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SYLLABUS

Course Name: Business Environment

Course Code: BBACC102

Course Objective- The objective is to give students grounding in the basic understanding of ecology
and environment for promoting sustainable development.

Block I Introduction and Evolution of Environmental Studies:
Unit | Definition and Scope of environmental studies.

Unit Il Multidisciplinary nature of environmental studies.
Unit 111 Concept of sustainability & sustainable development

Block Il Natural Resources:

Unit IV Renewable & Non-Renewable resources.

Unit V Deforestation: Causes & impacts due to mining.

Unit VI Energy Resources: Renewable & Non-Renewable resources.
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Block IV Environmental policies & practices.

Unit X Climate change & Global Warming (Greenhouse Effect), Ozone Layer .

Unit X1 Environmental laws: Environment protection Act; air prevention & control of pollution act.
Unit X1 International Acts; Montreal & Kyoto Protocols & Convention on biological diversity.

Unit X111 Nature reserves, tribal population & Rights & human wild life conflicts in Indian context.

Block V Human Communities & Environment
Unit X1V Human population growth; impacts on environment.
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UNIT
1 Environmental Science:
Definition, Scope and Importance

INTRODUCTION

The science of Environment studies is a multi-disciplinary science because it comprises various
branches of studies like chemistry, physics, medical science, life science, agriculture, public health,
sanitary engineering etc. It is the science of physical phenomena in the environment. It
studies of the sources, reactions, transport, effect and fate of physical a biological species in the
air, water and soil and the effect of from human activity upon these.

Environment Explained

Literary environment means the surrounding external conditions influencing development or
growth of people, animal or plants; living or working conditions etc. This involves three questions:
1. What is Surrounded

The answer to this question is living objects in general and man in particular.

2. By what Surrounded

Theyphysical attributes are the answer to this question, which become environment. In f3
allggducation is the environment of man. However, man cannot exist orge undes

concern%
i 1 " N o
~.., plition ich surround point in space and time. The scope of

ing by the passage of time.
albagpects of the planted earth'
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The answer to this question. It -% “phystcal component of the plant earth, viz

land, air, water etc., support and affect life in the biosphere. According to a Goudie

and political function$!
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environment is the representative of physical components of the earth where in man is an important
factor affecting the environment.

(i) Definitions of Environment : Some important definitions of environment are as under:

1. Boring: ‘A person’s environment consists of the sum total of the stimulation
which he receives from his conception until his death.’

It can be concluded frgm the above definition that Environment comprises various
types of forces such as physical, intellectual, economic, political, cultural, social,
moral and emotional. Environment is the sum total of all the external forces,
influences and conditions, which affect the life, hature, behaviour and the
growth, development and maturation of living organisms.

2. Dodglas and Holland: ‘The term environment is used to describe, in the aggregate,
all the external forces, influences and conditions, which affect the life, nature,
behaviour and the growth, development and maturity of living organisms.’

(ii) Scope of Environment: The environment consists of four segments as under:

1. Atmosphere: The atmosphere implies the protective blanket of gases,
surrounding the earth:

(@) It sustains life on the earth.
(b) It saves it from the hostile environment of outer space.

(c) It absorbs most of the cosmic rays from outer space and a major portion of the
electromagnetic radiation from the sun.

(d) It transmits only here ultraviolet, visible, near infrared radiation (300 to 2500 nm)
and radio waves. (0.14 to 40 m) while filtering out tissue-damaging ultra- violate
waves below about 300 nm.

The atmosphere is composed of nitrogen and oxygen. Besides, argon, carbon dioxide, and
trace gages. .

akes, rivers, streams, reserviour, polar icecaps, glaciers, and gro
p v

SLE JS, « e solid earth. It consists of
> ¢ soil e.g. minerals, organic matter,

4. Biosphere: Biosphere indicates the realm of living organisms and their interactions
with environment, viz atmosphere, hydrosphere and. lithosphere.

air and water.



ENVIRONMENTAL SCIENCE : DEFINITION, SCOPE AND IMPORTANCE 3

Element of Environment

Environment is constituted by the interacting systems of physical, biological and cultural
elements inter-related in various ways, individually as well as collectively. These elements may be
explained as under:

(1) Physical elements

Physical elements are as space, landforms, water bodies, climate soils, rocks and minerals. They
determine the variable character of the human habitat, its opportunities.as well as limitations.

(2) Biological elements -

Biological elements such as plants, animals, microorganisms and men constitute the
biosphere.

(3) Cultural elements

Cultural elements such as economic, social and political elements are essentially man- made
features, which make cultural milieu.

ENVIRONMENT STUDIES: IMPORTANCE :

Importance of Environment Studies: The environment studies enlighten us, about the importance
of protection and conservation of our indiscriminate release of pollution into the environment.

At present a great number of environment issues, have grown in size and complexity day by
day, threatening the survival of mankind on earth. We study about these issues besides and
effective suggestions in the Environment Studies. Environment studies have become significant for
the following reasons:

1. Environment Issues Being of International Importance

It has been well recognised that environment issues like global warming and ozone
depletlog acid rain, marine pollution and biodiversity are not merely national issues but areglobal
issues amg@ .hence must be tackled with international efforts and cooperation.

Agricu b{‘ ol

to cleanse e1r OWE ?“7
West developed, it dill od pet
such a path is neither prB'

er, it has become phased out in the gevelone
] 34" SO uth then the

3. Explosively Increase in Pollutio - AL

World census reflects that one in every seven persons in this planted lives in India. Evidently
with 16 per cent of the world's population and only 2.4 per cent of its land area, there is a heavy
pressure on the natural resources including land. Agricultural experts have recognized soils health
problems like deficiency of micronutrients and organic matter, soil salinity and damage of soil
structure.
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4. Need for An Alternative Solution

It is essential, specially for developing countries to find alternative paths to an alternativegoal.
We need a goal as under:

(1) A goal, which ultimately is the true goal of development an environmentally soundand
sustainable development.

(2) A goal common to all citizeps of our earth.
(3) A goal distant from the developing world in the manner it is from the over-consuming
wasteful societies of the “developed” world.

5. Need To Save Humanity From Extinction

It is incumbent upon us to save the humanity from exinction. Consequent to our activities constricting
the environment and depleting the biosphere, in the name of development.
6. Need For Wise Planning of Development

Our survival and sustenance depend. Resources withdraw, processing and use of the product
have all to by synchronised with the ecological cycles in any plan of development our actions should
be planned ecologically for the sustenance of the environment and development. .
7. Misra’s Report

Misra (1991) recognized four basic principles of ecology, as under:

(i) Holism

(i) Ecosystem

(iii) Succession

(iv) Conversation.

