscow and its adjoining region.

(i) Kriboyrog (Ukraine).

(i) Siberia.

(iv) Megnitogorsk and its adjoining region (Ural Region).

(v) Kustani (Kajakistan).

(vi) Angara Valley.

USA. The USA stands second after the USSR in the world in iron ore
production. The major producing regions are :

(i) The Great Lake Region—Mesabi Range.

(ii) Bermingham city and adjoining region (in the south of Appalachlan
Mountains in Alabama).

(iii) The Western Region—Utah-Nevada, Wyoming and Calif

Canada. The major iron-ore producing region of Canada i
the Great Lake region and bnngs thlrd in the world iron ore

major regions are :
(i) Pyraness.
(i) Lorrain.
(iii) Central Masiff.
(iv) Normander.
Sweden. Sweden comes fifth in world and is the most lead
producer of Europe. Kiruna and Gallivara are the major regions ¢
“The production of iron ore has suffered in Sweden as a It
following problems :
(i) Non-availability ofcoal for smelting iron ore, resultnng in
neighbouring countries.
(ii) Most of the reserves are situated in the northern
experiences severe cold and long winters, thus hindering mini
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Venezuela. High quali
Plateau. Elpao and Cerro-
imports iron ore from here

China. Iron ore reserves of China as found in Anshan region of
\I“;laul:’;dluna, other iron ore pr:oducing .re.gl.ons are : Maanshan (Lower angtese

Y), T:_:lyeh and Chungkiang, adjoining Canton, and Honan islands.

Braznl_. Iron ore deposits are situated in the south eastern Brazil. Iron
and steel industry at Voltaridonda and Velohorrigento use this ore. The
modern devglopmen‘t of Brazil depends upon the huge deposits of iron ore.

Australia. Distribution of iron ore is found all over Australia, Mt.
Yoldswortho, Mt. Bruce, Mt-tom, Prize and Yumpi Sound are the recently
found regions of iron ore deposits. After satisfying its home demand, Australia
exports some iron ore to Japan. '

India. High quality iron is mined in India from Singhbhum, Keonjhar,
Bonai, Mayurbhunj and Solapet. Besides these regions other important iron
ore mines are Lohara and Sipalgaon region of Chanda Distt. of Maharashtra,
Baliadila, Dally, Rajaharu and Buster in Madhya Pradesh, Salem and
Tiruchirapalli in Tamilnadu, Hyderabad in Andhra Pradesh and Goa. The

“mining of iron are in Northern India have the following facilities :

(i) Iron and steel industries are situated in the region. <

(ii) Most of the iron are deposits are located in the adjoining regions of

(iii) Rail-road network is all over the region. :

Africa. Iron ore producing countries of the ‘dark ¢

mentioned below : :
North Africa — Tunisia, Algeria and Morocco.

South Africa — Transval Province.

43

ty iron ore reserves are found on the Guinea
Bolwar are leading mines of the country, USA

r g . . . -
coph"l::\ has been using copper from time-immemorial. It is

of its availability in pure form and work on it is problem-f

days he used copper mainly in making utensils but since last

increase in electricity in domestic and industrial purposes den

has increased manifoea, because of its good.conductri‘\;:\tzg s -a-da

used in powerhouses, telephones and ilfr?nng? l;;zc surfa. a3
a5 2

Copper, though found in its pur ' . “d

surface!f,’p;'lt:a is generally found chemically mixed with iron

and sulphur.

World Distribution - Jbout the
The following description gives an understmding 1

of copper in the world.
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United States of America is the chief producer of copper in the world,
with its deposits in Michigan and Arizona regions. Utah province also produces
copper in abundance. The industrial complex of the North-east utilises most
of the copper production of the country.

The other copper producing countries and their deposit regions are :

Countries Regions

Chile Chukikmata

Zaire Cotanga

Japan _ Honshu and Shikoku islands
USSR Balkan Peninsula

Besides Zambia, Spain, Mexico, Australia, India, Canada, Peru and China
also extract some quantities of copper in their countries. India has her
copper mines in Singhbhum and Hazaribagh districts of Bihar. Other important
centres are Kehtri and Daribo in Rajasthan and Anantpur in Andhra Pradesh.
Some upper deposits are also found in Karnataka and Himalayan regions.

Aluminium
Importance of aluminium has been increasing d:
following characteristics :
1. The metal is very light.
2. It is a good conductor of heat and electncuty
3. It becomes hardest metal, when mlxed with 0
4. We use aluminium in 2
(i) making electric wires and electrical machines.
(i) building houses and transport vehicles. :
(iii) making cooking utensils.
Aluminium is not extracted in its true form. It is obtai
Cryolite, Corundum and Kaolin. ;

Ore Countries

Bauxite Jamaica, France, Guinea
Hungary, Australia, In

Cryolite " Greenland |

USA has very few deposits of bauxite but it manufac
of aluminium of the total world manufacture. It is be
large quantities of bauxite from Jamaica and Surin:
Jabalpur and Katni (M.P.), Kaira (Gujarat), Selam (Tam gao!
(Karnataka) produce bauxite in India. Most of the prod
India is utilised in her industries. >

Extraction of aluminium from bauxite and othet
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Countries

Switzerland

U.S.A.
France

Germany and Italy

India

45
Aluminium Industries near Hydro-
power Stations
- Shake-Asen Waterfall
Niagora Waterfall

Sevay Region
Mountain Regions

Renukoot (Mirzapur) Near Rehand Project

Table 4.1 : Major reserves and important uses of
some of the major metals

Metal Major world reserves | Major uses
Aluminium Austrglia, Guinea, Jamaica| Packaging food items,
; transportation, utensils,
electronics
Chromium | CIS, South Africa For making high strength
steel alloys, In textile/tanning
industries
Copper U:S.A., Canada, CIS, Electric and electronic goods,
Chile, Zambia building, construction,
vessels
Iron CIS, South America, Heavy macn-iné._ry, steel
Canada, US.A. _production transportation
means : .
Lead North America, U.S.A., Leaded gasoline, m |
CIS batteries, paints,
Manganese | South Africa, CIS, For making high strength,
5 Brazil, Gabon heat resistant steel alloys
Platinum South Africa, CIS Use in automobiles, catalytic
rou converters, electroalcs.-
i medical uses.
Gold South Africa, CIS, Ornaments, m!!dkm W;:;
Canada electronic use, use ]
aerospace 5l
Silver Canada, South Africa, FhOtOQFaPth
Mexico jewellery
Nickel CIS, Canada, New
Caledonia

45
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Table 4.2 : Major uses of some non-metallic minerals

Non-metal mineral Major uses

Silicate minerals Sand and gravel for construction, bricks,
paving etc.

Limestone Used for concrete, building stone, used in

agriculture for neutralizing acid soils, used
in cement industry

Gypsum Used in plaser wall-board, in agriculture
Potash, phosphorite Used as fertilizers
Sulphur pyrites : Used in medicine, car battery, industry

Some Major Minerals of India

(a) Energy generating minerals.
~ Coal and lignite. West Bengal, Jharkhand, Orissa, Madhya Pradesh,
Andhra Pradesh.

Uranium (Pitchblende or Uranite Ore). Jharkhand, Andhra Pfalesh
(Nellore, Nalgonda), Meghalaya, Rajasthan (Ajmer).

(b) Other Commercially used minerals

Aluminium (Bauxite Ore). Jharkhand, West Bengal, Maharashtra,
Madhya Pradesh, Tamil Nadu. ’

Iron (haematite and magnetite ore). Jharkhand, Orlssa, Madhya
Pradesh, Andhra Pradesh, Tamil Nadu, Karnataka, Maharas and

Copper (Copper Pyrites). Rajasthan (Khetri),
Karnataka. Madhya Pradesh, West Bengal, Andhra Prade

Impacts of Mining $
A mineral is any substance that is naturally presen

processes have formed these minerals over ITII||IOI"IS or b
hence they are non-renewable. :

Mining is the process of extracting and processing
minerals are mined and these include metals like qold
aluminium and non-metals such as stone, sand, and alt. A
another major material that is mined is coal.

Underground mining has little direct effect on the e
can cause long-term problems like subsidence and p
Moreover, workers are at great risk in underground
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flooding and collapses are common '
: and the w
problems like respiratory linesces ork itself causes severe health

are mined away, the water tables g
Rajasthan.

The processing of the mined material, often done on site, using in
many cases mercury, Cyanide, and large quantities of water, pollutes rivers
and other water bodies. The waste material like slag is often far greater in
quantity than what is usable, and is left behind as unslightly, unstable, and
dangerous heaps. -

- The mining of precious metals is today more intense and widespread
than in centuries past with far-reaching consequences. Of particular concern
is heap-leach gold mining in which rivers of cyanide are poured over huge
piles of low-grade ore to extract the metal.

Heap-leach mining is on the increase and has already caused several
~ serious accidents. Two examples are :

e In 1984 on the OK Tedi Island in New. Guinea, 1000 cu. m. of
concentrated cyanide were released into a river and the ecosystem
was devastated. This gold and copper project, which is tearing
down a whole mountain, has already caused extensive
environmental damage. It has also destroyed the culture and lifestyle

of the native Wopkaimin people. g =

e Sl

e In 2000, at the Baia Mare gold mine in Romania,

the heap-leach waste broke, releasing 80 million |
into the Tisza River. The cyanide flowed 500 km. i;; 0

Serbia.

Indian Problem .-
Indian Scenario. India is the producer of 84 mine

value of which is about Rs. 50,000 crore. At least six maje
mention here which are known for causing severe probler

(i) Sukinda Chromite Mines, Orissa. Seepnng of t}ex
into river posing serious health hazard, Chromium (VI) be

and carcinogenic.
(i) Jaduguda Uranium Mine, Jharkhand. Exposi

radioactive hazards.
(iii) Kudremukh Iron Ore Mine, Karnataka. Causir

and threat to biodiversity. |
(iv) Jharia Coal Mines, Jharkhand. Underground fi

subsidence and forced displacement of people.
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(v) North-Eastern Coal Fields, Assam—Very high sulphur
contamination of groundwater. '

(vi) East Coast Bouxite Mine, Orissa—La nd encroachment and issue
of rehabilitation unsettled.

Environmental Damage

The environmental damage caused by mining activities are as follows :

(i) Groundwater Contamination. Mining disturbs the natural
hydrological processes and also pollutes the groundwater. Sulphur, usually
present as an impurity in many ores is known to get converted into sulphuric
acid through microbial action, thereby making the water acidic. Some heavy
metals also get leached into the groundwater and contaminate it posing
health hazards. ' ,

(i) Occupational Health Hazards. Most of the miners suffer from

various respiratory and skin diseases due to constant exposure to the
suspended particulate matter and toxic substances. Miners working in
different types of mines suffer from asbestosis, silicosis, black lung disease
etc.-
(iii) Subsidence of Land. This is mainly associated with underground
mining subsidence of mining areas often results in tilting of buildings, cracks
in houses, buckling of roads, bending of rail tracks and leaking of gas from
cracked pipe-lines leading to serious disasters. .

(iv) Devegetation and Defacing of Landscape. The topsoil as well -
as the vegetation are removed from the mining area to get access to the
deposit. While large scale deforestation or devegetation leads to several
ecological losses as already discussed in the previous section, the cape
also gets badly affected. The huge quantities of debris and taili
big scars and disruptions spoil the aesthetic value of the region
prone to soil erosion. -

(v) Surface Water Pollution. The acid mine drain :
contaminates the nearby streams and lakes. The acidic water is|

also contaminate the water bodies through mine wastes a

animals. Heavy metal pollution of water bodies near the mi
common feature creating health hazards.

other impurities in the ore, smelting is done which emits enorme
of air pollutants damaging the vegetation nearby and has
environmental health impacts, The suspended particulate o
50, so0t, arsenic particles, cadmium, lead etc. Shoot upint

near the smelters and the public suffers from several health- g
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Conservation of Minerals

In order to minimize the adverse impacts of mining it is desirable to
adopt eco-friendly mining technology. The low-grade ores can be better
utilized by using microbial leaching technique. The bacterium Thiobacillus
ferroxidans has been successfully and economically used for extracting gold
embedded in iron sulphide ore. The ores are inoculated with the desired
strains of bacteria, which remove the impurities (like sulphur) and leave
the pure mineral. This biological method is helpful from economic as well
as environmental point of view.

49

- Model Questions
1. What are the uses of various types of minerals?
2. Enlist some major minerals of India.
3. What are the environmental impacts of mineral extraction? Explain in
the context of Indian scenario. | ALY
4. Explain the remedial measures to save mineral resources.
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Energy Resources

Energy is an important input for development. It aims at human welfare
covering household, agriculture, transport and industrial complexes. Like
other natural resources, energy resources are also renewable as well as
non-renewable. Renewable (inexhaustible) energy resources are mostly
biomass-based and are available in unlimited amount in nat:'"e since these
can be renewed over relatively short period of time. These include, firewood
(or fuelwood) obtained from forests, petroplants, plant biomass (as
agricultural wastes like bagasse), animal dung, solar energy, wind energy,
water energy (hydro-electric and tidal energy), geothermal and
dendrothermal energy etc. These can reproduce themselves in nature and
can be harvested continuously through a sustained proper planning and
management. Non-renewable (exhaustible) energy resources are available
in limited amount and develop over a longer period of time. As a result of
unlimited use, they are likely to be exhausted one day. These include coal,
mineral oil, natural gas and nuclear power. Coal, petroleum and natural
gas, the common sources of energy, being organic (biotic) in their origin
are also called fossil fuels. ‘ '

Classification of Sources of Energy

All the energy sources found on the earth are directly or indirectly
related to solar energy. These sources can be classified into two
categories :

1. Conventional or Non-Renewable Resources. Those n
which are being used on alarge scale after industrial revolution (;
1700), are known as conventional sources. Fossil fuels such as coa
natural gas are such which are finite and exhaustible. They we
crores of years ago with extremely slow changes. As we are us
resources on a large scale (presently 95% energy need is met b
they are expected to be depleted. Therefore, these resources are al |
as non-renewable, It is estimated that known reservoirs of petroleum
India will be depleted till the year 2020. Coal reservoirs can probably
for 200-250' years but due to depletion of oil reserves, increase in populatic
and increasing energy demands, these coal reserves may be depleted befor
long. Large scale use of fossil fuels is also a main cause of atmesphe
pollution. e
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?. Non-Conventional or Renewable Resources. Sun rays, wind,
flowing water, sea waves, oceanic tides and biogas provide energy which is
also produced directly or indirectly from solar (sun) energy. Therefore, these
resources can be exploited till earth is getting light and heat from the sun.
Therefore, these resources are known as renewable resources. It is worth
mentioning that geothermal energy will be available for a very long time. It
will be useful to know that energy obtained from fuelwood is also renewable
energy vecause fuelwood can be obtained by replantation of trees. But it
takes more than 15 years for a plant to mature. Secondly, a large scale
cutting of trees is destroying forests which is a reason of environmental
imbalance. Therefore, use of wood as energy source will not be an intelligent
decision. Renewable energy sources should be used on a large scale in
place of fossil fuels. Success is being achieved in many areas in this regard.

Conventional Sources of Energy
Major sources of energy in this category are
gas, firewood and nuclear power.
Coal. About 6000 billion tons of coal lies
over 200 billion tons had been used.

1980
Country % of World Country
Production

USA 26.04 USA
China 21.85 China
USSR : 18.10 USSR
Poland 7.07 Poland
U.K. 4,77 U.K.
South Africa 425" South Africa
India 3.99 India ‘
FER. Germany 3.46 FR. Gemany
Australia 2.70 Australia j
Czechoslovakia 1.07 Czechoslovakia
Total World 273 Crore

metric tonnes

The total coal production in world has increased frem 27:ni phei
tons in 1980 to 323 crore metric tonnes in 1986, registering e

18.4 per cent. _ ' .
C%al, besides a prime source of industrial energy is also 2

t of th Ty
Coal, including lignite even today accounts for 60 per cen e
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commercial power requirements. In developed world there is a trend of
shift from coal to oil or gas. Major coal fields in India are Raniganj, Jharia,
East Bokaro and West Bokaro; Panch-Kanham (Tawa Valley) Singrauli,
Talchar, Chanda-Wardha and Godavari Valley. The major states known for
coal reserves are Bihar, Orissa, West Bengal, M.P., A.P. and Maharashtra. By
and large, the quality of Indian coal is rather poor in terms of heat capacity.
This poor heat capacity can be converted into electricity and gas and even
oil. This is the reason why many of our thermal and superthermal power
stations are located on the coal fields to produce electric power to feed
regional grids. Coal production in India which was just 35 million tons in
1951 has now gone to over 180 million tons in 1988-89. Per capita
consumption of coal increased from 135 kg. to nearly 225 kg. Lignite (brown
coal) is generally a low quality coal. But Indian lignite has less ash content
than coal. The deposits at Neyveli (Tamil Nadu) are about 3,300 million
tons, about 90 per cent of country’s lignite reserves. It produces 600 mw of
thermal power. _

0il and Natural Gas. Sedimentary rocks containing plants and animals
remains—about 10 to 20 crore yéar old are the source of mineral oil. Mineral
oil is very unevenly distributed over space like any other mineral. There are
six regions in the world which are rich in mineral oil. USA, Mexico, former
USSR and the West :

Table5.2: - |

Major Qil Producing Countries of the World
1980 A | 1986,
Country - % of World | Country
- Production :
USSR ' 21.94 USSR
USA 215764 USA
Saudi Arabia 14.24 Saudi Arabia
lyaq - =5 4.36 China
- Venezuela 3.85 U.K. ;
China. : 3.56 | Venezuela
Nigeria 3.43 Iran
: Nigeria
Total 68.02 Total

Asian region (Iraq, Saudi Arabia, Kuwait, Iran, United A
and Bahrain) are the major oil producing countries of t
has declined from 300 crore metric tonnes in 198
tonnes in 1986. |
India has a large proportion to tertiary rock
particularly in the extrapeninsular India. Such po "
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coasts of Godavari, Krishna, Kaveri and Mahanadi

generally fopnd in associatiop wit_h oil fields. However, exclusive natural gas
ocrves have been located in Tripura, Rajasthan and almost 1 11 the off-
Sé}:ci)sre oil fields of Gujarat, Maharashtra, Tamil Nadu, Andhra Pradesh and

SBaiw

In 1951 our total mineral oil production was 269,000 tons. Total
consumption at that time was only 3.1 million tons. By 1984-85, production
increased to 29 million tons but consumption also jumped to 39 million
tons. The net imports were 7 million tons of crude and 5 million tons of
petroleum products. In 1986-87 oil production was 30.5 million tons and in
1988 nearly 36 million tons. It was only 10 million tons in 1980-81. The
- recoverable reserves of crude oil which were 366 million tons in 1980 rose
to 580 million tons by 1987.

Natural gas production (million cubic meters) in 1980-81 was 2,358
that rose to 9,812 by 1986-87. The total gas reserves were estimated to be
5,41,000. In India gas is a natural gift. It can be used both as energy
source and also an industrial raw material in petrochemical industry. It
takes lesser time to build a gas based power plant. The gas is also‘used for
fertiliser plants. Through pipe line, the gas from Ml_mea_t. qnd Gu;an‘at gas
fields is now taken to M.P., Rajasthan and U._P. Haznra_—-BIJalpur.-Jagd:sIu;
(HBJ) gas pipe line is 1,730 km long and carries 18 mllhonhc:;nc rnetmesa'e
gas every day. It feeds six fertiliser and three power pLPGi alsol hel'em
already 12 refineries in India. The liquefied petrqleum gas ( ntl;[
the cooking gas is now a very common domestic fuel in country.

Thermal Power. Hydro-electricity is obtained froma ndmmnammgas e
water. But thermal power plants use coal, petroleum a a0

: o e of mineral origin and
produce thermal electricity. These sources ar

; lectricity, whether
called fossil fuels. They are.exhaustlbl‘: ig:vzﬁligﬁ;:ng;wj versaﬂl; form of
thermal, nuclear or hydro is the mos stry, agriculture, transport and

energy. This is in great demand in indu sower in 1988-89
domé:tic sectors. Ir?stalled capacity to produce tt::;m t\:'i@ the capacity to
in India was about 40 million kw, a little morr;rated in 1988-89 Was 20;
produce hydel power. The actual pawer g:ted for 53.8 billion units and
billion units. Against this hydel power accou
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billion units of nuclear power. In a single year it had arisen to about 10 per
cent.

Both, big and small power stations are scattered all over the country.
Electricity produced by them is fed into regional grids. It is proposed to
. have a single national grid. The grids receive electricity produced from all
the four major sources—coal, oil, water and nuclear. Total length of lines
was 10,000 circuit km in 1950 that rose to 1,71,000 circuit km in 1987.
Besides there are high voltage transmission lines of 400 kv strength—16,000
km, and 55,855 km of 220 kv strength. _

Firewood (Fuelwood). One must combine environmental supply of -
firewood and other biomass energy sources. Besides we need technologies
for total utilisation of biomass and/or conversion to solid (densification),
liquid (liquification) and gaseous (gasification) fuel. According to ABE (1985)
the demand for firewood is likely to go to the order of 300-330 Mt in 2004/05
against the present level of 120-130 Mt. Table lists such demand state-wise.

Table 5.3 =

Estimated Fuelwood Consumption (Mt) in 2004/05
(ABE, 1985)
: : Fuelwood Consumption
Region/State/UT Rural Urban = Total
1.0e R 37.0
2. Rajasthan 17.0
3. Punjab ; { Fe-iBI5
4. Haryana T 2.0
5. Himachal Pradesh it 3.0
6. J&K | ' 2.5
Eastern & N.E. Region
7. West Bengal -. 9.5
8. Bihar 19.5
9. Orissa 13.0
10. Assam - 11.5
Southern Region
11. Andhra Pradesh 26.5
12. Karnataka 17.5
13. Tamil Nadu 20.0
14. Kerala 1S
Western Region
15. Madhya Pradesh 20.5
16. Maharashtra - 22.5
17. Gujarat 10.0 )
Total 247.0
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: Table 5.4 :
Estimated Fuelwood Requirements in 2004-05 to be met
through plantations (ABE, 1985)

State Quantity (Mt)
Northern Region
1. U.P. 66.5
2. Rajasthan 22.5
3. Punjab 7.0
4. Haryana 6.0
5. Himachal Pradesh : : 2.5
6. J&K 2.0
Eastern & N.E. Region
7. West Bengal 1375
8. Bihar 20.0
9. Orissa 19.0
10. Assam et 11.0
Southern Region
11. Andhra Pradesh : 35.0
12. Karnataka \ 27.5
13. Tamil Nadu 32.0
14. Kerala - 15.5
Western Region -
15. Madhya Pradesh ; - 28.0
16. Maharashtra 30.5
17. Gujarat 14.5

It may be seen that nearly 70 per cent of firewood demand pertains to
the rural areas. Only 50 Mt. of the fuelwood may become available from
natural forests. According to NCA for next 15 years or so the av. fuelwood
contribution from natural forests would be 0.75 t/ha/yr year and the restis
to be met from plantations. Table 13.7 gives an idea about the same. Whole
of the required plantations is to be non-agricuitural land, degraded forest
land, culturable wasteland, barren/inculturable land, permanent pasture
and grazing lands. Roughly 60 Mha of such land are available and it may be
difficult to bring more than 50 per cent of this land under plantation.
Hydro Power. Water energy is most conventional renewable source
of energy. Energy is obtained from water flow, water falling from a height.
Hilly and highland areas are suitable for this purpose, where there is
continuous flow of water in large amounts falling from high slopes. In the
late 18th and early 19th century most industries were located near wax
falls. Technology was also developed for use of steam energy. Hydgot-opo long
is a clean, non-polluting source of energy. It can be transrnlt(t:l:m otibA
distance through wires and cables. But, this form of ener gy |
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stored for future. Thus, markets are to be fixed before generation of this
form of energy. Dams are constructed our rivers. Norway, Switzerland,
Canada, Sweden and New Zealand harnessed their water resources for
water energy. In South America, about 75 per cent of the total electricity
consumption comes from water. Japan, USA and former USSR are the leading
countries in production of hydro-power.

In India the generation of hydro-electric power was emphasised from
the First Five Year Plan. A number of multipurpose river valley projects
were launched, of which Bhakra Nangal project over Sutlej, Bokaro, Panchet
and Tilaiya in Damodar Valley, Hirakund, Rihand, Nagarjuna Sagar, Kosi
and Koyana etc., are the examples. A number of such project including
construction of large dams as Tehri Dam on Bhagirathi river in U.P., Sardar
Sarovar in Gujarat, and Narmada Valley Project (NVP) are also under different
stages of development. The construction of these dams could generate at
times much political and environmental controversies. We have referred to
these dams earlier in chapter on “Natural Resources and their Conservation”
under Land use Resource. ; -

Nuclear Power. This is of course a principal source of energy, when
the fossil fuel reserves are depleting very fast. A small quantity of radioactive
material can produce an enormous amount of energy. For instance, or of
of Uranium 235 would provide as much energy as by three million ton of
coal or 12 million barrels of oil. Besides electricity, atomic power is also
used as fuel for marine vessels, heat generation for chemical and food
processing plants and for spacecrafts.

For atomic energy, we need a nuclear reactor. The decay of fissionable
matter produces enormous heat. This is used to make steam and chan ellec
through a turbine connected to an electric generator. There are |
types of nuclear reactors. Light water reactor (LWR), where we t
water for cooling and moderation. These are of two basic type
water reactor (BWR) and (ii) pressurised water reactor (PWR)

There are also high temperature gas cooled reactors (HT
are basically of LWR-type. .

Heavy water reactor (HWR), where we use heavy wate
popular one has been Canadian Deuterium-Uranium (CANDU)
the design is different from that of LWR-type. The fuel is arranged
rather than vertically as in LWR, .

Liquid metal fast breeder reactor (LMFBR), where we use liq
as the coolant. =
There are over 300 atomic power plants, operating in the world,
maximum are in U.S.A. (83), followed by USSR (40), U.K. (35), France(3
Japan (25); FR. Germany (15) and Canada (13). g
India has been a leader in making peaceful use of nuc
medicine, agriculture and space, India is rich in certain atom

SNy -l
ow | W SN
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Uranium mines are located in Singhbhum in Bihar and parts of Rajasthan.
Most abundant source is monazite sands on the shores of Kerala. Thorium
is derived from these sands. In India, Nuclear Power Corporation (NPC) is
engaged with establishment of nuclear power plants. We are the seventh
nation in the world to have mastered the nuclear fuel cycle. At present
there are six nuclear power plants in operation generating 1230 MWe
(individual plant capacity ranging 210 to 235 MWe). These plants are located
in states of Maharhashtra (Tarapur), Rajasthan (Kota), and Tamil Nadu
(Kalpakkam). Some more units are to come up in Gujarat (Kakarapor),
Karnataka (near Karwar) and Uttar Pradesh (Narora) in near future increasing
the present installed capacity of 1230 MWe to 10000 MWe by 2000 A.D.

Non-Conventional Sources of Energy

Coal, mineral oil, natural gas and nuclear minerals are non-renewable
and are to last one day. Moreover, their use is invariably associated with
environmental pollution problems. Large scale utilisation of wood may lead
to deforestation. Moreover, centralised system in conventional source of
energy, involves much expenditure on setting up infrastructure and
management. There is now a trend towards decentralisation. It would provide
greater initiative to local people who could assess their needs and resources
and plan a strategy that suits best to them.

The energy crisis during 1970s forced scientists to develop alternative
sources of energy that should be renewable and pollution free. Due to
rapidly depletion of conventional energy sources, countries all over the
world have been forced to concentrate over tapping the vast potential of
non conventional energy source like dendrothermal, solar, wind, ocean (tidal),
geothermal heat, biomass, farm and animal waste including human excreta. -
All these sources are renewable and inexpensive. = 3

. In India, while the responsibility for harnessing the potential for energy
by conventional technology lies with the Department of Power/Central
Electricity Authority and the State Governments the Department of Non-
conventional Energy Source (DNES) is actively involved in R&D :
developing non-conventional know-how technology. Non-con
sources can augment power in specific areas in a decentralised
~ Their potential is actually for local use. _ e
Solar Energy. Domestic heating and water supply can be met Ulﬂéﬂ:
source. In Israel, such systems of heating homes and water supply. >
already in operation. In U.S.A,, commercial solar heaters are a?mr:.ﬁ
Florida and California. In Asia, Africa and Australia where number Of SUNSINR

days s high, this method has promising future. India receives a
SUnshing with about 1648-2108 kwh/m?/year with nearly 250-300 daySoF
USeful sunshine in a year. The daily solar energy incidence 1S betwesR e
7 kwh/m? at different parts of the country. This enormous solar w
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resource may be converted into other form of energy through thermal or
photovoltaic conversion routes. The solar thermal route uses radiation in
the form of heat that in turn may be converted to mechanical, electrical or
chemical energy. Solar thermal devices like solar cookers, solar water/air
heaters, solar dryers, solar wood seasoning kilns and silicon systems have
been developed. A solar cooker consisting of an aluminium reflector (10 sq.
ft. in area) has been tried and introduced by DNES in extremely cold and
remote areas of. Ladakh. IITs have been successful in developing the
technology to trap solar and wind energy on the icy continent of Antarctica
and remote areas of Leh and Ladakh. In a solar cooker, nearly one m?
collector area at 17.3 per cent efficiency would give a saving of 663 kg of
wood at 4708 x 103 kcal/kg. ; :

The photovoltaic conversion systems convert solar radiation directly
into electricity through silicon solar cells. These may be single crystal silicon
cell, polycrystalline cells, amorphic solar cells etc. Such systems are used
for community lighting, radio and TV sets, light houses, offshore platforms
and installation in remote areas. An important application of these systems
in pumping of water of microirrigation and drinking purposes. Such systems
are decentralised on the spot electricity generation systems and help to
replace diesel utilising systems. Thus photovoltaics and totally without
chemical and noise pollution. They may be installed in remote areas as
forests, deserts etc. Under the National Solar Photovoltaic Energy
Demonstration Programme (NSPEDP) the DNES has since 1980 installed a
number of photovoltaic devices with a target of producting 1 MW of electricity.
Such systems are used for pumping water, village electrification, use in TV
sets etc. : B
_ The Rural Electrification Corporation has identified 90, ill:
remote areas where electric supply is very costly and physic
such cases photovoltaics can be used as also biomass-t

. According to ABE (1985) nearly 30,000 villages would be
photovoltaics, a demand for 75 MW. More than 300 villages |
Gujarat, U.P. and Haryana are supplied with street lighting 'q it
set up its first solar power station near Delhi very soon. The ork
of the Asian Solar Energy Network sponsored by the DNES/US
meetings for developing of technology for solar heaters, dryi‘: q.
etc. The Department of Metallurgy, College of Engg., Pune des
furnace that can generate temperature of 2,000°C. This e
heat treatments like surface hardening of steel and cost iron
first solar water heater was installed in 1982 at Haryana
Murthal. The systems is able to heat 15,000 litres of wa
average temperature of 65°C. At Medical College, Rohtak,
capable of heating 25,000 litres of water at 65°C, at other pla
there are such systems in operation. The first solar desalin
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been installed at Haryana Tourist Complex at Dubchick. It will treat 2,000
litres of potable water daily. The first multipurpose solar dryer-cum
wqrc_ehouse is beujg constructed at Ganaur (Haryana) to be used for dry
chllheg., pota@o chips etc. More than 100 domestic solar heaters of 100 litre
capacity are installed in different parts of Haryana. A photovoltaic irrigation
pumps_et has been installed at Haryana Agricultural University, Hisar.

Wind Energy. In the country there are areas which are quite windy.
Average annual wind density of 3kw/m?/day are prevalent at a number of
places in Peninsular India as also along coast-line in Gujarat, Western Ghats |
and parts of Central India. The wind densities are even more than 10kw/
m?/day during winter and wind densities exceeding 2kw/ m?/day are available
for 5-7 months in a year.

Wind energy may be converted into mechanical and electrical energies.
To date wind energy has been utilised for pumping water in rural areas and
may also be useful in remote areas. About 20,000 mw electricity can be
generated in India from wind. According to DNES, the wind farms with a
total capacity of 3.3 mw have already been set up in Mandvi; 1.1 mw in
Kutch; 550 kW in Okha (Gujarat); 550 kw in Deogarh (Maharashtra); 550
kvy in Tuticorin (Tamil Nadu) and 550 kw in Puri (Orissa). The types of the
wind mills developed are, 12 PU-500, Sail Tpe, Vertical Axis type etc.

Wind energy is useful in remote areas, helps saving fossil fuels, would
deliver on the spot small quantity of energy which is free from pollution and
environmental degradation. DNES has installed 924 wind pumps (PU-500
type) with pumping capacity of about 20m throughout the country. Gujarat
is the first state in the country to start using wind power. S

Ocean (Tidal) Energy. Tidal power generation depends on the
harnessing of rise and fall of sea level due to tidal action. Small ti |
plants have been constructed in China and USSR. The most im
application of tidal power is in electricity generation. In 1966,
constructed the first major tidal electric plant. In India, prospectives
exploitation of tidal energy are Gulfs of Kutch and Cambay and Sund
In Kutch, French assistance has been received. Other suitable Si
near Lakshadweep Islands and Andaman and Nicobar Islands. At bot
places, the cold water layers (20°C or lower) at 1,000 m depth
near the shore. In India, tidal power potential of the order of 9,
been identified, of which 800-1000 mw in Gulf of Kutch; 7000
Gulf of Cambay and the rest in Suderbans. -

India could intensify work on ocean thermal energy conve
and wind wave energy, that would go a long way in meetin
requirements in remote oceanic islands and coastal towns. i 3
already exercising with exploiting tidal energy..The Cen_ttr; |
Authority and the Gujarat Electricity Board carried o_uthSl *l
establishment of tidal plants in the Gulf of Kutch. India has ar
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OTEC potential and some of the best sites in the world are kare known to
be located off the Indian mainland and near the islands of Lakshadweep
and Andaman and Nicobar. Total OTEC potential around India is nearly
50,000 mw which is about 150 per cent of the present total installed power
generating capacity in the country.

OTEC. We may utilise the temperature difference existing between
warm surface sea water (28-30°C) and the cold deep sea water (5-7°C)
. which is available at a depth of about 800 m to 1000 m in tropical waters,
The advantage is that power is continuous, renewable and pollution free. A
floating OTEC plant can generate power even at mid-sea and can be used
to provide power for operations like off-shore mining and processing of
manganese nodules. We have already designed a one mw plant for
Lakshadweep islands.

Wind Wave Energy. The incessant motion of the sea surface in the

orm of wind waves constitutes a source of energy. About 1.5 per cent of
ing energy from sun is converted to wind energy. Part of this is
od to the sea surface resulting in the generation of waves. This
arried to coastal lines where it is dissipated as the waves break.
f energy from waves is more efficient than direct collection of
from wind, since the wave energy is concentrated through the
action of the wind and the free ocean surface. For India whose coastal
ne extends to about 6000 km in length wave energy potential is estimated
to be around 60,000 mw. There are many other benefits in extraction of
wave energy. A multipurpose wave regulator system 'RS) in the form of
a long barrier results in the formation of a ca eenmm
and shore, and this can be used as a harbour, space Ire, Space
for coastal transportation with lighter and faster craft

against the erosion by sea. A WRS can be placed:

a distance of about 500 m form the shore (availe

the Indian coasts). Gujarat may become the
make use of tidal power. :

Geothermal Energy. Here we utilise th
earth for power generation. This is possible in \
hot springs and geysers occur. For developing cou
potential was estimated at 400 x 10'* joules for g
projected capacity at 2300 mw in 1990. The total
be nearly 1/5th of 1971 recoverable resource
being made to use this energy for generating powet
“etc. A cold storage unit and 5 mw power plant hay
(H.P.) Geological exploration for prospective log
for electricity generation are to be undertaken
necessary where there is a possibility of availabi
present nearly 350 geothermal springs
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Puga (Ladakh) geothermal area is a good site for power generation. Other
areas to be screened are, Tattapani (Sarguja Distt.,, M.P.), Cambay Basin
(A!akr}ada Valley, U.P.) and Parvati Valley (H.P.).

‘Bio-energy. Global requirements for energy have increased significantly
during past fev\{ years and likely to continue during future also. Not only,
human population growth increased, particularly in developing countries,
but there has also been increase in per capita consumption. Depleting
resources of fossil fuels and the gaseous emission problem associated with
their use led to development of non-polluting renewable sources of energy.
Energy produced from biomass is, therefore, a potential alternative energy
for sustainable development. Biomass is a general term used for all materials

 orininating from photosynthesis. Thus biomass includes all new plant growth,
residues and wastes (wood, short rotation trees); herbaceous plants;
freshwater and marine algae; aquatic plants; agricultu ral and forest residues
(straw husks, bagasse, corn cobs, bark, sawdust, wood shavings, roots,
animal dropping); wastes (garbage, night soil, sewage, industrial refuse
etc.). Biodegradable organic effluents from industries like canneries, sugar
mills, slaughter houses, meat packing plants, breweries, distilleries etc.,
are also included in this category. Biomass can also be produced from
hydrocarbon plants, oils etc. Biomass energy systems are renewable and
act as a sink for CO,. They help in conservation of soil and water and halt
water run off and desertification. |

Biomass is considered to be one of the key renewable resources at
both small and large-scale levels. It already supplies 14+per cent of the
world’s primary energy consumption. On average, biomgss produees38
per cent of primary energy in developing countries. Biomass IS being
increasingly used even in developed countries. The census of India,;lQSl.
reported that of the 151 million households in India in 1991 (39.5m illion in

urban area and 111.5 million in rural areas), 92 per centin rural.giwt  and
39 per cent in urban areas were dependent on bio-fuels (Down .‘- A
2001). 3.2 per cent energy in India comes from_non-convenﬂﬂnaéf.‘ KEES:
of which 12.5 per cent non-conventional energy 1S generated inTa e
Biomass is already supplying roughly 15 per cent of tha«
requirements of energy, i.e., 55KJ (55 % 10'8) per year (25 million bafs
of oil/day). The various SOUrCes of bioenerg

y (biofuels) are nydrog
produced by some microorganisms, methane/plogas gene;f e
biological gasification of organic wastes (anaerobic digestion OF BEBHIEEA
methanogenic microbes), energy plantations (dendrothermatietissss
ethanol (by conversion of starch-rich biomass feed stocks IntO alce
microbes) and biodiesel from petroplants. ;
Hydrogen. Many experts believe that, as We run ou ones
will move towards using the element hydrogen as the m:erg'v'&
world’s economy. When hydrogen burns and gives us eNEisieEs

of ’o.;
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with oxygen to produce water vapour. In this process, there is no air pollution
or emission of carbon dioxide.

This is good news again! What are we waiting for? There is some bad
news too. Hydrogen is not available in a free state : it is locked in water and
in compounds like petrol and methane. We need to use energy and an
effective method to split these compounds to get hydrogen. We can split
water by heat or by a process called methanol. Thus the first problem is
one of collection. As in the case of solar energy, we also have the problern
of storage. Hydrogen is highly explosive and if it is stored as compressed
gas, the tank needs to be large, heavy, and costly. Only large buses and
trucks could hold the tanks. If we store it as a liquid, energy will be consumed
in maintaining the very low temperatures that will be needed. Ancther
method being tried out is storage as a solid metai hydride. Here again,
energy is needed to release the hydrogen when we want it.

(4) Fuel Cell. A fuel cell is so called because it is an electrochemical
unit like a battery. The fuel cell burns hydrogen to produce electricity. In the
process, hydrogen combines with oxygen to produce water vapour. Thus
there is no pollution and it runs continuously as long as there is input.
Unlike a battery, the fuel cell draws its input (hydrogen and oxygen) from
outside. Again, a battery requires recharging, but the fuel cell does not.
Finally, there is no toxic output when a fuel cell is discarded.

Fuel cells were developed as far back as 1960 for space applications.
The progress since then has, however, been slow. There are now
experimental buses and cars running on fuel cells, but they are very
expensive. Automobile companies like Daimler-Chn fon d
Motors have made prototype fuel-cell cars.

(/) Problems with Using Hydrogen. First
hydrogen. Obviously, against this input, we sho
from the hydrogen we produce,

Second, if this input energy comes from
environmental effects, ke

Third, the situation is even worse if we prod
fossil fuels themselves. Finally, we have not fi
storing hydrogen.

(/) Hydrogen Economy, We must first cost
hydrogen from water using renewable energy Ii
solve all the storage problems too,

Increasing the efficiency of energy use will b
sources of energy. There is tremendous scope for
in all our activities, The ordinary incandescent b
5-10 per cent. Most of the input electrical er
Replacing it with a compact fluorescent lamp (CF npUIC
by 75 per cent. The initial cost is more, but ow  the
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same time, we are doing a service to socie

; ociety by consuming less eneray.
: Incndently, the cost of CFLs has been steadily coming clo.wn.g i
The internal combustion engine that runs our automobiles is another

de:v'lce that wastes 90 per cent of the input energy. Driven by the first oil
crisis, the fuel efficiency of American cars gradually increased between
1973 and 1985. Since then, however, it has levelled off primarily because of
the consumer craze for the so-called Sport Utility Vehicle (SUV), minivan,
etc., and because of the availability of cheap oil.

Makers like Toyota and Honda have introduced hybrid electric cars with
much higher fuel efficiency. They run on petrol and a battery. The battery is
kept charged by the petrol engine and an electric motor provides energy
for acceleration and hill climbing. When the car is braked, part of the heat
generated is used to charge the battery.

Whenever we use energy, some waste is inevitable. However, there is
a large amount of avoidable waste in energy use. One estimate is that we
waste more than 40 per cent of the commercial energy that we buy. Examples
are vehicles and furnaces that waste fuel and poorly designed buildings
that use up huge amounts of energy for heating and cooling. There is also
the huge inefficiency of conventionally-fuelled power stations and large
transmission losses. ' .

Technology exists today for increasing the efficiency of most appliances
by 50 per cent or more. As the demand for energy-efficient .app_ﬁancs
increases, the prices will also come down. We must always consider the life
cycle cost of devices, that is, the total of the initial castﬂﬁﬁlem

costs over the lifetime of the device. Such an appmadi'f@m i _ mtﬂe

- r

better decisions that will save cost and energy. _ ;1,

-«

" Model Questions
1. What is the main source of energy for this planet |

? i
2 uwsh?:t?gtntry consumes the maximum amount
this fact naleva?lj?I e |
ossil fuels non-r . |
i: \\ivv:;ta:raefthe special problems .of nuclear pgw
5. What are the prospects of ggttlng more hy rcr:‘
6. What are the hurdles in moving tq a h\;droge ‘
7. How can we improve energy efficiency
8. Give a brief account of non-renewable enderQV
9. What are solar cells? Draw a diagram an e:u
10. Discuss the merits and demerits of wnndn:;\s erg?
11. Comment upon the types of energy harnd >
12. What is biogas? Discuss the structure a
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Food Resources

We have thousands of edible plants and animals over. the world out of.
which only about three dozen types constitute the major food of humans.
The main food resources include wheat, rice, maize, potato, barley, oats,
Cassava, sweet potato, sugarcane, pulses, sorghum, millet, about twenty
or so common fruits and vegetables, milk, meat, fish and seafood. Amongst
these rice, wheat and maize are the major grains, about 1500 million metric
tons of which are grown each year, which is about half of all the agricultural
crops. About 4 billion people in the developing countries have wheat and
rice as their staple food.

Meat and milk are mainly consumed by more developed nations of
North America, Europe and Japan who consume about 80% of the total.
Fish and sea-food contribute about 70 million metric tons of high quality
protein to the world’s diet. But there are indications that we have already
surpassed sustainable harvests of fish from most of the world” oceans.

The Food and Agriculture Organization (FAO) of United Nations estimated
that on an average the minimum caloric intake on a global scale is 2,500
calories/day. People receiving less than 90% of these minimum dietary
calories are called undernourished and if it is less than 80°/oybﬁ‘.l;.;;ff re said to
be seriously undernourished. Besides the minimum caloric intake we a
need proteins, minerals etc. Deficiency or lack of nutrition leads
malnutrition resulting in several diseases as shown in Tabije=.=sg S

Table 6.1 : Impacts of Malnutrltlon _' |

Deficiency Health effect No. of cases

Proteins and | Stunted growth, | 750

Calories Kwashiorkor, 1 million

Marasmus

Iron Anaemia 350 million

Iodine Goitre, Cretinism | 150 million,
6 million

Vitamin A Blindness 6 million
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World Food Problems

During the last 50 years world grain production has increased almost
three times, thereby increasing per capita production by about 50%. But,
at the same time population growth increased at such a rate in LDCs (Less
developed countries) that it outstripped food production. Every year 40
million people (fifty per cent of which are young children between 1 to 5
years) die of undernourishment and malnutrition. This means that every
year our food problem is killing as many people as were killed by the atomic
bomb dropped on Hiroshima during World War I1. These startling statistical
figures more than emphasize the need to increase our food production,
equitably distribute it and also to control population growth.

Indian Scenario. Although India is the third largest producer of staple
crops, an estimated 300 million Indians are still undernourished. India has
only half as much land as USA, but it has nearly three times population to
feed. Our food problems are directly related to population.

The World Food Summit, 1996 has set the target to reduce the number
of undernourished to just half by 2015, which still means 410 million
undernourished people on the earth. :

Chain of side effects on environment due to intensive practices for

increased food production.

(A) Overgrazing o
Livestock wealth plays a crucial role in the rural life of our country.
India leads in livestock population in the world. The huge population of
livestock needs to be fed and the grazing lands or posture areas are not
adequate. Very often we find that the livestock graz_ing on a particular
piece of grassland or pasture surpass the carrying capacity. Carrying capaclp
of any system is the maximum population that can be supported by itona
sustainable basis. However, most often, the grazing.pressure is so _high m
its carrying capacity is crossed and the sustainability of the grazing lands |
fails. Let us see what are the impacts of overgrazing. E.

ct of Overgrazing :
Iml(’i? Land Deg:gdation. Overgrazing removes the vegetal cover over

the soil and the exposed soil gets compacted due to whl_ch tr:; om
soil depth declines. So the roots cannot go much deep mt? :ec o
adequate soil moisture is not available. .Organlc recycling also o X
the ecosystem because not enough detritus or litter remains on
be decomposed. The humus content of the soil decreases aancii :vet;araﬂl;;.f
leads to organically poor, dry, compacted soll. Due to tra‘mpofg W"
the soil loses infiltration capacity, which reduces percc;lat o?he o
the soil and as a result of this more water gets los.tI |m|21actlons
along with surface run off. Thus overgrazing leads to muI It f;; e

in loss of soil structure, hydraulic conductivity and so
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(i) Soil Erosion. Due to overgrazing by cattle, the cover of vegetation
almost gets removed from the land. The soil becomes exposed and gets
eroded by the action of strong wind, rainfall etc. The grass roots are very
good binders of soil. When the grasses are removed, the soil becomes
loose and susceptible to the action of wind'and water,

(iii) Loss of Useful Species. Overgrazing adversely affects the
composition of plant population and their regeneration capacity. The original
grassland consists of good quality grasses and herbs with high nutritive
value. When the livestock graze upon them heavily, even the root stocks
. which carry the reserve focd for regeneration get destruy=d. Now some
other species appear in their place. These secondary species are hardier
and are less nutritive in nature. Some livestock keep on overgrazing on
these species also. Ultimately the nutritious, juicy fodder giving species like
Cenchrus, Dichanthiym, Panicum and Heteropogon etc., are replaced by
unplatable and sometimes thorny plants like Parthenium, Lanthana, Xanthium
etc. These species do not have a good capacity of binding the soil particles
and, therefore, the soil becomes more prone to soil erosion.

As a result of overgrazing vast areas in Arunachal Pradesh and Meghalaya
are getting invaded by thorny bushes, weeds etc., of low fodder value.
Thus overgrazing makes the grazing land lose its regenerating capacity and
once good quality pasture land gets converted into an ecosystem with poor
quality thorny vegetation.

(B) Agriculture :

In the early years of human existence on this earth, man was just a
hunter gatherer and was quite like other animal species. Some 10,_000 to
12,000 years ago he took to agriculture by cultivating plants of his own
choice. He used the practice of Slash and burn cultivation or shifting
cultivation, which is still prevalent in many tribal areas, as in the North East
Hills of India. The type of agriculture practised these days is very different
from the traditional ones and their outputs in terms of yield as well as their
impacts on the environment show lots of differences. :

1. Traditional Agriculture and its Impacts. It usually lnvolves a
small plot, simple tools, naturally available water, organic fertilizer and a
mix of crops. It is more near to natural conditions and usually it results "
low production. It is still practised by about half the global population.

and storms, thereby resulting in loss of top

(ii) Depletion of Nutrients. During sl
in the soil gets destroyed and most of the nutrients are take
crops within a short period, thus making the so R or which makes
the cultivators shift to another area,
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h and burn of trees in forests to clear the
; quent shifting result in loss of forest cover,
2. Modern Agriculture and its Impacts. It makes yse of hybrid

seeds of selected and single crop variety, high-tech equipments and lots of
energy subsidies in the form of fertilizers, pesticides and irrigation water,
The food production has Increased tremendously, evidenced by “green
revolution”. However, it also gave rise to several problematic off-shoots as
discussed.

(i) Pesticide related Problems, Thousands of types of pesticides are
used in agriculture. The first generation pesticides include chemicals like
sulphur, arsenic, lead or mercury to kill the pests. DOT (Dichlorodiphenyl
trichloroethane) whose insecticidal properties were discovered by Paul
Mueller in 1939 belongs to the second generation pesticides. After 1940, a
large number of synthetic pesticides came into use. Although these pesticic}es
have gone a long way in protecting our crops from huge _Iosses occurring

~due to pests, yet they have a number of side-effects, as di_sgussed below :

(a) Biological Magnification. Many of the pe_st:cndes are non-
biodegradable and keep on accumulating in the food chaln_, a process callgd
biological magnification. Since human beings occupy a high trop.lc lgvei in
the food chain, they get the pesticides in a bio-magnified form which is very
hén;gsﬂfeating Resistancein Pests and_Producing New Pg_sts. Some
individuals of the pest species usually survive even after pesticide spray.

urvi ive ri i istant generations. About 20 species of
The survivors give rise to highly resis g f e
pests are now known which have become immune to all types of pesticides
own as “Super pests”. g =

iy (?;eok:am of Non-Target Org_anisms. Many InS.ectlt():lu(;l:eg lSaore broad
spectrum poisons which not only kill the target species several

on-target species that are useful tous. 48
R e nt one third of the total cultivable

(i) Salinity Problem. At prese ot v

area of the world is affected by s;?ltsf%elgtég \fh?ch may B ot.maﬂc-es
BN estimateo P tzlebseiheaalccumulation of soluble salts like sodium
Saline soils are characterize )lr o chloride, magnesium chloride ete. in
chloride, sodium sulphate, calc bonates and bicarbonates of sodium.
the soil profile. Sodic soils have carbo s

iii) Fertilizer Related Problems. S o

?:)) :utrophication. A large PFOPOT‘:'::" 3&:“:3333 water reach the
used in crop fields is washed off and ac>f ?he ores, et |
water bodies causing over nourishmentt?ition). Due to eutrophicati
Eutrophication (eu = more, trophic {_::se A al species grow venjtas
lakes get invaded by algal blooms. are often toxic and badly SE-
rapidly using up the e S lete their Iifecwhuﬂ
food chain. The algal species quickly comp

(iii) Deforestation. The slas
land for cultivation and fre

e . ;
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adding a lot of dead organic matter. The fishes are also killed and there is
a lot of dead matter that starts getting decomposition and very soon the
water gets depleted of dissolved oxygen. This further affects aquatic fauna
and ultimately anaerobic conditions are created where only pathogenic
anaerobic bacteria can survive. Thus, due to excessive use of fertilizers in
the agricultural fields the lake ecosystem gets degraded. This shows how
an unmindful action can have far reaching impacts.

(b) Micronutrient Imbalance. Most of the chemical fertilizers used
in modern agriculture have nitrogen, phosphorus and potassium (N, P, K)
which are essential macronutrients. Farmers usually use these fertilizers
indiscriminately to boost up ‘crop growth. Excessive use of fertilizers cause
micronutrient imbalance. For example, excessive fertilizers use in Punjab
and Haryana has caused deficiency of the micronutrient zinc in the soils,
which is affecting productivity of the soil.

(c) Nitrate Pollution. Nitrogeneous fertilizers applied in the fields
often leach deep into the soil and ultimately contaminate the ground water.
The nitrates get concentrated in the water and when their concentration
exceeds 25 mg/L, they become the cause of a serious health hazards called
“Blue Baby Syndrome” or methaemoglobinemia. This disease affects the
infants to the maximum extent causing even death. In Denmark, England,
France, Germany and Netherlands this problem is quite prevalent. In India
also, problem of nitrate pollution exists in many areas.

(iv) Impacts of High Yielding Varieties (HYV). The uses of HYVs
encourage monoculture i.e., the same genotype is grown over vast areas.
In case of an attack by some pathogen, there is total devastation of the
crop by the disease due to exactly uniform conditions, which help in rapid
spread of the disease. Sl

(v) Water Logging. Over irrigation of croplands by fanne!sm 00

Sy AR

growth of their crop usually leads to waterlogging. Inadequate drainage
causes excess water to accumulate underground and gradually forms a
continuous column with the water table. Under water-logged conditions,
pore-spaces in the soil get fully drenched with water and the soil-air gets
depleted. The water table rises while the roots of plants do notg ot adequate
air for respiration. Mechanical strength of the soil declines, the crop plan
get lodged and crop yield falls. S

In Punjab and Haryana, extensive areas have become water-lo
where adequate canal water supply or tube-well water en ec
farmers to use it over-enthusiastically leading to water-loggli:@ {

Preventing excessive irrigation, sub-surface drainage technology and
bio-drainage with trees like Eucalyptus are some of the remedl‘ﬁ”msures
to prevent water-logging.

Causes. A major cause of salinization of soil is exce!
About 20% of the world's croplands receive irrigation with cana
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ground water which unlike rainwater often contains dissolved salts. Under
dry climates, the water evaporates leaving behind salts in the upper soil
profile.

Thousands of hectares of land area in Haryana and Punjab are affected
by soil salinity and alkalinity. Salinity causes stunted plant growth and lowers
crop yield. Most of the crops cannot tolerate high salinity.

Remedy. The most common method for getting rid of salts is to flush
them out of applying more good quality water to such soils. Another method
is laying underground network of perforated drainage pipes for flushing out
the salts slowly. This sub-surface drainage system has been tried in the
experimental station of CSSRI at Sampla, Haryana. The Central Soil Salinity
Research Institute (CSSRI) located in Karnal, Haryana has to its achievement
the success story of converting Zarifa Viran village to Zarifa Abad /.e,, "from
the barren land to productive land’ through its research applications.

Conservation of Natural Resources : Role of an Individual

Natural resources like forests, water, soil, food, mineral and energy
resources play a vital role in the development of a nation. But the overuse
of these resources in our modern society is resulting in fast depletion of
these resources and several related problems. In order to save mankind
there is a strong need to conserve these natural resources.

The word ‘conservation’ has derived from Latin words 'Con’meaning
‘together’ and ‘servare’ meaning ‘guard’ which normally means safety or
sustainance. Conservation does not mean that use of resources should be
stopped. Actually the aim of conservation is the balanced and proper
utilization of natural resources so that neither the environment is affected
nor the coming generations are deprived of them.

Conservation efforts are going on at national as well as international
level, but the individual efforts for conservation of natural resources can
only solve the problem. Environment belongs to each one of us and all of us
have a responsibility to contribute towards its conservation and protection.
With our small individual efforts we can together help in conserving our
natural resources to a large extent. Individuals *help in conservation of
different resources in the following way : o

Conservation of Energy \ e
e Building houses with provision for sunspace which will keep the

houses warmer and will provide more light. | |
e Planting deciduous trees and climbers at proper places M
home to cut off intense heat of summers and get a -
shade. This can cut off electricity charges on
conditioners. A big tree is estimated to have a
equivalent to five air conditioners. The deciduous
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leaves in winter. Therefore they do not put any obstacle to the

sunlight and heat.

Lights, fans and other appliances should be turned off when they

are not in use.

Using solar cooker for cooking food on sunny days which will be

more nutritious and will cut down on LPG expenses.

Obtaining as much heat as possible from natural sources. Drying

clothes in sun instead of drier if it is a sunny day.

Recycle and reuse glass, metals and paper.

It is better to lower the cooling load on an air conditioner by

increasing the thermostat setting as 3-5% electricity is saved for

every one degree rise in temperature setting.

Drive less, make fewer trips and use public transportations whenever

possible. You can share by joining a car-pool if you regularly have

to go to the same place.

Instead of using the heat convector more often wear adequate
woollens.

Riding bicycle or just walking down small distances should be

preferred to using a car or a scooter.

During winter we should close the windows at night. During summer

we should close the windows during days if using an A.C. Otherwise

loss of heat would be more, consuming more electricity.

Promoting Sustainable Agriculture

Conservation of Water

We should fertilize our crop primarily with organic fertillzerg;.
We should not waste food. Eat as much as we can.
'We should control pests by a combination of cultivation and bi
control methods. : S
We should use drip irrigation to water the crops.
We should reduce the use of pesticides.

We should eat local and seasonal vegetables. ThIS €
energy on transport storage and preservation. =

the President of India is doing this. |
We should check for water leaks in pipes and toilets &

them promptly. A small pin-hole sized leak will lead to the
of 640 litres of water in a month. :
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e We should not keep water taps running while brushing, shaving,
- washing or bathing.

‘@ We'should water the plants in our kitchen-garden and the lawns in
the evening when evaporation losses are minimum. We should never
water the plants in mid-day. b

e We should install a small system to collect rain water and collect
normally wasted used water from sinks, cloth-washers, bath-tubs
etc., which can be used for watering the plants.

e We should reuse the soapy water of washings from clothes for
washing off the courtyards, driveways etc.

e We should install water-saving toilets that use not more than 6
litres per flush. :

Soil Protection :

'@ We should better use sprinkling irrigation.

e We should use mixed cropping so that some specific soil nutrients

. do not get depleted. .

e We should grow different types of ornamental plants, herbs and
trees in our garden. Grow grass in the open areas which will blind
the soil and prevent its erosion.

e We should not over-irrigate our fields without proper drainage to

revent water logging and salinisation.

‘constructing our houses, we should avoid to uproot
the trees as far as possible. It is better to plant the disturbed areas

with a fast growing native ground cover. i '
e Using green manure and mulch in the garden an
can protect the soil. e : -
e Making compost from our kitchen waste and usi
~ garden or flower-pots are best means of

fa not irrigate the plants using a strong flow

‘ Model Questions
1. What are the sources of our food and is there enough foox
for all? ks
2. What is overgrazing? How does it contribute to en
~ degradation? -
3. Write a note on equitable use of resources for su stainabl
4. What role can an individual play in conservation of nati

71

Riddhi Vijay



d

Ecosystem

The term Ecology was coined by Earnst Haeckel in 1869, It deals with
the study of organisms in their natural home interacting with their
surroundings. The surroundings or environment consists of other living
organisms (biotic) and physical (abiotic) components. The term ecosystem
was proposed by the British environmentalist A.G. Tansley in 1935, who
defined it as ‘the system resulting from the integration of all the living and
non-living factors of the environment’. Thus the ecosystem was regarded
as including not only the organism-complex but also the whole complex of
physical factors farming the environment.

Thus any unit that includes all the organisms i.e., the communities in a

given area, interact with the physical environment so that a flow of energy
leads to clearly defined trophic structure, biotic diversity and material cycle
(l.e., exchange of materials between living and non-living components)
within the system, known as an ecological system or ecosystem. We may
think of the earth, we live upon as a giant ecosystem where abiotic and
biotic components are constantly acting and reacting upon each other
pringing forth structural and functional changes in it. This vast ecosystem—
biosphere is, however, difficult to handle and thus for convenience we
generally study nature by making its artificial subdivisions into units of
smaller ecosystems (terrestrial—forest, desert, grassland; man-engineered
as a cropland; aquatic-freshwater, marine etc.) of different sizes. |

Basic Concept :

An ecosystem is a community of living organisms (populations of species)
interacting with one another and with the non-living physical and chemical
environment. The interactions are such as to perpetuate the community
and to retain a large degree of stability under varying conditions.

A puddile of water, a stream, a clump of bushes, a thick forest, and a
large des_er!: are all ecosystems, The ecosystems of this planet are
interconnected and interdependent and together they make up the vast

To understand what the biosphere is, we should first know what the
Earth is like. The Earth has several spherical layers. The atmosphere is a
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thin envelope of air around the earth extending to about 50 km above its
5urfa;e. That part of the atmosphere up to a distance of 17 km above sea
level is called the lroposphere; it contains the planet’s air. Above the
troposphere is the stratosphere that contains ozone. It is the ozone that
supports life by filtering out the harmful ultraviolet radiation from the Sun.
_The fiydrosphere consists of the liquid water, ice and water vapour
wl_'nIE the /ithosphere is the earth’s upper crust containing fossil fuels anci
_mrnerals. Then we have the biosphere, in which all the living organisms
Interact with each other and with their environment. The biosphere includes
most of the hydrosphere, and parts of the lower atmosphere and upper

Iithg5phere. Thus, the biosphere is that portion of the plant and its
environment which can support life.

® Acmrfziing © R.L. Lindman, "Any system composed of physical-
::hemicai—bmrcgical processes within a specific time unit of any
magnitude is known as ecosystem.”

8 Ac;nrding to P. Hagget, "Ecosystems are ecological systems in
which plants and animals are linked to their environment through a
series of feedback loops.”

® According to E.P. Odum, “In the study of ecosystem, we deal with
body of nature, its construction and its functions.”

® Encyclopaedia Britannica defines "Ecosystem is that unit of a

_partir:u!gr area in which all the individuals of that area and their
Interactions with environment are included.”

Kinds of Ecosystem

Different types of ecosystem may be categorized as follows :

(1) Natural Ecosystem. These operate by themselves under natural
conditions without any major interference by man. Based upon the particular
kind of habitat, these are further divided as :

{r) Terrestrial, as forest, grassland, desert, etc.

(1) Aquatic (water-open), which may be further distinguished as :

‘(a) Freshwater, which may be lotic (running-water as spring, stream
or rivers) or lentic (standing-water as lake, pond, pools, puddies, dil:::hr
swamp etc.). :

(D) Marine, such deep bodies as an ocean or shallow ones as a sea or
estuary etc.

_(2) Artificial (Non-engineered) Ecosystems. These are maintained
artificially by man where, by addition of energy.and planned manipulations,
natural balance is disturbed regularly. For example, croplands like maize,
wheat, rice-fields etc., where man tries to control the biotic community as
well as the physico-chemical environment, are artificial ecosystems. In
addition to above the rapid progress made during recent years led to the
recognition of some other such types of ecosystem as space ecosystem

etc.
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Structure of Ecosystem

An ecosystem has two major components :

1. Abiotic (Non-living) Component. Abiotic components are essential
for biotic components. These can be divided into organic, inorganic and
climatic factors :

(i) Inorganic Matter. It includes many nutrients and factors as calcium,
carbon, oxygen, hydrogen, carbon dioxide, sulphur, phosphorus, mineral
elements etc.

(i) Organic Matter. This includes protein and carbohydrates. These
mainly form biomass and link abiotic and biotic factors.

(iii) Climatic Factors. Sunlight, temperature, rainfall, water, vapours,
moisture, land, soil, landscapes and geographical factors are included in it.
These affect distribution, number and behaviour etc. of organisms.

2. Biotic (Living) Component. This is indeed the trophic structure of
any ecosystem, where living organisms are distinguished on the basis of
their nutritional relationships. From this trophic (nutritional ) standpoint, an
ecosystem has two components ;

(i) Autotrophic Components. Autotrophic components are those
which manufacture their own food for living. Plants are included in this
category. Plants obtain their food with the help of roots and leaves. Rools
provide moisture and minerals while leaves produce energy by a chemical
reaction in the presence of sunlight. This process is known as photosynthesis.
A green coloured pigment named chiorophyll present in leaves makes the
orocess of photosynthesis possible. Some plants are chemotrophs which
obtain food by oxidation of non-living inorganic elements. These remain
alive even without light in the depths of oceans. Some bacteria and algae
are included in such plants. It is worth mentioning here that many other
organisms specially plant bacteria manufacture their own food and thus
are included in autotrophs with green plants.

(i) Heterotrophic Component. This category includes all those
organisms which depend on plants or other organisms for their food. They
use plants and other organisms for food, rearrange them and finally
decompose them. Because they consume food from autotrophs or other
heterotrophs, they are also known as consumers, Depending upon method
of taking food, heterotrophs are divided into three sub-components :

(a) Saprophytes. These organisms live on organic matter obtained
from dead plants and other organism. For example, bacteria, some fungl

elc.
(b) Parasites. These organisms completely depend on other organisms
for their living and food. For example, virus, amoeba, fungi, amarbel etc.

(c) Holozoic. These organisms take their food from mouth. All large

organisms including man are included in this category.

| . Green Planis E
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Abiotic Compaonent
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Based on their functi Vi
into three categories - "9 comPonents of ecosystem are divided

t;. Producers. Autotrophic plants which use their green leaves for
synthesis and storage of food from sunlight are included in this Category.
These-_ producers are responsible for transferring solar energy to other
organisms. The series of living organisms developed through I:ht: solar

energy, enabling them to run their physiclogical mm‘ Consumers
can again be divided into three categories :

(a) Primary Consumers [W The organisms which
me#fuuddimcﬂy#mnpimunmﬁugkmasmmﬁ.i.:

These are also known as herbivores. For
rabbit, some rodents and graﬁmmﬁwmm' mmﬁ.m g
(b) Secondary Consumers (Carnivores). These include the
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Decom . microconsumers, They
posers. These are popularly known as _ |
are s?gprul:mphfr (= osmotrephs) and include chiefly bacteria, actinomycetes

dead or living protoplasm,
i kdown complex compounds of AGHTY
a;d ﬂggéﬂlﬂ;m decomposition or breakdown pruducts.bil'afd r;:iﬂi;
?nusrzanic nutrients in environment, making them available ag

autotrgphs.

The biotic component of any ecosystem may be thought of as the

of nutrition

' i nature, since they are based on the type : )

mmlni:::fgulge used. The trophic structure of an ec:::wstem ‘15 one

:irrluj of producer-consumer arrangement, when; _::E:-::h iﬁpﬁﬁ:ﬁf@ I!ng:ﬂ.;:

i f living material indifferent Ir
as trophic level, The amount o : il
ulation is known as the standing crop,

;cﬂpﬂ;ﬁtﬁﬁs well as animals. The standing crop may be_exprEESE:ij5$

terms n;’ (i) number of organisms per unit area, ﬂl‘l{l!] biomass I.e., organ .

in unit area, which can be measured as living weight, dry weight,

Eﬁm& dry vmgl:lt or carbon weight, or calories or any other convenient
unit suitable for comparative purposes.

nction of an Ecosystem
5 Thenl‘:mgﬂmg account presents the gross structure of an ecosystem.

understandi nctions (particularly rate functions)
g als:;mg muesugatedngﬂzma?trfeuﬁr:r? and {rﬁmnn, are best studied
m and now we shall cmsrn:ler a brief outline of gross function of an
ecuwstém i.e., how an ecosystem works or operates under natural
conditions? g .
aperational viewpoint the living and non-living components
men ﬂ!ﬂsu interwoven intumthe fahrt?:-f nature that their separation
g ch other becomes practically very much difficult. The made of
mmm of materials and energy in an ecosystem is shown in simple
l' pres in Table 7.1. The producers, green plants, ‘ﬁx mdia;nl: II!‘:;IEErtg:'
and with the help of m carbon, oxygen, zinc, iron, calciu ;
' m&‘ﬂ “E;I?ﬂzpm{: mmmmmment (nutrient pool) I:hev build up
 complex orgar - matter (carbohydrates, fats, proteins, nucleic acids etc.).
Some ecologists prefer to call the green plants as converters or transducers,
| ¢l that the: ‘producer’ from an energy viewpoint is somewhat
iewpoint is that green plants produce carbohydrates
d since they convert or transduce radiant energy Into
e better called the converters or transducers.
widely used that it is preferred to retain

L
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According to the model shown in Table 7.1, energy flows in non-cyclic manner
(unindirectional) from sun to the decomposers via producers an
macroconsumers (herbivores and carnivores), whereas the minerals keep
on moving in a cyclic manner. The cycling of the minerals is accomplished
by different biogeochemical cycles super-imposed upon the undirectional
energy flow through the biotic component of the ecosystem. It would
become, however, clear later that energy not only flows unidirectionally but
also lost from the system in several ways and that minerals too similarty
show a net loss in several ways.

Productivity of Ecosystem. The productivity of an ecosystem refers
to the rate of production i.e., the amount of organic matter accumulated in
any unit time. Productivity is of the following types :

1. Primary Productivity. It is associated with the producers which
are autotrophic, most of which are photosynthetic, and to a much lesser
extent the chemosynthetic microorganisms. These are the green plants,
higher macrophytes as well as lower forms, the phytoplanktons and some
photosynthetic bacteria. Primary productivity is defined as “the rate at which
radiant energy is stored by photosynthetic and chemosynthetic activity of
producers.” Primary productivity is further distinguished as follows

(1) Gross Primary Productivity, It is the total rate of photosynthesis
including the organic matter used up in respiration curing the measurement
period. This is also sometimes referred to as total (gross) photosynthesis
or total assimilation. It depends on the chlorophyll content. The rate of
primary productivity are estimated in terms of either chiorophyil content
per unit area, or photosynthetic number i.e., amount of carbon dioxide per
hour,

(i) Net Primary Productivity. It is the rate of storage of organic
matter in plant tissues in excess of the respiratory utilisation by plants
during the measurement period. This is thus the rate of increase of biomass
and is also known as apparent photosynthesis or net assimilation. Thus,
net primary productivity refers to balance between gross photosynthesis
and respiration and other plant losses as death etc.

Z. Secondary Productivity. It refers to the consumers or
These are the rates of energy storage at consumers level. Since consumers
only utilise food materials (already produced) in their respiration, simply
converting the food matter to different tissues by an overall process,
secondary productivity is not divided into “gross” and "net” amounts. Thus,
some ecologists prefer to use the term assimilation rather than “production”
at this level—the consumers level. Secondary productivity actually remains
mobile (i.e., keeps on maving from one organism to another) and does not
lie in situ like the primary productivity.

3. Net Productivity. It refers to the rate of storage of organic matter
not used by the heterotrophs (consumers) l.e., equivalent to net primary
production minus consumption by the heterotrophs during the unit period,




8 Ecosystem

as a season or year etc. It is thus the rate of increase of biomass of the
primary producers which has been left over by the consumers,

Food Chains in Ecosystems
The transfer of food energy from the producers, through a series of

organisms (herbivores to carnivores to decomposers) with repeated eating

and being eaten, is known as a food chain. Producers utilise the radiant

energy of sun which is transformed to chemical form, ATP during

photosynthesis. Thus green plants occupy, in any food chain, the first trophic

(nutritional) level—the producers level, and are called the primary producers.,

The energy, as stored in food matter manufactured by green plants, is then
utilised by the plant eaters—the herbivores, which constitute the second
trophic level—the primary consumers level, and are called the primary
consumers (herbivores). Herbivores in turn are eaten by the carnivores,
which constitute the third trophic level—the secondary consumers level,
and are called the secondary consumers (carnivores). These in turn may be
eaten still by other carnivores at tertiary consumers level i.e,, by the tertiary
consumers (carnivores),

Some organisms are omnivores eating the producers as well as the
carnivores at their lower level in the food chain. Such organisms thus may
occupy more than one trophic levels in the food chain. This classification of
all the living organisms of any ecosystem is one of their functions and not
of species. Species that are taxonomically widely different from each other
may occupy the same trophic level as they all have the similar function in
the food chain. Typha, Nymphaea, Chara, Volvox, Nostoc, photosynthetic
bacteria, although taxonomically much different but all belong to the same

trophic level—the producers level, as all have a common function i.e., the

fixation of radiant energy into chemical form. _

In any food chain, energy flows from primary producers to primary
consumers (herbivores), from primary consumers to secondary consumers
(carnivores), and from secondary CONsumers to tertiar_y consumers
(carnivores/omnivores) and so on. This simple chain of eating and being

eaten away is known as food chain. A food chain in grassland ecosystem
starts with grasses and forbs and goes through grasshoppers, the frogs,
arrangement based on the

the snake, the hawk in an orderly sequential
d start with phytoplanktons,

food habits, whereas in a pond the order woul _ _ ;
going through water fleas, smaller fish, bigger fish, birds, larger animal an

S0 on.
In nature, we generally distinguish the following two general types of

food chains : |
Grazing Food Chain. This type of food chain starts from the living

green plants, goes to grazing herbivores (that. feed on living plant materials
with their predators), and on to carnivores (animal eaters). Ecosystems

Ecosystemn
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with su ;
radiat'rn?? ;';ﬁf tﬁi;;ﬂg;i 'l.".}hE:lII'I are directly dependent on an influx of solar
and the” movisang nrtﬂ_?ln thus depends on autotrophic energy capture
ecosystems in nature i 'S Captured energy to herbivores. Most of the
these chains are ve Ollow this type of food chain. From energy standpaint
sequence or the 4/ |:n deribrap il Phytoplanktons-zooplanktons—fish
food chai oS rabbit-fox sequence are the examples of grazin
ain. A grazing food chain in @ pond ecosystem is shown below : .
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Fig. 7.1

Detritus Food Chain. This type of food chain goes from dead organic
matter into microorganisms and then to organisms feeding on detritus
(detr_iti-vnres) and their predators. Such ecosystems are thus less dependent
on direct solar energy. These depend chiefy on the influx of organic matter
produced in another system. For example, such type of food chain operates
in the decomposing accumulated litter in a temperate forest. A good example
of a detritus food chain is based on mangrove leaves described by Heald
(1969) and W.E. Odum (1970). In the brackish zone of Southern Florida,
leaves of the red mangrove—Rhizophore mangie fall into the warm, shallow
waters. Only 5 per cent of the leaf material was removed by grazing insects

before leaf fall.

As shown in Figure 7.2 the fallen leaf fragments (acted on by such
saprotrophs as fungi, bacteria, protozoa etc., and colonized mainly by
phytoplanktonic and benthic algae) are eaten and re-eaten (coprophagy)
by a key group of small animals. These animals include crabs, copepods,
insect larvae, grass shrimps, mysids, nematodes, amphipods, bivalve
molluscs etc. All these animals are detritus consumers. These detritivores
are the key group of small animals, comprising only a few species but very
large number of individuals. They ingest large amounts of the vasculay
plant detritus. These animals are in turn eaten by some minnows and small
game fish etc,, i.e., the small carnivores, which in turn serve as the main

food for larger game fish and fish eating birds which are the large (top)



make a substantial contribution to the food chain that supports the fisheries,
an important economy in that region. Similarly, detritus from seagrasses,
saltmarsh grasses and seaweds support fisheries in many estuarine areas.

e ,.-.]\
Jo e e
o, S A o8
L o ”-1 .llrl:r‘-‘_,-l
R ¥ Dead mangrove

tree leaves

Phytoplankions

Decomposers (Bacteria, fungi)

Fig. 7.2

Thus, we see that the detritus foed chain ends up in @ manner similar
to the grazing food chain (big fish eat little fish), but the way in which the
two chains begin is quite different. In detritus chain, the detritus consumers,
in contrast to grazing herbivores are a mixed group in terms of trophic
levels. These include herbivores, omnivorous and primary carnivores. As a

group, the detritus feeders obtain some of their energy directly from plant”

material, most of it secondarily from microorganisms, and some tertiarily

through carnivores (for example by eating protozoa or other small
invertebrates that have fed on bacteria that have digested plant material).

But under natural situations, a system must always be self-sufficient.

In fact this type of food chain (detritus type) is simply a sub-component of
another ecosystem. In fact, the two types of food chain in nature are indeed
linked together belonging to the same ecosystem.

Food Webs

Food chains in natural conditions never operate as isolated sequences,
but are interconnected with each other forming some sort of interlocking

with each other forming some sort of interlocking pattern, which is referred
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cornivores. The mangroves considered generally as of less economic value
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| erent types of organisms at
example, In grazing food chain of 3 grassland, in the absence of rabbit
grass may also be eaten by mouse. The mouse % /

; . In turn may be eaten dire
by hawk or by snake first which is then eaten by hawg. Thus, in natﬁz

different trophic levels. For

In such a food web in grassland, there may be as many as five linear
food chains, which in sequence are -

(1) Grass — Grasshopper —» Hawk

(2) Grass — Grasshopper —» Lizard —s Hawk

(3) Grass — Rabbit-Hawk (or vulture or fox or

(4) Grass —» Mouse — Hawk

(5) Grass — Mouse — Snake-Hawk.

Besides those shown in Figure 10.8, there may also be present some
other consumers as vultures, fox and man in grasslands, and if so, the food
web may be even more complex than shown here. However, these all five
chains are interlinked with each other at different points, forming food
web. Similarly the population in an African grassland may be characterised
by their feeding relationships in the following two food chains -

(1) Livegrass — Wildebeest — Lion

even man, if present)

(producer) (herbivore) (primary carnivore in chain 1)
4 2
(2) Dead grass — Termite — Aardvark
(dead organic  (decomposer)  (primary carnivore)
metter)

The broken arrows show how the two chains are linked into a food
web. Real food webs usually have hundreds of species interlinked by their
feeding habits. Food webs are basic units of ecosystem ecology.

A similar food web in a pond, with different interlinked food chains is
shown in Figure 7.3. The food webs are very important in maintaining the
stability of an ecosystem in nature. For example, decrease in the population
of rabbit would naturally cause an increase in the population of alternative
herbivore, the mouse. This may decrease the population of the consumer
(carnivore) that prefers to eat rabbit. Thus alternatives (substitutes) serve
for maintenance of stability the survival of all living organisms of the system.
For instance, had primary consumers (herbivores) not been in nature, the
producers would have perished due to overcrowding and competition.
Similarly, the survival of primary consumers Is linkgd with the secnndar'y
consumers (carnivores) and so on. Thus, each species of any ecosystem Is
indeed kept under some sort of a natural check so that the system may

remain balanced.
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Ecological Pyramids

). In a grassland (Fig. 7.4A) the producers,
’ Iways maximum in number. This number

+ @s the primary consume rbivor
like rabbits mice etc., are lesserin n 14 s (herbivores)

‘ umber than the grasses; the secondary
consumers, snakes and lizards are lesser in number than the rabbits and

Fig. 7.4

Similarly, in a pond ecosystem (Fig. 7.48) the pyramid is upright. Here
the producers, which are mainly the phytoplanktons as algae, bacteria etc.,
are maximum in number; the herbivores, which are smaller fish; rotifers
etc., are lesser in number than the producers; and the secondary consumers
(carnivores), such as small fish eating each other, water beetles etc., are
lesser in number than the herbivores. Finally, the top (tertiary) consumers,
the bigger fish are least in number. ‘

In a forest ecosystem (Fig. 7.4C) the pyramid of nm is somewhat
different in shape. The producers, which are mainly large-sized trees, are
lesser in number, and form the base of the pyramid. The herbivores, which
are the fruit-eating birds, elephants, deers etc, are more in number than
the producers. Then there is a gradual decrease in the number of successive
carnivores, thus making the pyramid again upright.
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But, in a parasitic food chain (Fig. 7.4D) the pyramids are always inverted
This is due to the fact that a single plant may support the growth of rnam,;
herbivores and each herbivore in turn may provide nutrition to several
parasites, which support many hyperparasites. Thus, from the producer
towards consumers, there is a reverse position, i.e., the number of organisms
gradually shows an increase, making the pyramid inverted in shape,
‘Actually the pyramids of numbers do not give a true picture of the food
chain as they are not very functional. They do not indicate the relatiye
effects of the ‘geometric’, ‘food chain’ and ‘size’ factors of the organisms.
Thejy gn_eneraily vary with different communities with different types of fadd
chains in the same environment. It becomes sometimes very difficult to
represent the v.:rhc:fe community on the same numerical scale (as in forests)
(2) Bymmnds of Biomass. They are comparatively more fundarnenta!.
as they, n;nstead of geometric factor, show the quantitative relationships D;’
the sta m:fm;r crops. The pyramids of biomass in different types of ecosystem
are shown in Figure 7.5(A-C). In grassland and forest (Fig. 7.5 A B), there
Is generally a gradual decrease in biomass of organisms at SUCEESIFSi‘H"E: levels
from the producers to the top carnivores. Thus pyramids are upright
However, in a pond (Fig._ 7.5C) as the producers are smal| organismes, -theif
biomass is least, and this value gradually shows as increase tnwaréls the

apex of the pyramid, thus making the Pyramid inverted in shape.
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The species structure includes not only the number and kinds of species
but also the diversity of species i.e., the relationship between spedies and
number of individuals on biomass; and the dispersion (spatial arrangement)
of individuals of each species present in the community.

Energy Flow in Ecosystem A
The behaviour of energy in ecosystem can pé tefies = itis;l.:;l?;il;
to unidirectional flow of energy. From E“Emeﬁmﬁfmucm in
to understand for an ecosystem (i) the emm’nf#;;s converted
absorption and conversion of solar energf ﬁ}ﬂ;&%mwﬂfaw
;hemical form of energy by the cunsumg{;_'ﬁ__r-:@-h.,: {mm Joss through
Inform of food and its efficiency of assiM@ s noduetion.

'ESpiration, heat, excretion etc., and {ﬂmﬁﬁ et

g
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Unlike the nutrients (like carbon, nitrogen, phosphorus etc.) which move
In a cyclic manner and are reused by the producers after flowing through
the food chain, energy is not reused in the food chain. Also, the flow of
energy follows the two laws of thermodynamics :

The Ist Law of Thermodynamics states that energy can neither he
created nor be destroyed but it can be transformed from one form to another
The solar energy captured by the green plants (producers) gets converte
into biochemical energy of plants and later into that of consumers.

The Und Law of Thermodynamics reveals that energy dissipates as it is
u;sed or in other words, in gets converted from 2 more concentrated to
d_:spersn_ed form. As energy flows through the food chain, there occurs
dissipation uf €nergy al every trophic level. The loss of energy takes place
through respiration, loss of energy in locomotion, running, hunting and

other activities. At every level there is about 90% loss of energy and the
energy transferred from one trophic level to the other is only about 10%.

qurgy Flow Models. The flow of energy through various trophic
levels in an ecosystem can be explained with the help of various energy

flow modeis.

?evg{, thereby resulting in less €nergy available at next trophic level as
!ndJE:ated by narrower pipes ( energy flow) and smaller boxes (stored energy
in biomass). The loss of energy lost in locomotion, exertion etc,, or it is the
energy lost in respiration {R) which is for maintenance. The rest of the

energy is used for production (P).

|

g
="
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(b) Single Channel Energy Flow Model. The flow of energy takes
place in a undirectional manner through a single channel of green plants or
producers to herbivores and carnivores. Fig. 7.8,, depicts such a model and
illustrated the gradual decline in energy level due to loss of energy at each
successive trophic level in a grazing food chain.
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Fig. 7.8

(c) Double Channel or Y-shaped Energy Flow Model. In nature,
both grazing food chain and detritus food chain operate in the same

- ecosystem. However, sometimes it is the grazing food chain which
predominates. It happens in marine ecosystem where primary production

~in the open sea is limited and a major portion of it is eatert'by herbivorous
marine animals. Therefore, very little primary production is left to be passed
on to the dead or detritus compartment. On the other hand, in a forest
ecosystem the huge quantity of biomass produced cannot be all consumed
by herbivores. Rather, a large proportion of the live biomass enters into
detritus (dead) compartment in the form of litter. Hence the detritus food
chain is more important there.

The two channel or Y-shaped model of energy flow shows the passage
of energy through these two chains, which are separated in time and space
(Fig. 7.9).

It must, however, be remembered that these models depict the basic
pattern of energy flow in ecosystem. In practice, under natural conditions,
the organisms are interrelated in a way that several food chains become
interlocked and this results into a complex food web. We have already

referred to food webs in a grassland and in pond ecosystems. The complexity
of food web depends on the length of the food chains. Thus in nature there
operate multichannel energy flows, but in these the channels belong to
either of the two basic food chains i.e., will be either a grazing or a detritus
food chain, Interlocking pattern of such several chains in food web of an
ecosystem would lead to a multi-channel flow of energy. Thus in practice,
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under field conditions, we might face difficulties in measuring the energetics
of ecosystem.
| gm and quantitative nature of nutrent cycles in natuyral
YEry diverse, Tt is not possibie In Cescribe ‘typical’ cycles ndesd
_T i fE"HI' cycles have been Fmtﬂfﬂﬂﬂ in md. 2 B
rae Hydrological Cycle. strictly speaking. this i elemental cycle
o I e pecause it follows the course of a M?Mn: fmﬁa;wemuem the
leve Littexr, movement of water within and between ecosystems is fundamental to
| oot , understanding of nutrient cydles for several reasons S
Producers, | & | 2\ | () source of hydrogen for photosynthess in piants,
(Trees) s « &, Detritus food chan | (i) plants Use large amount of water to maintam their hydrostatic
—= N ;"ﬁ_’_ __L___‘i-_'i__-ll (im soil) | SkEbtﬂnﬂ- and to Mmidwe d'l.E-rT.{aﬁ about their m
e .ﬁ Detritivores (iit) plants take elements
Decomposers - ]
Fig. 7.9 o |
Nutrient Cycles in Ecosystems

S0 far we have discussed the gross structure and function of an
ecosystem where it may be seen that minerals and energy move through
biotic and abiotic component of this ecological, self-sufficient system. Nutrient
qndﬁdmdypuﬂduumdwﬂmmm&uﬁ:mmpnmm
of ecosystems, but an important distinction between the two processes is
ﬂmremmmmmmﬁewﬂmispmﬂigﬂe
in the sense of being driven by an endless solar power supply, nutrient
cycling is conservative, with chemical elements being drawn from finite

pools and being largely retained within ecosystems, This is true also, as for
any system to continue there must always be a movement of materials in a
cyclic manner. The mineral elements taken up from the environment (soll
as well as atmosphere) by the green plants—the producers, are again
returned to the environment. In this taking and returning processes of
minerals, there are involved a number of organisms as well as some physico-
chemical phenomena, that make together an orderly operating cycle. Thus

the movement (imports and exports) of minerals is accomplished by the
| that keep on passing the materials

operation of different
back and forth between organisms and their environment, _
To stress the biological, geologieal (in rocks, soils and sediments) and e Dajan
chemical nature of the processes, the Imininlﬂm called mannl 2 lu- ok v, o
E}'ClES macronutrients as “Il Hﬂll “’ﬂmul Y9 “ 8 "!ﬂ Il "' | T St
sfhereafe s I locked up in earth's crust, Mhﬂm n les du "3

T .
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vo'canic eruptions. Similarly, the large store in polar |

on the hydrological cycle in short-term due to negligible evaporation from
them. The hydrological cycle is driven by the evaporative power of solar
radiation and requires 8.2 x 10°% Ja™! which is approximately 15 per cent

of the total radiation reaching the outer atmosphere. This proportion
compares with the 0.2 per cent used in gross pnimary production worldwide,
Carbon Cycle. The biospheric carbon cycle is primarily concerned with

the atmospheric gas carbon diaxide, jts Incorporation into organic matter
by photosynthesis, and its subsequent release by the respiration of all the
biota (Fig. 7.11). Carbon also occurs in the earth’s rock predominantly as
calcium and magnesium carbonates. These rompounds are largely organic
In origin, being the mineralised remains of the skeletons of marine organisms,
By subsequent geological shifting, carbcate rocks also occur on land and
add to soil nutrients and plant nutrition by their subsequent weathering.
Such transfers are small on a global scale compared with the exchanges
between the biota and the atmosphere. When net primary production
exceeds community respiration, carbon-rich organic matter accumulates in
ecosystems. At times in the past, such accumulations have led to the

depaosition of fossil fuels, coal and oil. This occurs to minor extent today in
peatiands.
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Nitrogen Cycle. This is shown in Figure 7.12. Tt may be seen that

: i have an atmospheric
e cycles are not entirely edaphic but most Sperc
'E::pugznt linked to the soil by nitrogen fixation, and dentrification

Ecosystem
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Nevertheless plants obtain most of their nitrogen from soil as nitrate or
ammonium lons, former being more important. Worldwide, atmospheric
fixation accounts for around 10 kg ha™ a” of the-biospheric nitrogen Now.
On land, more than 60 per cent fixation is dus to

agroecosystems, and
most of the remainder is fixed in forests. Other ecosystems account for

about 7 per cent of total nitrogen fixation, Overall, atmospheric fixation
represents about 2 per cent of giobal nitrogen assimilation, the rest being
Cycled in non-gaseous forms. However, mast of the nitrogen in soils and
biota originated in the atmosphere and has accumulated over the millions
of years in which nitrogen fixation has Deen taking place. Much of the
terrestrial fixation is carried out by symbiotic bacteria in plant roots and to
a lesser extent by free-living soil bacteria, Cyanobacteria (blue-green algae)
also fix nitrogen and are of much significance in aguatic systems. Some
termites have mutualistic gut microfiora which fixes atmospheric nitrogen.
Specialised, wide-spread soil bacteria play vital roles in nitrification (oxidation
of the ammonium compounds produced by decomposition to nitrate). Some

bacteria oxidise ammonium ions (-NH,) to nitrite (=NQ,), and others

complete the process hy converting NU, to nitrate (-NO,). These
chemoautotrophs obtain energy from such transformations (276 kj and 73
Kj, respectively, for each mole of precursor). Dentrifying bacteria reduce
nitrate to gaseous nitrogen in anaerobic conditions, returning a small
proportion of that circulating in the biosphere to atmosphere.
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Ecological Succession

Communities are never stable, tut dynamic, changing more or less

over time and space. They are never found permanently in complete

balance with their component species or with the physical environment.
Environment is always changing over a period of time.

This process continues and successive communities develop one after
another over the same area, until the terminal final community again
becomes mare or less stable for a period of time. This occurrence of relatively
definite sequence of communities over a period of time in the same area is
known as ecological succession.

Ecological succession is defined as an orderly process of changes in the
community structure and function with time mediated through modifications
in the physical environment and ultimately culminating in a stabilized
gcosystem known as climax. The whole sequence of communities which

are transitory are known as seral stages or seres whereas the community
establishing first of all in the area is called a pioneer community.

Causes of Succession
Since succession is a process, more appropriately a series of complex
it is natural that there may not be a single cause for this. Generally,
there are three types of causes :

Initial Causes. These are climatic as well as biotic. The former includes
factors, such as erosion and deposits, wind, fire etc,, caused by lightning or
volcanic activity, and the latter includes the various activities of organisms.
These causes produce the bare areas or destroy are existing populations In
an area. .

Continuing Causes. These are the processes as migration, €ces :
aggregation, competition, reaction etc., which cause successive Waves tr?e

populations as a result of changes, chiefly in the edaphic features of

area.
Stabilishing Causes. These cause the stabilisation of the community.

According to Clements, the climate of the area is the chief cause Of
stabilisation, other factors are of secondary value.

Ecological Succession
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Trends of Succession

An emlngl;ﬂl succession proceeds along the following four lines

. A mﬁtl_ntmus change in the kinds of plants and animals :

® A tending increase in the diversity of species. L

® An increase in the organic matter and biomass supported by the

?vai;ah!-u energy flow (but in heterotrophic successior reverse is
rue).