Holism has been considered as the real base of ecology. In hierarchical levels at whichinteracting
units of, ecology are discussed, are as under:

population<community<ecosystem<biome<biosphere.

v 0
(ll 0y b/"
(iii) an anohges
(iv) Environment cdifeaiohd, +4

Keeping in view the of goal-6i{plami
contributed to the United Nations Confere nvirdhment and Development (UNCED), also
referred to as “Earth Summit” held at Rio de Janciro, the Capital of Brazil, 3rd- 14th June, 1992.

NEED FOR PUBLIC AWARENESS

It is essential to make the public aware of the formidable consequences of the Environmental
Degradation, if not retorted and reformative measures undertaken, would
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result in the extinction of life. We are facing various environmental challenges. It is essentialto get
the country acquainted with these challenges so that their acts may be eco-friendly. Some of these
challenges are as under:

1. Growing Population

A population of over thousands of millions is growing at 2.11 per cent every year. Over 17
million people are added each year. It puts considerable pressure on its natural resources and reduces
the gains of development. Hence, the greatest challenge before us is to limit the population growth.
Although population contro] does automatically lead to development, yet the development leads to a
decrease in population growth rates. For this development of the women is essential.

2. Poverty

India has often been described a rich land with poor people. The poverty and environmental
degradation have a nexus between them. The vast majority of our people are directly dependent on the
nature resources of the country for their basic needs of food, fuel shelter and fodder. About 40% of our
people are still below the poverty line. Environment degradation has adversely affected the poor who
depend upon the resources of their immediate surroundings. Thus, the challenge of poverty and the
challenge environment degradation are two facets of the same challenge. The population growth is
essentially a function of poverty. Because, to the very poor, every child is an earner and helper and
global concerns have little relevance for him.

3. Agricultural Growth

The people must be acquainted with the methods to sustain and increase agriculturalgrowth with
damaging the environment. High yielding varities have caused soil salinity and damage to physical
structure of soil.

4. Need to Ground water

It is essential of rationalizing the use of groundwater. Factors like community wastes, industrial
effluentssand chemical fertilizers and pesticides have polluted our surface water and affected

alér, plan to harness the
y these would submerge
s '3 the dams on the river Narmada,
Bhaglrathl and elsewhere have become areas of politi¢al and screntlflc debate.

Forests in India have been shrinking for several centuries owing to pressures of agriculture and
other uses. Vast areas that were once green, stand today as wastelands. These areas are to be
brought back under vegetative cover. The tribal communities inhabiting forests respects the trees and
birds and animal that gives them sustenance. We must recognise
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the role of these people in restoring and conserving forests. The modern knowledge and skills of
the forest deptt. should be integrated with the traditional knowledge and experience of the local
communities. The strategies for the joint management of forests should be evolved in a well
planned way.

6. Degradation of Land

At present out of the total 329 mha of land, only 266 mha possess any potential forproduction.
Of this, 143 mha is agricultural land nearly and 85 suffers from varying degreesof soil
degradation. Of the remaining 123 mha, 40 are completely unproductive. The remaining 83 mha is
classified as forest land, of which over half is denuded to various degreés. Nearly406 million
head of livestock have to be supported on 13 mha, or less than 4 per cent of the land classified as
pasture land, most of which is overgrazed. Thus, our of 226 mha, about 175 mha or 66 per cent
is degraded to varying degrees. Water and wind erosion causesfurther degradation of almost 150
mha This degradation is to be avoided.

7. Reorientation of Institutions

The people should be roused to orient institutions, attitudes and infrastructures, to suit
conditions and needs today. The change has to be brought in keeping in view India’s traditions for
resources use managements and education etc. Change should be brought in education, in
attitudes, in administrative procedures and in institutions. Because it affects way people view
technology resources and development.

8. Reduction of Genetic Diversity

Proper measures to conserve genetic diversity need to be taken. At present most wild genetic
stocks have been disappearing from nature. Wilding including the Asiatic Lion are facing problem
of loss of genetic diversity. The protected areas network like sanctuaries, national parks, biosphere
reserves are isolating populations. So, they are decreasing changes of one group breeding with
another. Remedial steps are to be taken to check decreasing genetic diversity.

¢ 33 &
ﬁTechnologles and makeshift

-, eat number of cities and industrial
areas that have been identified as the wors{ in termis of . alr and water pollution. Acts are enforced
in the country, but their implement is not so easy. The reasonis their implementation needs great
resources, technical expertise, political and social will. Again the people are to be made aware of
these rules. Their support is indispensable to implement these rules. -
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VARIOUS TYPES OF ENVIRONMENT

According to Kurt Lewin, environment is of three types which influence the personalityof
an individual as under:

(@) Physical Environment,

(b) Social and Cultural Environment, and

(c) Psychological Environment. =

These may be explained as under:

1. Physical Environment

Physical environment, refers to geographical climate and weather or physical conditions wherein
and individual lives. The human races are greatly influenced by the climate. Some examples are as
under:

(@) Inthe cold countries i.e. European countries the people are of white colour. Likewise,in
Asian and African countries, that is, in hot countries people are of dark complexion.

(b) The physique of an individual depends on climate conditions as the individual trlesto
adjust in his physical environment.

(d) The human working efficiency also depends on the climatic conditions.

2. Social Environment

Social Environment includes an individual’s social, economic and political condition wherein he
lives. The moral, cultural and emotional forces influence the life and nature of individual behaviour.
Society may be classified into two categories as under:

(i) An open society is very conductive for the individual developement.
(ii) A closed society is not very conductive for the developenment.

3. Psycl}ological Environment
psycholcg X

STRUCTURE OF ENVIRONMENT

Environment is both physical and biological. It includes both living and non-living
components.

(i) Physical Environment
The Physical Environment is classified into three broad categories viz.
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(i) Solid,
(i) Liquid
(iii) Gas.
These represent the following spheres:
(i) The lithosphere (solid earth)
(i) The hydrosphere (water component) and
(iii) The atmosphere _
As such, the three basic of physical environment may be termed as under:
(i) Lithospheric Environment
(i) Hydrospneric Environment
(iii) Atmospheric Environment
The scientists have classified them into smaller units based on different spatial scales,
e.g.
(i) Mountain Environment

(ii) Glacier Environment
(iii) Plateau Environment
(iv) Coastal Environment

(ii) Biological Environment
The biological of the environment consists of:
(i) Plants (flora)
(ii) Animals (fauna).

Thys the biotic environment further be divided into floral environment and faunal envirgament.
e

'mdoglcal community. He is in

need of basic elements of the phyercal ervironment- 1ike * habitat (space), air, water and food.
Besides, like other biological populations, he releases wastes into the ecosystem.

(ii) The Social Man »
The ‘Social Man’ performs the following functions:

(a) Establishing social institutions,
(b) . Forming social organisations,
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() Formulating laws, principles and policies,
(d) Taking steps to safeguard his existence, interest and social welfare.