® Decrease in net community production or annual yield,

Basic Types of Succession

The "-I’ErliﬂUE WFE‘S of succession have been grouped in different ways
on the basis of different aspects. Some basic types of succession are,
however, as follows :

Primary Succession. In any of the basic enwironments (ter-astrial
fresh water, marine), one type of succession is primary succession which
starts from the primitive substratum, where there was no previously any
sort of living matter, The first group of organisms establishing there are
known as the pioneers, primary community or primary colonisers

Secondary Succession. Another general type of succession is
secondary succession which starts from previously built up substrata with
already existing living matter. The action of any external force, as a sudden
change in climatic factors, bigtic intervention, fire etc., causes the existing
community to disappear. Thus, area becomes devoid of living matter but its
substratum, instead of primitive, is built up. SucCh SuCCEssIONS are
comparatively more rapid.

Autogenic Succession. After the succession has begun, in most of
the cases, it is the community itseif which, as a result of its reactions with
the environment, modifies its own environment and thus causing s own
replacement by new communities. This course of succession IS known as
autogenic succession.

Allogenic Succession. In some cases, however, the replacement of
the existing community is caused largely by any other external ::nnd'hnfn
and not by the existing organisms. Such a course is referred to as allogemnic

suCcession. I
On the basis of successive changes in nutritional and energy contents,

successions are sometimes classified as ° |
Autotrophic Succession. It 15 characterised by early and continued

dominance of autotrophic organisms like green plants. It begins In 2

predominantly inorganic environment and the energy Aow is maintained

indefinitely. There is gradual imeaﬁemmeurgmb:mtmrummntstwted
energy flow.

] Heterotrophic Succession. [tis characterised by early dominance of

heterotrophs, such as bacteria, actinomycetes, fungi and animals, It begins
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in @ predominantly organic environment, and there is a progressive decline
in the energy content.

In ecological literaturz, there are mentioned still so many other kinds
of succession, depending mainly upon the nature of the environment
(primarily based upon moisture relations), where the process has begun,
and thus it may be a hydrosere or hydrarch—starting in regions where
water is in plenty, as ponds, lakes, streams, swamp, bog, etc.; a mesarch-
where adequate moisture conditions are present; and a xerosere or xerarch-—
where moisture is present in minimal amounts, such as dry deserts, rocks
etc. Sometimes, there are further distinguished, the lithosere—initiating on
rocks, psammaosere—on sand, and halosere—in saline water or soil.

General Process of Succession

The whole process of primary auto trophic succession is actually
completed through a number of sequential steps, which follow one another.
These steps in sequence are as follows :

Nudation. This is the development of a bare area without any form of
life. The area may develop due to several causes such as landslide, erosion,
deposition, or other catastrophic agency. The cause of nudation may be :

Topographiz. Due to soil erosion by gravity, water or wind, the existing
community may disappear. Other causes may be deposition of sand etc.,
landslide, volcanic activity and other factors. _

Climatic. Glaciers, dry period, hails and storm, frost, fire etc,, may
also destroy the community.

Biotic. Man is most important, responsible for destruction of forests,
grasslands for industry, agriculture, housing etc. Other factors are disease
epidemics due to fungi, viruses etc., which destroy the whole population.

Invasion. This is the successful establishment of a species in a bare
area. The species actually reaches this new site from any other area, This
whole process is completed in following three successive stages.

Migration (Dispersal). The seeds, spores, or other propagules of
the species reach the bare area. This process, known as migration, Is

generally brought about—by air, water, etc.

Ecesis (Establishment). After reaching to new area, the process of
successful establishment of the species, as a result of adjustment with the
conditions prevailing there, is known as ecesis. In plants, after migration,
seeds or propagules germinate, seedlings grow, and adults sl.jarf: _tﬂ
reproduce. Only a few of them are capable of doing this under primitive
harsh conditions, and thus most of them disappear. Thus as a result of

ecesis, the individuals of species become established in the area.
Aggregation. After ecesis, as a result of reproduction, the individuals
of the species increase in number, and they come close to each other. This

orocess is known as aggregation,

=y
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Competition and Coaction. After aggregation of a large number of

individuals of the species at the limited

: place, there devel petition
(Inter-as well as Intraspecific) mainly for space and nutritiuzp?n?:l:::dualg of
a species affect each other’s life in various ways and this is called coaction

discarded. To wihetand pompocaah other speces, I present, woud be

. - reproductive capacity, wide ecological
amplitude etc., are of much help to the species. -

Reaction. This is the most important stage in succession. The
mechanism _t:rf the modification of the environment through the mﬁue;'q[,e of
living arganisms on it, is known as reaction. As a result of reactions, changes
take place in soil, water, light conditions, temperature etc., of the
environment. Due to all these the environment is modified, becoming
unsuitable for the existing community which sooner or later is replaced by
ancother community (seral community). The whole sequence of communities
that replaces one another in the given area is called a sere, and various
communities constituting the sere, as seral communities, seral stages or
development stages. The pioneers are likely to have low-nutrient
requirements, more dynamic and able to take minerals in comparatively
more complex forms., They are small-sized and make less demand from
environment.

Stabilisation (Climax). Finalty, there occurs a stage in the process,
when the final terminal community becomes more or less stabilised for a
longer period of time and it can maintain fiself in equilibrium with the dimate
of the area. This final community is not replaced, and is kagpwn as climax
community and the stage as climax stage.

The above-mentioned general process of succession would become
more clean by studying in detail the following different kinds of seres in

different habitat conditions.

Hydrosere or Hydrarch

The various stages in a hydrosere are well studied in ponds, poois or
lakes and we shall study for the present purpose this process of succession
occurring in a pond. Hydrosere, originating in a pond, starts with the
colonisation of some phytoplanktons which form the pioneer plant
community, and finally terminates into :f forest, w!'ic!'l is a climax community

ether with their chief components of vegetation.
S Just like other primary autotrophic successions, in a hydrosere too,
successive changes take place in plants as well as animals. life. But as the
changes are more obvious in plants than animals, it looks as it is @ succession
of plants only, But mmmmmmmmwmmmm
abvious, that we designate the different stages of succession, based upon
mmmtmufphnmmmamm,asmmm.
rooted submerged stage, etc,, and so on. These various stages together
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with their chief compaonents of plant species of a hydrosere as shown in
Figure 8.1 are as follows !
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Fig. 8.1

1. Phytoplankton Stage. They constitute the pioneer community.
Some blue-green algae, green algae, diatoms and bacteria etc., are the
first organisms to colonise the primitive medium of the pand. The soils are
very much reduced with @ pH value of not more than 5.00. They multiply

and grow for some time.

2. Rooted Submerged Stage. As a result of death and decomposition
of phytoplanktons, and their mixing with the silt, brought I’rnmhthe
currounding land by rain waters and by wave action of pond water, L E;E
develops a soft mud at the bottom of pond. This new habitat which tc-nlla

he a bit shallower and where light penetration may now occur easily
to T s fAr the arowth of rooted submerged hydrophytes

b
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like Myriophyllum, Eolodea, Hydrills, Potamogeton, Vallisneria, Utricularia
etc. These plants bring about further build up of the sube J

; tratum as a result
[]T Th‘.‘.'” fjp'ath E’Ill'ld dEr_,a"l' Th—l’-_l "H.:!Tl‘:'!' :PI'-"F!l -'-]|'.t} dﬂ_rrpﬂﬁﬁ =

aki
maore shallower. This new habitat now replaces theee planr; *_;Tﬁn';f-.. g::qg
another type of plants which are of floating leave e

3. Rooted Floating Stage. By now the water depth is almost 2-5
feet. These plants colonise the habitat with their thizomes. They all are
rooted hydrophytes with their large leaves floating on the water surface.
These are species of Nelumbo, Nymphaea, Limnanthemum, Aponageton,
Trapa, Monochoria etc. Some free-fioating species as Azolla, Lemna, Wolffia,
Pistia, Spirodella, Salvinia etc., also become associated with the rooted
plants, due to availability of salts and other minerals in abundance. The
water level by now becomes very much decreased, making the pond more
shallower. The decomposing organic matter formed due to death of these
plants brings about further build up of the substratum. Thus floating species
sooner or later disappear from the area.

4. Reed-Swamp Stage. This stage is also known as amphibious stage
as the plants of community are rooted but most parts of their shoots
(assimilatory organs) remain exposed to air. Spedes of Scripus, Typha,
Sugittaria and Phragmites etc., are the chief plants of this stage. They have
well-developed rhizomes and form a very dense vegetation. The water
level is by now very much reduced and finally becomes unsuitable for the
growth of these amphibious species.

5. Sedge-Meadow Stage. Due to successive decrease in water level
and further changes in the substratum, specdes of some Cyperacsae and
Gramineae, such as Carex, Juncus. Cyperus and Eleocharis colonise the
area. They form a mat-like vegetation towards the centre of the pond with
the help of their much branched rhizomatous systems. As a result of high
rate of transpiration, there is much rapid loss of water, and sooner or 1at_er
the mud is exposed to air as a result of which nutrients like ammonia,
sulphides etc., become oxidised to nitrates and sulphates. Thus mesic
conditions approach the area and marshy vegetation disappears gradually
and gradually.

6. Woodland Stage. By the time of disappearance of marshy
vegetation, soil becomes drier for mast time of the year. Tlh|s area is now
invaded by terrestrial plants, which are some shrubs (Salix, Cornus) and
trees (Populus, Alnus). By this time there IS mq:h accumulation of humus
with rich flora of microorganisms, Thus, mineraiisation of the soil favours of
arrival of new tree species in the area.

7. Forest Sta: This is the climax community. The wuﬂdlapd
community is rapidly invaded by several trees. In tropical chmtes with
heavy rainfall, there develop tropical rain forests, whereas in temperate
regions, there develop mixed forests of Uimus, Asz:r and Quercus, In regions
of moderate rainfall, there develop tropical, deciduous forests or monsoon
farests.
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Thus in the hydrosere, described above, stage 1 is the pioneer Lithosere—A Xerosere
community, stage 7 the climax community, and stages 2 to 6 as the seral This is a type of xerosers
communities (seral stages). The various stages of a hydrosere and the chief originating on bare rock surfaces |_

component plant species appearing at each stage are shown In Figure 8.1,

Successive Changes in Animal Life. With the ageing of a pond and
the development of marshes, the animal life also undergoes changes. These
are as follows :

The protozoans like Paramecium, Amoeba, Euglena etc,, are the
ploneers. But, if the planktonic growth forms are very rich, other animal life
as blue gill fish, sun fish, large mouth bass etc., start appearing. Some
caddisflies are also found. In the next, submerged stage the caddisflies are
repiaced by other animals that may creep over the submerged vegetation.
Thus, dragon flies, mayflies and some crustaceans as Asellas, Grammarus,
Daphnia, Cypris, Cyclops, etc,, inhabit the pond at this stage.

At the floating stage, the animal life is chiefly represented by Hytra
spp.. gill breathing snails, frogs, salamanders, diving beetles, whirligig beetles
and other insecis. There also appear some turtles and snakes.

At the reed-swamp stage, the pond becomes shallower, and the bottom
starts to be exposed. The fioating animais are replaced by different species
of mayflies and dragon flies, whose nymphs remain attached to submerged
parts of the vegetation, and adults present on the surfaces of emergent
parts. Gill breathing snails are replaced by lung breathers as Lymnea, Physa,
and Gyraulus. Among insects, water scorpion, giant water bug, scavenger
beetles etc_ are present at this stage. The bottom of the pond is now

inhabitat by some annelids, mud pickrel and bull heads. Red winged black
birds, king fisher, great blue heron, swamp sparrow, ducks, musk rats,
beavers etc., become common in the area.

At the sedge-meadow stage, the animals like avails.as Anodonta, Psidium
etc., become common. Finally, at the woodland stage, under terrestrial
conditions most of the terrestrial forms of animal life appear in the area.

Functional Changes in Hydrosere. It can be concluded that during
succession in a.pond (hydrosere) the major changes from a structural
standpoint i.e., changes in composition, are (i) a change in species

compasition, and (ii) a change in variety or diversity. Besides them there
take place marked changes in number and kinds of both, autotrophs and
heterotrophs i.e,, functional changes. Two major functional changes include

The orginal subtratum is deficient |
in water and lacks any organic
matter, having only minerals in |
disintegrated unweathered state
Ihe ploneers to colonise this
primitive subtractum are crustose
type of lichens, and through a
series of successive seral stages
the succession finally terminates
into a forest which constitutes the
climax community. As pointed out
in hydrosere, in a lithosere also }
successive changes take place in |
both plants as well as animals. But |
nere also, as in most of the
primary autotrophic successions,
changes in plants’ life are more
obvious than those in animals.
The changes in plants are obvious
to the extent that it looks as a
succession of plants only and
various stages are named on the
basis of particular stage
dominated by a particular plant |
sSpecies.

The various stages and their
component plant species of a
lithosere appearing on a rock are
shown in Figure 8.2. These are as
follows :

1. Crutose Lichens Stage.
As mentioned earlier, the
substratum colonised by these

=
.
i,

=
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(i) a progressive Increase in amouht of both, living (biomass), and dead T—— R acied o AL
organic matter, and (if) a shift in community metabolism from young ponds. extremes of temperature. The JZ’/’ m
The increasing heterotrophy of these aquatic system applies to that phase lichens of this stage are species ; ‘1‘ TNl LY
of their succession in which they achieve a terrestrial condition, These four K. of Bhiwae arpon, Rinodina and | yree o

major structural and functional attributes of ecologicar succession (Increase Lecanora. They produce some Xerosere

in species diversity, increase in structural complexity, Increase In organic acids which bring about

matter, and tengency towards metabolic stability) are, in a sense, both weathering of rocks. The dead Fig. 8.2

causes and effects of the very processes of change and the eventual stability
s s ~hararterice ecosystems In general,
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EI ganic matter of In:hen_E becomes mixed with the small particles of rocks soil is further enriched by this dense: shrubby arowtt
owever, this process is very slow. These lichens are then replaced finally replaced by trees which d - These in turn are
filiose type of lichens. P by . b. Forest Stage, 5ome I;;Pmrl?"?wk;if 1:Ir”.“? Ay
- _ 4 =FINYLC (ree species invade i
2. Foliose Lichens Stage. They appear on the substratum partizlly weathering of rocks and increa IS Invade the area. Further

: L b INg humus content of the soil f
built up by the crustose lichens. This community includes species of Parmelia, arrival of more trees and vegetation finally becomes r;h;tTUTrhm:
DEI'IjI'IﬂtDCﬂmDn etc., which have large leaf-life thalli, They can absorb and there deuelnps,_ Fmal.-.t, 3 forest community, _ o - Thus,
TEIEI;'I more water and are able to accumulate dust particles which help in Changes in Animal Life. As in a hydrosere, there oceur successive
the further build up of tII"IJE substratum. Thus some humus becomes | changes in animal life during the lithosere also, Associated with the lichens,
accimulated. The weathering of rocks and its mixing with humus resuilts r the pioneers, are a few mites. Fauna is sparse in terms of species
into the development of a refine thin soil layer on rock surface, and thus composition, There are a few ants and few spiders present in the cracks
there is a change in the habitat. | and crevices of rock. These are the ploneer animal species which are exposed
3. Moss Stage. The development of thin soil layer on rock surface, ' to harsh environment—the thermal extremes etc. The mites become more
especially in the crevices, favours the growth of some such xerophytic mosses varied in tEFm$ of species and small spiders, springtails as well as tradigrades
as species of Polytrichum, Tortula and Grimmia. At their successful growth, become associated with the secondary community of mosses. At later stage

|
they compete with the lichens. Due to their death and decay there is further | of succession and when grasses start developing, the fauna undergoes a
additional of nic matter in the soil. The thickness of the soil layer now | quantitative and qualitative increase. Nematodes and larval insects,
increases. ' coliembola, ants, spiders and mites appear in this new environment. With
4. Herbs Stage. Due to more extensive growth of mosses there | the development of forest climax community, there develop a rich fauna
accumulates more soil and there are added more minerals to it due to consisting of invertebrates as well as vertebrates. These include slugs, snails,
leaching out from the overlying vegetation. This changed habitat favours L wire worms, millipedes, centipedes, ants, sow bugs, springtails, mites,
the growth of some herbaceous weeds which are chiefly the annuals, in squirrels, shrews, mammals like fox, chipmunk mouse and mole, birds like
turn being followed by some biennials and perennials. Due to their growth grouse and flycatcher, reptiles like skins, turtles, snakes etc., and amphibians
and death there is much more accumulation of humus in soil together with such as salamanders and frogs.
further weathering of rock. Thus, habitat changes with decreasing xeric I3 -
conditions. This stage is constituted by such shallow rooted grasses as i Table 8.2
Aristica, Festuca, Poa, Solidago, etc., which in turn are replaced by shrubs. Senescent Tissue Dead Tissue
Primary Colenisers
Table 8.1 X
Dl Seral Climax Stage 1a Stage 1 Stage 2 Stage 3
. Comrunities Cumminity Weak Primary saprophytic  Cellulose decompoasers Lignin
Cormmunity parasites  sugar fungl, living on and associated secondary decomposers
1 2 3 4 3 . 5 = sugars and saprophytic sugar fungi, and associated
. iose lichen Mossstage  Herb  Shrub ore carbon compounds  sharing products of fungi (basidio-
Crustose lichen | Foliose stage  stage stage . (mucoraceous ceflulose decompostion  mycetes and
- e Meso- phycomycetes) (ascomycetes. and some  others)
parmelia  ‘Polytrichum  Aristida  Rhus e ¥ mucoraies)
Rinodina Dermato- Tornds  Festuca Plwter T:ETS General of -
' Poa  Carpus SUCCESSION —
Lecanora Carpon Grimmia ¢ -
| General trend of succession ., Heterotrophic (Microbial) Succession e
becomes | Succession of microorganisms like fungl, bacteria, actinomycetes

c. Shrub Stage. Due to much !:mmlrn"-:“ :ﬁlmﬁpﬁm of that occurs within a microhabitat (microenvironment of mﬁi];:

i hrubs which start migrating In the area. been variously called as microsuccession, serule of MICIOSErS.
syitable for s Js etc. They overshadow the herbaceous vegetation. The

Rhus, Phytocarp
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Types of Ecosystem

We find various types of ecosystem Operating as self-sufficient interacting
syﬁ_tems in the biosphere, For example, a pond, a lake, a river, a stream, a
spring, an estuary, t.he sea, a desert, a grassland, a forest, a coral reef: “
cropland (field of maize, wheat, sugarcane, paddy) etc., operate as individual
ecosystems of nature. All these ecosystems have a more or less similar
fundamental plan of their gross structure and function, however, they differ
In respect of their species composition, and rates in production etc. Thus
we shall now consider in brief individual organizational pattern of each of
these ecosystems and then, to some extent, would assess the relative value
of each in respect of the total primary production of biosphere. Ecosystems

chosen for the purpose and described here,

Forest Ecosystem
Forests occupy roughly 40 per cent of the land. In India, the forests

occupy roughly one-tenth of the total land area. The different components
of a forest ecosystem, like others, are as follows :

Abiotic Component. These are the inorganic as well as organic
substances present in the soil and atmosphere. In addition to the minerals
present in forests we find the dead organic debris—the litter accumulation,
chiefly in temperate climate. Moreover, the light conditions are different
due to complex stratification in the plant communities.

Biotic Component. The living organisms present in the food chain
occur in the following order :

(i) Producers. These are mainly trees that show much species diversity
and greater degree of stratification especially in trophical moist deciduous
forests. The trees are of different kinds depending upon the kind of the
forest formation developing in that climate, Besides trees, there are also
present shrubs and a ground vegetation. In these forests, dominant mernbers
of the flora, the producers, are such trees as Tectona grandis, Butea frondosa,
Shorea rubusta and Lagerstroemia parvifiora. In temperate coniferous
forests, shrubs and ground flora are insignificant. In temperate deciduous

forests the dominant trees are species of Quercus, Acer, Betula, Thuja,
etc., whereas in a temperate coniferous forests, the producer trees

Picea
Wa of Abies, Picea, Pinus, Cedrus, Juniperus Rhododendron etc.
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Environmental Pollution-ij Environmental Pollution-I1 ‘51
1955, this Authority was redesignated as the National River Conservation throw them into the sea after use.
Directorate (NRCD). The NRCD has drawn up the National River Conse vation (5) Atomic and Nuclear Tests, During the atomic and nuclear tests
Plan and coordinates the Implementation of the schemes under GAP and elements such as uranium and thorium etc. are used releasing elements
the Action Plans for the other rivers. like strontium, cobalt, cesium, etc, with high destructive energy, They are
More than Rs. 500 million has been spent on GAP, but pollution levels in s lethal and in lethal doses. Almost all the countries which have nuclear power,
the Ganga are as high as ever. Meanwhile, a new National Lake Conservation perform these tests in the 5€a, specially the countries which don't have
Plan has come into being. Open spaces, for instance, France generally conducts nuclear tests in Atlantic
Ocean while America uses Pacific Ocean as also China Sometimes there
Marine Pollution , are explosions in the ships which carry these nuclear weapons. Thus the
Man, for the fulfilment of his requirements and selfishness has put so | radioactive elements spread over the sea and dumped in deep sea. These
many effluents in the water that the quality of marine water has been nuclear effluents spread over the sea water.
spoilt. This is called as marine pollution. (6) Role :_:uf Navy. All the countries on the sea have Navy wing. Navy
In simple words, because of human and natural factors the changes in Use various kinds of artillery, equipments etc. Every kind of destructive
the nature and quality of water which is harmful for both human and other :!rrTf, Lllr used in wars, >hips, water tankgrs break and so many things spread
living beings, is called marine pollution. Sl E’EE‘-;S o result So many toxic substances get assimilated in the
Causes of Marine Pollution. There are various factors responsible i E?f E;” f‘f-E'Uf{E marine QDHUEIG?‘I‘DH 3 large scale.
' ion. They are as follows : : ©cts of Marine Pollution, Marine Pollution is harmful for all humans,
for marine pollution y £ biosphere and €Cosystem because it affects them in many ways. These
(1) Waste of Coastal Towns. The sea coast touches vast areas o have been described thue - . :

the world. Thousands and thousands of towns and settlements are situated
on sea coasts. Thus release huge amounts of excreta and garbage into the
sea. The ash, dirty water, dirt and dust produced while cleaning the machines

. (1) Effect on Man. Marine poliution affects hurnan life in many ways.
3 As a.large part of human Population lives an Islands, their life and protection
lies in the fact whether the sea Is polluted or not. Marine pollution would

and oil and grease, industrial effluents pollute the marine water. _The pLi{cture - endanger their life.

taken from sky, muws that the water of the sea near any city is darker as » 1. Beca ;5; of iqu!iuted water, coastal people will suffer from many

compared to other areas. _ : Y iseases an €S€ diseases through communication will spread in every
(2) Polluted Water of Rivers. Thqyaa!nEjﬁ of the rltﬁri; fﬂ;' L"I'_IS‘_-;:;; part of the world and will be a threat to hyman health.

If their water is tested on their places Cff origin then it ‘*‘;" = chen T 2. It can be said about coastal people that the sea is the only source of

and pure but if we test the water on their edges and furt :r U"‘t e their livelihood. If the sea water is not pure then there is no possibility of

be called very dangerous and a healthy person cannot have i s fish nearby and there will be problem food and employment for e

than three months. So it is clear that thjEE? fl\éEI'S poura ggﬁl:.}ac::u?ufln‘l rlnajr::r people. Likewise the air-waves over the sea if polluted will cause many
| water into the seas. On the single Ganga river, e diseases,

?ﬁi:tfm situated, with population about 50 thousand each. 50 this river 3. Due to marine pollution, there is a possibility of increase in temperature
rs all its effluents and sewage in the sea. i C Gad of water and atmosphere. If 1% of the frozen ice, melts, then more than

pou(aj 0il Pollution. 75% of the total world oil is drilled from the sea bea. 1.3 population of coastal people/cities will drown. At present the existence

: i : -water. Some of it . | i h id is in d
i is D thousand litres of oil mixes in sea-wa : - . OI SO many coastal countries of the world is in anger.
D':mng-nmsiapwrzc;s while filling or empting the tankers etc. The G;II WE"Sr:g (2) Effect on Biosphere. A major part of the biosphere is constituted
$th5 ' leak continuously. Oil in the sea water affects sensitive Tiora a " by the sea. The sea creatures are safeyouly, as long as the water is pure.
e sea ‘

: | area of the he blue whale, the | i
_ § ion is found almost every coasta But today every small fish and even the blue whale, the argest creature in
fauna. Such kind of oil pollutio B e the sea, is in danger. Due to the accident on 18 November, 2002, in the sea
world. Water transport is a tra_ itional Near of Spain, one oil tanker broke up and dumped 77 thousand metric
(4) Role of Water mnmniml changes over time. Ships and ‘tonne oil, which spread over the sea. As a result, all the fishes and other

o mﬁﬁﬁlrguﬁfrg: rgereaﬁe and oil etc. constantly to the waters. Sometimes
(§

to accidents, the | ‘ eys are not
due “ ip and its goods etc. down. Sea journ
but prnlom_:;m uvﬂ:lyears. Sailors take with them so many things and
short bu

Marine life in 50 km area was destroyed. On the coast of Spain, such kind
of incidents are quite common; that's why it is called ‘Coast of Death’.
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(i) Consumers. Various types of consumers are as follows :

Primary consumers are the herbivores that include the animals
feeding on tree leaves as ants, flies, beetles, leafhoppers, bugs and spiders
etc,, and larger animals grazing on shoots and/or fruits of the producers,
the elephants, nilgai, deer, moles, squirrels, shrews, flying foxes, fruit bats,
mongooses etc.

ngecun:lary Consumers are the carnivores like snakes, birds, liza rds,
fox etc,, feeding on the herbivores,

Tertiary Consumers are the top carnivores like lion, tiger etc., that
eat carnivores of secondary consumers level,

(i) Decomposers. These are wide variety of microorganisms including
fungi (species of Aspergilus, Coprinus, Polyporus, Ganoderma, Fusarium,
Alternaria, Trichoderma etc.), bacteria (species of Bacillus, Clostridium,
Pseydomonas, Anglococtus etc.), and actinomycetes, like species of
WEEHEEHMWSHMH in tropical and subtropical forests
hm;ﬂﬂﬂ'ﬂnﬂ'ﬂt in the temperate ones.

Various Types. Depending upon the prevailing climatic conditions

of various types !
3 _ﬁmm Forests. They are evergresn ]JI'BEﬁlEf forests found
‘near the equator. These regions have abundant rainfall {Iﬂflﬂ—‘l_Sﬂﬂ mm
per H] that occurs almost daily, and the temperature varies little over
lhE!EH- They are found in South and Central America, Western ljnd Central
g South East Asia, and in some islands of the Indian and !Jar:lﬁc QOceans.
Affica, Sot b they occupy just 2 per cent of the earth, tropical rainforests
"Iw;' it per cent of all terrestrial plant Ep-r:;:IEE. T?E enﬁftzliluus
e is supplemented by an abundance of ampniblans,
M,m Hﬁhmﬂﬂ small nwrplt“:'lals. as well as predators like

o rainforests are marked by a variety of tall trees and E dense
e ____='--.- = ﬂmm leeﬂrgﬁnh: matter -!ECI.lﬂulatEE
eince the litter that falls on the floor is very quickly decomposed and the
inerals quickly absorbed by the roots.

‘minerals quickly Ll nse
ittt of Tropical Forests. Apart from preserving imme

| 2ok m m cal forests play a major role in mmmlnﬂlﬁmmﬂﬁl
Sie s pRErE B ' d in the early 1980s in the Amazon, a team

o mmwﬁm 5 Salati of the University of Sao Paulo founc
=i d return as much as 75 per cent of the nmigturelt[ecewed

. The research e
.a.'_'l-".'.'il d l| m cauﬂ
W;Em collects and returns

ick into t - : -
We have always been told that more trees meant more rain, but t
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-I:]::le:ﬂ atmosphere at least 10 Umes more moisture than deforested land

(b) Temperate Forests, Temperate
in 1:““13“.*; ”'Hﬁl' are very rold in
The ?;r:m' rainfall is about 750-2000 mm and the sail is rich.

*mperate forests are found in western and Lentral Europe, Eastern
Asia and Eastern North American. They have deciduous (leaf -,}1;@:-_.11::19-
trées like oaks, maples, ash and beech and some coniferous trees I-H:::
pines. Shrubby undergrowth, fern b, lichens, and mosses are also found

Thnl'-r.:a forests contain abundant mricro-organisms, and mammals like
SCJLIFTERS, [Fr][r.lﬂ'.l”'lf”.l r"'|||::|.;1-||___l-|b:r‘.l raccoons, hares, deer foxes, coyotes and
black bear, Birds like warblers, wood-peckers. owls, and hawks, besides
snakes, frogs, and salamanders, are commaon.

{C:| c“nifﬂrﬂu: Fnrﬁt‘. These forests derwe thewr name from the
abundance of coniferous trees like spruce, fir, pine, and hemiock. A coniferous
tree produces hard dry fruit called cones. Contferous forests also contain
smaller amounts of deciduous trees like birch and maple. They occur in the
northern parts of North America, Europe. and Asia

In coniferous forests, winters are usually long and cold. The precipitation
is often light in winter and heavier in summer. The soil in these forests is
acigic and humus-rich and there is much leaf litter

The main animals found in these forests are large herbivores like the
miule deer, moose, elk, and caribou. There are also smaller herbivores like
mice, hares, and red squirrels; and predators like ynx, foxes, and bears.
They are often important nesting areas for many mgratory birds like warbiers
and thrushes,

(d) Tundra. The forests in the Arctic are calied tundra. They ocour n
the extreme northern latitudes, where the snow mefts seasonally. There 5
no equivalent in the southern hemisphere, since there s no land in the
corresponding latitude,

The region has long and harsh winters and very shoft summers.
Precipitation occurs mostly in summer and the annual average s just 10-25
cm

fi o i X = i i
orests have seasonal variations
AMinter and warm and humid in SUMmer,

.The species diversity is low, but the few speces that do ewist here do
so In large numbers. Mosses, lichens, grasses, and some dwarf trees are
the main plants. The animal species include lemmngs, weasels, arctic foxes,

‘hares, snowy owls, and musk oxen. Many bird speces migrate here in

summer and feast on the abundance of insects—maosquitoes, black flies,
deerflies, elc. .

The tundra is a fragile ecosystem. Even a casual hike by m::ﬁﬂ
the land cﬂmwdm.wwmsmw rg:
mﬂmemmmmmmmlewm milita

use.
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Forests in India. The State of Forest Report 2001, prelp‘-ared by the

Forest Survey of India (FSI), Dehradun, estimates the country’s forest covey
at 676,000 sq km, constituting 20.55 per cent of the geographic area of the
country. Of this cover, 417,000 sq km is dense forest, 259,000 sq km open
forest, and 4490 sq km mangroves. The report claims that, between 194q
and 2001, the total forest cover increased by & per cent. Madhya Pradesh
~ccounts for the largest forest cover of the country with 77,265 sq kn
followed by Arunachal Pradesh (68,045 sq km) and Chhattisgarh (56,445
sq km). , > |

Environmentalists and voluntary organizations hawe raised questions
about these statistics, Grassroots organizations are withess to thg unending
deforestation in many parts of the country and they say that an increase of
6 per cent in two years does not appear possible. The apparent increase
could be due to the new assessment methodology used by the FSI.

Table 9.1 : Distribution of Indian Forests by Type

Type
Tropical moist deciduous 37

Percentage Locations

Andamans, Uttar Pradesh,
Madhya Pradesh, Guijarat,
Maharashtra, Karnataka,
Kerala

28 North-South strip from
Himalayas to Kanyakumari

Tropical dry deciduous

Tropical dry evergreen 8 Western Ghats, Assam,
Andamans

Subtropical pine 7 Himalayas

Others _ 20 -

ecosystem, Grasslands occupy a comparatively
of the earth’s surface. The various
ystem are as follows : ;

e ar nutrients present in soil and the
C, H, O, N, P, S etc., are supplied
‘and sulphates etc,, present
n to the above, some trace

elements are also present in soil.
Bioti t. These may B
~ Biotic Componen i,

(i) Producers, They are mainly grasses, as species of Di _
Cynodon, Desmodium, Digitaria, Dactyloctenium, Brachiaria, setarid,
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sporobolus etc. Besides them a few forbs and shrubs alse contribute to

primary production,
- & herbivores feeding on grasses are mainly
such grazing animals as cows, buffaloes, deers, sheep, rabbit, mouse etc.
éﬁﬁcﬁﬂﬂﬁ;ﬁﬁf Efcfnin e e cpacex e, DyseRIcUl,
] f C = |58 me fo i
feed on the leaves of grasses. SOITE VETIeES Bid 1imipedes eic., it

Secondary consumers are the carnivores feeding on herbivores, These
m;_lutlr—_: the animals like fox, jackals, snakes, frogs, lizards, birds etc.
E:anehmﬁ the hawks feed on the secondary consumers thus accupying
tertiary consumers level in the food chain,

(iil) Decomposers. The microbes active in the decay of dead organic
matter of different forms of higher life are fungi, as species of Mucor,
Aspergillus, Penicillium, Cladosporium, Rhizopus, Fusarium etc,, and some
bacteria and actinomycetes. Thay bring about the minerals back to the sail,
thus making them available to the producers.

Various Types. Three types of grasslands are found to occur in different
climatic regions ;

(a) Tropical Grasslands. They occur near the barders of tropical rain
forests in regions of high average temperature and low to moderate rainfall.
In Africa, these are typically known as Savanas, which have tall grasses
with scattered shrubs and stunted trees. The Savannas have a wide diversity
of animals including zebras, giraffes, gazelle, antelopes etc. During dry
season, fires are quite common. Termite mounds are very common here.
The termites gather the detritus (dead organic matter) containing a lot of
cellulose and build up a mound. On the top of the mound fungi are found to
grow which feed upon this dead matter including celluiose and in turn
release methane, a greenhouse gas.

Tropical savannas have a highly efficient system of photosynthesis. Most
of the carbon assimilated by them in the form of carbohydrates is in the
perennating bulbs, rhizomes, runners etc., which are present underground.
Deliberate burning of these grasslands can release huge quantities of carbon
dioxide, another green house gas, responsible for global warming.

(b) Temperate Grasslands. They are usually found on flat, gentle
sloped hills, winters are very cold but summers are hot and dry. Intense
grazing and summer fires do not allow shrubs or treesto grow.

In United States and Canada these grasslands are known as Praines, in
South America as Pampas, in Africa as Velds and in Central Europe and Asia

are known as pes.
u-ﬂwmds keep hhm and evaporation rate is very high. It also favours
rapid fires in summer. The soils are quite fertile and therefore, very often

these grasslands are cleared for agriculture.
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_(c) Polar Grasslands (Arctic Tundra). They are found in Arctic polar
region where severe cold and strong, frigid winds along with ice and snow
Create too harsh a climate for trees to grow. In summers the sunshineg
almost round the clock and hence several small annual plants grow in the
summer. The animals include arctic wolf, weasel, arctic fox, reindeer etc, A
thick layer of ice remains frozen under the =oil surface throughout the year
and is known as permafrost, In summer, the Tundra shows the appearance
of shallow lakes, bogs etc., where mosquitoes, different types of insectsg
and migratory birds appear,

Desert Ecosystem

Deserts occupy about 17 per cent of land, occ urring in the regions with
an annual rainfall of less than 25 centimetres. The species composition of
such ecosystem is much more varied and typical Jue to extremes of both,
temperature and water factors. The various biotic components are as
follows :

(i) Producers. These are shrubs, especially bushes, some grasses and
a few trees. The shrubs have widespread, branched root system with their
stems and branches variously modified. Sometimes a few succulents like
cacti are also present. Some lower plants like lichens and xerophytic mosses
may also be present.

(if) Consumers. The most common animals are reptiles and insects,
able to live under xeric conditions. In additions to them, there are also
found some nocturnal rodents and birds. The ‘ship of desert’, camels feed
on tender shoots of the plants.

(iii) Decomposers. These are very few, a due to poor vegetation and

-amount of dead organic matter is correspondingly less, They are some
~ fungi and bacteria, most of which are thermophilic.
 TypeSiof Grassland. Deserts are of three major types, based on

ans -

: | des like Sahara and Namibia in Africa and Thar desert,
Rajasthan, India @€ the driest of all with only a few species. Wind blown

(b) Temperate desert
time temperatures are very'hat |

(c) Cold deserts like the Gobi
wa"gesseﬂ plants and animals are having most typical adaptations f?r
conservation of water. Many desert plants are found to have reduced, sc2 ‘-:
leaves so as to cut down loss of water due to transpiration or have succulen
leaves to store water. Many a times their stems get flattened and develop
chlorophyll so that they can take up tthlmﬂfphotosynmesfﬁ, SGTﬂ:
plants show very deep roots to tap the groundwater. Many plants have

summer but cool in winters.
desert in China has cold winters and
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wancy, thick critical over the

leaf to reduce loss of v ration
. _ vater through tra '
Desert animals like insects and reptiles hayve thick outer mwr?ngs t.::E rﬁ:nh'nizﬁ:

loss of water, They usually live inside by fTOWs where humidity is better and

heat is legs, Desert oil is nch in nutrients but deficient in viater.

' ry litte organic m
but it is rich in minerals. The desert plants have adapted to the c?r-a; é;ndm

oo, o e e A
or toxins to rF:'rccrtP_-a:l them‘s_ei'-.ﬂ'l*'s Fm%p?:;- i o ) e vy
: i = ‘I Deing grazed by animals.

=0me plants have wax-coated leaves that minimize the loss of moistyre
Others _ha*.re deep roots that reach the groundwater, Alternatively 5nmé
have widely spread, shallow roots that collect water after any rain and
store it in spongy tissues,

Iﬂesert animals are usually small in siZe and they remain under cover
during the day and come out to feed at night. Many have a thick external
shell that minimizes moisture loss due to evaporation, and they can lie
dormant during the driest periods. Some of the animals found in the desert
are frogs, reptiles, rodents, Jack rabbits, foxes and owis.

In deserts, during the day the sun heats up the ground and the
temperature is high. The night can be quite cold, since the lack of vegetation
allnw;s the heat from the ground to radiate away into the atmosphere very
quickly.

Human Impact on Deserts. A dry and hot desert cannot be damaged
much by human activity. In fact, the desert ecosystem s quite sensitive and
delicate. A heavy vehicle driven across the desart can do enormous damage
to the think topsoil and the sparse vegetation. The disturbed area will take
a long time to recover because of the extremely slow rate of growth of
vegetation and low species diversity.

Apart from soil destruction, there are other human disturbances to
desert ecosystems. The creation of desert cities, depletion of ground water
supplies, land disturbance, the pollution from mining, and the storage of
toxic and nuclear wastes are some of the human activities that cause

damage.

Aquatic Ecosystems

Aquatic ecosystems dealing with water bodies and the biotic communities
present in them are either freshwater or marine. Freshwater ecosystems
are further of standing type (lentic) like ponds and lakes or free-flowing

lotic), like rivers.

wpeﬂ.[quati: life zones, which include the ocean, rivers, lakes and wetlands,
differ in many respects from terrestrial biomes. Unlike the situation in
terrestrial biomes, temperature and precipitation are not the factors that
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determine the types of organisms that thrive in an aquatic life zone. First,
water itself tends to moderate temperature and second, any precipitation
falling on water cannot obviously be a major influence. In aquatic life zones,
the characteristics of water—salinity, fight penetration, nutrient levels, waves
and currents—are the crucial factors. The two main categories of aquatic
life zones are saltwater systems and freshwater systems.

Types of organisms in Aquatic Life Zones. There are three main
types of organisms in aquatic life zones : plankton, nekton, and benthos.
The free-floating plankton are micro-organisms that cannot swim easily
and are buffeted about by the waves and currents. Plankton again are of
two types ; phytoplankton and zooplankton.

Phytoplankton are the photosynthetic producers of the ocean and they
form the hasis of the ocean's food web. The tiny zooplankton are the primary
consumers that feed on phytoplankton. They in turm become food for newly-
hatched fish and small organisms, and the food chain continues up the

trophic levels.

The nekton are strong swimmers, and they include all the larger
organisms like fish, turties and whales. The benthos are bottom-dwellers
adapted to living on the floor of the water body. Some fix themselves to
one spot like sponges, oysters, and barnacles. Others burrow into the sand
like worms and clams. Some others move about on the floor, like crawfish

and brittie stars.

Pond Ecosystem
A pond as a whole serves a good exampie of a fresh water ecosystem.

A pond indeed exhibits a self-sufficient, seif-regulating system. Not only is
the pond a place where plans and animals (living organisms) live, but plants
and animals make the pond what it is (physico-chemical environment).
This would become clear if you examine a bottle full of pond water or a
scoop full of bottom mud, which shall show the living organisms (plants as
well as animals) and a mixture of inorganic and organic compounds. Some
\larger forms of life are also present in pond. Thus, whole system becomes
ich complex indeed.

natural bodies of standing freshwater. They are formed when
run-off or groundwater seepage fills up depressions in the

by aeological changes. A large lake has four zones : the littoral,
indal, and benthic.

The ittor ”"‘ﬁ the area of sunlit shallow water near the shore of
the lake. It exteéndsito the depth at which rooted plants stop grnwinw:

to the edge effect this is a zone of high biodiversity and photosynthest,

limnetic, pro
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with the nutrient supply coming from the surrounding land. Some of the
organisms found in this zone are frogs, turtles, worms, fish and insect
larvae.

The limnetic zone is the open water away from the shore of the lake. It
extends down till the depth to which sunlight penetrates and permits
photosynthesis. The vegetation in this zone is less than that in the littoral
zone, but there are plenty of producers making food for most of the
consumers, phytoplankton, zooplankton, and larger fish are all found here.,

e profundal zone, found in large lakes, is the deep water, which is
too dark to permit photosynthesis. There are no plants or aigae found here,
but food drifts down from the other zones. Bacteria decompose the dead
organisms that reach this zone, using up oxygen and releasing minerals in
the process. The benthic zone is the bottom of the lake. The organisms that
live here can withstand the low temperatures and low oxygen levels found
here.

Stratification. The lakes show stratification or zonation based on
temperature differences. During summer, the top waters become warmer
than the bottom waters. Therafore, only the warm top Byer drcuiates without
mixing with the colder layer, thus forming a distinct zonation :

Epilimnion. Warm, lighter, circulating surface layer.

Hypolimnion. Cold, viscous, non-circulating bottom layer.

In between the two layers is thermocline, he region of sharp drop in
temperature.

Types of Lakes. Some important types of lakes are :

(a) Oligotrophic lakes which have low nutrient concentrations.

(b) Eutrophic lakes which are over nourished by nulnents like rutmgm
and phosphorus, usually as a result of agricultural mr:—::-l‘f or municipal
sewage discharge. They are covered with “algal blooms eg., Dal Lake.

(c) Dystrophic lakes that have low pH, high humic acid content and
brown waters e.g., bog lakes.

(d) Endemic lakes that are very ancient, deep and have endemic fauna
which are restricted only to that lake e.g., the Lake Baikal in Ru.':‘iﬁ.lﬂ, the
deepest lake, which is now suffering a threat due t© industrial pollution. ;

(@) Desert salt lakes that occur in arid regions and have WEE
calt concentrations as a result of high evaporation. E.g. Great <2 :

Utah; Sambhar lake in Rajasthan. : :
(f) Volcanic lakes that receive water from magma afte;tmmt:an:auutmrﬁ

e.g., many lakes in Japan. They haue_ highly restricted 1 Wit
(g) Meromictic lakes that are rich in salts and are permanen

e.9., lake Nevada. i
(h) Artificial lakes or knpnundmentsmatartcmamdmmnmnsmmm

of dams e.q., Govindsagar lake at Bhakra-Nangal.
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Streams
These are freshwater aquatic ecosystems where water current is a
major controlling factor, oxygen and nutrient in the water is mare uniform
and land—water exchange Is more extensive. Although stream organisms
have to face more extremes of temperature and action of currents as
compared to pond or lake organisms, but they do not have to face oxygen
deficiency under natural conditions. This is because the streams are shallow,
have a large surface exposed to air and constant motion which churns the
water and provides abundant oxygen. Their dissolved oxygen level is higher
than that of ponds even though the green plants are much less in number.
The stream animals usually have a narrow range of toleraice to oxygen.
That is the reason why they are very susceptible to any organic poliution
which depletes dissolved axygen in the water. Thus, streams are the worst
victims of industrial development.

River Ecosystem

Rivers are large streams that flow downward from mountain highlands
and flowing through the plains fall into the sea. So the river ecosystems
show a series of different conditions.

The mountain highland part has cold, clear waters rushing down as
water falls with large amounts of dissclved oxygen. The plants are attached
to rocks ( periphytons) and fishes are cold-water, high oxygen requiring fish
like trouts.

In the second phase on the gentle slopes, the waters are warmer and

support 3 luxuriant growth of plants and less oxygen reqguiring fishes.

In the third phase, the river waters are very rich in biotic diversity.
Moving down the hills, rivers shape the land. They bring with them lots of
<ilt rich in nutrients which is deposited in the plains and in the delta before
reaching the ocean.

What is the status of India’s rivers? More than 70 per cent of India’s
territory drains into the Bay of Bengal via the Ganga-Brahmaputra river
system and a number of large and small peninsular rivers. _ :

The Ganga and the Brahmaputra, together with their tributaries, drain
about one-third of India. The Ganga, considered a sacred_rlver. is 2500 km
long from its origin to its mouth. Although its deltaic portion lies mostly in
Bangaldesh, the course of the Ganga which in India is longer than that of

of the country’s other rivers.
any Since Hha w is fed b'f the melting of snow in the Hiﬂ'lﬂ_[ﬂ'f&ﬁ, tI'E

variability of its flow is considerably less than that of the exclusively rag
fed peninsular rivers. This consistency of flow enhances its suitability
irrigation and navigation.
gAfthuugh the total length of the Brahmaputra ( atlmut H_UD!} km) gx::e?r:ils
that of the Ganga, only 750 km of its cOUrse lies within India. The

.-. -.r
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Brahamputra, like the Indus, has its source in a trans-Himalayan area about
50 miles southeast of Lake Manasarovar in the Tibet Autonomous Region of
China. The narrow Brahmaputra basin in Assam is prone to flooding because
of its large catchment area, parts of which experience exceedingly heavy
rainfall.