(itf) The Economic Man

The economic man derives and utilises resources from the physical and biotic environment with
his skills and technologies. The economic function makes the man an environment/ geomorphic
process as he transports matter and energy from one component of the ecosystem to the other. There
may be any following two situations:

(@) His exploitative functions may be in harmony with the natural environment. Such, functions
do not necessarily involve change in the working of the ecosystem.

(b) These functions may exceed the critical limit. Consequently, the equilibrium of the
environment/ecosystem is disturbed and a great number of environment and ecological
problems crop up. These are determental to man him besides to whole population of human
species in a given ecosystem.

Keywords :

1. Poverty: India has often been described a rich land with poor people. The poverty and
environmental degradation have a nexus between them. The vast majority of our
people are directly dependent on the nature resources of the country for their basic
needs of food, fuel shelter and fodder.

2. Hydrosphere: The Hydrosphere comprises all types of water resources oceans, seas, lakes,
rivers, streams.

QUESTIONS

What is Environment? Discuss the scope of Environment.

Describe the importance of environment studies.

“The need for public awareness about environment is of vital importance.” Discuss.

Ll A S

Discuss the various types of environment.

Short Answer Type Questions

Define environments.

Discuss the scope of environment.

Write a note on the importance of environment studies.

Write a note on the need of public awareness about environment.

Write a note on physical environment.

o 1ok w DN e

Write a note on biological environment.



10 ENVIRONMENTAL SCIENCE

UNIT

Environmental Science :Natural
Resources

INTRODUCTION

A natural resource may be defined as any material given to us by nature wHich can be
transformed in a way that it becomes more valuable and useful.

For an example wood is used for making furniture. Yarn obtained from cotton is used for
weaving cloth. Likewise, various machine, tools and household goods are made of metals. Now
furniture, clothes, machine, tools are more valuable than their raw form i.e. raw form
i.e. wood, cotton and metal, respectively. The wood, metal resources. It is impossible to obtain
valuable items from any resources. Thus, water, minerals, forests, wildlife as well as human beings are
resources. Any material may be called, as a resource provided and appropriate technology is
available to transform that into more valuable goods.

Renewgble and Non-renewable Resources .
0@1 gis of continuity, the resources are classified as under:

.
1. Ren

e T olamktalEng thefr axbiditd available for use.
Hence they are called rehewanie OUrees: nsiance! Tp: eWable. If trees are felled
for wood, orlgmal forest coveq's,c ( ]

2. Non-renewable Resources

The formation of some resources like iron ore, coal, mineral oil efc. has taken several thousand
years. Once they are used in unlimited way, they cannot be easily replaced. Thus, their exploitation
at large scale will result in their fast depletion. Some such resources are called non-renewable
resources or exhaustible.

10
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3. Cyclic Resources

For resources there is no final use as they can be used continuously. For example, water used in
industry and domestic ways can be cleaned and used again for similar or other purpose. Such
resources are given the name of Cyclic Resources.

FOREST RESOURCES

1. Importance of Forest Resources
The importance of forest resources can be explained as under:

1.

Ecological Balance: Forests and wildlife are essential to maintain ecological
balance of an area.

Renewable Natural Resources: Forests are an important renewable natural
resources.

Eco-system: Trees dominate forest ecosystem; their species content varities in
different parts of the world.

Economic Development: Forest contributes to the economic development of the
country because they provide goods and services to the people and industry.

Environment Quality: The forest enchance the quality of environment by
influencing the life supporting system.

Safeguard against Pollution: Forest check air pollution and soil erosion. Thus,they
exercise safety and against pollution.

7. Soil Conservation: Forest save the hill-slopes from landslides.

8. Wind Erosion: In deserts, trees reduce wind erosion by checking wind velocity.

9. Check the Extension Balance: The forest checks strong gales and keeps the soil

intact beneath the roots of trees and thus checks extension of desert. .

ains Ecological Balance: The forest check pollution of air through inc ee i '
antent of the air. >

(i) Fuel,

(i) Raw material for various industries as pulp, paper, newsprint, boarg;
(i) Timber for furniture items;

(iv) To be used in packing articles like fruits, tea etc.

(v) For preparing matches, sport goods etc.
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Fig. 2.1 Forest Areas of Different States.
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15. Minor forest products: Some examples of minor forest products, are canes, gums, resins,
dyes, flocks, medicines, tannins, lac, fibres, katha etc.
1. For tribal people are provided with food like tuber, roots, leaves, fruits, meat from
birds and other animals etc.
16. Employment opportunities: About eight crore people are employed in wood based
industries like paper and match and small and cottage industries. Besides, those who are
employed in the forest department in various states.

17. Revenue Receipts: The forest provide Rs. 400 crores per year as revenue to the
government. 3 .

18. Fodder for Cattle: Forest provide fodder to cattle.

19. Foreign Exchange Earners: Forest produce a great number of articles like essential
oils, resins and dyes. Which find market in foreign countries. Nearly Rs.50 crores are
earned in foreign exchange through selling lac, terpentine oil and sandal wood oil to

abroad.
Thus, the forests are nation’s wealth. They are useful to us directly and indirectly.

Areas Covered with Forests in India :

Forests are a estimated form time to time. Some data collected in the basis of researches made,
are as under:

Brewbaker (1984)

According to Brewbaker, to 2890, total forest are of the world in 1990 was nearly 700 Mha. By
1975 it was reduced to 2890 Mha. It was also pointed out that it would be merely 2370 Mha by 200
A.D. Major reduction will be in tropics and subtropics (40.2), shown in Figs. 2.2 and 2.3.

Forest Area in the year 1972-73
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Forest Area in the Year 1980-8
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Fig. 2.3 .

C.F.C. (1980)

According to Central Forestry Commission (CEF) (1980) in India the forest cover was around
74.8 Mha. It was 22.7% of the total land mass. A detailed study of forests carried out by CEF
reveals the position of forests in India as under:

(@) The tropical dry deciduous (38.7%).
(b) The tropical moist deciduous (30.9%) type.

()

(d)« The tropical dry evergreen 0.1% .

The tropical thorn 6.9%

Ownership

» ' .
(@) The total forest are nearly 96% (71 63 Mha) forest area is Government owned.

(b) 2.6% (1.95 Mha) forest area is owned by corporate bodies.

(c) 1.2 Mha forest area is in private owneship.
Total area under forests in different states during 1972-75 and 1980-82 is as under:
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Total Forest Area (Sg. Km)

Nadu

Goa, Daman & Diu .

Mizoram

25869
83476483

State/U.T. 1972-75 1980-82
Andhra Pradesh 49049 40435
Assam 21055 19796
Bihar 22687 20139
Gujrat . 9459 5057
Haryana . 757 ) 401
Himachal Pradesh 15075 9130
J& K ; ’ 22335 14361
Karnataka : 29480 25656
Kerala 8611 7376
M.P. 108568 90215 -
Maharashtra 40682 30350
Manipur 15090 13575 :
Dadar & Nagar Haveli 177 70
Meghalaya 14390 12458
Nagaland 8154 8095
Tripura 6330 5138
Orissa 48383 39425
Punjab & .Chandigarh 1120 499
Rajasthan 11294 5972
Tanail 16676 13187

11970

Total

551886

457046

State Percentage of Forests Area

The following is the list of percentage of total area in a state occupied by forests(Fig.

2.4).
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Fig. 2.4 State percentages of forest area
1. Arunachal Pradesh 79%
2. Bihar 17%
3. Himachal Pradesh 48%
4. Harayana 2%
5 2%
61%
4%
50%
" 13%

The forest region in India"afe;

() The Western Himalayan region e

The region extends from Kashmir Kumaon. Here are the forest of pine, confers andbroad-
leaved temperate trees. Higher up, forests of blue pine spruce and silver fir occur.

(i) The Eastern Himalayan region

This region comprises Darjeeling, Kureseong and the adjacent tract. The temperatezone
has forests of oaks, laurels, rhodendrons, maples, alder and brich.
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(iii) The Assam region
This region comprises the Brahamputra and the Surma valleys and the interveing hillranges. The
region has evergreen forests, occasional thick clumps of bamboos and tall grasses.

(iv) The Ganga plain region

This region covers the area from the Aravali rangers to Bengal and Orissa. Widely different
types are found only in small areas in«the forests.

(v) The Deccan region
This region has various kinds from scrub jungles to mixed decidous” forests.
(vi) The Malabar region

This region iS rich in forest vegetation. Besides, it produces important commerical crops,
such as cocount pepper, coffee, tea. Besides, rubber, cashewnut and eucalyptus trees.

(vii) The Andaman region
This region is rich in evergreen, semi-evergreen, mangrove, beach and diluvial forests.

To conclude, there are nearly 45,000 species of plants including shrubs in the country. The
vascular flora, which forms the conspicuous vegetation cover itself comprises 15,000 species.

OVER CONSUMPTION ON FORESTS REASONS

Population is increasing tremendously in our country. It has already crossed thousands of
millions. Meeting its ever-increasing demand has resulted in over consumption of forests.

1. Fuel wood, Timber and Pulpwood

The data show that (FAO, 1981) consumption of wood in developing countries is exactly the
reverse of the developed ones. In the former, wood is used 82% for firewood and 18% respectively, In
India, f|rewood demand is mostly in rural areas because the alternative source of energy, are yet to

reach th The National Commission on Agriculture (NCA) had indicated a substantial :
daﬁaﬁr by 200 AD. for firewood and industry as is evident from,

f‘,. ot r) ?\

be
‘ -
Table 2.1 o .
:C‘ N %, irement of Wood (Mt.) y . 'N.
'l . > - ' ’
-y (5 o
Category AR 1 ! . nal requirement
- AR I =" m3% increase
- 2" -~y .
Fuelwood 188.600 ' 875 * 000" “1 " 78 36.4 19
Timber 22.720 10.5 46.755 16 24.0 106
Pulpwood 4.175 2.0 17.695 6 . 13!5.5% 323
215.495 100 289.450 100 73.9 34

2. Wood for Packing Purposes

Wood is-needed, on a large scale, for our fruit industry, tea etc. It.is estimated that for wooden
crates nearly 0.5 Mms3 of wood is need (U.P. 01, J & K, 0.25 M, H.P. 0.15 Mm?).
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3. Paper Board and Newsprint

With the rapidly increasing population growth our per capita consumption of paper is increasing
from 2 kg to 4.5 kg per year. Bamboos and hardwood are the chief sources (70%)of raw materials
for paper and board. Growing demand for 2.45 Mt will enhance dependence on bamboo and
hardwood.

It is evident from the data that the pulpwood had gone to nearly 6 percent of the wood
requirement by 2000. More than half of the pulpwood comes from bamboo as is shown in following
table.

Category Requirement in 1980 Requirement in 2000 Additional requirement
Mt% of total Mt% of total Mt% of % increase
Pulp and paper 2165 51 3.546 51 1.381 64
Non-industry 2.109 49 3.459 49 1.350 64
Strial requirement 4.274 100 7.005 100 2.731 64

There is a substantial in newspaper industry. As per data per capita requirement have gone
upto 1. 1 kg by 2000, thus, the newsprint capacity was raised to 1.289 Mt. Followingare the
estimated requirements for raw materials for newsprint.

Year Capacity Requirement (Mt)
1981 0.467

1986 0.596

1991 0.770

1996 1.000

2000 1.289

'\ .
Meanlng‘o f

Deforestation™$the
surface of the hill hit

Causes of Deforestation =% - o, 3

Main causes responsible for deforestation are *as uhder:

(a) Felling of trees to meet the ever increasing demand of the cities.

(b) Grazing by the local cattle, goats, sheep etc. They not only destroy the vegetation but
also pull out the roots of plants. After denudation of our Himalayas, the process of
deforestation started in the Shivalik range. Shivalik sal forests were over-exploited for
industry use, i.e. railway sleepers etc. Consequently, the foothills of the Shivaliksare in
semi desert conditions.

(c) Meeting out the growing hunger for land. It has hit the ecology of the country badly very
soon India is likely to have more of wasteland than productive land. Large-
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scale deforestation has badly affected the weather facing almost each year more of bleak
than the normal weather.

(d) The increase in shifting (jhum) cultivation in North east and Orissa has also laid large in
forest tracts bare. As the jhum cycle is shortened to six years only (in some districts, even 2-

3 years only), too short period does not provide enough time for natural repair of damaged
ecosystem.

() A major cause of deforestation has been the construction of hill roads. About a decade
back, they were about 30, 000 km long. Most of these roads are in state and most fragile belt
of Himalayas. Road construction damaged the protective vegetation cover both above and
below roads. It blocked natural and pollution streams.

Formidable Picture of Deforestation

Deforestation has been causing tremendous land erosion and land slides. India is losing about
6,000 million ton of top soil annually due to water erosion in the absence of trees. The loss worked
out from the top soil erosion in 1973 was Rs. 700 crore, in 1976, 1977 and 1978 it was Rs. 889
crore. Rs. 1,200 crore and Rs. 1,091 crore respectively. The figures in recent years have risen
formidably too high. Increasing number of livestock and migrating glaziers have led to degradation of
forests and the consequent devastation. Data show that about two decades back these were hearly 1200
thousand sheep and goats in alpine areas of U.P. In addition, there also visited about 25,000 migratory
graziers. There were also about 5-7,000 buffaloes owned by Gujars. Consequently, the forestry
stock decreased from 13.79 m3/headin 1981 to 2.66 m3/head in 2001.