The Indus basin {in northwestern India) and a completely separate set
of basin to the south {in Gujarat, Madhya Pradesh, and Maharashtra) drain
into the Arabian sea. India shares the Indus drainage basin with China,
Afghanistan and Pakistan. The Indus and its tributaries the Sutlej, Thelum,
Chenab, Ravi and Beas are the major rivers in the north-western basin.
Despite low rainfall in the Punjab plains, the moderataly high runoff from
the Himalayas ensures a year-round flow in the Indus and its tributaries,
which are extensively utilized for canal irrigation.

The two most important west-flowing rivers of peninsular India are the
Narmada and Tapti. The Narmada and its basin are undergoing large-scale,
multipurpose development.

The major rivers that drain into the Bay of Bengal are the Mahanadi,
Godavari, Krishna and Kaveri. Except for the Mahanadi, the headwaters of
these rivers are in the high-rainfall zones of the Western Ghats, and they
flow along the entire width of the plateau before reaching the Bay of Bengal,
The Mahanadi's source is at the southern edge of the Chhatiisgarh piain.

The peninsular rivers experience considerable variations in flow between
the dry and wet seasons. However, thanks to relatively steep gradients,
they rarely give rise to floods of the type that occur in the plains of northern
India.

Coastal Zone
The coastal zone is the area of interaction between land and ocean.

There is no clear definition of this zone. On the seaward side, it is commonly
taken to extend up to the gently sloping, shaliow edge of the continental
chelf. On the landward side, we could define the limit of the zone as me
high tide line or even up to the watershed. Thanks to the edge effect, l:hﬁ
zone shows very high levels of biodiversity. Ninety per cent of all marine

species are found in this zone. 0
The coastal zone is easily affected by human activities. A general trend

in the world is for the population to move towards the coastal m*ueﬂne
estimate is that 60 per cent of the world's population new ives within 60
km of the coast. This pfnpuftiunisexpectedtuimreaaatu?spacemh-.r
20025. Even conservative estimates suggest thatlat least 40 per n:entf:fthe
population lives within 100 km of the coast. One incontrovertible fact is that
the rate of increase of coastal population is higher than that of the general

iti found on the coast.
Most of the largecmesnfmewﬂrldaretnhe
Twelve of the 20 highly populated urban areas in the world are within 150
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km of the coast and these include Mumbai and Kolkata. Coastal megacities
have very large ecological footprints, In most cases, they dump enormouys
amounts of untreated s€wage and industrial pollutants into the ocean,

Intertidal Zone. Within the coastal zone, the intertidal zone is the
area of shoreline between the low and high tide marks. It is the transitinn
between the land and the ocean and is marked by high levels of sunlight,
nutrients and oxygen. As a result, it is biologically very productive with a
variety of ecological niches, but it Is also a zone of high stress for the
organisms that live there.

Ifthe zone is sandy, the Qrganisms must adapt themselves to a consta ntly
shifting environment. Since there is no protection against wave organisms
are exposed to wave action during high tide and the process of drying and
warming up during the low tide. They usually have a means of attaching
themselves to rocks, such as thread-like anchors or glue-like secretions.

Estuaries Coastal Wetiands. Estuaries and coastal wetlands indude

by tidal action, and the availability of sunlight,
Coastal saltwater wetlands are the ocean's nurseries, where many fish
species spend the first part of their lives. These wetlands also protect
coastlines from erosion and reduce damage from storms and cyclones, The
flow of groundwater through coastal marshec prevents saltwater intrusion
that would otherwise contaminate the wells in these areas. Coastal wetlands
are, however, in steep dedline all over the world.

Freshwater Wetlands. Wetlands are land surfaces covered or
saturated with water for the whole or a part of the year. They are shallow
ecosystems with black and rich sediments and abundant nutrients, They
have vegetation adapted to thrive in saturated conditions.

There are three typesof wetlands : swam ps, marshes and bogs. Marshes
have no trees, but they contain grasslike plants (cattails, sedges and reeds),
Swamps have water-tolerant trees like the red maple and cedar. Bogs are
waterlogged areas saturated with.groundwater or rainwater and may contain

sphagnum moss and low shrubs. _
Marshes and swamps are marked by the full penetration of light and

consequently high photosynthetic activity. Biomass production and species

LI!.L_
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diversity are much higher than in the surrounding uplands. They provide a
habit for migrating waterfow! and other birds, beavers, otters, muskrate
and game fish.

Traditionally, wetlands were considered wastelands, which bred
mosquitoes, They were drained and developed for aqgriculture, fish farming,
or human habitation. Their value as providers of ecosystem services is only
now being realized.

Wetlands control flooding by holding excess water and releasing it slowly.
They help in recharging groundwater and in purifying water by trapping
and holding pollutants in the sgjl. They are the major breeding, nesting and
migralion staging areas for the waterfowl and shorebirds,

Fhey add moisture to the dtmosphere, which could fall back as rain.
They can even be used as sewage freatment plants that require little
technology or maintenance. If they are managed well, they do not breed
mosquitoes because of the present of fish, insects and birds.

Even as we realize their importance, however, they are shrinking rapidly
all over the world, Almost half of them have disappeared over the past
century and those that remain have been fragmented by ‘development’,
What is worse, some wetlands have been used as toxic waste dumps and

landfills,

Ocean (Marine) Ecosystem

Major oceans of the worid, Atlantic, Pacific, Indian, Arctic and Antarctic
cover approximately 70 per cent of the earth's surface. Each ocean indeed
represents a very large and stable ecosystem. Marine environments, as
compared with fresh water, appear to be more stable in their chemical
composition due to being saling, and moreover other such physico-chemical
as dissolved oxygen content, light and temperature are also different. These
aspects would be considered in some detail later under "Habitat E::uln-g}f.

The biotic components of an ocean ecosystem are of the following
orders :

Producers. These are autotrophs and also designated as ;r;nar,r

roducers, since they are responsible for trapping the radiant energy of sun

|ﬂu‘th the help of their pigments. Producers are mainly the phvt:lxp-lanktm.
such as diatoms, dinoflagellates and some microscopic algae. Besides them,
a number of macroscopic seaweeds, as brown and red algae {m&mbq_ars of
phaephyceae and Rhodophyceae), also contribute signfﬁ;anﬂy to primary
production. These organisms show a distinct zonation at different depths of

water in the sea. |
Consumers. These all are heterotrophic macroconsumers, being

dependent for their nutrition on the primary pmduce;s. These are :
Primary consumers, the herbivores, that feed directly on producers,

are chiefly crustaceans, molluscs, fish etc.
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Secondary consumers, which are carnivorous fish, as Herring, shad,
Mackerel etc., feeding on the herbivores. . .

Tertiary consumers, are other camivorous fishes like Cod, Haddock,
Halibut etc. that feed on other camivores of the secondary consumeys
level. Thus these are the top camivores in the food chain.

Decomposers. The microbes active in the decay of dead organic matter
of producers and macroconsumers are chiefly bacteria and some fungj,

Meaningful Zones. The large marine ecosysiem Is divided into twq
major zones : the coastal zone and the open ocean (see Figure 4.1), The
coastal zone extends from the high tide mark on land to the edge of the
continental shelf, which s the submerged part of the continent. At thic
point, there is a sharp increase in the depth of water and from here onwards
it is open ocean. The coastal zone is discussed in a later section of this
chapter. The open ocean s divided into three zones by depth. The euphotic
zone is the upper part where there is enough light for the phytoplankton to

camy out photosynthesis. Large fish like sharks and swordfish are found
here. The bathyal zone lacks sunlight and hence contains no producers,
Zooplankton and smaller fish that populate this zone have to move to the
upper levels at night to feed. The abyssal zone is the cold and dark zone at
the bottom, reaching in places to a depth of 4000-6000 m. It is too dark for
photosynthesis and yet there are producer organisms at this depth near
hydrothermal vents. They are bacteria that can withstand temperatures of
200°C, and they produce food through a chemical reaction.
Coral Reefs. Coral reefs are one of the natural wonders of the ocean,
On many beaches these beautiful and colourful creations are on sale. Where
do they come from and who makes them? Coral reefs are found in *he
shallow coastal zones of tropical and subtropical oceans, where light can
penetrate. Apart from being aesthetically appealing, they are also among

mes by huge colonies of tiny organisms called polyps.

: ) to form a protective crust around
ithey die, their outer skeletons remain as a platform
ding the coral. The intricate crevices and holes in
Bme the home for 25 per cent of all marine species.
ymes from zooxanthellae, the tiny single-celled

s of the polyps. In return for the home

provided by the polyf ac produce food and oxygen through
pﬁntusrnﬂmﬁh.

Importance of Cora al reefs are complex ecosystems
that perform many ecological 3 en polyps form their shells, they

on cycle, These reefs help
waves and from storms.

their blodiversity
o of the ocean.

absorb some carbon dioxide as pe

the coastal zone from the .|r

' eds of manin

They act as HUrSEﬂESfﬂI"I":Iqu eo
and intricacy of relationships, they can be 2

i X
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On the economic side, they provide fish, shelifish, bullding materials,
r“["f”f_lfll."!, -ﬂnd E‘fﬁplﬂ?ﬁ'IEﬂt to pEﬂplE_ Thﬂ:ﬂ_l.gh m.ung"' thﬂ'i" hrfl'lg in‘
valuable foreign exchange and give us the pleasure of enjoying the world
under the sea.

Coral reefs are of course in trouble, are vulnerable to damag
because they grow very siowly, get d1-5:]|,.‘|:;j EEEITBM are UEI':?'SIE'ﬂEiﬁ"u:
to variations in temperature and salinity,

Coral bleaching Is the biggest threat faced by all colonies. When a reef
becomes stressed, it expels the zocanthellae, loses its colour and food,
and ultimately dies. An increase of even one degree in the water temperature
can trigger bleaching. Sediment run-off from land that smothers the reef
and prevents photosynthesis is further stress. Any pollution and disease
could aiso lead to bleaching. Direct physical damage can also occur

Of the world's reefs, 60 per cent are threatened by coastal development,
pollution, overfishing, and warmer temperatures. Of more than 100 countries
with large coral formations, 90 per cent are experiencing the decline of the
reefs. South East Asia, with the most species of all coral reefs, is the most
threatened region. Three hundred reefs in 65 countries are protected as
reserves and 600 more are under consideration. Protectad reefs do recover,
but the process is both difficult and expensive.

Importance of Mangroves. Mangroves are unique half-tolerant trees
with interlacking roots that grow in shallow marine sediments. Often they
are found just infand off coral reefs. Mangroves provide vaiuable ecosystem
services. Their roots are the breeding grounds and nursenes for many fish
species like shrimp and sea trout. The branches are nesting sikes for birds
like pelicans, spoonbills, and egrets. They stabilize the socil, preventing
erosion, and provide protection to the coast dunng cyclones. They are more
effective than concrete barriers in absorbing wawve action.

Mangroves occur all along the Indian coast covering 6700 sq km, which
is about 7 per cent of the world’s total mangrove area. Some of the important
mangrove forests are found in the Andaman and Nicobar Islands, the
Sunderbans (West Bengal), Bhitarkanika (Orissa), Pitchavaram (Tamil Nadu)
and Goa.

In India and elsewhere, mangroves are fast disappearng due to coastal
development, logging, and shrimp aquaculture. Between 1985 and 2000,
the world lost half its mangroves.

_ Before we move to the coastal zone and the fresh water lifezones, let
us look at a unique part of the ocean, that s, the Southern Ocean.

Antarctica and the Southern Ocean. Antarctica 5 an iy continent,
surrounded by the Southem Ocean. It is a fragile ecosystem and is relatively
unexploited. The Antarctic ice cap contains 70 per cent of the world's

“freshwater. A thin layer on the ocean supports krill (very small sheflfish),
which Is consumed by other fish, seals, penguins, and whales.
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Antarctica is a sensitive indicator of environmental charges. Bety,,., |

1947 and 2000, the mean temperature of the Antarctic Peninsula wen; |
by 2.5°C in summer and 5.6°C in winter. The reason for this may be r“,,-,h'j’

warming from the burning of fossil fuels. With Increasing temperature huge
pieces of the ice shelf have been breaking off. Over a period of time, thic

melting of ice could raise global sea levels,
Seals and whales were first hunted in Antarctica, leading to the ne

extinction of the southern fur seal, the elephant seal, and the blue wh.
The pollution from the rest of the world has now reached Antarctica

Radioactive particles from atomic testing as well as pesticides like DDT and
other chemical residues have been found in these waters. Tourism that i

being promoted now will also have ecological consequences.
No country owns Antarctica, though several countries have made

Oon parts of it. In 1991, 41 countries (including India) signed the An
Treaty. They agreed to ensure that Antarctica is used for peaceful purpose-
for international cooperation in scientific research, and does not becorn:

the scene or object of international discord.
The treaty, which seeks to establish Antactica as a zone free of nuclear

testing and radioactive waste, includes agreed measures for the conservation

of Antarctic fauna and flora.
Several countries including India have been conducting scientific researcr

and exploration for oil and minerals in Antarctica. The first Indian expedition
to Antarctica was sent in 1981 and since then Indian scientists have
established two research stations, Dakshin Gangotri and Maitri, on the
continent. Joint teams representing a number of scientific organization in
the country have participated in more than 20 expeditions to the continent.

Environmental Concerns. The ocean is a finite resource and that
Auman activities are already having an extremely adverse impact on the
ocean. The world over, fish-catches have been steadily declining because
of pollution and overfishing, with large trawlers and factory ships. Many
fish species have disappeared forever.

The deep seabed has mineral as well as biological resources and many
countries are now developing techniques to tap this wealth. The insatiable
demand for petroleum has led to large-scale extraction of oil from the
ocean with many negative consequences. The main shipping lanes of the
ocean now carry very heavy traffic with consequent problems like large oil

spills from giant tankers, g
The dumping of hazardeus waste, including nuclear material, into the
to great heights. Near the shore, heavy

ocean is raising pollution levels ' h
discharges from industry and sewage systems are also adding e the

pollution. In fact, it is estimated that 77 per cent of marine pollution originates

cr

|
I“'..
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from the land.
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ocean activities? For a long time the ocean aread beyon
Who controls the o

the territorial limits of countries was governed by the concept 0
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Environmental Pollution-1

Pollution is an undesirable change in the physical ' : .
characteristics of air, water and soil that nfa;f haf%ﬁﬁ?j&éfi r?énlﬁfgml
create a potential health hazard of any living organism. Pollution ) thSr
direct or indirect change in any component of the biosphere that is harmrugi
to the living comiponents (S), and in particular undesirable for man, affecting
adv_emefy the industrial progress, cultural and natural assets or general
environment.
What are pollutants? Any substance which
a pollutant. A pollutant may thus include any chemical or geoc A e
sediment, grit etc.) Substance, biotic cnmngunent or its Efoﬁ?;rgﬁmi?;]
factor thEEU that is released intentiﬂnallv b'}f man into the environment in
such a concentration that may have adverse harmful or unpleasant effects.
A pollutant has also been defined as “any solid, liquid or gaseous substance
present in such concentration as may be or tend to be injurious to the
environment. Poliutants are the residues of things we make, use and throw
away. There are many sources of such pollutants. The lakes and rivers are
polluted by wastes from chemical and other factories, and the air by gases
of automobile exhausts; industries, thermal power plants etc.

Some experts and institutions have defined pollution as follows :

e According to Lord Carnait, "The presence of those elements and
energy which are produced by man intentionally or unintentionally
and which affects human health adversely, is termed as Pollution.”

e According to G.M. Dicksan, "Pollution includes a+II the voluntary
and involuntary activities of man and his pet animals and their
effects and results which reduce the capacity of a man to get prefect

sure and profit by his environment.
@ E::izrding te F(’:Eﬂtrﬂl Pollution Cnnt!'ul Boar:!, Envirnn_m?n:
Pollution means, “Any undesirable change in the physical, chemical 0
iolegical state of our environment which cause harmful effects to
ey 4 beings, animals, vegetables or other natural elements. This
:;sj.;n:;m tf:c?f éirect or Ii'idire.ct nature. Any kind of disequilibrium in
the solid, liquid or gaseous form of environment, is also termeld as

;;?";P"'_’”ﬁo"'ﬂ- \! |

Causes pollution is called

. N
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e The trust 'Massachusetts Institute of Technology’ which is

working for Environment, has described the Environment Pollution
as follows :

In every step of the production and consumption of things, waste
materials are produced. These waste materials are termed as

pollution when they adversely affect atmospheric or hydrospheric
environment.”

S0 in a way, it is obvious that the lack of beneficial elements and presence
of harmful elements in land, water and air is called pollution.

There has grown up a serious concern all over the world about the
rivers turning murky, fish rotting on sea shores, trees withering, cities choking
with foul air, toxic chemicals being cycled into food stuffs and disease
epidemics appearing so frequently. At UN conference on environment on
June 14, 1972 at Stockholm (Sweden), the late Prime Minister of the country,
Smt. Indira Gandhi had said "Modern man must re-establish an unbroken
link with nature and with life. He must again learn to invoke the energy for
growing things and to recognise, as did the ancients in India centuries ago,
that one can take from the earth and the atmosphere only so much as one
put back into them.”

The various principal pollutants which poliute our air, water, land are as
follows :

e Deposited matter—Soot, smoke, tar, dust, grit stc.

® Gases—Oxides of nitrogen (NO, NO,), Sulphur (SO,),

Carbonmonoxide, halogens, (chlorine, bromine, ioding),

Acids droplets—Suighuric acid, nitnc acd etc.

Aluorides.

Metals—Mercury, lead, iron, zing, nickel, tin, cadmium, chromium

etc.

e Agrochemicals—Eiocides (pesticides, herbicides, fungicides,
nematicides bactericides, weedicides etc.), and fertilisers.

e -Complex organic substances—Benzens, ether, acetic acid,

benzpyrenes etc.

Photochemical oxidants—Photochemical smog, ozone, peroxyacetyl

nitrate (PAN), peroxybenzoil nitrate (PB,N), nitrogen oxides,

aldehydes, ethylene etc.

Solid wastes.

Radioactive waste.

Noise. =
Kinds of Pollution. Various types of pollutions are classified in different

ways. On the basis of the type of environment being polluted, we may

ecognise air pollution, water pollution, land (soil) pollution, marine pollution

etc. On the basis of kind of pollutant involved, we may have sulphur dioxide

pollution, fluoride pollution, carbon monoxide poliution, smoke pollution,
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lead pollution, mercury pollution, solid waste pollution, radioactive pollution
noise pollution etc. Of the variety of pollutants, we recognise the following
two basic types of pollutants : nondegradable and biodegradabie.
Nondegradable pollutants are the materials and poisonous substances like
aluminium cans, mercuric salts, long-chain phenolics, DDT etc., that either
do not degrade or degrade only very slowly in nature. They are not cycled
in ecosystem naturally. They not only accumulate but are often biologically
magnified with their subsequent movement in food chains and
biogeochemical cycles. Biodegradable pollutants are the domestic wastes
that can be rapidly decomposed under natural conditions. They may create
problems when they accumulate.

Air Pollution
Air pollution is said to exist if the levels of harmful gases, solids, or
liguids present in the atmosphere are high enough to affect humans, other
organisms, buildings, monuments, etc.
In simpie words, air pollution means the presence of pollutants such as
dust, smoke, fog and foul smell which are unimportant and even hammful
for plants and other living being. Air poliution is of bwo types : First particulate
matter, solid and gaseous elements in the form of very tiny in the air. These
elements flow to far off regions by the pressure of wind. This problem
generally occurs in industrial areas. The tiny particles like smoke, dust, ash,
cotton, lead, nickel etc. pollute the air by mixing in it.

The second type of pollution is called chemical pollutants. In this the
carbonic as well as non-carbonic elements of various gases are mixed with
air- The main carbonic elements are monoxide, methane, benzene, ethylene
and main non-carbonic elements are—nitrogen, carbon and sulphur dioxide,
ammenia and chiorine, etc.

Causes of Air Pollution. The following are the causes of air pollution :
1. Urbanisation. Urbanisation has unveiled before us an alarming
situation. Expanding urbanisation has influenced the atmosphere in different
ways, such as growth of vehicle population, sanitation, multiplying
industrialization, power consumption etc. Urbanisation leads to development
of industrial centres without a corresponding development in civic amenities
and pollution control machmery. ,
The vehicular pollution accounts for nearly 70 per cent of the total air
pollution in India. According to the World Health Organisation, Delhi is one
among the top ten mest polluted cities in the world and almost all-major
Indian cities are above the prescribed standard limit of the SPM.
Urbanisation has spelt out greater comforts in luxurious living Wiﬂ't*
dramatic improvements inthe M used. men this FIEVE]ﬂ'th?Hc
1 technology accentuates e prablem of indoor air polution scientiic
- has indicated that aiF Within homes and other buildings y
evidence Nas B = . SRR in he largest an
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the most poliuted cities. Similarly, research indicates that women spend
nearly 90 per cent time indoors. Thus, for many people, risks to health may
be greater due to exposure to indoor air rather than air outdoors.

2. I_ndust:rli_ﬂrs:iltiun and Other Development Activities. The rapid
rate of fndustrlaimatmn has resulted in more and more air pollution. Various
industrial processes release almost all types of pollutants into the air. Some
industries like cement, iron and steel, fertilizer petrochemical, etc., are of
great concern because of the difficulty in controlling the emission of poliutants
from them. Acid rain has become a great threat to the environment. The
use of solvents is increasing with the growing use of paints, spray, polish,
etc. Due to presence of hydrocarbons in these materials, air pollution is
caused which is dangerous for heaith. Similarly, spray of pesticides in
agriculture is also responsible for air pollution even in rural areas.

India’s reliance on low-grade coal with high carbon content is the prime
cause for large-scale carbon emission. Carbon emission has been
exacerbated by the low enerqgy efficiency of coal-based plants. Chemical
industries including manufactures of cement, fertilisers, textiles, iron and
steel, non-metal products, paper, food production, printing and publishing,
and leather industry pesticides efc., release a host of harmiul gases and
compounds into the atmosphere.

3. Deforestation. The buming of fuel wood s one of the major sources
of air pollution in India. Intense use of fuel wood mainly for domestic chores
contributes to high level of air particulate matier and has causad the depletion
of forest resources. Besides, deforestation is aided by over increasing urban
infrastructural demand, such as metalled highway, better places of dwelling
etc. As a result, large-scale utilisation of forest resources caused serious
economical, environmental and sodal hazard. It is now a serious national
problem and has invited attention of national planners and environmental
advisers. The statistics of forest coverage in India give a ciear picture how
far India lags behind the minimum standard of forestation. The destruction
of forest resources, the percentage of harmful gases like sulphur dioxide
and monoxide and dioxides of carbon, etc., increase steadily resuiting in
acid rain, global warming and other such dreaded phenomena.

4. Vehicular Exhaust. The automobile is man’s greatest achievement
in minimizing distancés. The number of automobiles is increasing day by
day and has become a cause of air poliution and degradatia_:un of the
environment. The automobile, with its internal combustion engine, er_mts
poisonous gases that are harmful to human heaith and is the most serious

pollution of the technological age. Ak :
5. Poverty. Nearly more than two third of the total population in India
still live below the poverty line, striving hard to make boli'f ends n*'neai. Since
their number is considerably large, their contribution to air pollution cannot
be ignored. These people mostly use cowdung cakes : leaves, twigs and
wood as fuel which being solid fuels emits more smoke in companson o
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gaseous fuels. Improper disposal of garbage in the open causes decay ot
the organic wastes, liberation harmful gases like methane and carboy,
monoxide into the atmaosphere.

6. Mining System. In the mining process various kinds of chemical
methods are used for explosion. As a result smoke, dust particles and
chemical elements are spread in the surrounding area and thus pollute the
environment. Mining fields produce a great quantity of waste materia|
suspended particulate matter (SPM) polluting the air of that place.

/7. Use of Chemicals in Agriculture. To solve the food probler o
Increasing population various kind of chemicals have been used. Differery
kinds of manure and pesticides are used even at pre-cultivation level. They
are used frequently during the processes. Although they increase the
production, these chemicals also spread in the surrounding air. Being a part

of our food, they are harmful for our health and along with this, being
mixing in water or at the time of sprinkling, they come in contact with air
and thus pollute it.

8. Tobacco Smoke. In almost every country -of the world, tobacco is
used in different ways of smoking. Smoking in the form of Biri-Cigarette,
Cigar and Chilum releases smoke in air, continuously. This smoke is injurious
not only for one who inhales it but others also who are nearby. Besides by
mixing in air, it also affects in health of other people.

9. Production of Thermal Electricity. In modemn time electricity
has become very important for human beings. This electricity is produced
by using hydro/water power as well as thermal power. In India 29% of the
total consumption of coal is used in the production of electricity. In this
way, due to electricity, ash, black particles, smoke and other kind of toxic
gases are discharged into air and cause many problems.

It becomes clear from the above analysis that the problem of air pollution
is increasing with the growth and expansion of industries and automobiles.
It is high time ail of us know the harmful effects of air pollution and also
evolve technology to control it.

Effects of Air Pollution. Pollution and smog unveil before us a spectre
of dreaded diseases wrecking havoc on our health. Prolonged exposure to
taxic pollutants from various sources affects the normal functioning of life.
e level of nitrogen dioxide and other corrosive gases have caused
multiplication of the incidence induding allergic diseases like nausea, vomiting
mi 3 i 'ﬂfﬂ End E‘f& irritations. 'rhe Loxic E{ementg in the atn':tus.phErE
are responsible for asthma, bronchitis and related respiratory d|5nrdEl‘5r-l
Nea ﬂ!,_.ﬂ' mmt of cancer cases are attributed to environ mental pﬂllu;llﬂ
with toxic and hazardous chemicals. Organic lead emitted from automo Iliﬁr
' in brain, liver, kidney and blood, causing convulsions, muscu &7
n damage and even death. Radon gas introduced nto R
jum-containing soil can result in lung cancer d

More and more peaple are falling prey to digestive ailment

#
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are weakening of the body's immune SYS
pDIFultdnEL:rarE mastly infants and children,
- ects on Human Health, Ani
environmental poisons can immediately cause :::tl : .|?p::5 ::: ZE:H 3:: aThE
Other may be hafl'_ﬂful, but the disease may take years or even decades to
appear. Alr pollution mainly affects the respiratory system Branchitis
emphysema, asthma and lung cancer are some of the chronic diseases
caused due to exposure to poiluted air. Tt is feared that lung cancer is
caused mainly due to poliuted air because carcinogens are found in the
polluted air. Its mortality rate is higher in urban areas. Sulohur dioxide is
the most serious and widespread air pollutant. Its lower concentration s a
cause of spasms 'in the smooth muscle of bronchioles and its higher
concentration induces increased mucus production. Sulphur dioxide i also
considered to cause cough, shortness of breath, spasm of the larynx and
acute irritation to the membranes of the eyes, 50, also acts as an allergenic
agent. When it reacts with some compounds, sulphuric acid is formed which
may damage lungs.

Carbon monoxide often affects the oorygen carrying capacity of blood.
Nitric oxide is reported to be a pulmaonary irritant and its excess concentration
may cause pulmonary haemorrhage. Hydrogen sulphide is also toxic. Lead
emitted from automaobile exhausts is a cumulative poison and is dangerous
particularly to children and may cause brain damage.

Among the metallic contaminant arsenic, lead and molybdenum are
important. Fluoride is another pollutant which causes fluorosis among
animals. A number of livestock have been poisoned by fluondes and arsenic
in North America. Lesions in animals occur due to excessive fiourides.

Air pollution has caused widespread damage to trees, fruits, vegetables,
flowers and in general vegetation as a whole. Fluorides are responsible for
various types of injuries to plants. The leaves of apple, apricot, peach,
prune are more susceptible to air borne fluonides. Fluorides seem to interfere
with the photosynthesis and respiration of plants. Smog also causes injury
to plants. Similar impact of ozone can be seen in the lesions to plants.
Chlorine, ammaonia, hydrogen sulphide etc., are also harmful to vegetation.

2. Global Warming. The temperature at the surface of the earth is
maintained by the energy balance between the sun's rays that strike the
planet and the heat that is radiated back into space. Some of the heat EE
absorbed and retained by the earth or objects on the surface. Much of this
‘does not pass through the air envelope to outer space but it absorbed by
the carbon dioxide and water vapour in the atmosphere and adds to the
heat already present. Thus, carbon dioxide acts like the glass of a
greenhouse, and on a global scale, tends to warm the air in the low levels
of the atmosphere. This is called the greenhouse effect which is alsc

| i the earth's surface volcani
responsible for the increase in temperature over surl
eruptions are also responsible for the increase of carbon dioxide.
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stem. The victims of airborne
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The mean ﬂmmmemtwe of the earth has been rising at a mych
faster rate in the recent years. According to Inter-Governmental Panel on
Climate Change (IPCC), jointly established by the World Meteorological
Organisation (WMO) and the United Nations Environment Programme
(UNEP), the mean surface air temperature has increased by about 0.3-0.5
degre_e Celsius. The average rate of warming would probably be the highest
seen in the recent past. Between 1960 and 1980, the world has generated
more green house gases (GHGs) like carbon-dioxide, methane, nitrogen
drumde, chloro flurocarbons (CFCs) etc., than was done in its entire earlier
history. In the world scenario, India is placed sixth in production of carbon
dioxide. Sea level is also anticipated to increase by 15-95 centimeters by
beginning of 21% century, with disastrous consequences for islands like
Maldives and low level coastal areas like Bangladesh. Unprecedented
temperature rise in the last twenty years is only due to change in the
prevailing climate. The macabre truth is that anticipated global warming
could produce permanent climatic changes by during up monsoon rains
which would affect agriculture adversely. Hence all the forms of animal life
and vegetation will be affected.

3. Depleting Ozonosphere. Ozone is normally present in the
atmosphere at about 0.05 ppm at sea level. It is produced naturally in the
atmosphere by the action of electric discharges on oxygen. Until 1974,
atmosphere scientists were proceeding in their research on possible impacts

‘of nitrogen oxide jet engine exhausts on the ozone layer. But later it was
found that a new threat to the ozone layer has emerged from synthetic
chemicals called chlorofiluorocarbons. Recent scientific studies indicate that
if chlorofiuorocarbon production continues to grow at the present rate, the
compound will enter the stratosphere in quantities capable of seriously
depleting the ozone layer, normally termed as ‘holes’ in ozone layer.

The use of chloro-fluorocarbon is increasing because of the demand of
‘personal care products’ such as deodorants, hair sprays, shaving creams
and countless other consumer cosmetic products as well as in refrigeration.
The ozone layer serves as a shield protecting the troposphere and earth’s
surface from most of the ultra violet radiation found in the sun’s rays. If
these ultra violet rays reach the earth’s surface in full intensity, all exposed
bacteria would be destroyed; plants and animal tissues would be severely
damaged. In this protective role, the presence of the ozone layer is an
essential factor in man’s environment. :

4. Acid Rain. Pronounced as the most dreaded effect of air pollution,
acid rain, as the name suggests refers to the precipitation of carbonic,
sulphuric, sulphurous and nitric acids during rainfall. Acidic fumes of sulphur
dioxide and trioxide, carbon dioxide and nitrogen dioxide emitted from
industrial establishments combine with rain water and snow N 1;_:
atmosphere to form corresponding acids which come down as rain. 11

__—
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analysis of rain water in "
with pH value less than ?.I}ﬂllutﬂd i S -aﬂdm dhavacter
rakeicj‘.lfc;adgezuflmﬂ the drinking water SN 5:uc|_“: as wells, ponds and
ertile lands to grow barren since excessive acidity i deterren

lo plant growth, Acid rain is hi hly corrosive | giod s :
and burns, if it comes in cnnt?cts wftrr:uwe sl et

Do _ skin, The Taj Mahal at Agra was
prone to corrosion due to sulphuric acid rain,

2. Smog. 'Smog’ is the name given for ‘smoke fog’. The most irritating
and injurious components of smog are the products of reactions in the
atmosphere between axygen, ozone and emission pollutants. The mixture
of these products is called photo-chemical smog. These are reactions in
which oxygen, ozone, nitrogen and hydrocarbons produce those com pounds
which are toxic and irritating.

The constituents of smog are quite toxic and are responsible for
respiratory and cardiac difficulties Eye irritation is the most common symptom
of smeg injury. It is also injurious to animals and plans and one of the main
causes of environmental degradation.

6. Photochemical Smog. The classical example of secondary pollutant,
photochemical smog is formed in traffic—congested metropolitan cities where
warm conditions and intense solar radiations are present. Photochemical
smog Is composed mainly of ozone (03), peroxyacetyl nitrate (PAN) and
Mo . It is often called brown air where solar radiation, smog formation is
incomplete and the air is referred to as grey air. Automobile exhaust contains
HC and NO and these play an important role in {(03) and PAN formation in
urban environment.

Smog ozone may damage plant as well as animal life. In plants, the
main damage occurs in leaf. Ozone aggravates lung diseases in humans.
Qzone, an effective oxidant, corrodes the heritage building surfaces and
damages marble statues and other cultural assets. Several plant species
are also very susceptible to PAN in smog. PAN damages chloroplasts and,
thus, the photosynthetic efficiency and growth of plants are reduced. It
also inhibits electron transport system and interferes with enzyme systems
that play important role in cellular metabolism. In humans, PAN causes
acute irritation of eyes.

Classification of Air Pollutants. Air pollutants may occur in gaseous
or particulate form and may be organic or inorganic in nature. On the basis
of origin of pollutants they can be classified as primary or secondary
pollutants,

(a) Primary Pollutants, These are emitted directly from the point
source (identifiable source) e.g., carbon monoxide (CO), oxides of nitrogen

(NO_ ), oxides of sulphur (SO,_), hydrocarbons, radhal:':tive mhﬁtamg etc.
(b) Secondary Pollutants. These are formed by interaction of primary
pollutant(s) with other primary pollutant(s) or with some natural
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of atmasphere, e.g., ozone (0,), peroxyacetyl nitrate (PAN),

containing radium. Radon smmmwmmmml gas
and is emitted indoors while using them.

Many houses in the under developed and developing countries including
India use fuels like coal, dung-cakes, wood and kerosene in their kitchens.
mm&mmmmmmmthe
teac. mwmmmmmsm@n
monaxide. Coal contains varying amounts of sulphur which on burning
mmmmmmmﬂmmmmmﬁe
poliutants i.e, CO, SO,, soot and many others like formaldehyde, benzo—
{a}m[ﬂﬂ]mtﬂaﬂh&nﬂhh&aﬁh.&@ﬁalmiwnﬂ in
cigarette smoke and i considered to cause cancer. A housewife using wood

day.

Outdoor Air Pollution. The sources of outdoor air pollution are :

@ Burning of fossi fuels :

{i) in automobies, domestic cooking, and heating.

{§) #n power stations and industries (primarily the chemical, metal,
and paper mdusines).

e Mning activities leading to dust as well as fires.

e Buming nudlear fuels, biofuels, tropical rainforests, wastes of all
kinds.

o Natural emissions from animals and decaying organic matter.

Effects of Outdoor Air Pollution. AL low levels air pollutants irritate
the eyes and cause inflammation of the respiratory tract. If the person
already suffers from a respiratory iliness, air pollution may lead to the
condition becoming chronic at a later stage. It can also accentuate skin
allergies. :

Many pollutants also depress the immune system, making the body
more prove the infections. Carbon monoxide from automobile emissions
can cause headaches at lower levels and mental impairment and ever
death at higher levels.

Particular matter can reduce visibility, soil clothes, corrode metals, and
erode buildings. On 2 larger scale, air pollution leads to acid rain, 0Z0N€

‘Means to Control Outdoor Air

Pollution. Outdoor air pollution can
es, reducing pollution at source,

;mmmmwmmnm_,ﬂ._m
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implementing laws and regulations to make people pollute less, introducing
appropriate transportation policies, etc.

Automabiles emissions can be reducad through various measures :

e Making cleaner and fuel-efficient cars.

e Using lead-free petrol in existing cars.

e Introducing policies that encourage the building and use of mass
transit systems and discourage the use of personal transport. For
example, efficient and low-cost public transport, congestion charges
in city centres, separate lanes for car pools, heavy tax on personal
cars, tax incentives on electric cars, etc.

e Shifting from diesel to natural gas (CNG) as a fuel for trucks and
buses.

Levels of Air Pollution in India

The air is severely poliutad in many Indian cities, with excessive
concentrations of suspended particulate matter (SPM), nitrogen oxide, and
sulphur dioxide. The Worild Health Organization (WHO) had consistently
ranked Dethi as the fourth most-poliuted city in the world. The main cause
for this was vehicular emissions followed dosely by industrial pollution.

The number of motor vehicles in India mcreased from 300,000 n 1951
to 37.2 million in 1997. Of these, over 30 per cent are in the 23 metropolitan
cities. Delhi alone accounts for B per cent of the total. |

The exponential growth of vehicles, outdatec vemicle technology, bad
fuel quality, poor maintenance of vehicles, poor raffic management and
planning, etc., all contribute to vehicular pollution. The problem is
compounded by the unwillingness on the part of vehicle owners and the
auto industry to accept emissions norms, and the ack of afficent public
transport.

The older vehicies still use keaded petrol aithough unieaded petrol is
now increasingly available. Trucks and buses run on diesel, which has a

- sulphur content. The oid engines emit vast quantities of SPM, leading

to air pollution over many cities.

Polluted air is affecting the peoples’ health, particularty that of children.
Between 1991 and 1995, the annual number of premature deaths that can
be traced to air pollution, increased from 40,000 to 52,000. In Delhi, one
out of every 10 school children suffers from asthma.

_In rural areas, indoor poliution is taking a toll on the heaith of women.
) stoves that use wood or coal spew out poisons that women

f This is equivalent to smoking 100 cigarettes a day! Many
deaths take place in North India during the winters when doors and windows -
are closed and poisonous smoke from the stove collects indoors. There
been campaigns to substitute these nefficient and polluting stoves
| chulhas. The effort has, however, failed to make an adequate

in this huge problem.
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Regulations on Automobile Emissions in India. The Indian
government began regulating automobile emissions in 1991. In the year
2000, the government introduced the Bharat Emission Norms modelled on
the basic Euro Norms of the European Union. Since then it has been aradually
making these limits more stringent.

Bharat-111 norms for passenger cars will come into effect from April
2005 in 11 metros—Bangalore, Delhi, Mumbai, Kolkata, Chennai, Hyderabad,
Ahmedabad, Pune, Surat, Kanpur and Agra. This will account for 40 per
cent of the total cars sold in India. The rest of the country will shift to
Bharat-1l norms.

In the 11 designated cities the new Bharat-111 petrol cars would have
28 per cent lower emissions than current Bharat-11 cars and 89 per cent
lower emissions than cars manufactured in 1991. Similarly, there would be
an almost 20 per cent reduction in emissions among Bharat-111 diesel cars
as compared with the Bharat-1l cars. Compared to 1592 diesel cars the
regduction in emissions would be 72 per cent.

Lead has been phased out of automobile fuel with effect from February
2000. New stringent norms for petrol and diesal will come into effect from
2005.

The Supreme Court of India has taken a special interest in keeping the
air clean, particularly in Delhi. Thanks to the orders of the court, implemented
by the Delhi government, the air quality in Delhi has improved.

Controlling Air Pollution. The following steps should be taken to
control air poliution :

e The forest cover should be protected by restricting deforestation
and through adoption of afforestation programmes. Trees are the
best controllers of air pollution. It must be ensured that 33 per
cent of the land area remain under forest cover. It will help in
controlling air poliution and also help in maintaining the ecological
balance.

e There must be a 'green belt” around every township and village.
Similarly, industrial areas should be surrounded by green beits.

& The main source of air poliution is the automabiles, therefore, their
engines should be redesigned in such a way that their emissions
cause minimum pollution. Several steps has been taken and some

technology has also been developed, but still it is in a preliminary

stage.
e In developing countries traditional use of fuelwood should be

controlied.

e In industries arrangements for pollution control should be i.:ic:ne.
Only after full arrangement of effluent treatment is done, permission
for production should be given. |

e Minimize activities which cause pollution like transportation and
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e Modification of process and/or equipments.

Use of appropriate material.

Using low sulphur coal in industries.

Removing sulphur from coal (by washing or with the help of
bacteria).

Removing NO_ during the combustion process and controlling the
flow of air and fuel in industrial boilers.

® Vehicular pollution can be checked by regular tune-up of engines;
replacement of more polluting old vehicles: installing catalytic
converters; by engine modification to have fuel efficient (lean)
mixtures to reduce CO and hydrocarbon emissions: and slow and
cooler burning of fuels to reduce NO_emission (Honda Technology).
Using mass transport system, bicycles etc.

Shifting to less polluting (clean) fuels (hydrogen gas).

Using non-conventional sources of energy

Using biological filters and bio-scrubbers.

Planting more trees.

® Reduction of pollution at source.

Reduction of Air Pollution at Source. Air poilution can be reduced
at the source place in the following way :

(i) Gaseous Pollutants. Gaseous poliutants can be reduced by physical
adsorption on porous solid materials like actvated charcoal, silica gel, Fuller's
earth, etc. Effluent gases can be absorbed in hquid absorbent, e.g., SO,
absorbed in ammonia solution. They can be removed by condensation which
is carried out by cooling medium in tubes where the gases in contact
gcondense and can be collected thereafter. Combustion can be used o reduce
poliution by burning the pollutants in combustion equipment at optimal
conditions of oxygen and temperature.

‘(it) Particulate Matter. Many devices are available now-a-days, choice
of which 'depends on characteristics of particulate, flow rate, coliection
efficiency, costs, etc.

(iii) Setting Chambers. These are nothing more than large places in
the flues, similar to settling tanks in water treatment. These chambers
remove only the large particulates.

~ (iv) Cyclones. These are widely used for removing large particulates.

The dirty air is blasted into a conical cylinder, but off the centrefine. This
creates a violent swirl within the cone, and the heavy solids migrate to the
wall of the cylinder where they slow down due to friction and exit at the
bottom of the cone. The clean air is in the middie of the cylinder and exists
out the top. Cyclones are widely used as pre-cleaners, to remove the heavy
material before further treatment.
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(v} Bag Filters. They operate like the common vacuum cleaner, Fabric
bags are used to collect the dust which must be periodically shaken out of
the bags. The fabric removes nearly all particulates. Bag filters are widely
used in many industries, but are sensitive to high temperature and
humidity.

(vi) Wet Collectors. They come in many shapes and styles. The simple
spray towe is an effective method for removing large particulates. More
efficient scrubbers promote the contact between air and water by violent
action in a narrow throat section into which the water is introduced. Generally,
the more violent the ‘encounter, and hence the smaller the gas bubbles or
water droplets, the more effective the scrubbing.

(vii) Electrostatic Precipitators. These are widely used in power
plants, The particulate matter is removed by first being cha rged by electrons
jumping from one high voltage electrode to the other, and then migrating
to the positively charged electrode. One type consists of a pipe with a wire
hanging down the middle. The particulates will collect on the pipe and
must be removed by banging the pipes with hammers, Electrostatic
precipitators have no moving parts, require electricity, and are extremely

effective in remaving submicron particulates. They are expensive.

(viii) Gas Scrubbers. These are simply wet collectors as described
above but are used for dissolving the gases.

(ix) Adsorption. It is the use of a material such as activated carbon to
capture pollutants. Such adsorbers may be expensive to regenerate. Most
of these work well for organics and have limited use for inorganic pollutants.

(x) Incineration. It is a method for removing gaseous pollutant by
burning them to CO,, H,O and inerts. This works only for combustible
vapours.

(xi) Catalytic Combustion. It involves the use of a catalyst to adsorb
or chemically change the pollutants. It is again important to emphasize the
dependence of effectiveness of a treatment device on particle size.

Noise Pollution

Noise is defined as unwanted sound and it is an irritant and a source of
stress. Most of the noise one hears originates from human activities. Noise
has become a permanent part of our lives these days because of the
development of machinery, industry and technology. Noise harms the body

~ and mind. Noise not only causes irritation or annoyance but it constricts

your arteries, increases the flow of adrenaline and forces your heart tO
work faster.

The word noise (Latin nausea) is usually defined as unwanted or
unpleasant sound that causes discomfort. Noise is also defined as "wrong
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sound, in the wrong place at the wrong time.” Noise pollution means “the
unwanted sound dumped into the atmosphere leading to health hazards.”

Formerly noise was limited only to the industry. This too was not much
as there were only few industries. These days there has been rapid industrial
growth. Moreover, there has been population explosion, due to which there
is heavy traffic, urban crowd and electric equipment (luxury items and end
entertainment). All these have added to the noise nuisance in environment.

In our country, besides these the two other factors are the religious and
social functions which increase the gravity of situation.

causes of Noise Pollution. Sources of noise pollution can be divided
in the following three parts :

(1) Natural Sources. Nature plays a vital role in noise pollution. The
main thing about this poliution is that it is not permanent and bitter and
harsh. In the temporary noise poliutants, we include thunder cap, storm
and windfall, heavy rain drops, hailstorm, volcanic eruptions and earthquakes
etc. In permanent noise pollutants, we include the sound of waterfall, sea
waves, ebb and flow of rivers and blowing of winds in some regions etc.
Both these pollutions are related to a limited area or short termed. Secondly
nature itself can control such kind of pollution.

(2) Biotic Sources. All these creatures produce some kind of sound or
sound is produced due to their various activities. Roaring of lions, trumpeting
of elephants, braying of ass, lowing of cows, barking of dogs and chirping
of birds are natural sounds. Moreover, sound is produced dunng animals
fighting and running etc. The humans laughter, speaking, crying, fighting
or singing without any instrument also fall in this category. This poliution is
also not very dangerous and it is also short term and limited.

(3) Man-Made Sources. This pollution is the most dangerous type of
noise pollution. The main reason of this pollution are the things of comfort
‘and employment made by human beings. This poliution is continuous,
unlimited and harsh. Man is responsible for this, it is also called artificial
source. The description of these sources are as follows :

(i) Industrialization. In medieval era man’s comforts and requirements
were limited. In the modem time, man stepped into the direction of
industrialization, First of all small machines and tools were made, afterwards
heavy machines and factories took their place. These factories go on working
round the clack. They produce much noise. In these factories every kind of
mechanical and production works keep on going. This noise not only affects
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motorcar, truck, train and aircraft etc. as the main means of transportation
These means have developed rapidly due to urbanisation. All these means
produce higher and greater amount of noise. The people dwelling near hus
stand or railway station are very much aware of this noise. One matarcar or
truck produces more than 100 DB sound while a train produces more than
140 DB sound. Aeroplanes and Jet planes sometime produce mare than
180 DB to 200 DB sound. These means of transport not only produce suund
while transporting but also use homns. This sound is more bitter and hars,
than normal sound.

(iif) Social and Religious Activities. Man is a social animal. Social
gatherings, public functions etc. are common because they provide a new
charm and energy to the monotonous life of the people. They are social
and religious customs. They also provide some kind of peace. But the other
aspect of these activities is that loud speakers are used for prayers, hymns,
religious ceremonies etc. Their sound is very loud and it covers and affects
2 large area.

(iv) Means of Recreation. Man from the very beginning entertaining
himself in one way or the other. But in modemn times due to electronic
devices there are changes in musical instruments and their sound. New
music system is much higher in volume than the earlier ones. Ni
generations like western music. Likewise the radio and TV volume Is also
set high in many of the families. People only care for their comfort and
catisfaction without thinking about others. So, means of recreation also
produce noise poliution.

(v) Other Causes. Besides these, some other factors also causes noise

pollution. Such as :

e \Various fiestivals, specially Diwali are responsible for noise pollution
as well as these spread some harmful chemicals in the atmosphere

also.
e In mining area, the workers and a great number of chemical

explosions produce noise pollution.
e Agricultural equipments and machines also create noise pollution.
e Crowded area like market is also responsible for noise pollution. _
e Tocelebrate regional, state level or national festivals, noise pollutants
are used.
e Loudspeakers are used in various rallies, processions, canvassing
etc. :
. mwmmmwmﬁuﬁwmlﬁams.mmis
produced.
e For the advertisement of any produce in the market, sound
instruments are used on large scale.
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We come to the conclusion after considering all these factors that man
is the most responsible factor for noise pollution, Maoreover, it is the maost
dangerous also. Unfortunately, inspite of the controlling of noise pollution,
it 15 Increasing day by day.

Effects of Noise Pollution, The different effects are categorised as
(a) auditory effects (affecting hearing faculty); and (b) non-auditory effects
(other than auditory ones).

{a) Auditory Effects. These include auditory fatigue, and deafness.
Auditory fatigue appears in the 90 dB and may be associated with side
effects as whisling and buzzing in ears. Deafness can be caused due to
continuous noise exposure. Temporary deafness occurs at 4000-6000 hz.
Permanent loss of hearing occurs at 100 dB. Mumbai and Kolkata are the
noisest cities in the world. Many persons have risk of deafness.

(b) Non-Auditory Effects. These are—(i) interference with speech
communication, (ii) annoyance, (iii) loss of working efficiency and (iv)
physiological disorders.

(i) Interference with Speech Communication. A noise of 50-60
dB commonly interferes with speech; sound of warming (signal) may be
misunderstood.

(il) Annoyance. Balanced persons express great annoyance at even
low level of noise as crowd, highway, radio etc. The effects zre ill temper,
brickering etc.

(iii) Loss in Working Efficiency. There develop tiredness and those
doing mental work may put to deterioration in their efficdency or even
complete loss of ability to work.

(iv) Physiological Disorders. There develop a number of physiological
disorders due to imbalance in functioning of the body. These are neurasis,

amxiety, insomnia, hypertension, hepatic diseases, behavioural and emctional
stress, increase is sweating, giddiness, nausea, fatigue etc. Noise also causes
visual disturbance, and reduces depth and quality of sleep thus affecting
overall mental and physical health. Other effects are undesirable changes
in respiration, circulation of blood in skin and gastointestinal actvity. Noise
pollution also causes incidence of peptic ulcers.

Continuous noise causes an increase in cholesterol level resulting in
the constriction of blood vessels making you prone to heart attack and
‘Strokes. These may be still births and usually low weight children born to
mothers living near airports.

Supersonic air planes create a shock wave called scnic boon, which
produces a startle effect that can be more harmful than a continuous noise,

mmmmaminanamaﬂmmmmmamm it hits the
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ound it damages windows pans and building structures. This may also
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fasten the human fetus heart beat rate. Some of the important health
hazards of noise are as follows :

Table 10.2
Noise Intensity (dB) Health Hazards
80 Annoyance
90 Hearing damage
95 Very annoying
110 Stimulation of reception in skin
120 Pain threshold
130-135 Nausea, vomiting, dizziness
140 Pain in ear
150 Burning in skin
160 Rupture of tymphanic membrane
180 Major permanent damage in short time

What is the state of noise pollution in India? In urban as well as rural
areas, noise pollution is on the rise. Public meetings, festivals, marriage
receptions, the sound of televisions, etc., have all become louder.

A study conducted in 2003 by the National Physical Laboratory, New Delhi,
showed that the noise generated by crackers sold in the market was much
higher than the prescribed levels. This was the case with almost all the brands.
The noise was more than the sound of aircraft and deleterious to heaith.

Another study made in 2002 showed that noise levels at three busy
traffic junctions in Chennai were above the permissible limits prescribed by
the Central Pollution Control Board and the Bureau of Indian Standards.
Automobile horns were found to be a major source of noise.

In the 1980s and 1990s there were several court judgements in India
restricting the generation of noise by industries, fire crackers, electric horns,
etc. Finally, in 2000, the Indian government notified the Noise Regulations
Rules under the Environment (Protection) Act of 1986.

The rules regulate noise levels in industrial (75 db), commercial (65
db), and residential zones (55 db). They also establish zones of silence
within a radius of 100 m of schools, courts, hospitals, €tc. _

The rules specify that no permission could be granted by any authority
for use of a public address system in the open after 10.00 p.m. and before
£.00 a.m. Permission may be given for the use of loudspeakers during day
time, but the sound levels must be within the limits prﬂ:nhgd Int!_m
rules, The rules also fix different noise levels for firecrackers and industrial

activities.

Environmental Pollution-1 199

Control. Following are the ways to control and reduce the noice
menace.

At Source Control. This can be done by (i) designing and fabricating
silencing devices in air-craft engines, automobiles industrial machines and
home appliances and (ii) by segregating the noisy machines.

There could be developed gadgets to control noise at source,

Transmission Control. This can be achieved by covering the room
walls with sound absarbers as acoustic tiles and construction of enclosures
around industrial machinery.

To Protect Exposed Person. The workers exposed to noise can be
provided with wearing devices as ear plugs and ear muffs.

To Create Vegetation Cover. Plants absorb and dissipate sound
energy and thus act as buffer zone. Trees should be planted along high
ways, streets and other places. Ashok, Neem, Tamarind etc., are goad for
this purpose.

Noise Pollution Through Law. Silence zones must be created near
schools, hospitals and indiscriminate use of loudspeakers at public places
may be done by laws. Adequate restrictions must be put on unnecessary
use of horns and vehicles plying without silencers. There are already laws
in some countries as U.K, and U.S.A. In India, we have Motor Vehicles Act
which provides restriction on trucks using double sirens while passing through
some localities. But this is not enough. In Delhi passing through some
localities. But this is not enough. In Delhi and Mumbai, there are flights
round-the-clock at airport. Delhi is closely following Mumbai in noise pollution
and if adequate steps are not taken to reduce sound level, more than 50%
of Delhi will be affected by 2000. Restriction may be put on air craft flight at
mid-night. In Delhi, areas affected mast by vehicular noise poliution are,
Daqr_a_vganj. Chandni Chowk, Karol Bagh, Subzi Mandi, Connaught Place and
Shahdara where noise levels are 90 dB.

There is Indian Penal Code that has some provisions to which resort
can be made on the ground of nuisance. These are Sections 268 and 290
Fortunately, noise has now been included under Air Pollution in the A
Pallution Control Act,

Education. Public must be made aware and educated about noise
nuisance through adequate news media, lectures and other programmes.

The mvanmtr against noise pollution is very weak in India. The mai

part of routine life.
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Water Pollution |
Pollution of water bodies has adversely affected the growth of aquatic

fauna and flora. Water is polluted by four kinds of substances : traditional
organic waste, waste generated from industrial process, _-:hermcal agets_ of
fertilizers and pesticides used for crop protection and siit from degraded

catchments. o
What is Water Pollution? Water pollution simply means contamination

of water due to any external material, or in other wnfda introduction of
something to natural water which makes It unsuitable for human

consumption.
e According to WHO, “Water pollution means, due to natural or

any other sources, the entrance of those elements in water which
pollute it, make it harmful for life, make it more salty, decrease the
quantity of O,, destroy its taste and spread communicable diseases.”
In the words of P. Viver, “Pollution is that state in which natural
or man-made factors change the quality of water in a way that it
becomes unfit and dangerous for food, health of human beings
and other living beings, fishing or recreation.”

" e According to National Pollution Control Board (NPCB),
“Water pollution means the changes in the physical, chemical or
biological virtue of water which occur due to the mingling of shit or
other industrial waste material or any other element. Such water is
harmful for human health and it cannot be used for domestic,
professional, industrial or agricultural purpose.”

To put simply, water pollution is a state in which water becomes
impure, unfit for drinking and harmful for health.

Causes of Water Pollution. Water pollution is caused by several
sources, which are not independent in nature but interact with one another.
Generally one or two factors become prominent and may be considered the
primary source of water pollution. The various causes of water pollution

are :
(a) Natural Sources. There are certain natural elements which cause

water pollution. These are gases, soil, mineral, humus material, waste
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created by animals and other living organisms present in the water, During
rains, one can observe the open [mprinl: of soil on the water of ﬂ"'..lfi,?,'rsr tankg
and other water bodies. The brown and dirty water is the result of mud
mixed in the water, which becomes clear after some time.

In the same way, different types of natural, suspended and coligiga
impurities are also there in the water. These elements may be organic or
inorganic and may even be harmful. The minerals like sodium, potassium,
magnesium, iron, etc., are also present in the water, and if their quantity is
mare than the permissible limit, these are harmful. Some poisonous minerals
such as nickel, beryllium, cobalt, lead, mercury cadmium, etc,, are very
harmful and are responsible for pollution. '

Table 11.1 : Fish Kill Incidences in Indian Waters due to
Water Quality Deterioration

Place Year Pollutant

Kankaria lake, Ahmedabad | 1982 Domestic waste

Nani Lake Nainital 1980-81 Domestic waste

R. Gomati, Lucknow 1983-84, 86 | Distillery waste

R. Chaliyar, Alwye 1974 Pesticide

R. Tungabhadra, Harihar 1984 Rayon Polyfibre

R. Ganga, Allahabad 1981 Fertilizer effluent

R. Ganga Monghyr 1968 Oil refinery

R. Adyar 1981-82 Tannery

Rihand reservoir 1970, 78, 80 | Chemical & Thermal Effluent,

Colloidal impurities are also there in the water. These elements may be
organic or inorganic and may even be harmful. The minerals like sodium,
potassium, magnesium, iron, etc., are also present in the water, and if their
quantity is more than the permissible limit, these are harmful. Some
poisanous minerals such as nickel, beryllium, cobalt, lead, mercury cadmium,
etc., are very harmful and are responsible for pollution.

(b) Humans Sources. The rapid growth of population, urbanization,
industrialization and increasing use of chemicals have resulted in water
pollution and this problem is increasing day by day inspite of several measures

taken. Major human sources of water pollution are : _
1. Domestic Effluents and Sewage. Men, for their differert domestic

intent such as drinking, preparation of food, bathing, cooling etc., use large
amount of water. About 70 to 80 per cent of the water used by the men for
their daily purposes are discharged and drained out, which through municipal
drains pours into a many cases, a river, tank or lake. This water is known as
domestic waste water in which when other waste material such as paper,
plastic, detergents, clothes and other waste materials are mixed, is known
as municipal waste or sewage. The domestic waste water and sewage are
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the main sources of the water pollyti . This i inevi
fallout of urbanization, As it ﬁemimn?g:n?v:aﬁtﬂ;:gﬁmm
fmmeaI:er and upsets the natural balance of the aquatic Emmt.e: o
- Df;. ;I‘ the SEwage receives no treatment before discharge. In belhu
» 120 crore III;'EE of water is consumed per day out of which 96 crore
litres waste water is drained into the Yamuna river through 17 big drains
.l':'l.ll I:he 47 towns located on the bank of river Ganga drain their smag:e
!ntu it. lwnh the growth of population the Quantity of waste water is also
increasing in addition to the production of large quantities of sewage
2. Industrial Effluents, Industrial activities generate a wide ua:riet'.r

categorized as heavy metals or synthetic organic compou nds, reach bodies
of water ejther through direct discharge or by leaching from waste dumps.

) 3. Agricultural Effluents. The use of various types of pesticides and
Insecticides in agriculture is also one of the causes of water pollution. Their
presence in water is highly toxic to man and animals, because all these
have a high persistence capacity, i.e., their residues remain for long periods.
The farm animal wastes often pose serious problems of odour and water
pollution. These wastes also contain pathogenic organism which get
transmitted to humans,

Ground Water Pollution. Ground water forms about 6.2% of the
total water available on planet earth and is about 30 times more than
surface water (streams, lakes an estuaries). Ground water seems to be less
prone to pollution as the soil mantle through which water passes helps to
retain various contaminants due to its cation exchange capacity. However,
there are a number of patential sources of ground water pollution. Septic
tanks, industry (textile, chemical, tanneries), deep well injection, mining
etc,, are mainly respansible for ground water pollution, which is irreversible.
Ground water pollution with arsenic, fluoride and nitrate are posing serious
health hazards.

Eutrophication of Lakes. A lake or a pond that has clear water
contains minimal levels of nutrients and supports small populations of aquatic
organisms, Eutrophication is the enrichment of such a standing water body
Dy nutrients such as phosphorus and nitrogen. It occurs when sewage and
fertilizer run-off bring large amounts of nutrients into the water body.

In eutrophic lakes, there is increased photosynthetic activity. This results
in cloudy water covered with a slimy, and smelly, mat of algae and
cyanobacteria. When the excessive numbers of algae die, they are deposited
on the bottom of the late and are decomposed. Since this process uses up
a lot of the dissolved oxygen, some fish species die. They are replaced by
other species that can tolerate lesser amounts of oxygen.
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Eutrophication is undesirable, since it changes the species mix in the
water body. Reducing phosphorus and nitrogen inputs is the best way of
controlling eutrophication.

Arsenic Pollution. According to P.K. Sikdar and 5. Banerjee, "the
excessive use of pesticides, rodenticides and fertilizers is chiefly responsible
for the arsenic crisis in West Bengal and Bangladesh. Here the ground
water sources got contaminated when wells were dug indiscriminately during
1970s, leading to the teaching out of arsenic from rocks.”

The researchers visualised that arsenic has come from the extensive of
lead arsenate and copper arsenite based rhodenticides and pesticides for
jute cultivation. According to them the arsenic compounds got dissolved in
rainwater and then percolated into the aquifers. After reacting with iron
and magnese compounds in presence of organic material, they contaminated
the groundwater. In fact for the toxic chemical to leach out, the water
should be acidic in nature,

Phytofiltration is the Solution to Arsenic Pollution. Recent
research reveals that 'Pteris vittata’, a fern plant, can easily purify water
poisoned with arsenic. This particular fern species reduced the concentration
to below the safety limit. The procedure, called 'phytofiltration’, could provide
a cheap way to remove arsenic from water supplies. The ferns would be
grown directly in the water, similar to the reed-bed systems currently used
to remove organic waste.

Arsenic pollution of drinking and irrigation water has emerged as a
massive health threat in India and Bangladesh. Where wells drilled into
aquifers have turned out to be tapping poisoned water, when the water is
used to irrigate rice paddies, arsenic also accumulates in the crops. According
to one estimate, 3000 people may be dying in Bangladesh each year because
of arsenic contamination.

Unlike most other arsenic-removal strategies, phytofiltration does not
produce any arsenic-rich chemical sludge, which is hard to dispose. Instead,
squeezing the sap from the plants in presses removes about three-quarters

. of the arsenic, which can then be extracted for industrial uses,

Effects of Water Pollution. Following are some important effects of
various of water pollutants ;

(1) gfi"i"ts on Human Beings. Water is the basis of human life and
of life in general. Life cannot be even imagined without it. We have no
substitute of it. Every day an individual uses 135 litre water on the average.
Polluted water causes in many diseases to human beings. The 1987 World
Health Organisation (WHO) presented a report on the effects of polluted
water with some of the following points :

(1) Polluted water causes death of at least 25,000 persons every year

] waorld.
g uﬁ] 30% of the total population of the world or almost 20 millions of the

neople are unable to get pure water.
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(3) In developing countries, the 80% of child death is due to the diseases
caused by polluted water,

(4) Almost 10 million people of the world are suffering from diseases
like cholera, dysentery and other harmful diseases caused by poliuted water

(5) The harmful effects of polluted water are increasing by 10%
(average) every 5 years,

This report truly highlights the dangerous effects of water pollution.
The main diseases caused by polluted water are as follows

(a) Cholera and typhoid are water-borne diseases.

(b) Skin and eye diseases also occur due to the contact with polluted
waler.

(c) Hepatitis, jaundice, polio, diarrhoea, hernia etc. are due to polluted
water containing types of virus and microorganisms.,

(d) Water accumulated in a place becomes dirty and it produces
mosquitoes, flies, worms etc. which are a cause of diseases like malaria,
dengue, yellow-fever and fileria etc.

(e) Chemical contaminated water dissolves lead, fluorides and mercury.
By drinking this water the haemogiobin level falls in the body and body
cannot get sufficient oxygen. It produces diseases related to digestive
system, excretive system, lungs and kidney diseases. Likewise it weakens
the bones and teeth and results in various diseases.

() Polluted water causes many blood diseases.

So it is quite clear that polluted water and human health cannot go
together. Therefore, it is our responsibility to control this situation; otherwise,
our own existence threatened.

(2) Effects on Other Animals, As the polluted water is dangerous for
human beings, so is it for other creatures, It is more dangerous for other
creatures because they are not conscious beings. Many experiments are
done. Sometimes, we do not understand and know the reason of sickness.
As result some living beings and species of creatures starts disappearing.
For instance, from the regions of Haryana, kites and vultures have become
extinct while there is a decrease in the population of sparrows and crows.
Same is the case of wild animals.

(3) Effects on Plants and Agriculture. Eesides human beings and
other animals water pollution affects adversely plants and agriculture also.
Polluted water hinders the food process in the roots of plants, hot water
spoils the roots. Likewise dirty water produces many plant diseases. If the
food process in plants is not proper then the photosynthesis process also
suffers. In the lack of proper food, leaves get dry, withered and their branches
become weak. Sometimes due to excess of water in the roots of plants,
moss gathers there and it hinders the growth of plants. The poliuted water
by assimilating in the soil, weakens its fertility power. As a result instead of
the progress in the agriculture, it is degrading day by day. Moreover, the
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grain, fruits and vegetables produces in such environment are also narmfl
for human health.

(4) Ecological Imbalance/Crisis. Polluted water creates every kind
of hazards to ecological system, By drinking poliuted water, many animais
die as a result their food chain suffers. So biodiversity also falls in danger,
Palluted water also creates problems for the inter-dependence of animals,
plants and human beings. The water pollution on the earth is not a danger
for a particular field or area but causes universal problems.

Measuring Water Quality. Here are three ways in which water quality
can be measured :

® Biological Oxygen Demand (BOD). This parameter measures

the degree of water pollution from oxygen-demanding wastes and
plant nutrients. BOD is the amount of dissolved oxygen needed by
the decomposers to break down the organic material present in a
certain volume of water, when it is kept in darkness over a five-day
incubation period at 20°C,
BOD is measured in parts per million (ppm). A BOD level of 1-2
PPm is considered very good. It indicates that there is not much
organic waste present in the water supply. A water supply with a
BOD level of 3-5 ppm is considered moderately clean. Any water
with a BOD level of 6-9 ppm is considered somewhat polluted, with
the presence of organic waste and the bacteria that decompose
this waste. At BOD levels of 10 ppm or more, the water supply is
considered very polluted, containing large quantities of organic
waste.

e Presence of Disease-Causing Organisms. The number of
colonies of coliform bacteria present in a 100 ml sample of water is
another measure of water quality. There should be no caliform
colonies in drinking water, while water in a swimming pool could
have up to 200 colonies per 100 ml.

® Chemical Analysis. The presence of chemicals like pesticides can
be measured by analysis. This constitutes another measure of water

uality.

Cunilz:lmllgf Water Pollution. Biodegradable pollutants alone are not
responsible for water pollution, though these indicate level of pollution
(through BOD values). Besides these, a substantial pollution load is
contributed by nondegradable or slow degrading pollutants, such as heavy
metals, mineral oils, biocides, plastic materials etc,, that are dumped into
water. For biodegradable pollutants, pollution may be controlled at source
by their treatment for reuse and recycling. The nondegradable toxic
<ubstances can be removed from water by suitable methods. In addiﬁm;

these methods, some standards, conditions and requirements are to

legally enforced by the government through Acts.

L EE——
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The various ways/techniques suggested for control of water pollistion
are as follows :

(2) Stabilisation of the Ecosystem. This is the most scientific way
to control water pollution. The basic principles invalved are the reduction in
waste input (thus control at source), harvesting and removal of biomass,
trapping of nutrients, fish management and aeration. Various methods may
be used (biological as well as physical) to restore species diversity and
ecological balance in the water body to prevent pollution.

(b) Reutilisation and Recycling of Waste. Various kinds of wastes
which include industrial effluents (2s paper pulp or other industrial
chemicals), sewage/sullage of municipal and other systems and thermal
poliutants (waste water etc.) may be recycled to beneficial use. For instance,
urban waste (sewage/syllage) may be recyCled to generate cheaper fuel
gas and electricity. The NEERI, Nagpur could develop technology for
management of radioactive wastes and chemical wastes of atomic power
plants, reclamation of waste water and to supply cheap piped gas and
generated electricity by recycle of urban waste. In Okhla, New Delhi, one
large treatment plant for sewage recyde is already in operation. NEERI is
also involved in development of suitable technology for waste water
reciamation through aqua-culture, utilisation of domestic and industrial waste
water in agriculture and detoxification of phenol, and cyanides in waste by
biclogical means. One distillery in Gujarat is able to treat 4,50,000 litres of
water daily and generating energy equal to that produced by 10 ton of coal.

(c) Removal of Pollutants. Various pollutants (radicactive, chemical,
biological) present in water body can be removed by appropriate methods
such as absorption, electrodialysis, ionex change, reverse-osmosis etc.
Reverseosmaosis is based on the removal of salts and other substances by
forcing the water through a semipermeable membrane under a pressure
exceeding the osmotic pressure. Due to this, fiow oocurs in reverse direction.
For this, we use a power membrane, that attracts the solvent and repulses
the solute. Reverseosmaosis is commonly used to desalinate the brackish
water and can also be used for purifying water from sewage.

Council of Scientific and Industrial Research (CSIR), New Delhi could
devise the following techniques for successful removal of pollutants from

water ;

(i) Ammonia. This could be removed from waste water of industry by
lon exchange technique. There is developed a weak acidic cation Eﬂﬂul‘i
which removes NH_ in the form of ammonium sulphate. This can be

for fertilisers.

(ii) Hmuw.ﬁhmuuhermmvedfrmﬂdﬂu-#dlmﬂmm
using mercury-selective ion exchange resin.

(iii) Phenolics. These could be removed ﬂuﬂvmv:a'sdﬁ
and paper mills, carbonisation plans, petroleum refinenes, [anNENcs

resin plants by use of polymeric absorbents.
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(iv) Decolonisation of Water, The waste water from printing ang
sarl dying industries could be decolonised by an electrolyte dECUmpﬂgﬂiDn

technique.
(v) Sodium Salts. These could be removed by reverse OSMOosis methgd

Sodium sulphate from a rayon mill effluent could be easily removed, Th
water for reuse could also be recovered by this method. From cheese i @
we may recover 80% of protein and 80% of lactose by this method ¥
Very recently, researchers of some American laboratories (réported by

the Wall Street Journal) have claimed to use solar power for cleaning l-J‘.
polluted waters cheaply. Experiments showed that a combination of Sun‘lighE:
and a catalyst such as titaniumdioxide can break down chemical toxicants
of water. Such photocatalytic reactions can destroy pesticides, explosives
solvents, PCBs, dioxins and cyanides. - "
Picture of Indian Rivers. Many large rivers are closely associated

with the Indian culture and heritage. Water pollution in India has now
arrived at a crisis point. Almost every river system in India is now polluted
to a considerable extent. As assessed, nearly 70 per cent of water in India
‘s polluted. The Ganga, the most sacred and important river of India, is
regarded as the cradle of Indian civilization. The Ganga considered a¢ »
self-purifying and fast-flowing river, also has significantly high organic
poliution load. At Kanpur, 45 tanneries and 10 textile mills are the major
sources of liquid wastes discharged into the river Ganga. The wastes contain
heavy organic load. It is estimated that 1,400 million litres of sewage and
200 million litres of industrial effluents are being discharged everyday into

the river Ganga. _

The river Hoogly at Kolkata receives wastes from various types of
factories dealing with pulp and paper distillery, tannery, text_lle, heavy
chemicals paints and varnishes, shell, matches, pigment |ﬂ5-f!f.‘tlE|ﬁE5 and

' . River Godavari at Rajahmundry (Andh_ra Pradesh) is polluted by
the effluent of Andhra paper mill. They river Kalu in Mumbai receives highly
acidic and untreated wastes from Amar Dye and chemical company.

Industries generate a significant quantity of waste water which ultimately

stream/river. Industrial discharges containing toxic and

Bl oy i 8 i llution in the aquatic

rdous substance contribute to the severe kind of pollutio aq ;

e Industrial Development is largely because of the production o

Emmmnﬁl umng: in the ;:ferathn of toxic and hazardous substances

' i the increase during the last three.decades.
which have been continuously on

less in volume but cause serious
nmwmgﬂmﬂmrmmn mﬁﬂ?muc communities including fish
.;and':ﬂjmatﬂvam human through food chain.

- s data shows that the Ganges, one
The Central Pollution Control Board L i saverely poliuted

of the majorriversn India wth e S 60D). 1t I folowed by Topt
T il = dl U a |
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Narmada, Indus, Mahi and Sabarmati. The Board's ten indi

that 14 per cent of the entire reverine length in the Er?hi{d: ﬁm
severely polluted with BOD level of more than 6 m a fitre. About 19 e,
cent of the rivers are moderately polluted with BOD level between 3-5,
while 67 per cent of rivers (30,242 km) are relatively clean.

Maharashtra has the longest riverine length that is the most polluted in
terms of BOD load in the river waters. It is followed by Uttar Pradesh
Madhya Pradesh, Andhra Pradesh, Orissa and Gujarat who have more I:har;
6 BOD levels. The river Yamuna maintains a reasonably good quality of
length from Yamunotri in the Himalayas to Wazirabad in Delhi (about 375
km). However, the discharge of waste water through 15 drains between
Wazirabad barrage and Qkhla barrage renders the river almost a sewage
drain with BOD values ranging from 14 to 28 mg/ 1 and high coliform content
without any dissolved oxygen.

In India about 1,35,000 poliuting industries generate about 13,000
million litre a day of waste water of which only 60 per cent generated from
large and medium industries is treated. Distilleries generated the largest
amount of pollutant load followed by the textile industries, engineering and
pulp & paper industries.

On the other hand, domestic sewage is the most important pollution
source contributing pathogens, the main source of water born diseases
along with depletion of oxygen in water bodies. A iarge part of the domestic
seéwage s not even collected. This result in stagnation of sewage within the
City, which becomes the breeding ground for mosquitoes and contaminate
the groundwater. In the domestic area, 299 dass [ cities and 345 class I1
towns generate about 23,000 m/d of waste water, of which only 6,000 m/d
is treated.

Gomti River. Over the years, Gomti, one of the major sources of
water for Lucknow, has become the most polluted river in Uttar Pradesh.
Monitoring by the state pollution control board reveals the water unfit for
consumption. The fish had died as dissolved axygen level of the water had
dipped too low. All this have virtually converted this sacred river into the
river of sin,

For some people, it is industrial effluents discharged by paper mills,
Sugar factories and distilleries in the upstream areas of Sitapur and
Lakhimpur-Kheri that spelt doom for the aquatic ife. The extent of pollution
IS such that the river's biodiversity is being affected. Two organisms—

- Solariella (molluscs) and Hemicypris arorai—that survive in polluted water

Were found in Gomti river. The presence of hyacinth is another factor to

-

bring down the dissolved oxygen level.
The Central Ganga Authority was established in 1985 to lay down policies

for projects to be taken up under the Ganga Action Plan (GAP). In July
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(3) Effects on Ecology. Ecology can be said to be in control when
hydro-land and atmosphere, all these spheres, are in mutual equilibrium,
Marine pollution destroys this balance; as a result the food chain of nature
breaks down. When the sea water becomes oily, it can absorb more sub
heat and result the temperature of surface water increases, thus enhancing
the possibility of mefting sea-ice and creating the situation of uplifting sea
level. Poliuted acidified water falling on earth in the form of rain drops or
acid rain also contributes to marine pollution, Its bad effects we have already
ctated. The increase and decrease in sea temperature changes the cycle of
various monsoon winds. Due to this change both climate and whether
change.

International Initiatives to Control Marine Pallution, Since 1572,
= number of internationa! agreements and programmes have focused on

controlling marine and coastal poliution :
e The 1972 London Dumping Convention and its 1996

Protocol. The purpose of the London Convention is to control all
enurces of marine pollution and prevent pollution of the sea through
regulation of dumping of waste materials into the sea. The 1596
Protoco!, which is set to replace the convention, is more restrictive
and adopts the “precautionary principle’. That is, it prohibits all
dumping unless explicitly permitted. Further, it prohibits the
incineration of wastes at sea and the export of wastes for the
purpose of dumping or incineration at sea.

The 1989 Basel Convention on the Control of Transboundary
Movement of Hazardous Wastes and their Disposal. Until
1999, the convention was principally devoted the setting up 2

tramework for controlling the mavement of hazardous wastes across
international frontiers. It has now expanded its scope to include
ies and production

the active promotion and use of cleaner technolog
methods and the prevention and monitoring of illegal traffic.

e The Convention on the prevention of Pollution from Ships
(MARPOL). It is the primary international convention anEring
prevention of poliution of the marine environment by ships from

operational or accidental causes.

e The 1995 Global Programme of Action for the Protection of
the Marine Environment from Land-based Activities
(GPA-LBA). This programme was adopted in Washington D.C, In
the US, by over 100 countries, including those of the European
Union (EU). The aim is to control contaminants like 5ew39;a
persistent organic pollutants, radicactive substances, heavy metamé
oils, nutrients, sediments, and litter that enter the ocean from

land.
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En».rira.:nnr'nimtF'uri.;l:i5 Programme of the United Nations
ek A ogramme (UNEP). This programme has fostered
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Causes of Thermal Pollution. Many factors are respancible §
pollution. Their description is as follows TS 2T TSPONSIERE 1O TS
HBERE T L O TN S

(1) Thermal Power Centre. Todav. man has | e €
energy and thermal power centre is one of Ti‘r:;; iV H"I::‘ :-L'!-JCE'S 2
feund in the warld is used for this purpose In the wos Pl rE sy
and In India 16, centres where electricity is produced. In Tadis. Sion
approximately 22 000 metric tonne coal is -Jaéd r‘--rﬂ_:e,« .-1 -hj 31"2?253
As a result 5,20,000 pound sulphur dioxide 4 50 :".-r::- 5 m h-lm Lenh-?}
11.300 pound carbon monoxide and 5.0 B M-_-:ﬂl’- ki S

; . bl ._. | __:'-. 00 pound hydrocarben: these
poliutants and poisonous gases spread in the atmosphere. One thermal
power house can increase the temperature of the ﬂl.'T'I"IﬂS-iJr'l'EF-E " an afﬂir: ;lf
10 km. Likewise sulphur dioxide and coal ash also blow with the wind‘ar'ﬂ::
fall on the land. So it covers not only the crust of earth but due to some
heat, these elements become very hot. Moreoves, discharge of heated water
:trum these power houses increases the temperature of that area and Mlu;es

(2) Thermal Pollution by Industrial Units. Like thermal power
houses, other industrial units also promotes this pollution because they too
rélease gases, smoke, ash, filth, dirty and hot water. Constant use of
machines and other activities also produce much heat and this heat increase
In the nearby temperature.

® The released smoke, ash, vapour, and fire through chimney, result

in hot atmosphere. During summer, this situation becomes more

dangerous and critical.
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® The water released from industrial units i very hot. If thrown in
open, it scorches the upper layers of the earth and soil rendering
them useless. This water b}l’ ﬂﬂw[ng to pond, lake or river, makes
their water hot. So, their animals and other creatures suffer and
sometimes dying. Likewise this hot water affects sea water also
and as a result, the temperature of sea water increases.

(3) Vehicle Created Thermal Energy/Heat. There is a constant
increase in the vehicles in every part of the world from the very start of
20th century. The fuel used in such vehicles not only produce air pollution
in the form of smoke and gases, but the contact of its tyres also produces
heat. The air polluted by smoke and poisonous gases, do not allow the heat
to variate out; as a result the temperature of that area increases. It is often
seen that where there is more transportation, there due to heat we feel
exhausted and smothered with temperature is also higher than other places.

(4) Mining Work. Various metal and things for daily use are found
through mining process. Initially this mining process alffected the temperature
of that area, But now various kinds of chemical reactions are used. su there
is spread of dust in the nearby area and the particles of that chemical also
spread over the layer of earth and in the atmosphere and all these factors
increase temperature. In modemn time such method is adopted by almost
every country of the world. Even in small areas such n'!ethﬂds are used on
a large scale. For example even in Sohna (Gurgaon) in Haryana, Khanak
( Tosham) and for stone cutting in Shivalik regions, such methods are used.

(5) Other Human Activities. Besides above reasons, there are some
human activities which are responsible for Thermal Pollution. Such as :
® In every country of the world, army training and wars practicles
are done. On one hand they « use destruction and_nn the other
hand it spoils flora and funna. Moreover, due to their trespassing
ivit tis uced. : :
° :;Emmu:es ﬂg;‘;n and releases carbon dioxide, manuxrde;
and chlorofluoro carlons. It increases temperaturef. We can fee
ourselves by standing near such equipments or n!':i:hmes that these
nternal cooli uipments, produce so much heat.
. ll}ue to deuelnrg':'ﬂ in scientific fields, nuclear power can be lﬁﬁ
in various forms. All activities of this increase the temperature
water and air. :
(6) :ﬂmhﬂ, Factors. Nature plays a major role in thermal pollution,
fall straight, the temperature
Sun itself is a large circle of heat. The sun rays o
is high. Their temperature may get so high t becomes
R limate is warm, the situation
nbearable. The countries of the world whose clima ’ oy
becnmesu more critical. In some parts of the world, temperature
temperature. This affects
ile human activities get affected after 40°C tempera
ol I, industrial and commercial.
all places, water, land, agriculture, residentia

D—
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forest fire. To controi such fire is almost
Once the fire in the Part of Masopotamia was controlled in 6 years,

the fire in Austria, which happened in October, 2002 has not been

controlled till today. So the temperature of th i ;
’ at area is
continuously, 8 i5 Increasing

® There is continuous thinning of o
to reach earth's surface. This
earth.

® Due to volcanic ery
which increase th
hundreds of km,

Effects of Thermal Pollution, Effects of thermal pollution
destructive, We can study its effects in the following pﬂir?tns : T

(1) The pollution results in high temperature. It destroys ecosystem’s
equilibrium and this imbalances all kinds of equilibrium,

(2) Increase in tem perature create drought problem and animals, human

beings and vegetables suffer from various diseases, even causing death
also.

Zone layer allowing more sun rays
leads to raise in temperature of the

ptions, lava and other hot gases are released
e temperature, Sometimes its affect reach

cancer will spread mare and more,
(4) The possibility of melting ice increases due
marine area. Moreover, there is a danger of submerging the land in the sea,
Various researches claim the fact that sea level is Upgrading to 2 to 3 om
every year. If the process goes on, then after 100 years 1/4 of the total
world will be submerged in the sea.
(5) In the high temperature both flora and fauna may not survive. In

some parts due to improper harvest Cycie and lack of plans and vegetables
life will be in danger.

to high temperature in

vaporization process. Along with this whole world will be aifected by acid
fain and its consequences will be disastrous.

(7) Thermal Power Houses not only enhance the temperature but also
Produce noise pollution. Thus increases our problems.

Control of Thermal Pollution. The following methods can be
employed for control of thermal pollution :

(1) Cooling Ponds. Water from condensers is stored in ponds where
Natural evaporation cools the water which can then be recirculated or
discharged in nearby water body.

(ii) Spray Ponds. The water from condensers is received in spray
PONds. Here the water is sprayed through nozzles where fine droplets are

formed. Heat from these fine droplets is dissipated to the atmacnhers
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e -:;uw?rr:;ugt!ﬁn?ﬁater is sprayed over baffles. Epnl air
m{a} wettn:u ki kes away the heat and cools the water. This cool
- &mﬂmsn:le_f- < discharged. Large amount of water Is lost through
e i.‘u‘l;,m'lﬂ.'l ' theﬂ:i:iniw of wet cooling tower extensive fog is formed

i mrnr enwironment and causes damage to vegetation.
b l;l‘:hmji Tower. The heated water flows in a system of pipes,
i '{b] el o2 I;?Ef.e hot pipes with fans. There is no water Insg in this
mﬁlgﬂaw and operation cost of dry cooling tower is many
times higher than wel cooling tower.

sm!sﬂpl'::llzﬂtuhnn refers to any physical or chemical change in sail conditions

that may adversely affect the growth of plants and other organisms living -

t soil. ‘
4 nrsgin ::imn and water pollution are closely connected. Acid rain and

ve use of chemical fertilizers result in the soil's inahﬂiw m h‘uid

s-:m' persistent utants remain in the soil and degrade it.
H;E pul.misp:z agricultural chemicals, primarily fertlnlizerts an-:ﬁ
ich i an that these chemicals attach themselves o 50
pmpaﬁdﬁi: |:u|!1'1\tfl!i mﬁm in the soil, continuously releasing cnntarnma;uts
o the surface water, groundwater, and topsoil, Dumping of waste (including
gahage,m > yntreated sewage, industrial effluents, nuclear waste, and mining
waste) pmme soil when dangerous substances from the dumps leak

Elﬂﬂll i . this pollution
y other types of poliution, po
* st:a::l :':nl:‘l E::tﬂ various human activities and natu_ral
Ehﬂdeﬁ I1':':1.||..!::ar|i:':".'|E in this direction. These have been described in the following
idences .

- ysical Causes. ' factors which bring
Ph | causes means those
r:l'langa‘-{ ) F': the qu?ity of soil r;f:gng degradation. Both natural and human
factors their role in it. The deforestation on very large scale, changes
mujﬂr:rpmcﬁsﬁ like rain, climate, temperature and natural power 5;
ﬂ; Due to the lack of trees or forests, due to heavy rain, the surface

[ distant
f earth mixes flowing with water or it flows away In
‘mem';fuim of earth or the upper layer of earth has

_ s b e ation. Such problems arises

tes. We use many goods in our daily life. After

in open their packing, wrappers or other waste
laver changes its composition, fertility
yome garbage, kitchen garbage,

—
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foul paper, soft board and chinabone wares, metallic cans, stove’s ash,
cloth rags, wood's worn out furniture, the broken tools of mators, vegetables
seeds and peels, wasted food and other things in marriages and other
social ceremonies. All these things produce soil and land polluted. Tn most
of the countries, there is no proper system for the release of waste material.
According to one survey, in America, every individual throws out 50 kilogram
of domestic garbage. Likewise, in other countries of the world, the garbage
IS thrown out on a large scale.

(3) Urban Wastes. Urban waste is somewhat similar to domestic waste.
[n urban area, garbage, newspapers, market waste and polythene etc. are
thrown in open in great amount and then this by mixing in drainage water
spreads on the large part of the earth. Out of these, polythene cannot be
decompaosed. So the link between various layers of earth breaks down due
to this and the lack of air or gas and therefore the fertility of earth/soil
weakens day by day.

There is no proper system to destroy this garbage or to reuse it properly.
Developed countries have evolved some kind of recyding of garbage, but
now they too are facing problems in dumping massive amounts of waste
and garbage, so much so that they are having to export them! In India
everyday 2 lac/tonne garbage is released just from 4 metropolitan cities.
Besides, about 60 cities, with more than 3 lakh population, each are
producing the huge amounts of garbage.

(4) Chemical Sources. Use of chemicals is increasing rapidly. Maximum
use of chemicals is to be seen in agriculture in order to increase production
and to control pests. All these chemicals are toxic. They accumulate in the
soil. Constant use of these chemicals changes physical compesition of the
soil. The toxic elements reach the grain, causing harm to human health.

To solve the food problem which is caused due to over population, the
use of chemicals is essential but the excessive use of chemicals is causing
a threat to life. In other words, the life-giving soil is gradually becoming
life-taking soil. On the other hand, the fertility power is weakening. In
India, the places where green revolution has been occurred, soil has become
toxic and the day is not very far when even after using every kind of fertilizers,
crop production cannot be increased. So the excessive use of chemicals is
a major factors of soil pollution.

(5) Industrial Wastes. Industrial factors are not anly responsible for
water and air pollution but they also play an important role in soil pollution.
Textile mills, thermal power plans, fertilizer industries, petrol and oil
industries, rubber and plastic industries are such industries which generate
a large quantities of waste material. These waste materials are unfit for
habitation and agriculture. Various kinds of carbon, toxic acid, minerals and
oxides, calcium sulphate and various acids are dumped in the land in
Increasing amounts.
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Effects of Soil Pollution. Sewage and industrial effluents which poliute
the soil ultimately affect human heaith. Various types of chemicals like
acids, alkalis, pesticides, insecticides, weedicides, fungicides, heavy metals
etc., in the industrial discharges affect soil fertility by causing changes in
physical, chemical and biclogical properties. .

some of the persistent toxic chemicals inhibit the non-target organisms,
soil flora and fauna and reduce soil productivity. These chemicals accumulate
in food chain and ultimately affect human health. Indiscriminate use of
pesticides specially is a matter of concern. |

Sewage sludge has many types of pathogenic bacteria, viruses gnd
intestinal worms which may cause various types of diseases. Decomposing
organic matter in soil also produces toxic vapours. S :

Radioactive fallout on vegetation is the source of radio-isotopes which
enter the food chain in the grazing animals. Some of these radio isotopes
replace essential elements in the body and cause abnormalities e.q.,

strontium-90 instead of calcium gets deposited in the bones and tissues.
The bones become brittle and prone to fracture.

Radiosotopes which attach with the clay become a source of radiations
in the environmeant.

Nitrogen and phospharus from the fertilizers in soil reach nearby water
bodies with agricultural run-off and cause eutrophication. Chemicals or their
degradation products from soil may percolate and contaminate ground-
water resources. _

Controlling Measures of Soil Pollution. Following measures can
be applied :

(i) Effluents should be properly treated before discharging them on

the soil.
(ii) Solid wastes should be property collected and disposed off by
appropriate method.
(iii) From the wastes, recovery of useful products should be u:lun_e.
(iv) Biodegradable organic waste should be used for generation of
(v) Cattle :dung <hould be used for methane generation. Night-soil
(human faeces) can also be used in the biogas plant to produce
inflammable methane gas. )
(vi) Microbial degradation of biodegradable substances is also one of
the scientific approaches for reducing soil pollution,

Nuclear Hazards

Though radicactivity is a physical type of pollution, it is appropriate to

minkaboutmdha:tlvt?uswmbrmufﬂuappeamnmﬂf
man-made radioactive materials in nature and in the economy as an offshoot

r'l"'
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of industrialisation and the natur '
notably different from other W;:'SEU? Lﬂﬁﬁﬂaggn S N s o

Environmental radiation may be divide in :
occurring radiation and man made radiation, Naturatlﬁr Ecuc?:r:r nF;E ;&ia::fﬂugﬂ?

® Cosmic radiations from the outer space reading the earth’s 5urraa::e:

. ;I‘errﬁstnal radiation from natural radio-isotopes present in the earth';

ourt.

Cosmic-ray bombardment of the atmosphere continuously produces a
few radioactive materials of short haif-life. Among them the important
nuclldE_E- are carbon-14 and hydrogen-3 (tritium). Carbon-14 is formed by
the action of cosmic-ray neutrons on atmospheric nitrogen, and nydrogen-
3 I:w_ the splitting of atoms when they are struck by high-energy cosmic ray
particles, Both these are oxidised to carbon dioxide and water as they enter
Into the biosphere and hydrosphere.

f!'he primaryr sources of natural radiations are the ores of uranium and
thunu_m which contain a wide variety of radicactive nuclides. They differ in
chemical nature, half-life and type and energy of radiations.