The following table shows that there has been a grave reeducation in forest land:

Land use Area (Mha) Change in forest cover (%6)
of total geographical are of
the country

1972-75 1980-82
(@)  Forests land Closed 46.10 35.43

8.80 10.00
0.30 0.27

55.20 (16.83%) e o>
»

non-forest planation,' "", %.
barren land ‘ wr Al
(¢) Others 17.12 14.86 () 0.69

Areas under snow, fog,
cloud, shadow etc.

(@ Total 328.00 328.00*

*Excluding Andaman & Nicobar Island (based on NRSA, 1984).
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Evil Consequences of Deforestation

With deforestation ecological balance maintain by nature breaks away. Floods or drought are the
terrible consequences. The trees, increase rainfall of an area, as well as conserve the water which falls
on the ground rain. Consequent to deforestation, the plant reduces evaporation allowing water to
remain in solid for a long time.

In our country unabated deforestation over grazing and the growing hunger for land has hit
the ecology of India badly. If it goes on, we may soon have more of wasteland than productive land.
Large-scale deforestation has badly affected the weather. Evil consequencesof deforestation can
be summed up as under: * .

1. Adverse Effect on Productivity

It is noticed that the devasting effects of deforestation in India include soil, water and wind
erosions, estimated to cost over 16,400 crores every year. Deforestation affects productivity of our
croplands in two ways as under:

(i) The deforestation increase the soil erosion increase manifold. The soil so washed leads to
an accentuated cycle of floods and drought.

(i) Deforestation creates to use cowdung and crop wastes as fuel mainly for cooking. As a
result no part of the plant goes back to loss in soil fertility.
2. Land/Erosion and Landslides

Deforestation has been causing tremendous land erosion and landslides. Data reflect that
about 6,000+ million ton of topsoil is lost annually due to water erosion in the absenceof trees.
The loss worked out from the topsoil erosion in 1973 was Rs. 700 crore. The figures for the years
1976, 1977 and 1978 are Rs. 889 crore, Rs. 1,200 crore and Rs. 1,091 crore respectively.

3. Low Per Capita Forestland

As far as per capita forestland is concerned, India today is the poorest in the world. The per
caplta:“ﬁfestland in India is 0.10 hectare compared to the world average of 1 hectare. A

SayN

r;.g"' RACTION: MINING, DAMS AND THEIR EFFECTS IN R@RESJSWNE

TRIBAE - , et
.'T.‘ 2 p ~ .‘- " ‘. &’
Tlmbe\EWra 1’. . L P 0 LN M &
It is estimated tha J"_yg‘ QNG !‘-’ oD “hegtareSaoha P8 LS M year. If this trend
continuous unchecked, it COul@ \-’ YR [i,d 9 of . ) Teach to zeroforest value in
our country. During a period of 252051 D25 ost 4.1 million hectares of forests

area. Trees have been felled in large number of fuel, fodder valley projects, Industrial uses, road
construction etc. India consumes nearly, 170 million tonnes of firewood annually, and 10-15
million hectares of forests cover is being stripped every yearto meet fuel requirements. The rise in
fuelwood consumption can be noticed from the comparative study of the fuel consumption in earlier
years. It was 86.3 million ton in 1953. It reached about 135 million ton in 1980. During a period of
20 years (1951 to 1971) forests have been cut for various purposes as under:
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) For Agriculture (24-32 lack hectares)
River valley projects (4.01 lakh hectares)

—

(1
(2
(3) Industrial uses (1.24 lakh hectares)

(4) Road construction (0.55 lakh hectares)

(5) Miscellaneous uses (3.88 lakh hectares)

In this way, a total of 3.4 million Hectares of forests were lost during this period. The disastrous
of the heavy deforestation are visible. Nearly 1 percent of the land surface of India is turning
barren every year due to deforestation. In the Himalayan range, the rainfall has declined from 3
to 4 percent.

Mining
It is often remarked that in our country most mining work has been unscientific.

Consequently no heed is paid to environment protection. The consequences have beendisastrous.
For example:

(1) They have developed large tracts that lost productivity.

(2) There have been water and air pollution, despoliation of land and deforestation, noise and
ground vibration problems etc.

As such, to ameliorate the situation, the mined areas to be reclaimed for agriculture, forestry,
fisheries and recreation. During last 20-30 years, a number of mining operation have been started
in the country. These operations affected forest and cultivated land areas. Such operations have
been taken mainly in U.P., Bihar, M.P., Orissa and Andhra Pradesh. The result are as under:

(1) The use of land scale for townships, communication, excavation and transport
affected the socioeconomic and ecology of these areas.

(2) Ecological problems developed in coal mine areas in Ranchi, Hazaribagh (Bihar),
Bina Project (U.P.) and Singular complex at Gorbi (U.P.) and Jayant (M.P.).

illustrations are as under:

Reclamation of Mined Areas

There are two successful cases of reclamation of mined areas in India. These are as
under:

(1) Neyveli Lignite Corporation Ltd. in Tamil Nadu.
(2) Stone Quarries of Sayaji Iron Works in Gujarat.
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It is felt, there is need to have legal protection and to revise the Mines and Minerals
(Regulations and Development) Act, 1957 (MMRD Act) to bring in it the environment concerns.
Dams

We can classify the environment side effects of river valley and hydel projects into three categories as
under:

(i) Impacts within and around the area covered by the dam and reservoir.
(i) Downstream effects caused by alternation in hydraulic regime, and

-
(iii) Regional effects in terms of overall aspects including resources use and socio-
economic aspects.

The impacts caused by construction of dams and reservoir in including the followingeffects
and consequences:

(1) The various change in the microclimate.
(2) The loss of vegetal cover.
(3) Soil erosion.

(4) Variation in water table.
(5) Enhanced seismic activities due to pressure of water.

It should be kept in mind that the nature and magnitude of the impacts vary with the project
locations and the conditions therein. It can be elucidate with the help of illustration:

(1) In"hilly tracts, blasting operations for road construction can cause considerable
damage to the environment through the following activities:

(@)* Loosening of hill sides and resultant landslides,
(b) Sedimentation of reservoirs
(c) Drying up of spring and flash floods.

DI O :z.
that the most important social con }‘ jgcdan -
tribals from their homeland and their eventual mﬂux into urban areas, almost as refugees. This is
the reason why the scientists, environmentalists, journalists, social activists, lawyers and

bureaucrats have now raised their voice against big dams. .

Results of opposition

Mounting opposition from scientists and environmentalists has completed the Govt. to
review a number of proposed dams in the light of their |mpact on Iocal tribals, flora and fauna as
under:
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(i) First was the scrapping of the silent valley project in Kerala.

(ii) Second example is Koel and Karo project in Bihar. This was also given up due to opposition
from local people. They held that it would have displaced several thousands of Santhal
tribals in the area.

Four Major Projects

The four major projects which have generated much controversy are as under:

(i) Sardar Sarovar Project, Gujrat.