_T_he other radionuclides found in nature are potassium-40 and
rubidium-87. Potassium-40 constitutes about 0.012 per cent of natural
pmas.s?um and rubidium-87 forms about 28 per cent of natural rubidium
Fnt:jlssmm-qn 5 responsible for about 20 to 76 per cent of the natura-l
mdiﬂﬂFtiViW of soil. Since potassium-40 contributes radioactivity to all
potassium-containing systems, for each miligram of potassium there will
be two radioactive disintegrations per minute. Therefore, an environmental
part will be radioactive in proportion to its potassium content including an
additional contribution from biclogical materials. Due o its 'ess abundance
in the earth's crust rubidium-87 is considerad reiatively unimportant.

There are numerous possibilities for water to get contaminated with
thg above mentioned radivactive nuclides when the water runs through
soils and rocks. Radon-222 and its immediate daughters, radium-A through
radium-C, are the common nuclides found in radicactive Springs.
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Table 11.3 : Important Health Hazards of Noise

Intensity (dB) Health Hazards
80 Annoyance
90 Hearing damage
110 Stimulation of reception in skin
120 Pain threshold
130-135 MNausea, vomiting, dizziness
140 Pain in ear
150 Burning of skin
160 Rupture of tymphanic membrane
180 Major permanent damage in short time
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Table 11.4 : Zone-wise Permissible Ambient Noise Leve|s
e
Zones Day (6-21 hr.) Night (21-6 hr.)
Industry 75 dB 70 dB
] Commercial 65 dB 55 dB
| 1 Residential 55 d8 . 45 dB
T | Silent zone 50 dB 40 B

Mad-Made Radiation. Man-made radiation originate from the Elm
of man involving the use of radicactive materials. They are used for the
production of nuclear weapons, nuclear fuel and for the production of electric
power. One of the most harmful uses of radioactive material is in the nuclear
weapons, espedially in atom bombs. The world has already seen the nature
of destruction as well as impact of radioactivity on man and environment
during the second world war when atom bombs were dropped over Hiroshima
and Nagasaki. During the last fifty years, a number of nuclear Weapons
have been tested, resulting in the increase in level of radiation in the
environment.

Nuclear fuels used in operation of reactors also contribute to pollution
in nuclear reactors, the heat liberated during fission and activation process
is converted into electricity. During this process two types of wastes are
formed (i) the fission products remaining in both the primary and secondary
fuels, and (ii) extraneous activation products in the coolant. The disposal of
active or nuclear wastes is a great problem and a cause of grave
; Increasing Background Radiation. Two major activities which are
f behind the increase in background radiation are ore processing, operation

etc.
(a) Ore Processing. The primary natural materials used in nuclear

‘processes are uranium and thorium. Uranium-238 and thorium-232 are
mdﬁarﬂﬁal fission materials. The only element in which natural ﬁ55|c!n
 occurs is uranium-235. Mining of these materials which are the ﬂrsl:st_epls in
echnolog and their processing contributes to background radiation.
)peration of Reactors. The processed nuclear fuel is introduced
>r to carry out fission activation and thermal processes. A
tion of primary fuel into secondary occurs in the fission

he simultaneous appearance of fission products. Two Lypes
srocesses : fission products, remaining in both

els and extraneous activation products in the

T
; rl'* p »

J E."-: '_'. ot

radioactive gases, such a5

of reactors, Nuclear Weapon Testing, Use of Radio Tracer, Mobile phq;ﬁ‘

coolants constitute the sources of
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Environmental Pollution-11

ﬂ;l{:g;ﬁ:éjg as fission materials and hydrogen or lithium as fusion
A ﬂppﬂarﬂmnce ﬂf";,;ﬂn;ammte chain reaction, in dye course resylts
3 rJen i
BT oot 'Y }arge neutron flux, which makes the surrounding
Due to the force of explosion and
| o= : nd accompanying hiah
radioactive products are transformed into gams?ﬁ é?e:tti? ﬁ;:t:r; ::E
almuf:phere as fine particles, resuiting in atmospheric pollution. This ri ¢
pollution s followed by a secondary pollution through raﬂméctwer;’alrlr;a?
These particles are subsequently carried out or otherwise settle down e
soll and water due to rains and get dispersed over the surfaca Th?:g

radicactive pollution occurs nat on t
o ly at the test sites but also in the remote

As radioactivity in the soil is available to plants, it enters the food-
chain, resulting in the possibility of eventual m-g.e-,atmnjtn,r humans. When
stream receives radicactivity from fission products, through rains !:hE aq.wahc'a
flora and fauna absorb and accumuiaté radicactivity. Thus, "DHEE again

aquatic flora and fauna used as food by man couid contai ngerous
amounts of radiostopes, e

blochemical reactions. Among them, C14 and 1125 are the most important
tracers. They are also used to determine the rate and direction of ground
water of low,

When waste water containing radio tracers are discharged into sewers
and rivers, some isotopes such as radioactive idodine and radioactive
phosphorus accumulate in biological slimes and sludge.

Effects. Different forms of radiation have different effects. Visible light
and infrared heat rays and certain kinds of radiation are generally beneficial,
Some of the other forms of radiation, for example X-rays, are more energetic
and are therefore, biclogically injurious because of their destructive action
On cells and tissues. Because the highly energetic forms of radiation tend to
split substances, including living mattes, into jons, they are called ionizing
radiation. Ultra-violet radiation is highly injurious to the tissues of some
organisms. It is well recognized that sub-bum is caused largely by the ultra
violet content of the sun's radiation and that excessive expasure can cause
serious injury to both the superficial and deep layers of the skin.

The ill-effects of radicactive pollution are numerous. Radiation can cause
cancers, abnormal births, skin diseases, mutations etc. Chronic exposure
to radiations leads to leukaemia in an individual and even affects an urban

child in the womb.
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The main characteristics of all radio-nuclides are decay and subsequent
emission of radiation. Each radio-nuclide has a characteristic decay constant,
known as half-life. "Half-life’ may be defined as the time needed for half the
atoms to decay. This period may range from a few seconds to years. Thus
a radio-nuclide with a short half-life vanishes quickly and a radio-nuclide
with a long half-life remains for years, emitting radiation. These emissions
are of three types :

e Alpha rays consisting of positively charged particles;

e Beta rays having negatively charged particles;

e Gamma rays identical to X-ray, without any charge.

Alpha rays have less penetrating power, beta rays have more penetrating
power than X-rays and gamma rays have the highest penetrating power.
Energy of these radiations varies from a low value to several million electron-
volts. Thus the effects of every radioactive contaminant on living organisms
depend primarily on the type of radiations and their penetrating power.

The ill-effects due to radipactive pollution are numerous. Radiations
can cause cancers, abnormal births and mutations. Though these effects

are common in plants and animals, such abnormalities are eliminated by
evolutionary processes of natural selection, i.e., survival of the fittest. Since
natural selection does not operate in man, radioactive pollution can cause
immense human misery. There is no threshold or safe dose for radiation
‘effects. Even the smallest increase in radiation above the natural background
radiation is reported to carry risks. Chronic exposure to radiation leads to
leukaemia in an individual and even affects an unborn child in the womb.
Genetic damage to future generations is possible. Hence, radioactive pollution
is primarily a health issue for man when compared with the other

In spite of certain harmful effects of
other uses of radioactive elements have
ent. Many of the
ear power
act an the
make it

ne an integral part of modern developm
I -_ conscious countries in the world depend on nuc
hm generation. It is clean because its imp

s minimal compared to other generating sources. 10 :
ally more safer, there is a need for monitoring and prevention

ttrol measures are to be adopted to control radioactive
should so aim that the level of radioactive pollution
X ._-“.-' gt A T mr pm_mr [mﬂlﬂﬁﬁtq
4 not be discharged. Now, a few technidu®?
h which these wastes can be used if "E“t]n
dicactive pollutants should be controlled:

e —

Environmental Pollution-I1

_ of tota pons
but very little progress has been made in this J‘“rulfa-F'::l:ll?I an::.l Lﬁﬂwﬂ:t the

H

power industry, into the maore
lasers.

has a half-life of 15.7 million rs ' difficult dangerous
dispose of. Today it is en:asedﬁ?n QEIE buried r:;'; in the ear;-.ﬂ
. Resea_ n:i?s.:rs. have successfully irradicated Iodine- 129 with a laser heam
turning it into lodine-128 with a half-life of just 25 minutes and it can be
sa1feh.r handled and disposed of within an hour The next step is to develop
this technique on an industrial scale and with other radicactive isotopes.
ISEcientists are currently working on a proposal o develop a laser system
rge enough to cope with the volume of Todine- produced nuciear
power industry, = 559
The recent discovery shows that we can transmute isotopes using lasers.
Now we need to scale up our methods so that we can deal with the sort of
valumes likely to be produced by the nuclear power industry in the furure.
Using lasers is a cheap and efficient way of disposing of nuclear waste. This
discovery will also provide an easy way of producing the isotopes needed
to operate the PET scanners used in hospitals and in research. These isctopes
are currently manufactured in huge machines called cyciotrons. Researches
hope to be able to apply this technique to the production of these isotopes
Eﬂmwwwm that this will be a practical reality within the next five
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could be used as a model for other forms of pollution control. The monitorir q

techniques are :
® Sampling, and sample preparation for analysis,

® Quantitative and qualitative analysis.
The rate of decay of radioactive materials and the subsequent emissjg,

of radiations are unaltered by man, and hence cannot be converted jnt,
other non-toxic materials. The preventive measures should be double ednaq
SO as to curtail the effects of both occupational exposure and exposure
the population at large. All measures should so aim that the leve| o
radioactive pollution does not exceed the maximum permissible doses

Industrial wastes may be discharged into the environment only after
necessary treatment so that radioactivity is at lower level. Wastes may be
discharged into the sewer system or into streams. Before discharge, the
low activity wastes are stored for some time so as to reduce the activity. In
the case of highly radioactive wastes, they cannot be discharged.

Disposal of wastes into the sea has also been tried. In one type the
wastes are sealed in concrete-filled steel drums and discharged to a depth
of 1,000 fathoms or more. Since disposal into the sea is a costly process,
underground disposal has also been suggested.

The next step in prevention of radioactive pollution is limitation of the
emission of radioactive pollutants. This is a fruitful measure and is planned
pefore the commencement of constructions. There are several techniques
and according to the nature of the industry or process these techniques are
chosen. For example, the chemical and metallurgical industries, the use of
radioactive materials may be carried out under a jet of soil (or water)
instead of gaseous and powder forms. In uranium mines, wet drilling may
be employed in combination with underground drainage.

Dispersal methods make the pollutants in a confined place spread over
a large area such that the pollution is weakened and the effects lessened.

Use of high chimneys and ventilation at workplaces where radioactive

contamination is high are some of the dispersion methods.
In the case of occupational exposure, individual contamination is more

and more and this should be prevented by taking the following steps :

1. When working with radioactive materials where it is impossible to
reduce the radiation, duration of exposure may be shortened b
performing the operations rapidly or by a number of workers t
complete it.

2. Radioactive operations may be carried out by remaining at @
sufficient distance from the source. 3

Though external radiation hazard is prevented by some methods,

very difficult to curtail the internal hazard. Ingestion or inhalation v
radioactive material may be prevented by proper working habits and e
housekeeping practices, like regular monitoring and clean-up of surfa<
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Solid Waste Management

The solid waste includes glass containers as bottles, crokeries, plastic
containers, polythene and other packing materials that are used and then
thrown away as garbage. These pile up at public places and cause obstruction
in daily life. Besides these there are also other used things bl
spares, machines, cycle parts etc, that are thrown as junk. The

stes from building material (during construction and gemolition), SERE
desd animal skeletons, heaps of crop residues also contribute to solid
1|m5':5&'1::rls’ut:l wastes are causing much problem in developed effluent countries
1< US.A. and European countries. There have been regular voluntary

compan ' ' . A crusade for
cleaning the environment for solid wastes _
- i - Id collect the following from merely 1 mile stretch

cleaner environment cou
of a highway in Kansas, U.S.A.
Table 12.1
— — 770  Shirts =10
sl — 730 Tyres 10
| Bear cans - e e = :iﬂ
| oil cans E s hulo bumpers =
Livestock feedbags ~ — 50  Shoes = o
i 20 Undershirts s
Paper cartons e ae Comic books = 5
: Mﬂﬁw' '_E =0 Bed springs = 270
e — 16  Miscellaneous N

il WYERR, 170000 ‘f-“.]Eanr

1
ais Table 12.2 -

Cities

— Waste generated (tonnes per day)

Greater Mumbai ¥ie

Chad 5,320

Kolkata /653

Bangalore e

Ahmedabad S

Eimd‘m”:i?m?l {Iggg

ompostible fraction 530

Fecyclables ﬁgﬁi&ﬁ:

Moisture content EE—BED-:n

There is problem of disposal of those wastes especially in developed

countries where labour is very expensive. In India. mast of junk is purchased
by hawkers and resold after profit. Used vehicles are creating much problem

In western world. In Mew York police ¢
; ce could find as man
abandoned cars in 1966 in the city. e v

Causes of Solid Wastes

Most disposable wastes are in the form of =al i i
The main categories of such wasbe;*arazs m?i;i m gosics izt

® Domestic Waste. Sewa
deterdents, dirt, or grease,
including packaging mat
equipment, and used cars.

e Industrial Waste. Solids and effluents from factories of all types;
the worst polluters are slaughterhouse, breweries, @nneries, texﬁé
mills, paper mills, steel mills, and most chemicai industries; power
plants discharging heated coolant water, which causes thermal
poliution.

e Waste from Oil Industry. Oil spills, oil leaks, water used for
4 Cleaning tankers, etc.

e E-waste. A new form of waste from discarded computers.

e Construction Waste. Matenals from buildings that are demolished
or renovated and materials discarded after completing a building.

e Waste from Extractive Industries. Mining, quarrying, and
dredging create solid waste (during extraction) and slurries (during
processing).

L Agﬂml??l}ral Waste. Different kind of waste related to the
agriculture can be seen in villages. This include dung, woots of
craps, shoots, remains of animal food, chaﬂ‘ and husk.

e Waste from Food Processing. Organic solid and liquid waste
from discarded food material.

ge, wastewater contaminated by
h::_mﬁehnld garbage, and bulky waste
erial, appliances, furniture, office
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riginates mainly In hospitals and . linie
{ grgans, poisonous medicines, etc
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« Biomedical Waste. 0

jseasel

includes E,vm;:i; Radioactive waste from nuclear power plary, ang
BRI E facture of puclear weapons, & [

e ular sources, waste also comes ITom Special eyay,
Apart from these mrgdatUral Disasters. Rubble rom earthquake, '
o wﬂtfhfmmfrum volcanoes, waste left behind by floods, cyclone. =m!;1II

and a i

typhoons. Conflicts, Apart from dead bodigs

aste and
e W x ;;&BT:; wars leave behind exploded and live Shalle
destro '

ial used in wea '
; me cases, deadly materia pong g
jandmines, etc. IJJ'IEF;EHQ dECﬁfiEﬁ- Agent orange used in vz.;-_«;nﬁ:f

wa[; ::;Leted uranium used in the 1991 Gulf War are examplag
an

of Solid Wastes ; o
Eﬁ?:ssvew difficult to assess the effects of the various types of waste g,

environ w the total amounts, composition, ang
i m“haﬁ dﬁ; g:r :un: have enough scientific knowledge of e
dispersal of this ot of rr::an-,r cubstances that form a part of waste. Wha s
lnng-mtenn Impa-l;:azardoug today may be declared dangerous tlomorrow, Ip
St talists feel that we must follow the precautionary princinle
fﬂgr:enr?chemicaf as being potentially harmful ;:rf:wecl ﬂthErl.lf-.'i'-;El
e heap up on the roads due to iImproper disposa

Municipal solid wastes h : heir i adiate
system. People clean their own houses and litter their immediate

ndings which affects unity including themselves. This type
sll’ﬂl;lmu‘nplrl_‘.]' H:Lﬁ;imﬂgfl;?:griagm dﬂmm?mse under UHEUHUE_I:IEG
:nd unhygienic conditions. This produces fuel smell and breeds various
types of insects and infectious organisms besides spoiling the aesthetics of
i ?ﬁlﬁh‘iﬂl Hﬁdvésta are sources of toxic metals and hazardous wastes,
“which may spread on land and can cause changes in phgaim—chemucal and
ﬁMcal characteristics thereby affecting productivity of soils. Toxic
substances may leach or percolate to contaminate the ground water. v
e mixing the hazardous wastes are mixed with garbage 3
sstible waste. This makes segregation and disposal all the mare
risky. Various types of wastes like cans, pesticides, clﬁa"":g
ies (zinc, leader mercury) radicactive materials, |:|ast1w:5l:i abe
ser, scraps and other non-toxic materials which coul
 of some of these materials produce dioxins, furans 2"

of ailments ncer,. | ' 0

Contro of Urban and Industrial Wastes: ¢
industrialized cotlitries, household waste is separated into categor'e® " ©
as organic material, paper, er containers, etc. This separat

= T

Solid Waste Management

often done in homes by using differant bing
items. In developing countries, waste is raf « R if
are trying to persuade the public i a.,E“m;il.;L""""rdt"-'ﬂJ though sn Aifferent
The simplest and most CoOmMmon met hoed
and dump the waste in a tandfil. These andfijg ara 1o S L85 i to eoect
city. There are now rhrumm;h of landfils | X 2
. In industrialized COUNINES, You can ale
:Jvﬁa;imcargi and tyres. Many countries s ~Sparate mounta;
landfills. . AT of
In the poorer COUNIriEs, rag pickers Sift throuah «
reusable and recyclable material and sell it T DT: g |
turn, take the material to the recycling Uﬂlf_;.,-'t‘he .
of whom are women and children) wark in extioin ':'-'J L‘IF.I-:E{!_ (the ma jority
and yet provide a great ecological sen, PERY unhygienic conditions

C8 bY manuaiiv ca :
of tons of recyclable waste from the ’:‘Jﬂrh;gle aj::;z;, <Parating thousands
LTS,

Often, the waste in a landfill is burnt s .
.' ; . ll.'"ll_llf TH r
garbage, it release deadly dioxinsg into the at;rﬂ;ﬂi_i Eﬂ;EEE. 'thf.- *.-:;.lumE of
of waste needs modern technology and propes s CPS" INCneration
With Increasing aMOUNLS of wase beng ganeraess pe™
becoming difficult and expensiye. 'SC, IS management i
For waste management we stre :
: 55 on "three R5'—
recycle before destruction and safe storage of ""'35*; Reduce, reuse and
(a) Reduction in Use of Raw Materia 3

. . Is. R :
e et et

ns of
Space for

and E:Er::]use less production of waste.
Reuse of Waste Materia . i :
discarded after use can be reysed. Vti:agT:fs. ;ﬂﬁﬁ;&ﬁ: E?d:ilgﬁam
uuraste Paper and other waste matenals. Making rubber rings from :rne
discarded cycle tubes which are used by the newspaper vendors instead of
Luabnl:jer bands, reduqes I:h!a waste generation during man ufacturin:g of rubber
o ::ax E;-::“clanl:lnse of financial constraints poor people reuse their materials to
(c) Recycling of Materials, A good way of dealing with the solid
Waste problem is to recycle it. Recycling is the processing of a used item or
Hn'_u'_ waste into (usable form. There is a large global recycling industry. In
India, we have a thriving unorganized recycling industry, thanks to the
intinerant collector, who buys old newspaper, bottles, used clothes, utensils,
SCrap, motor oil, etc,
Recycling has multiple benefits : i
® As against expenditure incurred on disposing of the waste, we novi
money out of waste material. R
® We save energy that would have gone into waste handiing and
product manufacturing. i '
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& By taking away some of the waste, it reduces environmenla| Solid Waste Management o
degradation. roduction tec s L
SGMﬂ?Pﬂflfic examples of savings through recycling are ; | ::Inwnnrrmntnlr;_r;?;::g;f: g_:-;;:ft and they will be cost-effective if the true
e Every ton of recycled glass saves energy equal to 100 litres of gil, Even as we move to clean ' nto account,
e Making paper from waste pulp rather than virgin pulp saves 50 pey industrial waste problem. 1f thet‘-';f;rrﬂiﬁgue-_c, there is anather way out of the
cent energy. design a system in whu:h.rhe waste fn:-rea it arrea SN, th.ﬂ"' catid
® When aluminium is resmeited, there is considerable saving in cost, ONE or more Industries in the r.”,r,',.,rn.rff"::'r'd“""‘f becomes an input for
The recycling process is, however, Energy-mtenmre. s i = heghbourhood.
Safe and profitable technologies for recycling paper, glass, metals, an ole of an Individual in
some forms cﬁ plastic are available. Biogas can be produced from landfii| It is the respons Imhw'ﬂ . i:ﬁ“:u“r:;:"r; P:_Illu'_tiun
waste. Paper factories can also recycle their waste. commanding position on this ﬂ.z_'nr?h " rh; F‘ﬂs-h occupled the
For discarding wastes the following methods can be at_:lﬂpted : : conductive environment for itself and |nnun1-;rahjn ﬂ;::: s s
(a) Sanitary Landfill. In a sanitary landfill. garbage is spread out in evolved on this earth. A small effort made by each lmiiwdz.ﬁﬁ-.: i
thin layers, compacted and covered with clay or plaﬁti_c foam, place will have Hronounced effect at the global level. o
In the modem landfills the bottom is covered with an impermeable It can be done by following some of the following suggestions -
liner, usually several layers of clay, thick plastic and sand. The liner protects ® Use the chemicals derived from i e e L
the ground water from being contaminated due to percolation of leachatg. computer chips and circuit boards instead of CFCs.
Leachate from bottom is pumped and sent for treatment. When landfill is ® Lay greater emphasis on pollution prevention than pollution control.
full it is covered with clay, sand, gravel and top soil to prevent seepage of ® Do not use polystyrene cups that have chiorofluorocarbon (CFC)
water. Several wells are drilled near the landfill site to monitor if any Ieaka_u:e s ?E?MES ;‘11 them which destroy czone layer.
is contaminating ground water. Methane produced by anaerobic e ﬂzﬂ;:;F € use of chiorofluorocarbons \CFCs) as they destroy
decomposition is coliected and burnt to produce electricity or h_eat. = . illir o ;—:;EL |
{b) Composting. Due to shortage of space for landfill |Ir1‘bagger Cities, g 185 Ecnfn;endh; g
* the biodegradable yard waste (kept separate fr?m the municipal ;aste’i:_ IS . The manufacture and nperaﬁ;nn of such devices should be
allowed to degrade or decompose in an oxygen ”E,h medium. ﬁ.gﬁ e Q. ity that don't pollute. Tf they cost more then their higher prices WT’EQEGEHEH
nutrient rich and environmental friendly manure is formed which improves | by including environmental and the social costs of pollution in t:ue v of
the soil conditions and fertility. ' R such products which pollute environment.
(c) Incineration. Incinerators are burning plants capable o h'gh ¢ Promote Reuse and Recydling wherever possible and Reduce the
ERR R ot fagh teperaturc. The inita) cost s very igh. production of wastes. (3R strategy)
‘During incineration high levels of dioxins, furans, lead and Cadm“;]m :F ®- Save electricity by not wasting it when not required because
| be emitted with the fly ash of incinerator. Dioxin-level may r;?ﬂ': teTiag electricity saved is electricity generated without poliuting the
times more than in the ambient environment. For incineration of ma i environment Putmmmthugmﬂmm\gun a heater,
.' itis better to remove batteries containing heavy metals and plastic containing ® Jse mass transoort system. For short visits use bicycle or g0 o
" chiorine before burning the material. Prior removal of plastics will reduce foot. Decrease the use of automobiles.
- chiorine before s bus '“‘w'ﬂ lychlorinated biphenyls (PCBs). r © Improve enargy efficiency. This will reduce the amount of waste
m‘ dioxine m.u.ethmmmmw
The Way Ou . ¢ Reduce your dependency on fossil fuel especially coal o o
9 e eyl waste '"”I “F Illlﬂﬂlﬁlt or zero-discharge systems ¢ Use low phosphate, phosphate-free or biodegradable dish washing
-' 15, WE S L m iale and water and do not liquid, laundry detergent and shampoo. This will reduce
generate was 8 is any ® Use pesticides only when absolutely and that too in ria
The life cycle should be such that at no Stagfmmn amounts. Wherever possible |ntegmmm mmﬂm

.r - Eﬂﬂ?im : '."-f': | mﬂ use, and dﬁmiﬂ', ﬂEﬂ’n
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alternate pest control methods (biological control), shoy|d be
used.

® When building a home, save (don’t cut) as many trees as POssible
in the area.

® Do not litter polythene bags. These do not degrade in the
environment and choke sewers, spoil soil quality after they mix |, D
with soil on becoming brittle, cause death of cows which consyme
these alongwith the garbage contained in them.

® Air pallution can be prevented by using reallv clean fuel i.e., Nydrogen
fuel. Hydrogen for that matter should not be produced by passing
current in water as for generation of this current, again the
environment will be polluted. So solar powered hydrogen fuel i
the need of the hour.

® Use less hazardous chemicals wherever their application can be
afforded. Banking soda, vinegar and borax can help in cleaning,
bleaching and softening. Baking soda can replace modern deodrants.

® Check population growth so that demand of materials is under
control.

® The solid waste generated during one manufacturing process can
be used as a raw material for some other processes. |

® Do not put pesticides, paints, solvents, oils or other harmfui
chemicals into the drain or ground water.

® Use rechargeable batteries. Rechargeable batteries will reduce metal
pollution.

® Use organic manure instead to commercial inorganic fertilizers.

Plant more trees, as trees can absorb many toxic gases and can

purify the air by releasing oxygen.

® Use only the minimum required amount of water for various
activities. This will prevent fresh water from pollution.

-

Model Questions
Classify solid waste. What are the sources of urban and industriai solid

wastes?
What adverse effects can solid wastes cause? How can the solid waste

be managed?

Why has waste become a major problem in the world?
What are the ways of managing waste?

What are common effluent treatment plants (CETPs)?

How can solid waste be recycled?

What is the way out of the waste management problem?

How can you, as an individual, prevent environmental pollution? Why
such an effort at individual level is important?
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Phosphorus Cycle. Phosphorous cycle is another nutrient cycle. The
reservoir of phosphorus lies in the rocks, fossils etc., which is excavated by
man for using it as a fertilizer. Farmers use the phosphate fertilizers
indiscriminately and as a result excess phosphates are lost as run-off, which
causes the problem of eutrophication or over-nourishment of |akes leading
to algal blooms as already discussed in unit 2. A good proportion of
phosphates moving with surface run-off reaches the oceans and are lost
Into the deep sediments. Our limited supply of phosphorus lying in the
phosphate rocks of this earth are thus over-exploited by man and a large
part is taken out of the normal cycle due to loss into oceans. So human
beings are making the phosphorous cycle acyclic. Sea birds, on the other
hand, and playing an important role in phosphorus cycling. They eat sea-
fishes which are phosphorus rich and the droppings or excreta of the birds
return the phosphorus on the land. The Guano deposits on the coasts of

Peru are very rich sources of phosphorus.

Primary Production
The rate at which radiant energy is converted into organic substances

Dy photosynthesis or chemo-synthesis by the primary producers is defined

as primary productivity of an ecosystem, |
When organic matter is produced by the primary producers (mainly

green plants and some microorganisms), some of it is oxidized or burnt
insice their body and converted into carbon-dioxide which is released during

respiration and is accompanied by loss of energy. ,
Respiratory loss of energy is a must, because it is required for the

maintenance of the organism. Now, the producers are left with a little less
organic matter than what was actually produced by them. This is known as
the net primary production (NPP) and the respiratory loss (R) added to it
gives the gross primary production (GPP).

Thus, NPP = GPP - R,
Primary production of an ecosystem depends upon the solar radiations,

availability of water and nutrients and upon the type of the plants and their

chlorophyll content. | |
It ic clear that more than 60 per cent of terrestrial primary production

occurs in the tropics. Thus tropical ecosystems generally have greater
production than comparable ones at higher altitudes. However, there is
much variation within the substantial overlap between categories.

Some tropical forests are less productive than some of their temperate

or local counterparts. Similar variations in plant production of savannas and

grasslands are also found. .. | | . .
- The highest rate of primary production occurs in tropical rain forests.

This is because tropical forests have abundant rainfali, warm temperature
congenial for growth, abundant sunlight and a rich diversity of species.
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Sustainable Development

Sustainable development is the development that meets the needs of
the present without compromising the ability of future generation to meet
their own needs. Thus, it is the development that lasts.

Man has continually and at an increas;ing rate been changing the forms
and modes of his interaction with the environment. Natural processes and
factors that depend on the structure and other characters of the earth and
social processes have been closely interwoven. On the one hand, population
of the earth is growing, on the other hand with the technological and sdientific
revolution, developmental activities have been accelerated to such an extent
that in certain areas they have become a threat to the environment. The
utilization of natural resources is growing at an alarming rate causing great
concern for their conservation. Industrialisation and urbanisation are causing
environmental degradation and expansion of human habitat has caused
ecological imbalance and destruction of genetic-pool. Such development
has made the future unsafe for our posterity. ks

Lo

Defining Sustainable Development :
The term sustainable development was used at the time of COC OYO(
Declaration on environment and development in the early 1970's since ther
it has become the trademark of international organisation dedica
achieving environmentally benign or beneficial development. The_ erm ha
served to catalyse debate over the relationship between economic ck Inge
and the natural resource base in which it is grounded.
The sudden interest in sustainable developmle;t is c;f c;pursae';da espon:
' t the world is facing environmental degradation anc fore,
stzcv;’aalrga'rt‘a?:trtg:he in the near future unless mankind radically modifies certain
practices and perspectives, which have created the prgser)t crisis. The TSIS
is characterised among the other things, by the poisoning of our b
seas and underground water sources, the thinning of the ozon; layer, JODRE
deforestation and soil degradation, I;a[')ld pc;;l)url:stlon growth and unconte
isation with its attendant social problems. e
urba‘tr"l;:u:xist primarily for the benefit of mankind. Reso;:rc:hex
and their mismanagement is the most alarming concern for the

Riddhi Vijay
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Mineral resources are not infinite. They are nor renewable. Hence, their
conservation or shifting to renewable resource can be tantamount to their
sustainability. Energy resources of the world (coal, mineral, oil, etc.) causes
environmental pollution also, thus solution lies in using more of solar, wind,
geothermal and ocean, wave power and most important the hydel power,

Soil is not a renewable resource too. It takes almost hundreds of years
to produce one cm layer of soil. Due to faulty agricultural practices and
fertility loss salinity and soil erosion are posing great problems. Soil
conservation through certain agronomic practices like bunding, crop-rotation,
mulching, etc., holds they key for their future productivity.

Environment degradation has been caused by the man’s unsuitable
greed which propel him to explore and utilise everything with technological
know-how. The expansion of his habitat has caused the shrinking of others
habitat and loss of biodiversity. Deforestation on large scale has caused
environmental problems and genetic pool destruction. Pollution of air, water
and soil is a related phenomena and are essentially caused by man’s activity,
affecting the nutrient cycles and energy flow.

Climatic hazards like reservoir induced earthquake, flood, drought,
famine, etc., are also a sequel of man’s interference with the environment.

The population growth and related problems of health, employment,
sanitation, the social problems like poverty, unemployment, migration, ethnic
clashes, etc., all are basically other side of the same coin.

The problem has taken climatic dimension also. Global warming and
climatic change, ozone layer depletion, rise in sea level and drowing of the
coastal inhabitate land, melting of ice, loss of genetic pool, etc., they are
posing even great threat of human existence and man must start thinking
in this direction as soon as possible.

In 1972, at Stockholm Conference man-environment relation was
redefined and after that in Rio, Kyoto, Montreal Earth Summits have been
organised, where the environmental problems were discussed at length.
Verily development without proper management has become a cause of
eco-destruction for which sustainable development is the only solution.

Stockholm Conference. The first even was the Stockholm Conference
on the Human Environment held in 1972 which brought together

representatives from 113 countries, 400 1GOs and NGOs. “Poverty is the .

biggest polluter”, stated Indira Gandhi, the late Indian P.M. The second
event was the set up of World Commission on Environment and Development
(WCED), also know as Brundtiand Commission in- 1983. Its report was
published in 1987. .

Rio de Janeiro. The year 1992 marks a watershed in setting @ new
global agenda in international relations and economic develqpment. ;
UNCED or Earth Summit was held at Rio de Janeiro, the capital of Brazil
between 3 and 14 June, 1992 to ensure relationship between environ

2 Riddhi Vijay
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and development on a global partnership level. It was a historic largest
assembly of world leaders ever in which representatives from more than
170 counti_'ies including 115 Heads of State and Government participated,
The Rio Declaration aims at “a new and equitable global partnership
through the creation of new levels of Cooperation among states . . ” Out of
its five significant agreements Agenda-21 proposes a global programme of
action on sustainable development in social, economic and political context
for the 21st century.
These are the key aspects for sustainable development :
(a) Inter-Generational Equity. This emphasizes that we should
imize any adverse impacts on resources and environment for future
>, We should hand over a safe, healthy and resourceful
ur future generations. This can be possible only if we stop

2rational Equity. This emphasizes that the development

ek to minimize the wealth gaps within and between
fuman Development Report of United Nations (2001)

the benefits of technology should seek to achicve the
tional equity. The technology should address the
1e developing countries, producing drought tolerant varieties
for uncertain climates, vaccines for infectious disease, clean fuels for domestic
and industrial use. This type of technological development will support the
economic growth of the poor countries and help in narrowing alth
gap and lead to sustainability. ;

Measures for Sustainable Development i
Some of the important measures for sustainable develc oment

follows : - .
® A production efficiency era of minimum environmental “'
through energy transition. S

e For a stable world population, a demographic transition.

e For non-renewable to renewable resource transition. =

® By a global mutually agreed okjective between South and i
Political transition. !

e FEnvironmental issues and sustainable development I
irrigation, mining, industries, transportation,
management and other areas. o

e Development of cheaper technology to harness the solaran
non-conventional source of energy. e

e There is need cf environmental education monitoring, env
management and also fix accountability and re ol

damages.

Riddhi Vijay
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® Use of sewage water for fish forming, sewage s being also exploited
for fuel. There is an urgent need to develop an efficient waste
management system.’
e Sustainable development should essentially be based on maintaining
the fragile balance between productivity functions and ecosystem.
For sustainable development, our appreach should be holistic on every
resource sector and at all level of local, regional and global scale.

Indian Context

To integrate environmental issues into development planning, initiative
come not only from the Governinent but also equally from Non-governmental
organisations (NGOs) and individuals. India has a very active moverr.ent by
NGOs in the area of environment with an impressively large number of
them invoived in rural developme:t. afforestation programmes, creation of
public awareness, tribal weifare and action against polluting industries.
Many collaborative and joint programme: exist today between the
Government and the NGOs. The prob!am of sustainable development
becomes much complex in a country like India with unique size and diversity.
This subject has been given a greater urgency, and there has been increasing
emphasis on decentralised decision-making, and the stress on micro-
plannirg. Decisions are taken in decentralised manner, that are appropriate
to the particular situation.

Government Efforts. It was at the initiative of our late Prime Minister,
Smt. Indira Gandhi that a National Council of Environmental Planning and
Co-ord:ination (NEPC) was set up in 1972. Th:is was followed by Empowert
Committee, the Tiwari Committee set up in 1980. On the recomme
of this committee, the Department of Environment was set.{_l?l,bg
the focal agency in the administrative structure of the Central Ge
for planning, promotion and co-ordination of environmental progra
This Department became part of the new Ministry of Environment and f
in 1985. o
The Ministry is the apex body under the Government of India fo
planning, promotion and co-ordination of; environmental and
programmes. Most of the states have also set up their own Departi
Environment, Pollution Control Boards and other associated baodi
other Ministries and Departments including those of Urban De
Oceancgraphy, Non-conventional Energy Sources, | Biotechnolo
the State and Central level, are also concerned with environmental
management programmes, ol

Non Government Efforts, The Directory of Environmental NGOS,
brought by World Wide Fund for Nature-India (WWF-1) in 1989, lists about
850 NGOs, now active in this field throughout the country. But there are
perhaps more than 3,000 such organisations. India‘s impressively |

t\"-
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Sustainable Development

' ' i . 177

Eﬂifrgg?niai;? ie;‘;’:e':g actl(\:fe on the environmental front The National
- ess Campaign promoted by the Mini
the Min

Environment and forest has successfully encouraged rrmn NGO'StrY e

primary concerns are rurai develo 4 s whose

' pment, appropriate technology, civil ri
women’s development, tribal welfare, afforestgtion etc e
The NGOs are broad-based and ran '

assist in adventure travel, exploration

gzc\:»’se',lf;tenr?s to agerjc:les <.:Iealmg wut_h_ crgation of 'employment' wastelands

s P ent, affq.estatlon, rehabilitation of tribals and preparation of

;e ?:jr:?gflaﬂ?:rt;;lag: :nc;l agis. They may be small groups of two or three

are organisations of 5 _nlsz_a Bt ousand siiong mebers NGO
! scientists, lawyers, farmers, fisherman etc.

India and South-South. To further its efforts towards cooperation
ar?d to evolve a common strategy almost the developing countries to deal
with global environmental Issues, an International Conference of 21
developing countries was hosted by India in New Delhi in April, 1990. As a
follow-up to this, a ministerial-level Conference of Developing Countries
was organised by the People’s Republic of China in Beijing in June, 1991,
the first of this kind of developing world. At this conference 41 participating
countries adopted a declaration which articulates the concerns of these
countries. India participated actively in putting forward the concerns of the
Group of 77 countries. G77’s initiatives at the Preparatory Committee Meeting
held in Geneva in 1991 have emphasised the centrality of certain
developmental considerations in the agenda of United Nations Conference
on Environment and Development (UNCED), 1992. Earlier to UNCED India’s
viewpoint was also presented by Shri Kamal Nath, Minister of State,
Environment and Forests at the Special Session of the UNEP Governing
Council at Nairobi in February, 1992.

Rao in Rio. Our Prime Minister, Shri P.V. Narasimha Rao had honntl'!f
opening the three-day Earth Summit (for Heads of State and Government)
with a lucid speech on June 12, 1992 in Rio de Janeiro. In a hahrdé‘m
and argumentative speech he took to task recalcitrant raagq‘:r:cst,S ‘:or We
treating the issues of environment and dengODmenltdaSi?:bJu e 3
posturing and bargaining. He argued that in a worid © M

i Id of want, where vati
brought pollution. There was also a wor h
degrgdedplife. Such a fragmented planet could not survive in hamwm

nature and the environment indeed \n_:ith itseif. We must ens;r:\ at::em
that the affluence of some is not derived from the poverty

ge from clubs which encourage and
and dissemination of knowledge on

Urban Problems Related to Energy e S
Cities are the main centres of economic g :

! i ity of
innovations and employment. Until recently, a big majority

o)
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population lived in rural areas and their economic activities centred around
agriculture, cattle rearing, fishing, hunting or some cottage Industry. It was
some 200 years ago, with the dawn of industrial era, the cities showed 2
rapid development. Now about 50 per cent of the world population lives in
urban areas and there is increasing movement of rural folk to cities in
search of employment. The urban growth is so fast that is becoming difficult
to accommodate all the industrial, commercial and residential facilities within
a limited municipal boundary. As a result, there is spreading of the cities
into the sub-urban or rural areas too, a phenomenon known as urban sprawl.
In developing countries too urban growth is very fast and in most of
the cases it is uncontrollable and unplanned growth. In contrast to the rural
set-up the urban set-up is densely populated, consumes a lot of energy and
materials and generates a lot of waste.
- The energy requ:rements of urban population are much higher than

' 1oving from residence to workplace.
. Modem life-style using a large number of electrical gadgets in every
~ day life.

e Industrial plants using a big proportion of energy.
® A large amount of waste generation which has to be disposed off

- properly using energy based techniques. ‘

e control and prevention of air and water pollutlon wh"
dependent technologies. |
Due to high population density and high energy dems
the urban problems related to energy are much more m f if
to the rural population.

Conservation of Water

Water is an indispensable component of our ecosyste
of our life. On an average, each individual uses 40 to 50
day. Apart from drinking purposes, water is used for

- .
) pedtddidly -

where water is a scarce commodity. The unhappy po:
water is available, users never think about its proper use and t
misuse it but waste a large quantity of it too. The fore, c
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water is an necessity for all the '

requiremenl Gt a0 countries of the world so that atleast water
distr(igzlg;:t;lb:ltlon System of Water. First of all there should be proper
ystem of water. The water distribution system should be such
that loss of water should be minimum and it should remain free from

pollution. The distribution syst f :
. ution system of water should be developed according
zta?'etl)e regional conditions. A few general steps for distribution of water
® Asfaras poss_ible water distribution be done through pipes so that

loss will be minimum and water will remain free from pollutants.

e If water storage place is small it should be cemented and if its size

is big, the selection of site be done where non-porous rocks exist.

e The channels and distributors of canals should be cemented, and

in fields also either pipes be used or cemented channels (nala) be
constructed.

e For irrigation, sprinkle and drip system be used.

(b) Utilising Waste Water. Waste water should be used properly to
save pure water for the future. The system of the recycling of water be
" used so that waste water can be used for irrigation purposes. There are
several mechanical devices for the waste water treatment, some methods
are expensive too. But the government agencies and industrial establishment
should establish treatment plants. This will also help in control of water
pollution. Waste water should be diverted for use in industries. Thus, pure
water can be diverted to some other purpose.

(c) Judicious Use of Underground Water. Underground water is
also a main source of water particularly in the arid regions. People have
wrong perception that underground water is enough to fill the gap be!:we_en
demand and supply. This wrong notion of people resulted in overexploitation
of underground water. The overexploitation of undgrground water often
results in the lowering of ! f saline water, subsidence
of land, etc. The prime need is the proper and !lmlted use of water and also
geological and hydrological survey of the region for assessn;snft of v@ug
availability and people should adopt water harvesting method for aq

IreCh(ac;?‘lei'oolIution Free Water. Apart from accessibility of water, peculiarity
of water is also significa nt, in other wor;.is wal;)er: :;?:zlcl ll;)z ;r?ce:aliro;; rpdmiﬂcatior;
veral techniques suc as - . |
:zﬁaocc’i?s?,—sh:grolysis, electrolysis, ipn-exchapg.e, absgr;l)tto_ré;'cozguhtlom
chlorination, ozonisation, etc., are in use. Slmllarly,b Iodogne on? b
method is also in Use. The conservation of water can ?j Orgc edure i
management system. Apart from the above mentloirjtef oen conservationd
can be obtained from desalination of sea water. Apart It

' essary.
water, mutual cooperation In use of water ;esources is nec

water table, intrusion O

- P
s g
SN ]
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(e) Control over Deforestation. Dense forest keeps climate
homogeneous. The loss of vegetation is also a cause of drought and reduction
of rainfall and indirectly a cause of lowering of the water table. In order to
maintain humidity in the atmosphere which helps in rainfall and to minimize
€vaporation rate forest cover should be maintained.

Rainwater Harvesting

Rainwater harvesting is a technique of increasing the recharge of
groundwater by capturing and storing rainwater. This is done by constructing
special water-harvesting structures like dug wells, percolation pits, lagoons,
check dams etc. Rainwater, wherever it falls, is captured and pollution of
this water is prevented. Rainwater harvesting is not only proving useful for
Poor and scanty rainfall regions but also for the rich ones.

Very Effective Way. It rains, it may even pour, but all the water soon
disappears into the ground or into the streams and rivers making their way
to the ocean. We do not realize how much water really falls on the Earth’s
surface.

Take the case of the Rajasthan desert, where one can only expect 100
mm of rain annuaily. If you had one hectare of land there, you could collect
one million litres of water in a year, This will be enough to meet the cooking
and drinking water needs of about 180 people using 15 litres a day. Even in
the worst drought conditions, you can collect substantial amounts of
rainwater in most areas. ' '

India receives most of its rain in just 100 hours every year. That is a
strong argument in support of ‘catching’ the rain when and where it falls.
We have a long tradition of rainwater. Harvesting, with a wide variety of
methods being followed to suit local conditions.

Traditional Rain Water Harvesting. In India, it is an old practice in
high rainfall areas to collect rainwater from roof-tops into storage tanks. In
foet hills, water flowing from springs are collected by embankment
water storage. In Himalayan foot-hills people use the hollow bamboos as
pipelines to transport the water of natural springs. Rajasthan is known for
its ‘tankas (underground tanks) and khadins (embankments) for harvesting
rainwater. In ancient times we had adequate Talaabs, Baawaris, Johars
Hauz etc,, ir every city, village and capital cities of our kings and lords,
which were used to collect rainwater and ensured adequate water supply
in dry periods.

Modern Techniques. In arid and semi-arid regions artificial ground
water recharging is done by constructing shallow percolation tanks. Check-
dams made of any suitable native material (brush, poles, rocks, plants,
loose rocks, wire nets, stones, slabs, sacks etc.) are constructed for
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harvesting runoff frot‘n large catchment areas. Rajendra Singh of Rajasthan

popular_ly known as “water man” has been doing a commendable job for

Earvestlng rain water by building checkdams in Rajasthan and he was

ot o o o e i o

e _ p y building groundwater darms
ring water underground. As compared to surface dams, groundwater

dams have severa! ad_vantages like minimum evaporation loss, reduced

chances of contamination etc.

In roof top rainwater harvesting, which is a low cost and effective
technique for urban houses and buildings, the rainwater from the top of the
roofs is diverted to some surface tank or pit through a delivery system
which can be later used for several purposes. Also, it can be used to recharge
underground aquifers by diverting the stored water to some abandoned

_dug-well or by using a hand pump.

All the above techniques of rainwater harvesting are low-cost methods
with little maintenance expenses. Rainwater harvesting helps in recharging
the aquifers, improves groundwater quality by dilution, improves soil moisture
and reduces soil erosion by minimizing run-off water.

; Experience in India. In recent years, with increasing water scarcity

i in many parts of the country, a number of initiatives have been taken by

communities to harvest and conserve water. Here are some examples :

e alaematershed development and overall village dewvelopment work
~ of Anna Hazare in Ralegaon Siddhi and the Pani Panchayat initiative

of Vilasrao Salunkhe (18.5), both in Maharashtra, are welsknown.

e Hundreds of checkdams have been built by villagers in Alwar,
Rajasthan, under the guidance and inspiration of the Tarun Bharat
Sangh. The results have been spectacular.

e The non-governmental organization (NGO), Saurashtra Lok Manch,
has inspired farmers in the Saurashtra-Kutch Region to recharge
more than 300,000 wells and tubewells using the monsoon rainfall.
Jal yatras were organized to ensuré people’s participation in the
programme. Water tables have gone up and bumper crops

be harvested. ' -
e Uthan, an Ahmedabad-based NGO, has built 21 lined ponds in the

Ahmedabad and Bhavanagar districts, with the active pa 7
of local village communities, particularly women. This has
jally i ilability in the area.
substantially increased water a\_/au!abmty in t
e By adding new structures to existing, trac!uponal \fvater harvesting
systems the Mewar Krishak Vikas Samt:: has inc water
s A T SaFan. \
availability In Ra]asmand District of Bajgs . |
e The peoge of Laporiya in Jaipur District of Ra]asthain t::m
dykes around degraded pasturelands to harvest rain -

9 e
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brought about a dramatic ecological change. Their unique method
Involves rectangular plots of land, which store rainwater in the
pastures, The water first collects in the lower plots and as the leye|
rises, water flows into the neighbouring plots and so on,

® Jhabua, a poor tribal district of Madhya Pradesh, has become 2
model of watershed management under the Rajiv Gandhi Mission
for Watershed Development. The key success factors were the
involvement of people in decision-making, an area-specific approach,
and priority given to indigenous knowledge. More than 200 micro-
watersheds were developed and 14 million human-days of
employment were created. R. Gopalakrishnan, a bureaucrat,
played a major role in the project devising ways of cutting the red
tape.

® Inspired by the Vivekananda Kendra, villagers in Ramanathapuram

' District of Tamil Nadu contributed their labour to help renovate

several traditional ponds called ooranis. Increased water availability
in these villages is éncouraging many other villages in the area to
follow suit, - _ :

®  Building bunds and checkdams along With lare8-scale tree plantacon
has helped arrest soil erosion in villages around Auroville near
Pondicherry.

® The efforts of women in the villages in Sabarkantha District of
Gujarat in arresting run-off have yielded good results. They have
worked out a system of conserving rainwater and soil using stones.
The women, whose husbands work as migrant labour elsewhere,
now plant a variety of crops, earn more, and feel empowered.

Watershed Management 8
Conservation of land, water, flora and fauna is of paramount importance
for the *Sustainable Development’ of a nation/region. To this end, watershed,
a geographically definable area constitute a basic and vital ecosy: em
involving intricate interaction between and among its biotic (man, ai ':’f' l,
vegetation) components and abiotic components (soll, water, etc.). It is in
this respect lies the Importance of watershed to be chosen as a Geo-
hydrologic ecological unit to plan and execute the development strategy of e
the region on a sustained basis, '
Watershed Concepts, Simply speaking, watershed is any special area
from where water is collected and drained to a river I.e,, the area from
where water to a river comes from, The rainfall draining the uplands follow
stopes to converge into small gullies and streams which in turn meet large
tributaries and finally the main river course. Any of the constituents of a

Riddhi Vijay

10



183

a defined catchment. This
he drainage basin is defined
ctares to several hundred

sustainable Development

river-a tributary, @ stream or a gully—has
catchment area within the ridges and slopes on t
as the watershed. It may vary from a few he

hectares.
watershed is @ smaller geographical unit of a river system. The river

system and its total catchment have a hierarchical relationship with its
smaller watershed units :

Table 13.1

The River Basin
d
Basin of al Tributary

Watershed or SubiBasin of a Stream

Watershed of a Striam of Lower Order

Micro Watershed of a Monor Stream

watershed Management. We se€ that land and water regime in 3
watershed are sO directly and intricately linked with each other that it
becomes a Geo-hydrological unit. A watershed is also a social unit where
one or more communities depend on the natural resources of the
for their livelihoods.

rshed as an ecosystem, @ unified

Hence, it is better to treat a wate
functional whole, for the better management and utilisation of its resources

without disturbing the ecology of the area. Watershed Management is thus

~ a holistic development concept that encompasses conservation,
and judicious use of land, water, agriculture, forestry and all related matters

in relation with the people who inhabit the area and their sodi

system. A
Need. Because of (rapid) population growth, cultivation of slopes and
of even more marginal lands in increasing, a trend that only accelerates

erosion. Forest and other sources of natural vegetation are being st

for fuel and fodder.
And lastly the most crucial aspect the shortage of water is being feit
almost everywhere, acquiring a global dimension, thanks to mi gemx

and wasteful use of water resources. _
The following flow diagram depicts a problem chain butin actual situation

the problem chains are normally complex.

11 |
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Table 13.2

Population Increase [

Fuel Scarcity High Demand on Commercial Wood | | Food Scarcity

!

2| Tree Felling

|

Depletion of the Forest in the Upland

y

High Soil Erosion in the Midland

L

Silting in the Terraces and Plains

Demand for Alternative Jobs Lower Food Production

1 v

Demand for More Land and Water

Development of watershed ecosystem offers an eco-friendly way that
is effective in arresting degradation of natural resources and promoting
economic development of the region involving direct participation of local
community. :

Advantages. A watershed may constitute a simple or complex agro-
ecologies. It is made up of a combination of upland-midland-lowland
ecosystems. Each ecosystem in such a complex has its distinct function and

_land use capacity. Generally upland areas have the potential for horticulture
and livestock development, midland represents dry land agroecology and
lowland may strengthen their traditional agriculture through proper irrigation
and land treatment practices. These are However few suggestions among
limitless choices offered by watershed approach.

The main goal of watershed approach is to catch. The Water where it
falls, otherside it will run unused carrying away fertile soil simultaneously.
Further, it is possible tc monitor and regulate the water resources more
efficiently within the watershed ecosystem as the system is smaller.

_ In a watershed approach there is a scope to view the total water resource
regime rather than targeting the plot of an individual farmer or for that
matter a larger command area. Upland is thus an area for water harvesting,
midland an area for water harvesting, midland an area for small dams and
springs development and low land for tapping ground water source.

12 Riddhi Vijay
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Table 13.3
Upland
l Midland
l Small dam
Plains and Terraces
= ¥ River/Stream

Thf: frqmework of watershed as an ecosystem provides the inter-
ecological linkages and hence a logical unit for the integration of the
substantial use of Iand and water. It helps augment soil and ground water
resources. It joins the biophysical, social and economic inputs which when
optimally managed, lead to diversified high agricultural production, control
the environmental degradation and help in the recharging of ground water
aquifers, thereby avoiding the ecological problems which our country have
been facing after the successful introduction of Green Revolution. The
approach of watershed ecosystem is the best tool to achieve an Evergreen
Revolution (sustainable Agriculture). 5

Each watershed is presumably a unique ecosystem having its own set
of ecological problems, quality of biotic and abiotic resources and prospects/
opportunities, the proper assessment for which has to be made separately
and the formulation and execution of the plan is to be done accordingly
involving the direct participation of local community. This will lead to efficient
and optimal utilisation of the resources of each watershed area on a
sustainable basis.

Watershed ecosystem approach gives ample scope as we!l ?IS warrants

mmuni articipation and their development especially women
g?npowerrzzna throupgh their participation. It can lead to beneﬁt!ng use of
their traditional wisdem especially the water harvesting techniques and
creation of an effective mechanism for transparency, acc_ountabllnty, sharing
of problems, benefits and resources and conflict Regolutlon all these ne?aﬁe
individual greed and are vital ingredients of ‘Sustainable Developmen

Resettlement & Rehabilitation Issues _

People who are forced to flee from a disaster or conflict ;l;l;a:_:id' ecelaboutw
sympathetic attention and international aid. The same 623";)0 developtitill
the millions of people woridwide who have ol dlspla;:e git as grave as
even though the consequences they i:ac?' "“:ae“; 5 sl
those faced by people displaced by other fOree: ) oty 10 million

The World Bank estimates that every year since 1995, acts for a variety

people worldwide have been displaced by deveIoPTerr‘;le':é bave displ
of reasons. During the last 50 years, development P
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25 million people in India and 40 million in China (of whom, 13.6 million
were displaced in the 1990s alone).

The reasons for displacement are often interconnected, For example, a
family displaced by the construction of a dam loses its livelihood and hence
moves to another place for economic reasons. |

When people leave an area, they may leave behind environmental
problems like abandoned agricultural land. Their migration may also cause
environmental problems in the area into which they move. There are large
refugee camps lacking in basic amenities at many places in the world,
which have become permanent settlements. In other case, the refugee
group upsets the balance of the area by making unsustainable demands on
the natural resources.

The United Nations High Commission for Refugees (UNHCR) predicts

-that economic and environmental refugees will continue to make up a
significant percentage of the total refugee populations around the world,
and that the number will only increase as more damage is done to the
environment and as more countries become globalized and offer better
opportunities than their home countries.

(a) Problems Related to Dams. The big river valley projects have
one of the most serious socio-economic impacts due to large scale
displacement of local people from their ancestrai home and loss of their

traditional profession or occupation.

: After a multi-year study, the World Commission on Dams (WCD) listed

the following social impacts of dams in its report published in 2000 :

® Dams have physically displaced some 40-80 million people

worldwide. : e
e Millions of people living downstream from dams—particularly thes
reliant on natural floodplain functions and fisheries—
suffered serious harm to their livelihoods and the future
of their resources has been put at risk. R
® Many of the displaced were not recognized (or enumers :
such, and therefore were not resettled or compensated.
e Where compensation was provided it was often inadequate
where the physically displaced were enumerated, many} e
included in resettlement programmes. A

® Those who were resettled rarely had their livelihoods 250!
resettiement programmes have focused on physical reloc tion rathe
than the economic and social development of the displaces .

many cases, not adequately assessed or addressed in t e ."'
and design of large dams, 2 :

& .. g
e M I
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The WCD report
Ratire & eneratior?s W:rztﬁ:etlhigtﬁz poor and other vulnerable groups and
and environmental costs t;f Iarar a(;i lspropmjtlonate o s
commensurate share of the econor?wtiac b:?efi':src:JECtS Pl

* iﬁ?‘:gengu;and tribal peoples and vulnerable ethnic minorities have
_ red disproportionate levels of displacement and negative
lmpa(;ts on livelihood, culture, and spiritual existence. The outcomes
have included assetlessness, unemployment, debt-bondage, hunger
and cultural disintegration. _

e . Affected populations living near reservoirs as well as displaced
peopie and downstream communities have often faced adverse
hea.lth e:md livelihood outcomes from environmental change and
social disruption.

e Among affected communities, gender gaps have widened and
women have frequently borne a disproportionate share of the social
costs and have often been discriminated against in the sharing of
benefits.

India is one of countries in the world leading in big dam construction
and in the last 50 years more than 20 million people are estimated to have
been directly or indirectly affected by these dams.

The Hirakund Dam has displaced more than 20,000 people residing in
about 250 villages. The Bhakra Nangal Dam was constructed during 1950°s
and till now it has not been possible to rehabilitate even half of the displaced
persons. |

Same is the case with Tehri Dam on the river Bhagirathi, construction
of which was green signalled after three decades of long compaign against
the project by the noted activist Sunderlal Bahuguna he propagator of Chipko
Movement. The immediate impact of the Tehri Dam would be on the 10,000

residents of the Tehri town. While displacement is. looming large over the
ople, rehabilitation has become a more burning issue.

=2 ?b) Problems Related to Mining. Mining is another developmental

activity, which causes displacement of the native people. Several

of hectares of land area is covered in mining operation and the native

i [ ' local people is due to
le are displaced. Sometimes dlsplacement of
gggigents occurring in mined areas like subsidence of land that often leads

hifting of people.
o (::) C?'eat?on of National Parks. When some foregt arefa 1:3 covered
‘ k. it is a welcome step for conservation Of tNE AASSE
o ial aspect associated with it wﬂﬂls S

resources. However, it also has a socl :
often neglected. A major portion of the forest IS declared as cof

where the entry of local dwellers or tri bals is prohibited. When these:

are deprived of their ancestral right or access 10 thna;1 ;z(rjeg;sl, g
retaliate by starting destructive activities. There is a

problems and provide them some employment.

& il
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Issues Concerning the Resettlement and Rehabilitation of
Displaced Groups. The majority of displacement andx resettlemgnt
programmes involving large populations have occurred in developing
countries. The reasons are the massive development projects undertaken
in these countries, financed by foreign aid and international agencies, an
their high population densities :

ThéJ follzl’garing are some of the problems faced by displaced people -

e The compensation for the lost land is often not paid or the payment
is delayed, and even if it is paid, the amount is usually pitifully
small. The oustees are rarely able to start new lives with the
compensation they receive. To add to the problem, agents and
corrupt officials deprive the poor of the full compensation.

® Generally, the new land that is offered is of poor quality and the
refugees are unable to make a living. :

® Basic infrastructure and amenities are not provided in the new
area. Very often, temporary camps become permanent settlements.

® When tribal groups are displaced, they do not get any compensation
since they have no legal title to the land. -

® Ethnic and caste differences make it difficult for the refuge
live peacefully with the communities already living in t

~ Case Study. A dam on the River Tawa, a tributary of the Narmada,
submerged 20,000 hectares and displaced over 4,000 adivasi families in 44
villages. More than half the villages were on forestland and hence the people
got no compensation at all.

Normally these oustees would have migrated to other villages or towns
in search of livelihoods. This group, however, campaigned for and secured
fishing rights in the reservoir created by the dam. The adivasis learnt ¢
to spread nets, use boats, and carry on fishing operations.

They formed the Tawa Matsya Sangh (TMS), a federation of prin
fishermen’s cooperative societies with 1200’ members. In 1996, TMS
given a five-year lease by the government. It was in charge of ove
management and was responsible for stocking the reservoir with fishes
also took care of the transport and sale of the fish catch, regulatory meast
for conservation, and member’s welfare, ®

The former hunter-gatheres became good fisherman, their catch was
good, and TMS made profits and shared it with it members. It even paid
wages to them during the lean season, between June and August when
there was an agreed ban on fishing, Moreover, it was also able to pay the
agreed royalty to the government, -

It was a rare case of dam oustees doing well in a new occupation, but
troubles were ahead, When the lease was renewed the government steeply
increased the royalty amount. In return, however, the government agency
did little to improve the infrastructure. Fven the promised ice factory was

Riddhi Vijay
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no built.

contl:olt. Ilimnfc;i; tI;:enew terms. TMS was also su bject to greater government
: B ' government appointed a review committee to evaluate

the pe ormance of TMS, but did not share the report with them. ‘

The United Nations Universal Declaration of Human Rights [Article 25(1)]
has declared that right to housing is a basic human right.

In India, most of the displacements have resulted due to land acquisition
by the government for various reasons. For this purpose, the government
has the Land Acquisition Act, 1894 which empowers it to serve notice to the
people to vacate their lands if there is a need as per government planning.
Provision of cash compensation in lieu of the land vacated exists in section
16 of the Act.

Rehabilitation Policy. There is a need for a comprehensive National
Rehabilitation Policy. Different states are following different practices in this
regard. There is a need to raise public awareness on these issues to bring
the resettlement and rehabilitation plans on a humane footing and to honour
the human rights of the oustees. :

| Model Questions
1. What is sustainable development and what are the major measures to
attain sustainability?
Why is urban requirement of energy more than rural requirement?
‘What are urban problems related to energy?
Discuss various conserve measures of water.
What is community-based water conservation?
Why is rainwater harvesting a very effective way of water conservation?
What is the recent experience in India with rural water harvesting?
What are reasons for displacement of populations?
What are the displacement problems created by development_ '
What are the special problems with regard to displacement by dams?
What are the issues concerning the resettlement and rehabilitat %
displaced groups?

w N

-
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Climate Change

A planet’s climate is decided by its mass, its distance from the sun and
the composition of its atmosphere. Earth’s climate is unstable and rather
unpredictable as compared to other planets. Over the last 40C,000 years
the-Earth’s climate has been unstable, with very significant temperature
changes, going from a warm climate to an ice age in as rapidly as a few
decades. These rapid changes suggested that climate may be quite sensitive
to internal or external climate forcings and fedbacks.

According to recent reports of the Intergovernmental Panel on climate
change, the global average surface temperature over the 20th century has
increased by around 0.60°C. This value is about 0.15°C more than the
previous estimates. Global average land and sea surface temperatures in
May 2003 were the second highest since 1880. _

The 10 hottest years in the 143 year old global temperature record
have all been after 1990; with the three hottest being 1998, 2002 and 2001
(in chronological order). Extreme weather events also increased during this
period—there were 63 weather-related disaster declarations in 1998, far
more than the average 21.7 disaster announcements made per year during
the 1980s. For instance, there were 26 flood disaster world wide in the
1990s, but just 21.7 per year during the 1980s. The frequency and intensity
of extreme weather events increases due to a change in the distribution of
heat, which disrupts the flow of energy through the climate system, altering
the circulation patterns of the atmosphere and oceans, and modifying the
Earth’s hydrological cycle. Higher temperatures increase evaporation and
transpiration, and raise the air’s capacity to hold moisture, making more of
it available to fall as rain and snow.

The:global change in temperature will not be uniform everywhere and
will fluctuate in different regions. The places at higher latitudes will be -
warmed up more during late autumn and winter than the places in tropics.
Poles may experience 2 to 3 times more warming than the global average,
while warming in the tropics may be only 5 to 100% on an average. The
increased warming at poles will reduce the thermal gradient between the
equator and high latitude regions decreasing the energy available to the
heat engine that drives the global weather machine. This will disturb the
global pattern of winds and ocean currents as well as the timing and
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distribution of rginfall. Shifting of ocean currents may change the climate of
Iceland and Britain and may result in cooling at a time when rest of the
world warms. By ‘a temperature increase of 1.5 to 4.5°C the global
h)fdrologtcgl cycle is expected to intensify by 5 to 10%. Disturbed rainfall
Wi!| result in some areas becoming wetter and the others drier. Although
rainfall may increase, higher temperatures will result in more evapo-
transpiration leading to annual water deficit in crop fields.

_ IPCC Report, 2007
The fourth Assessment Report (AR4) of the United Nations Inter-
governmental Panel on Climate Change (IPCC), 2007 has been prepared
by more than 2500 scientific expert researchers from more than 130
countries during 6 years efforts. The report will be in 4 volumes prepared
by 4 working groups. The schedule of release of the report of working
group I has been in Feb. 2007, working group II in April 2007, working
group III in early May, 2007, and the Synthesis Report (AR4SYR) will be
adopted by mid November, 2007 during the 27th session of the Panel.
The report released on April 6, 2007 highlights the unequal availability
of water i.e., excess or lack of water leading to increase in droughts and
floods. Glaciers in Himalayas wili melt and the size and number of glacial
lakes will increase. The mid latitude and semi arid regions of the world
will experience drier years. Africa will experience water stress. There
will be increased availability of water in moist tropics and high latitudes. |
Rain dependent agricultural produce will get.a boost in North America.
Sea level and human activities together will contribute to loss of coastal
wetlands. Fresh water availability will decrease by 2050. More than @
billion people will be at greater risk. The report assesses that 40 per |
cent species will become extinct. Human health will be affected. Th
will be increase in number of deaths, diseases like diarrho

cardiovascular diseases, etc.

Consequences of Climate Change :

Agriculture and Food Security. Global agriculture will face |
challenges over the coming decades. Degrading soils and _water res
will place enormous strains on achieving food sgcunty for gre
populations. These conditions may be worsened by cllrpatglchang.. |
a global warming of less than 2.5°C could have no significant effe
overall food production, a warming of more tha_n 2.5°C could reduce g
food supplies and contribute to higher food prices. 3

Higher temperatures will influence production patterns. Plant g
and health may benefit from fewer freezes and chills, but sogwde c‘h S
be damaged by higher temperatures, part;cglarly if comblr;‘ l hvev:.-fg@_
shortages. Certain weeds may expand their range into hig
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habitats. There is also some evidence that the poleward expansion of insects
and plant diseases will add to the risk of crop losses. The productivity of
range lands and pastures would also be affected. For example, live stock
would become costlier if agricultural disruption leads to higher grain price.
In general, it seems that intensively managed livestock systems will more
easily adapt to climate change than will crop systerns.

Sea Levels, Oceans and Coastal Areas. The global average sea
level has risen by 10 to 20 cm over the past 100 yezrs. The rate of increase
has been 1-2 mm per year—some 10 times faster than the rate observed
for the previous 3,000 years. It is likely that much of this rise is related to
an increases of 0.6 % 0.2°C in the lower atmosphere’s global average
temperature since 1860. Related effects now being detected include warming
sea-surface temperatures melting sea ice, greater evaporation, and changes
in the marine food web. :

Models projects that sea levels will rise another 9 to 88 cm by the year
2100. This will occur due to the thermal expansion of warming ocean water

- and an influx of fresh water from melting glaciers and ice. Coastal zones
and small isiands are extremely vulnerable. Flooding and coastal erosion
would worsen. Salt-water intrusion will reduce the quality and quantity of
fresh water supplies. Higher sea levels could also cause extreme events
such as high tides, storm surges, and seismic sea waves (tsunami) to reap
more destruction. Rising sea levels are already contaminating underground
fresh water supplies in Israel and Thailand, in small atolls scattered across
the Pacific and Indian Oceans and the Caribbean sea, and in some of the
world’s most productive deltas such as China’s Yangtze Delta and Vietnam’s
Mekong Delta. '

Sea-level rise could damage key economic sectors making fisheries,
aquaculture, and agriculture particularly vulnarasle. Other sectors most at
risk are tourism, human settlements, and insurance (which has already ‘
suffered record losses recently due to extreme climate events). The expected
sea-level rise would inundate much of the world’s lowlands, damaging coastal
cropland and displacing millions of people from coastal and small-island
communities. Valuable coastal ecosystems will be at serious risk. Coastal
areas contain some of the world’s most diverse and productive ecosystems,
including mangrove forests, coral reefs, and sea grasses. Low-lying deltas
and coral atolls and reefs are particularly sensitive to changes in the frequency
and intensity of rainfall and storms. Coral will generally grow fast enough to
keep pace with sea-level rise but may be damaged by warmer sea
temperatures. ;

Biological Diversity. Biological diversity—the source of enormous
environmental, economic, and cultural value—will be threatened by rapid

climate change. The composition and geographic distribution of ecosyst
will change as individual species respond to new conditions created by

L7 O
St
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climate change. At the same time, habitats may degrade and fragment in
résponse to other human pressures, Species that cannot adapt quickly
enough may becomg extinct—an irreversible loss,

Forests play an important role in the climate system, They are a major

reservoir of carbon, containing some 80% of all the | ‘
| . carbon stored in land
vegetation, and about 40% of the carbon residing in soils. Large quantities

of carbon may be emitted into the atmosphere during transitions from one
forest type of another if mortality releases carbon faster than regeneration
and growth absorbs it.

Deserts and arid and semi-arid ecosystems may become more extreme.
W_i_gh few exceptions, deserts are-projected to become hotter but not

-

- Barbados Programme

BPOA was created as a follow-up to the 1992 Earth Summit in Rio de
Janeiro. The BPOA recognizes that Small Island Developing States (SIDS)
have unique problems and vulnerabilities, and need much support in
order to overcome them. Secondly, the BPOA is set up on a partnership
system, between SIDS and the international community, as well as
including essential support from the UN system. The program is the
single most important framework for the majority of island countries in
determining strategies and policies at all levels—domestic, regional and
international. The programme contains a broad range of actions and
measures for policy implementation over the short, medium, and long
terms. It sets out action in 14 agreed priority areas such as : Climate
change, Natural and environmental disasters, Management of wastes,
Coastal and marine resources, Fresh water resources, Land resources,
Energy resources, Tourism resources, Biodiversity resources, National
institutions and administrative capacity, Regional institutions and technical
cooperation, Transport and communication, Science and technology,
Human resource development.

significantly wetter. Higher temperatures could threaten organisms that
now exist near their heat-tolerance limits. Rangelaqu may experience
altered growing seasons. Grasslands suppo.rt approx!mately 50% of !Ia
world’s livestock and are also grazed bY wildlife. Shifts in temperatwesﬂ‘: |
precipitation may reshape the boundaries between grasslands,l g -
forests, and other ecosystems. In tropical regnong guch charrx\ges I::of evapo-
transpiration cycle could strongly affect produc_tlwty t?lr\d tt e Sr:mspm.

Mountain regions are already under c_:onsadt_era es re; e wmm
activities. The projected declines in mountain gIacners,I perr;:3 s o
cover will further affect soil stability and hydrological sys W

. i re xa
river systems start in the mountains). As species and ecosystems a O

where to g
to migrate uphill, those limited to mountain tops may have n@ _ }ﬂbt:
RSN
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and become extinct. Agriculture, tourism, hydropower, logging, and other
economic activities will also be affected.

Water Resources. Climate change will lead to more precipitation—
but also to more evaporation. In general, this acceleration of the hydrological
cycle will result in a wetter world, Precipitation will probably increase in
some areas and decline in others. Making regional predictions is complicated
by the extreme complexity of the hydrological cycle : a change in precipitation
may affect surface wetness, reflectivity, and vegetation, which then affect
evapo-transpiration and cloud formation, which in turn affect precipitation.
In addition, the hydrological system is responding not only to changes in
climate and precipitation but also to human activities such as deforestation,
urbanization, and the over-use of water supplies.

Many climate models suggest that downspours will in general become
more intense. This would increase runoff and floods while reducing the
ability of water to infiltrate the soil. Changes in seasonal patterns may
affect the regional distribution of both ground and surface water supplies.
At the local level, the vegetation and physical properties of the catchment
area will further influence how much water is retained. High-latitude regions
may see more run-off due to greater precipitation. ‘Runoff would also be
affected by a reduction in snowfall, deep snow, and glacier ice, particularly
in the spring and summertime when it is traditionally used for hydroelectricity -
and agriculture. Reservoirs and wells would be also affected. Surface water
storage could decline as extreme rainfalls and landslides encourage siltation
and thus reduced reservoir capacity. An increase in extreme rainfalls and
flooding could also lead to more water being lost as run-off. In the longer
term this could also affect aquifers. Reduced water supplies would place
additional stress on people, agriculture, and the environment., Climate change
will exacerbate the stresses caused by pollution and by growing populations
and economies. The most vulnerable regions are arid and semi-arid areas,
some low-lying coasts, deltas, and small islands.

Corals in Trouble. By increasing the acidity levels of oceans, global
warming could spell doom for corals by 2065, the levels of ca bon diox 3
(CO,)—the main culprit behind global warming—are very high. M ost 0
will eventually be absorbed by sea water, where it will react to form
acid. The normal acidity of the ocean is around PH,, but B 2C L
above process it will become 74, This increased acidification cou
particularly detrimental effect on corals and other marine organisms, eCaUSE
it reduces the availability of carbonate ions in the water, which are used t
corals to make their hard parts. There are 78,000 gigatonngl?u. roon
locked up in the ocean sediments compared with 750 gigatonn :
in the atmosphere. Global warming could have very serious im|

the water bodies, but unfortunately the climate change resea ch!
concentrated on the impacts on land and atmosphere only. :;,
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Industry and Human Settlements. Climate change
settlgments. Settlements that depend heavily on
subsistence agricuiture or on natural resources are
€. Though climate change will often have less impact

‘ wjll economic development, technological change, and
other social and environmental forces, it is likely to exacerbate the total

stress on settlements. Infrastructure will become more vulnerable to flooding

and landslides. Tropical cyclones are expected to become more destructive
in some areas.

Warming dryness and flooding could undermine water supplies.
Settlements in regions that are already water-deficient—including much of
North Africa, the Middle East, Southwest Asia, portions of western North
America and some Pacific islands—can be expected to face still-higher
demands for water as the climate warms. There are no obvious low-cost
ways in which to obtain increased freshwater supplies in many of these
regions. In some regions, repeated flooding could create problems with
water quality. :

Sea-level rise will affect coastal infrastructure and resource-based
industries. Many coastlines are highly developed and contain human
settlements, industry, ports, and other infrastructure. Many of the most

Ir le regions include some small island nations, low-lying deltas,
countries and densely populated coasts that currently lack
a and coastal defence systems. Several industries such as tourism
~ and recreation—the principle earners for many island economics—are
particularly dependent on coastal resources.

Climate Disasters and Extreme Events. Climate change is expected
to increase the frequency and severity of heat waves. More hot weather

Infrastructure,
will affect human
commercial fishing,
particularly vulnerab|
on this sector than

Islands in Danger

The pacific island nations of Tuvalu, Kiribati, Nauru, Niue, the Marshall
islands and the cook islands may all be wiped out in 50 years due to
global warming. The rise in world temperatures means higher melting
rate of glaciers and thus release of more water which had hitherto been
trapped in the from of ice in the continents. This release of more water
from glaciers has led to a rise in sea level and is threatening the m'j
existence of these tiny islands. .
The precarious pzsition of these islands can be gauged mh 1
fact that Tuvalu is just five metres above sea level at its highest m
The six island nations met at the Annual Pacific Islands Forum and |

| came down heavily on the US for not signing the Kyoto Protocol. Tt
issue was discussed in the earth summit held in Johanne:ﬂug e
Aug. 26-Sep. 4, 2002. Tuvalu is contemplating suing theUSa st

over their failure to ratify the Kyoto protocol.

——
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will cause more deaths and ilinesses among the elderly and urban poor.
Together with increased summer drying, it will lead to greater heat stress
for livestock and wildlife, more damage to crops, more forest fires, and
more pressure on water supplies. Other likely impacts are a shift in tourist
destinations and a boost in demand for energy. More intense rainfall events
may lead to great flooding in some regions. In addition to floods, this could
contribute to more landslides, avalanches, and soil erosion.

Major climate patterns could shift. Although centered in the Southern
Pacific, the El Nino/Southern Oscillation (ENSO) phenomenon affects the
weather and climate in much of the tropics. Climate change could intensify
the droughts and floods that are associated with El Nifio events in these
regions. Similarly, new patterns could emerge for the Asian summer
monsoon, which affects large areas of temperate and tropical Asia. Likely
impacts would include a greater annual variability in the monsoon’s
precipitation levels, leading to more intense floods and droughts.

World Response
The First World Climate conference recognized climate change as a
serious problem in 1979. This scientific gathering explored how climate =T
change might affect human activities. It issued a declaration calling on the
world’s governments “to foresee and prevent potential manmade changes
in climate that might be adverse to the well-being of humanity.” It also
endorsed plans to establish a World Climate Programme (WCP) under the
joint responsibility of the World Meteorological Organization (WMOQ), the
United Nations Environment Programme (UNEP), and the Interr ‘
Council of Scientific Unions (ICSU). S
A number of intergovernmental conference focusing on clim
were held in the late 1980s and early 1990s. Together with ir
scientific evidence, these conferences helped to raise internationa
- about the issue. The key events were the Villach Conference (G
the Toronto Conference (June 1988), the Ottawa Conferen
1989), the Tata Conference (February 1989), the Hague
Declaration (March 1989), the Noordwijk Ministerial Conference (No
1989), the Cairo Compact (December 1989), the Bergen Confere
1990), and the Second World Climate Conference (Novembe!
The Intergovernmental Panel on Climate Change (IPCC) re
First Assessment Report in 1990. Established in 1988 by UNEP and WMO,
the Panel was given a mandate to assess the state of existing knowledge :
about the climate system and climate change; the environmental, ect -
and social impacts of climate change; and t
In December 1990, the
negotiations. The Interge al Negotiating Cc E
Convention on climate change (INC S e

<

al
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February 1991 and May 1992. Faci
Eah S egogators frzif";goacztlﬁ::tt .deardllng—-the June 1992 Rio
just 15 months. The 1992 UN Framework Crcl)es inalized the convention in
was signed by 154 states (plus the E nvention on climate change
e EC) at Rio de Janeiro. Twe
after the 1972 Stockholm Declaration first laid the f nty sy
contemporary environmental policy, the E the foundations of
ever gathering of Heads/af Statqu) o :r aarrt'geSummlt became the.largest
the Rio Declaration, Agenda 21, the Conve%tior:n c;né?o?g thelecé-at o iene
Forest Principles. The convention entered i i S
gl T : ere mtq force oh 21 March 1994.
SR ce of the Parties (COP) held its first session in Berlin from
April 1995. They agreed that the commitments contained in
Ehe convention fsr developed countries were inadequate and launched the
Berlin Mandate_ talks on additional commitments. They also reviewed the
first rpund of national communications and finalized much of the institutional
and financial machinery needed to support action under the Convention in
the years to come. COP-2 was held at the Palais des Nations in Geneva
from 8-19 June 1996. The Kyoto Protocol was adopted at COP-3 in December
1997. Because there was not enough time to finalize all the operational
details of how the Protocol would work in practice, COP-4, held in Buenos
Aires from 2-13 November 1998, agreed a two year plan of Action for
completing the Kyoto rulebook. The agenda of COP-5, which took place in
Bonn from 15 October—5 November 1999, was based on this plan. A political
agreement on the operational rulebook for the Protocol was reached at
COP-6. Meeting from 6 to 25 November 2000, COP-6 made good progress
but could not resolve all the issues in the time available. The meeting was
suspended and then resumed from 16 to 27 July 2001 in Bonn..‘n'le resumed
session reached agreement on the political principles of operapopal rulequt
for the Kyoto Protocol. This agreement addressed the emissions tradng
ystem, the dean Developmert Mecrani, e U EL0CT Lt
uctions from carbon “sin ”, and the comp - ALe
;eSackage of financial and technological support to help developing C<-"'-‘“‘"B
~ . on climate change. The work of translating the
contribute to global action \
Bonn Agreements into detailed legal texts was finalized at COP-7, which
was held in Marrakech, Morocco, from 29 October to 9 November 2001,
COP-8 on climate change concluded in New Delhi on November 1, m. -

efforts and several rounds of negotiations, the particip at g
ggt:r:t:(i)etz :rfrived at a near consensus to announce the Delhi Declaration.
The issues on which there was no consensus were Iefzctlzut.uon
important points which have been left out of Delhi. D| ara < '
issues of providing economic aid to countries most sevefra bl
global climate change. The emphasis on application 0 :fthe
the field of energy was also left out dug to thg r%‘rotests' B o XpaEs
countries. The Delhi Declaration is also noteworthily .
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need for the United States, Russia and other developed countries, which
are yet to ratify the Kyoto Protocol on reduction of GHG emissions, to do so
at the earliest,

Un-Convention on Climate Change
The United Nations Framework Convention on Climate Change is the
foundation of global efforts to combat global warming. Opened for signatisre
in 1992 at the Rio Earth Summit, its ultimate objective is the “stabilization
of green house gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic ( human-induced) interference with the
climate system. Such a level should be achieved within a time-frame sufficient

Important Environmental Conventions

Protocol (1987). CFC production and consumption to be frozen at
1986 levels by 1990; that of Halons from 1994; developing countries
with consumption of CFCs less than 0.3 kg. to delay compliance by 10
years; protocol effective from January 1989.

Helsinki Declaration (1989). On protection of ozone layer, phase
out CFC production and consumption by 2000.

London Conference (1990). CFC production and consumption to
be phased out by 2000 (developed countries) and by 2010 (developing
countries). '

Copenhagen Conference (1992). Phase out CFCs by 1996, |
Halons by 2000, Carbon tetrachloride by 1996, HCFCs by 2030.

Rio-Earth Summit (1992). Agenda 21 to prevent environmental
degradation. . T

Kyoto Conference (1997). To cut GHG by :
levels by 2008-12; Japan (6% cut), US (7% cut),
China face no binding. _ .

Stockholm Conference (1972). It
conference on Human Environment which was ¢
countries participated in it. The conference dec
Environment Day.

Nairobi Conference (1982). It was
Nairobi which adopted a report entitlec
1972-82", -

World Summit on Sustainable C
held in Johannesburg. Over 4,000 delegat
participated in it. 4

Stockholm Convention (2(

il
s
O -

phasing out 12 dangerous pesticides an
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to allow ecosystems to adapt naturally to climate change, to ensure that
food production is not threatened and to enable economic development to
proceed in a sustainable manner” They adopted a national programmes for
mitigating climate change and develop strategies for adapting to its impacts.
They agreed to promote technology transfer and the sustainable
management, conservation, and enhancement of green house gas sinks
and “reservoirs” (such as forests and oceans). In addition, the parties will
take climate change into account in their relevant social, economic, and
environmental policies; cooperate in scientific, technical, and educational

matters; and promote education, public awareness, and the exchange of
information related to climate change.

Industrialized countries undertake several specific commitments. Most
members of the Organisation for Economic Cooperation and Development
(OECD) plus the states of Central and Eastern Europe—known collectively
as Annex I countries—committed themselves to adopting policies and
Measures aimed at returning their green house gas emissions to 1990 levels
by the year 2000 (emissions ta rgets for the post-2000 period are addressed
by the Kyoto Protocol). They must also submit national communications on
a regular basis detailing their climate change strategies. Several states
may together adopt a joint emissions target, The countries in transition to
a market economy are granted a certain degree of flexibility in implementing

their commitments. The richest countries shall provide “new and additional
financial resources” and facilitate technology transfer. These so-called Annex
IT countries (essentially the OECD) will fund the “agreed full cost” incurred
by developing countries for submitting their national communications. These
funds must be “new and additional” rather than redirected from existing
development aid funds. The convention recognizes that the extent to which
developing country parties implement their commitments will depend on
financial and technical assistance from the developed countries.
The convention also establishes two subsidiary bodies. The
Body for Scientific and Technological Advice (SBSTA) provides the COP with
timely information and advice on scientific and technological mm
to the Convention. The Subsidiary Body for Implementatior ‘helps
with the assessment and review of the Convention's im Dle
A financial mechanism provides funds on a grant or
The Convention states that this mechanism shall be Q
accountable to, the Conference of the Parties, which s
policies, programme priorities, and eligibility criteria. T \ere she
equitable and balanced representation of all Parties with
system of governance. The operation of the ﬂnancla!*
entrusted to one or more international entities. The (
this role to the Global Environment Facility (GEF) on
1999 the COP decided to entrust the GEF with this
ongoing basis and to revi T ‘
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2001 the COP agreed on the need to establish two new funds under the
Convention—a special climate change fund and a fund for least developed
countries—to help developing countries adapt to climate change impacts,
obtain clear technologies, and limit the growth. in their emissions. These
funds are to be managed within GEF framework.

Kyoto Protocol. In December 1997, delegates from nearly 160 nations
participated in a U.N. Summit on Global Warming held in Kyoto, Japan.
During the conference, delegates approved a legally binding treaty for
countries to reduce emissions of green house gases. Listed below are some
details of the treaty.

Emission Reductions. The treaty sets a goal for 38 industrialized
nations to reduce their combined green house emissions by 5.2% below
1990 levels between the years 2008 and 2012. To meet that target, some
countries must reduce emissions by greater amounts than others. The 15
member European Union is committed to reducing its emissions by 8%
below 1990 levels, while the US is bound to a 7% reduction; Japan would
be required to meet a 6% reduction target. The treaty exempts several
nations that are considered developed but are in the midst of prolonged
economic declines, such as Russia and Ukraine, from any reductions, while
other countries, including Norway and New Zealand, have agreed to much-
higher emission reductions. Developing countries, such as China, India and
most African countries, are not bound by emissions mandates but are asked
to set their own voluntary targets. |

Gases Affected. The treaty covers six gases, including the major green
house gases of carbon dioxide, methane and nitrous oxide. Three other
synthetic gases—hydrofluorocarbons, parfluorocarbons and sulphur
hexachloride—were also included.

Ratification Process. The Kyoto Protocol was approved by a majority
of the countries attending the conference. The treaty will take effect when
55 nations, representing those responsible for emitting 55% of the total
carbon dioxide released in 1990, ratify the protocol. .

Implementation and Enforcement. The treaty
for a controversial system of emissions trading. Under the Systeft
that fail to reduce their green house gas emissions by their ta
may buy emissions credits from those nations that are able t
emissions below targeted levels, R

However, the United States has abandoned the Kyoto Pr
5001, Therefore the participation of other G8 nation’s have
to get the accord Into force. The cynical view of UN &
warming was becoming evident since November 2000, atthet
in Holland, which attracted more businessmen th
environmentalists. ’
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Finally Enter’s into Force. On February 16, 2005, the much awaited
Kyoto Protocol entered into force, becoming legally enforceable on all parties
that have ratified the treaty. The treaty aims to curtail he emission of green-
house gases (GHG) into the atmosphere, which 1s the major culprit of global
warming. The enforcement of the treaty was made possible because Russia
recently ratified it and deposited its instrument of ratification with the UN
Secretary-General on November 18, 2004.

Besides, the first project of Clean Development Mechanism (CDM) was
also registered. This project would reduce the emissions of methane from
a landfill in Brazil, by capturing the gas and using it to generate electricity.
The CDM is a cheap mechanism available to developed countries under the
Kyowo Protocol to reduce their GHG, emissions by investing in projects in
developing countries rather than in more expensive projects in their own
countries.

Global Warming .
Global warming is one of the most serious glot*al environmental issues.

Extensive researches have been carried out to study this phenomena in

detail. No doubt, it is a burning issue.
Sunlight reaches the earth as visible radiation of wave length 0.58 to

0.69 nm. A portion of it is absorbed in the atmosphere and earth’s surface.
This reflected radiation will be having longer wave length (10 nm). Certain
ghases like CO,, CFC, CH,N,O present in the atmosphere along with water
vapour absorb these radiation and will not let it escape. So the atmosphere
gets warmed up as in the case of a “green house”. In fact the green house
effect is responsible for preventing the atmosphere temperature fmm faﬁ:g
to sub zero. This phenomenon ensures that there is sufficiently high

temperature for the life to exit.
: house gases in abundance, the

Because of the release of these green |
equilibri as been titled and the global temperature started IM
o il here is an overall warming trend

f 3 e is no doubt that t
Sl had the 7 of the 8 hottest ever

on the earth. In the past 10 years, we have ;
recorded years. The present global mean temperature IS 15°C, Global

i ing at the rate of
warming due to the green house gases has been lnf:reaa.snng a
0:3°C tc? 0.6°C over 31e last 130 years. Global warming in India during the

period 1901-1980 has been estimated to be 0.5°C. A rise in the global

' hic.
temperature by just 1 or 2°C would be catastrop
%e “greex JI'n:'ousc-: effect” is a phrase popularly used to describe the

to
increased warming of the earth’s surface and |0Wﬁl‘ atmo:;;;:res:;a
higher-levels of carbon dioxide and other green Ot"ie 3\ , gla;ss _
methane, nitrous oxides, and the chlorqﬂqorocarbon;.thL zarth 2 |
of a green house these gases allow radiation to reac

their going back. ' J
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If some of the principal green house gases continue to increase at the
present rate, the global temperature can rise by 1.5 to 4.5°C in the next 50
years. Such an increase in atmospheric temperature is expected to trigger
off major changes in the patterns of rainfall and seasonal cycles, a significant
rise in sea level and a rapid increase in the frequency of the occurrence of

" extreme natural disasters.

Mechanism of Global Warming. The heat that is radiated back from
the rocks and oceans is at a changed wavelength from the wavelength of
insolation. Reflected heat is in the form of long-wave radiation. This contrast
accounts for the normal green house effect, which shapes life on earth. The
long-wave radiation does not travel back through the atmosphere because
it is partly absorbed by some naturally occurring substances and gases in
the atmosphere. The principal one is water vapour, generally in the well-
known form of clouds. Then there are carbon dioxide, methane, nitrous
oxide and ozone. These gases are magnified due to absorbing outgoing
long-wave radiation than incoming short-wave radiation. They'therefore
trap the heat; hence the natural green house effect.

Thus the green house effect caused by the difference in absorption
rates of long and short wave radiation makes the earth far hotter than it
would otherwise be. Estimates vary, but the general consensus is that the
earth is 33°C (91°F) warmer than it would be without the natural green
house effect, that is with the mixture of gases in the atmosphere which
existed before the industrial revolution began in about 1750. If everythir
else remains constant, an increase in any one of the green house gases
‘would cause more heat to be trapped. el

Although at present we understand how our activities haw
increase in carbon dioxide levels, but what exactly caused the.
decrease in the level of carbon dioxide in the geological past is st
correctly understood.

Green House Gases. Main culprits—the gases like CO
CFC and water vapour are the elemenfs which absorb the re
and increase the temperature. ]

(i) Carbon Dioxide. It is held that carbon dioxide in geol
was preponderant in atmosphere.

But that is only part of the equation. Carbon dioxide is taks
atmosphere by photosynthesis all the time. When plants deca
forest are chopped down and hurned, or are eaten by ani mal

released again. The same process happens at sea. Billior
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bot_tom of the sea where some of the carbon remains in the mud. Most
estimates say that about
; one third of the carbon dioxide being released
Into the atmosphere at the moment is absorbed by th

This process of usin and then fixi gl y.t g
billions of years h g en fixing cqrbon dioxide into carbon through
face EECRS as changed the composition of the atmosphere and the
el planet. If the atmosphere had not changed because of plants

remained heavily laced with carbon dioxide, it is estimated that
the world wpuld be 45°C (113°F) hotter than it is now.