(i) Narmada Sagar P.roject, M.P.

(i) Bodhghat Project, M.P.

(iv) Tehri Dam Project in U.P.

Although the above projects have been given environment clearance, struggle is still on the
force of the Govt. to drop these projects. A brief description of these projects and their possible
effects are as under:

1. Sardar Sarovar (SS) Project
This project is near Navagam in Bharuch district of Gujrat.

It is one of the costliest projects affecting villages in three states—M.P., Maharashtraand
Gujrat. If it is carried out, its effects would be as under:

(i) About 245 villages will be submerged, of which about 193 in M.P. alone.

(i) Over 75,000 (nearly 50,000 in M.P. alone) people will be evicted.

(iii) Additional displacements is likely to be caused during social and environment rehabilitation
work undertaken to repair the dislocation and damages caused by the project.

It is evident that compensatory afforestation and setting of wildlife sanctuary willdisplace or
affect other villagers in the area. The relevancy is evident from the fact that it has been officially
admitte¢g1at nearly 43,000 ha of land will be needed for rehabilitation of SS oustees.

The 30
crore.

@ It would di
(i) 1t would submerge
(iii)
(iv) Nearly 25 species of birds will be deprived of their habitats.

3. Bodhghat Project p

This project is on Indravati river in M.P. The project is in heavily forested Bihardistrict.
Its effects are anticipated as under:
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(i) The project will destroy teak and sal forests.
(i) It will spell doom for the last surviving wild buffaloes.
The criticisms of the project forced the Govt. and the World Bank to reconsider it.

4. Tehri Dam

This Dam is proposed on the Bhagirathi river in U.P. at the foothills of Himalayas. Itis
Soviet-financed and challenged in the"Supreme Court. Its effects are envisaged as under:

(i) This Dam will displace over 85,000 people.

(i) It will totally immerse the Tehri town and completely or partly submerge nearly100
villages.

(iii) The sitesof the Dam is prone to intense seismic activity.

(iv) The 3,200 million ton of water that the Dam would impound, could cause a major
earth tempor.

(v) Inthe event of a disaster, the entire religious townships of Deoprayag, Hardwarand
Rishikesh would be devastated.

(vi) Thousand of hectares of rich, agriculture land will be drowned.

WATER RESOURCES: USE AND OVER-UTILIZATION OF SURFACE AND GROUND
WATER

Water claims to be an important resource. An important use of water in our country is for
irrigation. Besides, water is also required in large amounts for industrial and domestic consumption.

Significant of Water
The significant of water needs no elucidation. It is as under:

(1)’ It is revealed by the history of human civilization that water supply and C|V|I|zat|pn are

-
multi-* dimensional
the sources, composition,

(5) About 97% of the earth’s water supply is in the ocean, which is unfit of the remaining 3%,
2% is locked in the polar ice-caps and only 1% is available as fresh water in rivers, lakes,
streams, reservoirs and ground water which is suitable for human consumption.

Unlike land, which remains available as it is, the availability of water varies from place to
place and time to time. Our country is a monsoon land. The bulk of rainfall is confined to a
brief period of 3-4 months that is from July to October. As such, Iarge part of the country lacks
surface water supply for a greater part of the year.
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Surface Flow

1. River

Surface flow takes place through 14 major river systems. They are Brahmani, Bhrahmaputra,
Cauvery, Ganga, Godavari, Indus, Krishna, Mahanadi, Mahi, Narmada, Periyar, Sabarmati,
Subarnarekha and Tapti. Between them, the position is as under:

(a) They share 83% of the drainage basin,
(b) They account for 85% of the surface flow,
(c) They house 80% of the total population on the country.

Besides, there are 44 medium and 55 minor river system. These rivers are fast flowing,
monsoon fed and originate in the coastal mountains of the major river viz Brahamputra, Ganga
and Indus basins along with Godavri. They cover more than 50% of the country.Only 4,
Brahamputra, Ganga,Mahanadi and Brahmani are perennial. Their minimum discharge is of
0.47 Mm3/km3 year.

2. Lakes and Ponds

Lakes: Lakes are inland depressions that contain standing water. They may vary in size
from small ponds of fewer acres to large seas covering thousands of square miles. They may range
in depth from a few feet to over 5,000 feet.

In a lake, there are three to five well recognized horizontal strata namely:

(i) Shallow water near the shore forms the littoral zone. It contains upper warm and oxygen rich
circulating water layer zone. The littoral zone includes rooted vegetation.

(ii) Sublittoral zone-extends from rooted vegetation to the non-circulating cold water with
poor oxygen i.e. hypolimnion.

(iii) Limnetic zone is the open water zone away from the shore.

(iv) #Profundal zone is the deep-water area beneath limnetic zone and beyond the th of
Leffeciive light penetratlon .

Ponds have little vertical stratification® 1A Jlitteral Zone is large than and limnetic zone
and profundal zone. In a small pond the limnetic profundal zones are not found. The warm top
layer, the epilimnion is heated by the sun and homogenised by the wind and other currents. On
the contrary to it, the deep cold layer, the hypolimnion is not heated by sun and net circulated by
wind. The basis upon which the layers are maintained is strictly thermal and is caused by the fact
that the warmer water is lighter than the colder water. After the formation of a thermocline, no
exchange of water occurs between the epilimnion and hypolimnion.
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Physico-Chemical Properties of Lakes and Ponds

Lakes have the tendency to become thermally stratified during summer and winter to undergo
definite seasonal periodicity in depth, distribution of heat and oxygen. Light also penetrates only to a
certain depth, depending upon turbidity.
Kinds of Lakes

On the basis of physical factors and productivity, etc., different classifications of lakes exist:
(1) Based on temperature

Hutchnson (1957) classified lakes into dimitic, monomictic and polemicist lake.

There are as under:

(i) The dimictic lakes exhibit two overturns every year, while monomictic lakes presentonly a
single overturn per year.

(i) The monomictic lakes may be cold monomictic and monomictic.
(2) Cold Monomictic
It is characterized by a circulation only during summer:

(i) Warm Monomictic: It has a circulation in winter as well.
(ii) Polomictic lakes present circulation throughout the year.

Based on the human acid content the lakes of world have been classified into clearwater
lakes and brown water lakes,

(a) THe brown water contains high humus content.
(b) Clear water takes may be divided into two types as under:
(i) The oligotrophic type
Its water is poor in nutritive plant material and show nearly equal distribution of oxygen

during 3ummer and winter months. Its mud bottom contains little organic material; a
(ii)g Afign pe & § - \.
3 ~,-f | Qts At greater depth below the thermo cline in supfEreeutpli
¥ B AP Ay S
showgd c }; 3 uct on in oxygen content and their mud bottom OmMgoseeio |cal
’ . > 4 1% IS ,:‘

muck. \‘ >

". . .. . - ) ' ’ \ . _
o Lo B I i« AT TS
Moving water or loti {' 5y { uii'e |’iv \-r-- . apaesokdted environments. They are

of various sizes ranging from gc f Jar O adi, Sutlez, Gomti, etc to the

trickle of a small spring. Likewise, there |s |st|nct10n of the basis of flow. On one hand there are
raging torrents and waterfalls and on the other hand, the rivers whose flow is so smooth as to be
almost unnoticeable. Every river varies considerably over its length, as it charges from a
mountain brook to a large river. -

Main Characteristics of Lotic Environment: Moving water differ from lakes and
ponds as under:

(i) , Current is a controlling and limiting factor.
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(i) Land water interchange is great because of the small size and depth of moving
water systems as compared with lakes.

(iii) Oxygen is almost always in abundant supply except when there is pollution.
(iv) Temperature extremes tend to be greater than in standing water.

(v) The most distinctive features of moving water ecosystems are those related to their motion
i.e. the rate of flow and the streams velocity. The rate of flow refers to the volume of water
passing a given observation point during a specific unit of time; It is measured in
units such as ms3/sec, ft®or acre-feet/sec.

(a) Rapidly flowing water

Rapidly flowing water can be defined as the portion of the streams in which the flow is
both rapid and turbulent. Consequently everything that is not attached or weighty is swept away
by the current. This includes organisms and sediment particles alike. The substrate tends to be rock
or gravel. The fragments are gradually rounded and smooth by the water.

(b) Slowly flowing water

A slowly flowing water ecosystem is a very different type of system from the fast streams.
The flow is both slower and more likely to be laminar. The results are that the erosive power of
the stream is greatly reduced, hence, smaller sediment particles (sit) and decaying organic debris,
are deposited on the bottom. Besides, the slow streams have higher temperature. Consequently,
planktonic organisms, espeically protozoans, occur in large number in this ecosytem. In some
moving streams, the bottom muds contain more organic material than mineral fragments. In slow
water streams oxygen concentration is main limiting factor. The high level of animal activity,
along with an active detritus stream. Besides, the low level of turbulence means that less oxygen
is in corporate into the water at surface. Thus the dissolved oxygen content of a slowly moving
stream is likely to be much lower than that of a fast-moving stream.

4. Estuaries

Waﬁ% of all streams and rivers eventually drain into the sea. Estuaries is the place W. this
freghwatetrjoiRS e salt water. As such estuaries are the transitional zones betweeRaghessta and o

riverssand _;-' apSkes of unique ecological properties. They are semienclosed coas .(o ,*
that -‘ 00 REC] (s with the open and within which seawater is meagt als |ﬂ'-¢~ _Wuith
fresh ‘e; r ,, ver all the rivers are not open into, estyarly d Ly s,yhply
discharg\&%/ [ gEeam, «Estuaries are not alike. Insteéd*tie \uMSiZe, shape and
volume of ‘water f ‘.,1\4{ iy the, geolagyOfiht & f they.occur As
the river reaches the enchegehty % ekstream’ h dleg ow in the quiet water.
These accumulate to form delfH%- -.\Q- uA mv- difthegibl#R“and shorten the estuary.
. L ..

The Position of Surface Water in the Co’untry o

India has been bestowed with substantial surface water resources. Overall water resources of
the country have been assessed at 1880 kms3 annually. Of thus, it+*may be possible to harness
about 690 km3 of water for beneficial use. In addition, Ground Water Resources of the Country are
assessed at about 452 kms.
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Storages

India has constructed a large number of storages and diversions for harness its vastware
potential.

(1) Live storages built-up in the completed projects so far is about 163 kms.
(2) Another 7 km3 of live storage will be available from project under construction.
(3) 131 km3from projects under«consideration.

(4) Inaddition, there is a large number of small tanks whose storage adds upto about30
kms3. *
Total Hydro-Power Potential of the Country has been assessed at 84,000 mW at 60 per cent
load factor. Presently, Completed and on-going Schemes will exploit about 15,600 mW
i.e. 20 per cent of the assesses potential. Hydropower installed capacity at the end of the Sixth
Plan was 14, 450 mW. Forming about 34 per cent of the total installed capacity.

In the absence of information on actual water use by various sectors, estimates made in this
regard (1985) indicated that water use may be of the order of 530 km3 is from surface Water and 180
kms3 from Ground Water. Out of this, 470 km?3is for Irrigation and 70 kms3 for other including
Domestic (16.7 km3), Industrial (10 km3) and Thermal Plants (2.7 km3) requirements. A recent
assessment puts domestic requirements in 1991 at about 26 kms3.

Basin-wise Water Resources Development for 12 Major River Basins is given in the following
table:

The surface water resources continue to the contaminated with run-off water from agricultural
fields, containing pesticides, fertilisers, soil particles, waste chemicals from industrial and sewage
from cities and rural areas.

During the dry months, water scarcity is faced even in the places like Cherrapunji and Konkan,
which receive heavy rainfall. Due to the unequal distribution of rainfall our countrymen face
problems of flood and famine in some parts every year.

Theysmass balance of annual rainfall that about 70% is lost by direct evaporatiDf and

plains. In other parts its
quantity includes recharge
présent, our country has not been able to

through infiltration, seepage and evaporiSa \C
provide safe drinking water to all villages and towns.

Ground water contains dissolved minerals from the soil layers through which it passes. In the
process of seepage through the ground, the water gets depleted of most of the microorganism
originally present in the surface water. Though the salt content may be excessively high on occasions,
it is generally superior as a domestic water source. Surface water contains a lot of organic matter
and mineral nutrients, which feed algae and large bacteria populations.
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The total replenishable Ground Water Resources in the Country have been provisionally
estimated at 45.23 million hectares meters per year. Of this, 6.93 million hectares metres is for
drinking, industrial and other uses leaving 38.34 million hectares metres as utilisable Ground Water
Resources for Irrigation.

Basin-wise/State-wise break-up of the potential is given in the Table 2 (next page).

Over-utilization of Water y

It transpires from our water budget that, in case average annual rainfall of entire country and
its total area are taken, the tatal water resources are of the order of 167 million hectare meters. In fact,
only 66 million-hectare meters of water can be utilised by us for irrigation. As there are some financial
and technological constraints we plant to use it fully only by 2010 A.D. By 1951 only 9.7
million ha metre water was used for irrigation. By 1973 it was as much as 18.4 million ha
metres.

It is observed that Agriculture sector is the major user of water. The water used for irrigation
which was two decades back nearly 40% has gone up to 73% by 2000 A.D. Irrigation use is very
inefficient. Hence, 25-30% efficiency and method of irrigation are to be changed drastically. From the
data on water use shown in the table given as under, it becomes evident that irrigation including
for livestock and including power use is 79.6% and 13.7% water respectively. Thereafter, come
domestic (3.5%) and industrial (3.3%) uses.