By the time humans had begun to walk upright, nitrogen was by far the
dominant gas. Carbon dioxide had shrunk to a tiny proportion of the
atmosphere, and the oxygen had grown to about 21 per cent. In fact,
~ carbon dioxide had shrunk to roughly 0.03 per cent of the air. In the last
couple of thousand years it appears to have been stable at 280 parts per
million by volume. -

It made the world warmer than it would be without the green house
effect, but not too hot. The problem is that we seem to have upset the
balance. In the last 200 years, because of human activities, the proportion
of carbon dioxide has risen from 280 parts per million to 360 parts per
million at the end of 1995. Thus, in the time since the beginning of the
industrial revolution, the proportion of carbon dioxide has risen by 27 per
cent. As industrial activity increases, particularly in the developing world,
the rate of carbon dioxide release grows too. Currently it is increasing by
about 3 parts per million a year. :

(ii) h?letl'lap:e. Methane is a very scarce gas, measured in parts per
billion in the atmosphere rather than parts per million, but it has a much
greater warming effect-21 times that of car:bon dioxide by hile
carbon dioxide has increased by 27 per cent in the past 200 years, methai

has increased 145 per cent from 700 parts per billion to 1720 part:

Global Warming : The Cooler Side

llain. However, St
warming has been painted as a vi ver, §
scier(!;tligtt:;atlaeg to diffgr. A bunch of scientists have given a very inte
rqument which if true will turn global warming into a blessmtgm .
:ogtl'lem a warming ocean will lead to increased evaporation,
’ ;

normal cloud cove
'_‘d precipitation. The gy w:,mmat the earth's §

clouds a . _' ot Vs
e g atha has vn:rlﬂtd this point). The Incr

the umuhlghd.rsln e
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billion. It is calculated to be responsible for about 15-20 per cent of the

enhanced green house effect.
Despite the steepness of the rate of increase of methane and its greater

potential for global warming, molecule for molecule, scientists seem less
bothered about this rise than that of carbon dioxide. The reason is that
carbon dioxide survives longer in the atmosphere than methane, between
50 and 200 years. That means, once the increase in volume of gas has
occurred, it is much harder to reverse the process. Methane, on the other
hand, is destroyed by chemical processes within 12-17 years, so the damage

is potentially more easily reversible.
The amount of atmospheric methane has only started to rise since the

industrial revolution, and the increase in quantity follows very closely the

growth of human population since that time. }
Methane emissions have also been increasing for other reasons.

Particularly large quantities come from rice paddies and scientists are trying
to find new growing techniques to reduce the production of methane in
agriculture. Another source of methane is rotting rubbish in landfills. The

methane released from coal mining is also significant. :
(i) Nitrous Oxide. Nitrous oxide, known as laughing gas and used as
an anaesthetic, is another green house gas. Its role is minor but it has a
relatively long atmospheric life of 120 years and is steadily growing since
pre-industrial times in volume, and is now at 310 parts per billion by volume
in the air. Again the exact reasons for this rise is not clear. The burning of
wood and other fuels is partly to blame, plus the production of the gas in
the ground following the application of ammonia based fertilizers.
(iv) Chlorofluorocarbons. Contribution made by CFCs is an entirely

artificial phenomenon. These gases were good servants but appeali' ave
turned into monsters. CFCs or chlorofluorocarbons, did not exist atall until
they were invented in the 1930s, as always with the best of intentions. For
years they were seen only as a great bonus to industry but they turned out
to be created a potential disaster too.
They were created as extremely stable, non-toxic and non-infle
gases which were easy to liquefy under pressure. This meant J
were particularly suitable for use in refrigerators and air-conditi
as a propellant in aerosol spray cans. In fact they were a gr
allowing safe domestic refrigerators to be readily available for the first!
A number of different types were developed for different purposes
given different numbers, CFC 11 and 12 for example. Other uses incl
blowing agents for foam rubber and rigid polyurethane foam in fuml
CFCs were designed to make our life simpler but in fact they have
made it much more complex, and have left us with serious dangers to
health and world food supplies. CFCs have been recognized as respoNSIDN
for both severe damage to the ozone layer and potentially e

oni
eat

%
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gye vI:ere first identified as harmful to the ozone layer in
2 Was all just theoretical, The United States banned
- pr:-cautlon In 1978 but it was not until 1985 when a
Yer was mapped in the Antarctic that international

global warming. The

1974 but at that sta

them in aerosols as

‘hole’ in the ozone

action began,

Go

i s‘gmntsmmacted surprisingly quickly, worked out what to do and

€ Montreal Protocol by 1987, Subsequently more ozone

were identified
or substituted agreed. and target dates for various chemical to be reduced

- Table 14.1 :
se of é_.onc:nu-ation of Green House Gas
Their Warming Capacity
Average Increase Rate ~ Warming  Global Warming
Rate Per year (%)  Contribution
0.5 1
20 - 36
Nitrous Oxide 0.3 140
Hydro Fluro Carbon 0.4 14600
| Per Fluro Carbon 0.4 17000
Ozone 0.5 430
Note : In Kyoto Protocol Sulphur Hexa Floride is identified as a
house gas.

recognized that CFCs are global warming gases themselves.
worry was that the chlorine contained in CFCs, once in the upper a
acts to destroy some of the ozone.

At ground level ozone assumes a different role and IS rega
unwanted pollutant because it damages human lungs and is toxictop
Here, where it is not wanted, quantities are rising. The gases res
for creating low level ozone are carbon monoxide, the oxides of nitr
(all found in car exhaust fumes), methane and other hydrocart
added ingredient is sunlight, which is why the smoke and fumes ha

emit in going about their daily lives come back to haunt us on
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Exactly what is the net effect of having CFCs in the atmosphere on

global warming over the long term is not yet clear, For the first ti
. time in
1995, because of the efforts towards cutting out ozone depleters, the level

Table 14.2 : Key Impacts of Global Warming
Change ‘ Impact

More hot days, intense heat waves Increased incidence of fliness,
‘ stress on wild life, damage to
crops, more need of energy for
cooling Ppurposes, more pests and
disease vectors.
Droughts, damage to building
foundations due to ground
shrinkage,

disease, coastal er , d
to infrastructure, dams
coastal infrastructure
El nino Droughts and flood:
| areas, decrease in
) productivity.
| Increased Asian summer monsoon Increase in flood ang
magnitudes.
Increased intensity of mid latitude Increased rise to humar
, health, damage to
Storms ' Coastal ecosystems.

of CFCs in the air will reduced considerably and its beneficial inf
be felt for a long time. Even if all goes well it will be anoth
before the problems of these synthetic chemicals and the resul
depletion fade into insignificance in the battle to save the pia
ourselves. Meanwhile their effect on climate change will have to &
monitored. _

One result of the Initial priority given to ozone depletion

rming is that the political responsibility for phasing out .
::;h l:h'::9 Montreal Protocol, Because CFCs are dealt with in o
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they are specifically excluded from the climate change convention. The one
problem it poses for climate is that one group of substitutes, the HFCs, are
although not ozone depleters but are global warming gases, but so far the
problem is not significant. Hence, a comprehensive approach towards all
aspect of climate change is the need of the hour.

Effects of Global Warming. Symptoms of global warming have started
manifesting themselves becau

se of their effects on the enviroment and
the ecosystem. The frequent incidents of coral bleaching (because of the

increased ocean temperature), the unpredictable changes in the weather/
climate, decrease of oxygen content of the atmosphere, uncontrolled bloom
of toxic planktons in ocean (red tides), changes of the bonding pattern of
alkenes in the marine environment etc., are some of the manifestations or
indicators of global warming. :

One of the ill effects of global warming is thought to be the rise in the

sea level and submergence of low lying geographical regions. It has been
estimated that global sea level is rising at a rate of 1-3 mm/year. It is

expected that in this century, sea level shall rise by 48 cm. It has been
reported that, if the present CO, emission rate continues over the next
century, earth’s climate may heat for about 500 years and there shall be a
rise of temperature by 7°C. At that time the thermal expansion of sea
water shall raise the MSL by 2m. Along with this, the melting of ice caps at
poles will raise the MSL considerably. Increase of MSL by just 2m is enough
to wash away whole of Maldives & Bangladesh.

Global warming activates the hydrological cycle along with warming of
the environment. It bring forth unpredictable climate changes causing
drought at certain places and cyclones and heavy showers at some other
places. Another effect of global warming is the CO, fertilization—the increase

in productivity of plants especially the ones following C3 photosynthesis
(e.g., rice, wheat).

Decisions of Kyoto Protocol
e By 2012, developed countries would reduce their collective emissions

by 5.2% from 1990 levels, with each country being committed to a
particular figure.

e The emissions covered by the Protocol are not only carbon dioxide,

but also methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons
~and sulfer hexafluoride.

e These commitments would be reckoned on a net basis, considering
sinks as well as sources, and each country most credibly measure its
contribution and meet its commitment, .

e Countries may fulfil their commitments jointly (such as with regional

agreements) and they may improve the efficiency of compliance
through “flexibility mechanisms.”

w
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The global warming is likely to reduce the availability of agricultural
land as river deltas may be inundated due to rise in sea level. Agricultural
pests may prosper to cause widespread damage to crop at increased
temperature. The agricultural production would be severely affected due to
drought which may become a more common phenomenon in semi arid and
arid regions.

Global Warming Cuts Rice Harvest. Global warming has cut rice
harvests by at least 10% and possibly much more, scientists in the Philippines
reported in July 2004, after studying 12 years of rising temperatures and
falling yields. According to the scientists based at the International Rice
Research Institute (IRRI), Philippines, the impact could be significant for
may of the world’s poorest people, because rice production had to rise by
1% a year to meet world demand.

However, temperatures are predicted to rise further, and the scientists
calculate that rice yields fall by 10% for every 10 centigrade rise in night
temperature. The research used temperature data over 25 years (1979-2003)
and harvest over 12 years (1992-2003) at the institute’s farm near Manila.
Most of the new production has to come from existing crop land to avoid
destroying ecosystems which are habits for animals. Daily average night

Arctic Cllmate Warming
The Arctic Climate Impact Assessment (ACIA), a four year study
carried out by the United National Environment Programme (UNEP),
provides clear evidence that the climate is warming rapidly now.
Conducted by an international term of 300 scientists, the study
projects, larger changes in near future. Increasing concentrations of
Greenhouse Gases (GHG) from human activities are projected to
contribute to additional warming of 3-9 degrees over the next 100 years.
Its global impact, such as sea-level increase, will be staggering, Sa
the report. _ :
The Arctic region, barometeron global climate change, is consic
an early warning system on environmental warming worldwide. W
happens there is of concern for everyone because Arctic warmi
its consequences have global implications. =
The ACIA predicts that Arctic vegetation zones and animal :
will be affected. Retreating sea ice will reduce the habita
bears, wolves, ice-habiting seeds and marine birds and eve
some species with extinction. Such changes will also impact
Arctic indigenous communities who depend on such animals,
for food, but also as the basis for cultural and social identity,
ro the report. And the regions, as the Arctic glaciers melt, itw
developing countries, with. Ilmlted means to adopt to e Wiro
changes, that will suffer*_ nost. |
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tempera ' about half a de v .
and is projected to increase 1.5 deg Jree centigrade in the 20th century

gases such as carbon dioxide an

d trace gases %
: : such a
rising temperature, plant respira s ozone, along with

tion increases as temperature rise, taki
5 ’ |
energy that otherwise would be devoted to grow andr:'zducing yields. ng

Global Warming might help to increase rice yields in areas where
temperatures are now too cool for year-round production. Many

climatologists predict a global rise of 3.5°C this cent Vot
a further 30%. ury, could hit yields by

Himachal Glaciers Drying up

Fqur.glaciers of the Baspa may dry up due to global warming. A
study |nd|§ates that four glaciers of the Baspa basin of Himachal Pradesh
face terminal retreat. In other words they may dry up. “If climatic
condition remain same as these in 2000, then our climate model suggests
that the four glaciers will disappear by 2040. The extent of global warming
impact on the Himalayan ice-fields is a matter of great concern. Fifteen
glaciers of the basin are also on this list, as they too are losing more
than what is getting accumulated. Geologists worldwide consider mass
balance as the ideal yardstick of glacial retreat (glacial mass balance
means the total loss/gain in glacial ice and show at the end of a
hydrological year).

The melting however, is no longer favourable for the environs, with |
global warming disturbing the equilibrium existing between the seasonal
variations. | e o

According to researchers, four of the 19 glaciers are already doomed et
because they do not have any accumulation area, implying there isno |
formation of new glacial ice. Rather, 0.2347 cubic km of glacial ice was |
lost during 2001-02—a fact clearly indicative of a future cqtastrophg.‘-'

Glacial ice is the core of a glacier. The ice is formed dgnng.the
transformation process. Since all the snow of thesfe glaciers is
due to more than normal temperatures, there is none avaiie
metamorphese into glacial ice. These four glaciers are SO SUSCEPL

-

because they face the southern direction and receive more solar radiat

than the northern facing ice-bodies.
Baspa glaciers located at an altitude of around 5000 metres

i nd abow
lost 24 percent of their ice cover. While those of 5,400 metres a
have retreated by 14 per cent. At present, the unnatural me
increased the stream run off of Baspa river.

)
5T e P
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Checking Greenhouse Effect, Is the growing green house effect
inevitable, or is there something we can do to reverse it, stabilise it, or at
least adapt to it? To be sure, it Is practically impossible to eliminate the
green house problem totally, still most researches agree that there js plenty
that can be done at least to slow down the pace. The only good thing about
the global warming is that it brought many countries arour«! the same
table many times.

Efforts to educate the public about global warming started long back.
Efforts to reduce the release of green house gases (especially CO,) has
already begun. In 1992, the famous Rio de Janeiro Earth Summit took
place. Strategies were framed to reduce green house gas emission. The
industrialized nations had to accept the target for stabilizing CO, emission
(from burning fossil fuel) by the year 2000 A.D. Also they had to provide
funds to the developing/underdeveloped countries to red uce their emissions
levels.

Following are a few steps to reduce the impact of green house effect :

® Global warming is caused by the pollutants released into the

atmosphere. Human beings are nature’s greatest pollutants. No
pollution control programme can work without a check on our
runaway population growth. Plan your family and limit its size,
consequently global warming can be reduced to significant degree.
® Plant and protect more trees. Trees are carbon sinks only where
they are young and vigorously growing. To be productive, trees
must be cut lopped when allowed to rot or burn, they release
whatever carbon they have stored. |
® To meet the firewood needs, take a recourse to agrof
quick dwarf trees on field buns, as hedgerows and a
Follow lopping instead of one-time felling of trees.
® Use smokeless Chulhas. They not only emit less
the best use of the available energy. ;
® For cooking food, drying agricultural produce ai
use solar energy whenever possible.
®. Stop forthwith the practice of shifting cultiv
burn agriculture. The currently available alternz

"4

remunerative. E ]
® Restore degraded shrub jungles, glasslands ANC
afforestation and regeneration of grasses.
Avoid the use of aeroso

k]
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What Governments Can Do?
: ;E:courage energy conservation and recycling.
af{ga;se funds for research on alternative energy sources
particularly for the development of low-cost photovoltaic cells. ’

e Build high efficiency power
et , plants and pha ¢
facilities which have very low efficienqr? se out the conventional ‘

e launch a ma§sive tree planting programme.
e Educate public on environment friendly technologies.

e Encourage technologies that recover methane f
and land fields. rom swampy fields

Reforestation and greater reliance on renewable sources of energy is
the need of the hour. The crop genetic base should be strengthened and
we should start looking for adaptive strategies. Further institutional action
'« needed to build a scientific consensus on physical, biological, and social
aspects of atmospheric pollution issues. Even more important is the need
for public awareness and undertaking which could lead to demands for

political action. -

Acid Rain :
When atmospheric water droplets combine with a range of man-made

chemical air pollutants, acid rain is formed. Other forms of precipitation like
mist and snow may also be acidic for similar reasons.

The main pollutants involved are oxides of nitrogen and sulphur. In
nature, volcanoes, fires, and decomposing matter emit these substances in
small amounts. However, since the advent of the Industrial Revolution,
human activities have been releasing such pollutants in large quantlb;. -
Such emissions are very high in the major industrial centres and have &
increasing rapidly since the mid-twentieth century. : 4

Automobiles and coal-and oil-fired power stations are Major SOUrces O
acid-forming compounds. In fact, any burning of coal, oil and (toa
extent) natural gas produces these compounds. ;

Acid rain ultimately falls on the ground, sometimes hundreds of
kilometres from the area in which it formed and geperally one to four &
later. The effects of such acid rain are generally quite damaging. _-

d Rain. When soil is acidified, it leads to a €

ct of Aci ,
i idification damages plant roots and they are not

roductivity. The ac
graw in enough nutrients to survive and grow.

trees, articularly confiers, are ex
year\:,”;xy beginpto lose their leaves and dlg. Th
for the decline of forests in Europe, North e
orchids, lichens, and mosses are also very umltivc |
Acid rain falling on;-lake;s..alpd. rivers destroy ._ |
these water bodles. Thousands = lakes in Sweden, Nor
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for example, have been permanently affected by acid fallout. Fish populations
have died nand so have species, such as otters, amphibians, and birds that

depended on fish for their food.
Acid rain harms people directly when they breathe in the acidic air. Acid

rain can also harm people indirectly, when they eat fish caught in affected
lakes or rivers.

Old buildings are also threatened by acid rain. Acid fallout has caused
the famous St. Paul’s Cathedral in London to decay more in the last 5¢
years than it has in the previous two centuries. Some famous statues, such
as the Lincoln Memorial and Michaelangelo’s statue of Marcus Aurelius,
have started deteriorating because of the effects of acid rain. The same is
true of many historic buildings in Europe.

The Taj Mahal was also threatened by acid fain caused by factories in
Agra. Thanks to the orders of the Supreme Court many of these industries
have been shifted or closed down.

A side effect of acid rain is the leaching of aluminium out of the soil into
water bodies. Aluminium is very toxic for fish and the birds that prey on
them. Sometimes acidification leads to the leaching of cadmium and this
can also have adverse effects on animals.

Control of Acid Rain.

® Emission of SO, and NO, from industries and power plants should

be reduced by using pollution control equipments.

® Limiting of lakes and soils should be done to correct the adverse

effects of acid rain.

® A coating of protective layer of inert polymer should be given in the

interior of water pipes for drinking water.

Ozone Layer Depletion

Ozone is a poisonous gas made up of molecules consisting of three
oxygen atoms. This gas is extremely rare in the atmosphere, representing
just three out of every 10 million molecules. Ninety per cent of ozone exists
in the upper atmosphere, or stratosphere, between 10 km and 50 km above
the Earth. :

The ozone layer in the atmosphere absorbs most of the harmful
ultraviolet-B (UV-B) radiation from the Sun. It also completely screens out
the deadly UV-C radiation. The ozone shield is thus essential to protect life.

Depleting the ozone layer allows more UV-B rays to reach the Earth.
The resuit is an increase in skin cancers, eye cataracts, weakened immune
systems, reduced plant yields, damage to ocean ecosystems and reduced
fishing yields, and adverse effects on animals.

- In the 1970s, scientists discovered that when CFCs (chlorofluorocarbons,
used as refrigerants and aerosol propellants), finally break apart in the
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y cause ozone depletion. Bromine
extinguishers) have the same

atmosphere and release chlorine atoms, the

atoms released by halons (used in fire
effect.

The ozone layer over the Antarctic has steadily weakened since
measurements started in the early 1980s. The land area under the ozone-
fjepleted atmosphere has increased steadily to more than 20 million sq km
in the early 1990s and has varied between 20 and 29 million sq km since
‘t<hen. In 2000, the area of the ozone hole reached a record 29 million sq

m.

While no hole has appeared elsewhere, the Arctic spring has seen
the ozone layer over the North Pole thinning by up to 30 per cent. The
depletion over Europe and other high latitudes varies between 5 and 30 per
cent.

International Initiatives. Intergovernmental negotiations for an
international agreement to phase out ozone-depleting substances started
in 1981 and concluded with the adoption of the Vienna Convention for the
Protection of the Ozone Layer in March 1985.

The Vienna Convention encourages intergovernmental cooperation on
research, systematic observation of the ozone layer, monitoring of CFC
production, and the exchange of information. The Convention Commits the
signatories to taking general measures to protect human health and the
environment against human activities that modify the ozone layer. It is a
framework agreement and does not contain legally binding controls or
targets.

The Convention did, however, set an important precedent. For the first
time nations agreed in principle to tackle a global environmental problem
before its effects were felt, or even scientifically proven.

In May 1985, British scientists published their discovery of severe ozone
depletion in the Antarctic. Their findings were confirmed by Amencaq satellite
observation and offered the first proof of severe gzone depletion. The
discovery of the ‘Ozone Hole’ shocked the worlfj. It is regarded as one of
the major environmental disasters of the twentieth century.

Governments now recognize the need for stronger measures to reduce
the production and consumption of a number of CFCs and several halons.
As a result, the Montreal Protg;:ollgg?substances that Deplete the Ozone

adopted in September .
Laye;"i:‘v:;-sm Ic:):hemicals are presently controlled by the Montreal Protocol
and are subject to phase-out schedules under it. The Protocol was designed
<o that these schedules could be revised on the basis of periodic scientific

and technological assessments. . |
Governments are not legally bound by the protocol until they ratify it as

well as the Amendments to it. Unfortunately, while most governments have
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ratified the Protocol, ratification of the Amendments, with their stronger
control measures, still lags behind.

Results. The Montreal Protocol is working. However, even with full
compliance with the Protocol by all parties, the ozone layer will remain
particularly vulnerable during the next decade or so.

In 1986 the total consumption of CFCs worldwide was about 1,1 miffion
ODP (Ozone Depleting Potential) tons; by 2001 this had come down to
about 110,000 tons. It has been calculated that without the Montreal
Protocol, global consumption would have reached about three million tons
in the year 2010 and eight million tons in 2060, resulting in massive ozone
layer depletion.

Without the Protocol, there would have been a doubling of UV-B radiation
reaching the Earth in the northern mid-latitudes and aquadrupling of the
amount in the South. The amount of ozone-depleting chemicals in the
atmosphere would have been five times greater. The implications of this
- would have been horrendous : 19 million more cases of cancer and 130
million more cases of eye cataracts. =

The bulk of the 1986 total, or about 0.9 mllhon ODP tons, was const
in developed countries but by 2001 these countries consumed il%tdnt
7000 tonnes. The developing countries have reduced their CFC consumption
by about 15 per cent between 1986 and 2001.

-Scientists predict that ozone depletion will reach its worst point during
the next few years and the gradually decline until the ozone layer returns to
normal in around 2050, assuming that the Montreal Protocol is fully
implemented. : :

The success of ozone protection has been po
and industry have been able to develop and comm
ozone-depleting chemicals. Developed countries ¢
faster and with less cost than was originally anticip

Protocol Lessons. The efforts of the world com
ozone layer are a fascinating example of how huma
face a common danger. The Protocol offers many lesse
applied to solving other global environmental issues 3

e Adhere to the ‘precautionary principle’ because waiti

scientific proof can delay action to the _-":'il wh
becomes irreversible, 3

e Send consistent and credible signals to indust

 adopting legally binding phase-out schedules

incentive to develop new and cost-effective alt

e Ensure that improved scientific understandin

quickly into decisions about the provisions of
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® Promote universal participati
; pation b iZi ‘comm
differentiated respo b opion 2ing the ‘common out

nsibility’ of developin :
and ensuring the nec Ping and developed countries

: €ssary financial and technologi
developing countries, ogical support to

Base cqntrol Measures on an integrated assessment of science
economies, and technology, ’
Nuclear Accidents and Holocaust

Nuclear accidents can Occur at any stage of the nuclear fuel cycle.

However, the possibility-of reactor accidents is viewed more seriously because
the effects of reactor accidents are more drastic.

Many estimates of hypothetical accidents in a nuclear power station
are made. Such estimates are made taking into consideration various
parameters like reactor safety measures which if fail would release large
amount of reactor contents, that is, radioactive debris affecting a substantial
portion of human population within a particular site in a particular area.

The modern fusion bombs (nuciear bombs) are of the explosive force
of 500 kilotons and 10 megatons. In case of a world war, total nuclear
exchange of more than 5,000 megatons can be expected. Nuclear
bombardment will cause combustion of wood, plastics, petroleum, forests
etc. Large quantity of black soot will be carried to the stratosphere. Black
soot will absorb solar radiations and won't allow the radiations to reach the
earth. Therefore, cooling will result. The infrared radiations which are re-
radiated from the atmosphere to the earth will have very less water vapour
and carbon dioxide to absorb them. If they leave the It_)wer atmosphere the
green house effect will be disturbed and cooling will occur. Dug tnm '
cooling effect, water evaporation will also rgduce. Therefore, mﬁa—:gd
radiations absorbing water vapours will reduce in t’he atrpos‘phere. Thbvﬂ
also cause cooling. In the stratosphere there won't be significant moisture
to rainout the thick soot. So, due to nuFIgar explosions, a pheml;tlenon
opposite to global warming will occur. This is called nu;lear wlllnter - may

It in lower global temperature. Even the summer time will experence
feicn ill drastically affect crop production. Crop
freezing temperature. It will drasti U : :

ity Wi bstantially causing famines and human suﬁemgs._
productivity will reduce su : has resulted.in wideERE

The Chernobyl nuclear accident, 1986 has resu 42
contamination by radioactive substances (already lr)nentlcmot o imﬂm
episodes). The devastation caused by nuclea;r btf:arvv :rlege v\r;ar = bom"mbm of
but may be long lasting. Towards, the end o

Dresden, Germany caused huge firestorms. This caused pantcbhdenr
updrafts in the atmosphere,
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Case Study

In the Nuclear holocaust in Japan 1945, two nuclear bombs were
dropped on Hiroshima and Nagasaki cities of Japan. One fission bomb
was dropped on Hiroshima. This holocaust (large scale destruction of
human lives by fire) killed about 100,000 people and destroyed the city.
This forceful explosion emitted neutrous and gamma radiations. It had
the force of 12 kilotons of trinitrotoluene (TNT). The radioactive strontium
(Sr 90) liberated in the explosion resembles calcium and has the property
of replacing calcium of the bones. As a result large scale bone deformities
occurred in the inhabitants of these cities. Even after more than 50
years the impacts of the nuclear fallout are still visible.

Wasteland Reclamation ‘

“conomically unproductive lands suffering from environmental
deterioration are known as wastelands. The wastelands include salt-affected
lands, sandy areas, gullied areas, undulating uplands, barren hill-ridge etc.
Snow covered areas, glacial areas and areas rendered barren after Jhum
cultivation are also included in wastelands. More than half of our country’s
geographical area (about 175 million ha) is estimated to be wasteland,
thus indicating the seriousness of the problem for a country like ours which
has to support 1/6th of the world’s population.

Maximum wasteland areas in our country lie in Rajasthan (36 miﬁon

sandy land areas.
Wastelands are formed by natural processes which include undulatin
uplands, snow-covered lands, coastal saline areas, sandy areas etc., or b
anthropogenic (man-made) activities leading to eroded, s
waterlogged lands. ;
The major anthropogenic activities leading to wasteland form
deforestation, overgrazing, mining and erroneous agricultural
Although deserts are wastelands formed by natural process, but!
many human activities which accelerate the spreading of deserts
have already discussed.
Wasteland Reclamation Practices. Wasteland reclamati
development in our country falls under the purview of
Development Board, which works to fulfill the following objectives.
e Toimprove the physical structure and quality of the marginal $o
e The improve the availability of good quality water for irrigating
these lands. - -
e To prevent soil erosion, flooding and landslides.

L Vit i,

44 Riddhi Vijay



Climate Change o
° l’c;econserve the biological resources of the land for sustainable
(S:)mfamp%tinﬁ reclamation practices are discussed here.

e g ne opment and Leaching. For reclamation of the salt

il ach.i‘;zved t)ecessary to remove the galts from the root-zone which is

y leaching i.e., by applying excess amount of water to
push down the salts. After survey of the extent of salinity problem, soil
texture, depth of impermeable layer and water table, land leveling is done
to facilitate efficient and uniform application of water. After leveling and
ploughing, the field is bunded in small plots and leaching is done. In
continuous leaching, 0.5 to 1.0 cm water is required to remove 90% of
soluble salts from each cm of the soil depending upon texture. If we use
intermittent sprinkling with 25 cm water, it reduces about 90% salinity in
the upper 60 cm layer.

~ (b) Drainage. This is required for water-logged soil reclamation where
excess water is removed by artificial drainage.

(i) Surface Drainage. This is used in areas where water stands on
the fields after heavy rains by providing ditches to runoff the excess
water. Usually 30-45 cm deep ditches lying parallel to each other at
20-60 m distance are atle to remove 5 cm of water within 24

~ hours. ; ;

(i) Sub-surface Drainage. Horizontal sub-surface drainage is
provided in the form of perforated corrugated PVC pipes or open-
jointed pipes with a envelope of gravel 2-3 m below the Iandsufam.
Chances of evaporation of water leading to accumulation of saits
almost become nil in this method N

" The World Bank has funded sub-surface drainage System & n
Rohtak (Haryana) for reducing soil salinity by this metheﬂ

(c) Irrigatior Practices. Surface irrigation with precise land I\

smoothening and efficient hydraulic dgmgn help to reduce water 1o

and salinity. High frequency irrigation with controlled amount of water h

to maintain better water availability in the upper root zone. Thin and freqe

irrigation have been found to be mor::al ttjsefful f:; :e\;:tier:i;r;?o\:‘iseld
irrigati er is saline as.compared to few . =%

'mg?;';) g::z::tion of Tolerant Crops and'(:'.rop Rot‘ations. Tolem:‘

crops to salts is found to range from sensitive, seml-tglerant, l:t)lerl!*t |

highly tolerant. Barley, sugar beet and date-palm are highly to'rﬁmh“ crops
which do not suffer from any reduction in crop yield even at a g "“"'-‘7.-_

with electrical conductivity (EC) of 10 ds/m. Wheat, sorghum, Ee:s millet, e

soyabean, mustard and coconut are salt-tolerant crops. Rice, mi :rd' maize, "i

pulses, sunflower, sugarcane and many vegetables like bottle gOUrd:
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etc., are semi-tolerant. These different crop combinations can be grown on

saline soils. : : : |
ment. Amendment of sodic soils with gypsum is

(e) Gypsum Amend

recommended for reducin

sodium from the exchangeable sites. = ]
(f) Green-Manures, Fertilizers and Biofertilizers. Application of

farm yard manure or nitrogen fertilizers have been found to improve saline
soils. Green manuring with dhaincha (Sesbania aculeata) sunhemp or guar
have also been reported to improve salt-affected soils. Blue green algae
have been found to be quite promising as biofertilizers for improving salt-
affecied soils.

(g) Afforestation Programmes. The National Commission on
Agriculture (NCA) launched several afforestation schemes in the VIth plan
to cope up with the problem of spreading wasteland. The National Wasteland
Development Board, in the Ministry of Environment and Forests has set a
target of bringing 5 million ha of wasteland annually under firewood and
fodder plantation.

(h) Social Forestry Programmes. These programmes mostly involve
strip plantation on road, rail and canal-sides, rehabilitation of degraded

forest lands, farm-forestry, wasteland forest development etc.

g soil sodicity as calcium of gypsum replaces

Consumerism and Waste Products
~ Consumerism refers to the consumption of resources by the people.

While early human societies used to consume much less resources, with
the dawn of industrial era, consumerism has shown an exponential rise. It

has been related both to the increase in the population size oy
increase in our demands due to change in lifestyle. Earlier we
a much simpler life and used to have fewer wants. In the

multiplied.
Our population was less than 1 million for thousands ¢

since we evolved on this earth. Today we have crossed the si

and consumerism of resources has also multiplied.

(a) People Over-Population. It occurs when there are more
than available supplies of food, water and other important resources
area. Excessive population pressure causes degradation of the |
resources, and there is absolute poverty, under-nourishment and premé

deaths.
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This occurs in less developed countries (LDCs). Here due to large number
of people, adequate resources are not available for all, So there is less per
Capita consumption although overall consumption is high.

(b) Consumption Over-Population. This occurs in the more
dew_aloped countries (MDCs). Here population size is smaller while resources
are in abundance and due to luxurious lifestyle, per capita consumption of
resources is very high. More the consumption of resources more is the
waste generation and greater is the degradation of the environment.

This concept can be explained by using the model of Paul Enrich and

John Hodlren {1972) :

Number Per Capita Waste generated Overall
of X use of X per unit of Environmental

-people resources resource used Impact

‘This can be illustrated diagrammatically as shown in Fig. 6.5.
In LDC’s—No. of people is very high, but per capita use of resources

and waste generated are less.
In MDC's—No. of people is low, but per capita use of resources and

wastes generated are very high.

The overall environmental impact o
may be same or even greater in case of MDC'’s.
Thus, consumerism varies with the country and USA i: known for
" maximum consumerism. The throw-away attitude and luxurious lifestyl of
the West results in very high resource use as compared to less developec

countries. With every unit of energy, mineral or any resource used the
{

waste generation and pollution in the environment.
A comparison of USA and India can illustrate this point more

f these two types of consumerism

Table 14.3 :

Comparison of Consumerism and Waste Genera ion

parameter Percent Global Values
| USA B

Population | 4212;0

production of Goods 250/0

Energy Uus€ 250;:

pollutants/wastes z

CFC's Production 0
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Environmental Legislation

Epvironmental concerns regulation, protection
affecting the environment, wh

Like other laws, envi ronmental law is also ma

: ( » €ncounters several problems in its making
as weli as iImplementation, both at international as well as national levels.

Provisions of the Indian Constitution

The Constitution (Forty-Second Amendment) Act of 1976 explicitly
incorporates environmental protection and improvement. Article 484, which
was added to the Directive Principles of State Policy, declares : ‘The state
shall endeavour to protect and improve the environment and to safeguard
the forests and wildlife of the country’. ———

- Article 51A(g) in a new chapter éntitled ‘Fundamental Duties’, imposes
a similar responsibility on every citizen ‘to protect and improve the natural
environment including forests, lakes, rivers, and wildlife, and to have
compassion for living creatures.’ ‘

In addition, Article 21 of the Constitution states : ‘No person shall be
deprived of his life or personal liberty except accqrding to procedure
established by law’. This Article protects the right to life as a fundamental
right. The courts have interpreted this Article to mean thatﬂaeum
of life, including the right tccia live witht.hum?rtlhcggef:\t}if, encompasses within
i it the protection and preservation o ronment.
|ts a?r?\:rti:on'rfmntal Policy. In 1980, the Union Government established
the Department of Environment. It became the Ministry of
and Forests (MoEF) in 1985. The Ministry initates and ov IS

implementation of environmental policies, plans, laws, andm o

MoEF prepared the first National Environmental Action P! e

1993, laying down India’s enwr(:nlmPi?f:al priorities. In 2004, the MoEF

0 Environmental Policy.

unveg:;i?,:ﬁ:; I¢)):'a£tnwironmental Legislation in India, Pl':: Minister

Indira Gandhi gave a speech at the UN Conference o8 ll','.“'m"'“- 3

Environment held at Stockholm in June 1972. The pamral "9 !

jate steps to preserve the natu resources Of Us
agreed to take appropna’ ' ision, India began enacting '

Earth. In consonance with this decision, |

environmental laws. Q
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Initially, the laws were not very different from the general body of law.
For example, the Water Act of 1974 was very much like other laws and
created another agency-administered licensing system to control effluent
discharges into water.

The Bhopal Gas Tragedy changed the situation. In the 1990s, a spate
of laws were passed covering new areas, such as vehicular emissions, noise,
hazardous waste, transportation of toxic chemicals, and environmental
impact assessment. -

Further, the old licensing regime was supplemented by regulatory
techniques. The new laws included provisions such as public hearings,
citizens’ right to information, deadlines for technology changes (in motor
vehicles, for example), workers’ participation, and penalties on the higher
management of companies for nen-compliance

The powers of the enforcing agencies Iike the various Pollution Control
Boards of the states were also enhanced. For example, previously a board would
have to approach a magistrate to get a factory shut down. Now, it was given
the power to order closure, leaving the pclluter to.challenge the order in court.

Let us now briefly review the main environmental laws of the country.

The Environment Protection Act, 1986 '

The genesis of the Environment Protection Act, 1986, thus is in the
above two Articles of the Constitution of India.

The Environment Protection Act, 196, is a addition to the two allied
Act—Water (Prevention and Contro! of Pollution) Act, 1974 and Air
(Prevention arid Control of Pollution) Act, 1981. : -

In 1972, the Department of Science and Technolog p
Committee on Environmental Plannifig and Coordin:
investigate problems of preserving or improving the um
and also to propose solutions for environmental problem:
United Nations Conference on the Human Environment f
in 1972, the Water (Prevention and Control of Pollution
on the Statute Book. The Air (Prevention and Control of |
into being in 1981 and finally this Act came into existenc

This is an Act to provide for the protection
environment and the prevention of hazards to huma
creatures, plants and property. N

The Act came into force with effect from 19th N

The Act is an umbrella legislation. It is an enabling
the executive with powers to frame various ruies an

The Act authorizes the Central Government to
environmental quality, to control and reduce pollution
to prohibit or restrict the establisnment and operatig
facility on environmental grounds. i

The Act defines terms such as environment, environ
and hazardous substance. According to the Act, the Cer

has the power to : | =

i
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€
> gei!\l:: r;(::;gres to protect and Improve the environment

S ions (for example, to close, prohibit, or regulate any
A ustry, operation on process); and

make rules to regulate environme

standards, prohibiting or restrictin -
e the handl
materials, sitting of industry, etc.). g ndling of hazardous

The Chapter of the Act on the '
: prevention, control, tem
€nvironmental pollution includes : controlli il

What are the Environment (Protection) Rules, 19862
These rules set the standards for emission or discharge of environmental
pollutants. In addition, more stringent standards may be laid down for
specific industries or locations.
There are rules prohibiting and restricting the location of industries and
the carrying on of processes and operations in different areas. Factors to
be taken into consideration include : the topographic and climate features
of an area, environmentally compatible land use, the net adverse impact

likely to be caused by an industry, proximity to areas protected under various
other laws, proximity to human settlements, etc.

Air (Prevention and Control of Pollution) Act, 1981
This is an Act to provide for the prevention, control and abatement of
air pollution, for the establishment, with a view to carrying out the aforesaic
purposes, of Board, for conferring on and assigning to such Boards
and functions relating there to and for matters connected therewith. -
" came into force with effect from 16th May, 1981. It extends to the v
India. The Act was being implemented by the Central or State Gove
and the Central and State Boards. lee Act was thoroughly amended b
Air (Preventive and Control of Pollution) Amendment Act, 1987.
The objective of this Act is to provide for the pr_eventlora,
abatement of air pollution. The Act defines air pollution as t ? ‘
the atmosphere of any solid, liquid, or gaseous substance (including

4

in such concentrations as may be injurious to human beings, other orgar
ironment. . 2

prop%rty, ?;\EZ;:: ;:‘r?he Act are to be implemented by the Central Poliut =
C ntro?goard (CPCB) along with the \{arious st_ate bogrds; 1l‘_he Act lﬁﬁ s

: ber of functions of the CPCB including : Setting c_;f airqua ItY” :
b t‘r data on air pollution, organizing training and a‘ua
e mges establishing laboratories, etc. The CPCB can specify air f
D i and set standards for vehiculay emissions. R |
it a;\ecatslays down penalties for the violation of its provns:v o “ oo

I-'rhe to companies and their oOWners and managg:; ste

aggelf:ment departments. Citizens can file complaints wi CPCB.
g

%
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The Water (Prevention and Control of Pollution) Act, 1974
The water (Prevention and Control of Pollution) Act, 1974 was enacted

to provide for the prevention and control of water pollution and maintaining

or restoring wholesomeness of water, for the establishment of Board, with

a view to carry out these purposes for the prevention and control of water -

pollution, for conferring on and assigning to such Boards powers and

functions relating there to and for matters connected therewith.

This Act came on the Statute Book in pursuance of Article 252(1) of the
Constitution, consequent on resolutions passed by all the Houses of Legislature
of the States of Assam, Bihar, Gujrat, ‘Yimachal Pradesh, Haryana, Jammu &
Kashmir, Kerala, Madhya Pradesh, Rajasthan, Tripura and West Bengal. The
other states may adopt this particular Act if they pass a resolution under the
above Article. The object of the Act, as already mentioned, is to prevent and
control water pollution and maintain or restore wholesomeness of water.

The latest amendments were made in this Act through the water
- (Prevention and Control of Pollution) Amendment Act, 1988.

The Act prohibits the use of streams or wells for the disposal of polluting
matters. It completes central as well as State Boards for the prevention
and control of water pollution. It provides for Joint Boards for two or more
states. It gives to the State Boards powers to carry out certain functions.
Moreover, it restricts the opening of new outlets and new discharges into
streams or wells by requiring the consent of the Pollution Control Board.

The water (Prevention and Control of Pollution) Act, 1974 (amendment
in 1988) empowers the State Governments to take certain emergency
measures in case of poisonous or polluting matters being found in any
stream or well. In such an urgent situation, the State Board can obtain a
restraint order from the competent Magistrate.

It is also to be noted here that any violation of the provis “th
or orders issued under its considered as a punishable offence.

The Wildlife Protection Act of 1972 ;
The Wildlife Protection Act of 1972 defines wildlife to include
bees, butterflies, crustaceans, fish, and moths; and
vegetation, which form part of any habitat. The Act along
Protection Rules of 1973 provides for the protection of birds
and for all matters that are connected to this whether it be t
waterhole, or the forest that sustains them. '
The Indian Board of Wildlife (IBWL) was created in 1952
which after the enactment of the Wildlife (Protection) Act act
the task of setting up Wildlife National Parks and sanctuarie
Sctivities and provisions in the Act can be summed up as fi
(i) It defines the wildlife related terminology. s
(ii) It provides for the appointment of Wildlife Advisory Board, WHEGHE
warden, their powers, duties etc. B i
(iii) Under the Act, comprehensive listing of endangered wildiife Spec ""
was done for the first time and prohibition of hunting o

species was mentioned.
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(iv) Protection to some endangered plants like Beddome d, Blue
vanda, Ladies slipper orchid, Pitcher plant e?:c., is also provided un%crath’e A::lt.
" (v) The Act provides for setting up of National Parks, Wildlife Sanctuaries

(vi) The Act provides for the constitution of Central Zoo Authority.

(vii) There is provision for trade and commerce in scheduled animals.

(viii) It provides for legal powers to officers and punishment to offenders.

(ix) It provides for captive breeding programme for endangered species.

: Several t;onservation projects for individual endangered species like
lion (1972), tiger (1973), crocodile (1974) and brown antlered deer (1981)
were started under this Act. The Act is adopted by all states in India except
J & K, while has it own Act. |

- Some of the major drawbacks of the Act include mild penalty to
offenders,-illegal wildlife trade in J & K, personal ownership certificate for
animal article like tiger and leopard skins, no coverage of foreign endangered
wildlife, pitiable condition of wildlife in mobile zoos and little emphasis on
protection of plant genetic resources.

The Forest Conservation Act of 1980

The Forest Conservation Act of 1980 and the Forest (Conservation)
Rules of 1981 provide for the protection and conservation of forests. The
Act specifies the requirements that should be met before declaring an area
a Protected Forest, a Wildlife Sanctuary, or a National Park.

. Under the Act, a state government may regulate or prohibit, in any
forest, the clearing of land for cultivation, posturing of cattle, or the cleaning
of vegetation for any of the following purposes : S0

e Protection against storms, winds, floods, and avalanche
preservation of the soil on the slopes, the prevention of la
the formation of ravines and torrents, or the protection
against erosion. :

e Maintenance of a water supply in springs, rivers and tan

e FProtection of roads, bridges, railways, and other modes ¢
communication. &

e - Preservation of public health. e

The Act makes it mandatory for the owner of a forest to seek perm

before converting it to any non-forest use, such as the_culti ation ©
coffee, spices, rubber, palms, oil-bearing plants, horticultural €re

medicinal plants.

¥

1992 Amendment in the Forest Act |
o In 1992, some amendments was made in the Act

provisions for allowing some non-forest activities in I‘omsn.-. \
cutting trees or limited cutting with prior approval ¢ ‘
government. These activities are setting of transm ssiol
seismic surveys, exploration, drilling and hydroelectric proje
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last activity involves large scale destruction of forests, for which
prior approval of the centre is necessary.

e Wildlife sanctuaries, national parks, etc., are totally prohibited for
any exploration or survey under this Act without prior approval of
central government even if no tree-felling is involved.

e Cultivation of tea, coffee, spices, rubber and plants which are cash-
crops, are included under non-forestry activity arn:i not allowed in
reserve forests.

e Even cultivation of fruit-bearing trees, oil-yielding plants or plants
of medicinal value in forest area need to be first approved by the
central government. This is because newly introduced species in
the forest area may cause an imbalance in the ecology of the forest.
If the species to be planted is a native species, then no prior
clearance is required.

e Tusser cultivation (a type of silk-yielding insect) in forest areas by
tribals as a means of their livelihood is treated as a forestry activity
as long as it does not involve some specific host tree like Asan or
Arjun. This is done in order to discourage monoculture practices in
the forests which are otherwise rich in biodiversity.

e Plantation of mulberry for rearing silkworm is considered a non-
forest activity. The reason is same as described above.

e Mining is a non-forestry activity and prior approval of central
government is mandatory. The supreme court in a case TN
Godavarman Thirumulkpad Vs. Union of India (1997) dir
on-going mining activity to be ceased immediately i
area of India if it had not got approval of central g

e Removal of stones, bajri, boulder etc., from river-be
the forest area-fall under non-forest activity.

e Any proposal sent to central government for non
must have a cost-benefit analysis and Environn
Statement (EIS) of the proposed activity with refe
ecological and socio-economic impacts.

Thus, the Forests (Conservation) Act has made amp

conservation and protection of forests and prevent deforestatic

Model Questions 3

1. What are the provisions of the Indian Constltutu

environment? i

2. What powers does the Enwronment (Prol:ectlon)-A
. the Central Government?

3. What are the objectives and the provisions of the A

Control of Pollution) Act of 1981?
What arethe obje Na uer(P:avenﬁona d Ce

- - S G T
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