In case the land area is taken up as a unit, the position could be different. By 1984- 85
the land under irrigation almost tripled to 67.5 million ha.

Table 2.2
Water Use (India) 2000 A.D. (Available Water 1900 Million Cubic Metre Per Year)
Uses Taken Consumed Returned
Irrigation and 869 783 86
Liv' ock Power 150 5 145 '
! 10 ‘gé‘ .{? :ss
8 -
806 - ,o‘
' -
: 1996 - n " be brodght under
irrigation, thus, the total™fig as aa, esgidjudged against the total

potential of 133 million ha by 2010 - m k mind that it is the gross sown
area and not net sown area. The former T.e. net sown ‘rea at present, more than 3% of the net
sown area is under irrigation.

It is estimated by World Health Organization (WHO) that water.thirsty countries are across
the oceans. Nordic water supply (Norwegian company) has been transporting fresh water i.e.
clean drinking water in giant floating bags across the oceans. These floating bags are made long.
Each contains 35,000 tonnes of water. The floating water bags are made of a polyester plant to
build new bags of the size of supertanker, 300 metres long and a capacny of 1,00,000 tons water.
In this way the Nordic company is engaged in the business
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of towing fresh water from Turkey to Greek island. Its future plans include transportingwater
from Iran to Saudi Arabia and along Caribbean and Red Sea.

Water Supply

In our country water supply is scanty. We have more than 3000 towns, but hardly 2000 have an
organized water supply. It is essential to augment coverage of water supply in urban as well as
rural sectors. At present the position of water supply is as under:

(1) Low daily per capita supply,
(2) Inefficient distriution,
(3) High leakage and ill managed system.

This is the position in towns. In rural sector progress in water supply has been very slow.
There are about six lakh villages involved in which our 76% population lives.

Previously they were provided safe drinking water through piped water supply systems or hand
pumps operated tube wells. Efforts are on and it is an expected picture that supply could be brought
to about more than one lakh villages. The picture is somewhat improvedduring the Water Supply
and Sanitation Decade (WSSD) (1981-90).

To solve the water problem, some other precautionary measures are to be taken. .We have to
use minimum water. The quantity of water returning after use becomes the waste water. The data for
water use in our country show that waste that by 2000 A.D. out of 1900 Mm3 of water available, the
country had used about more than 50% of the available water (about 1092 Mm3) for four major
consumptive uses-irrigation, power generation, domestic and industrial uses.

It is held that for sustainability at least more than half of the total available water should be
used annually. The country has overshot the 50% mark by 2000 A.D. which is not in our
ecological interest.

Water Resources Management
So :g of the central and corresponding state originations concerned with specific agpects of

Concerning

Concerning

(5) Central Public Health Bﬁd; « N an : * Water Supplies

Sanitation ) AR Sel Lo
Environment Engineering and Sewage Disposal
(Ministry of Urban Development) . )
(6) Ministry of Agricultural and ICAR Concerning Water use for Agricultural
(7) Department of EnvironmentWildlife Concerning Environment Forests andImpact

(Ministry of




ENVIRONMENTAL SCIENCE : NATURAL RESOURCES 31

Assessment
Environment and Forest)

(8) Department of Concerning Watershed
Forest Management

(9) Department of Power Concerning Hydroelectric Power

MEASUREMENT TO CHECK OVER-UTILIZATION OF WATER RESOURCES

In our country the Miﬁistry of Water Resources is entrusted with the*function of laying down
policies and programmes for development and regulation of the country’s water resources. Under its
jurisdiction come the following:

(1) Sartorial planning,

(2) Co-ordination,

(3) Policy guidelines,

(4) Technical examination and tech-economic appraisal of projects,

(5) Providing central assistance to specific projects. :
(6) Facilitation of external assistance and assistance in the resolution of interstatewater
disputes,

(7) Policy formulation, planning and guidance in respect of minor irrigation,
(8) Command area development
(9) Development of ground water resources etc.

Evidently, its jurisdiction is quite wide. It was in September 1987 that the National Water
Resources council adopted the National Water Policy. The council laid stress on the truth that
‘Water’ is a prime natural resource, a basic human need and a precious national asset. As such, its
over consumption and wastage should be discontinued at every cost. It held that plamm and
develo Uater resources need to be governed by national perspectives. {? SN

operational action plan in a"ﬁ
years.

Assessment of Water Resources

It is assessed that the average run-off in the river system of the country is 1,869 kms3 (cubic
kilometers). It is estimated that of this, the utilisable portion by conventional storage and diversion
is about 690 km3. Besides it, the replenishable grounder water potential in the country is estimated at
432 km3. A fall is visible in the per-capita availability of water at national level from about 5,177
m3 (cubic meters) in 1951 to the estimated level of 1,869 m3in 2001 with great variation in water
availability in different river basins.
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Irrigation Development
India has a culturable area of 1850 lakh hectares of which 1410 lakh ha. is sown area.

Sustained and Systematic Programme for Development of Irrigation Facilities in the
Country was taken up with the advent of Planned Development in 1951. The Irrigationpotential
creation during the Pre-Plan Period was 226 lakh ha. of which 97 lakh ha. werefrom Major and
Medium Irrigation and 129 lakh ha. from Minor Irrigation Schemes. Thecumulative irrigation
potential increased to about 675 lakh ha. by the end of 1984-85. Ofthis 300 lakh ha. were from
Major and Medium Irrigation Projects and 375 lakh ha. formMinor Irrigation Schemes. The target
of additional potential during the Seventh Plan was 129 lakh ha. of which 43 lakh ha. was from
Major and Medium Irrigation Projects and 86lakh ha. from Minor Irrigation Schemes. The
Approval Outlay for the Seventh Plan wasabout Rs. 14,360 crore for Major, Medium and Minor
Irrigation Programmes and about Rs.1,671 crore for the Command Area Development
Programme.

The additional irrigation potential achieved during 1985-90 in regard to Major and Medium
Irrigation was 30 lakh ha and 84.4 lakh ha. Minor Irrigation Schemes. The main thrust of the
Development Policy for the Irrigation Sector is toward achieving the assessed target of 1,130 lakh ha.
of gross irrigation potential; in the country based on convention methods of diversion and storages by
2010 AD. or so. are expected to be irrigation eventually from Major and Medium Projects and the
balance by Minor Schemes.

Plan wide Development

In every plan/five year efforts were made to create and utilize potential and ground
water/resources of the country.

Plan achievements in this direction are as under:

Table 2.3

Plan Position of Irrigation Created and Utilised

Potential created

(mha)

9.70 :

12.20 _
Third Plan (1961-66) L 514 *
Annual Plan (1966-69) ’ Fe B 107"
Fourth Plan (1969-74) 20.70
Fifth Plan ( 1974-78) 24.72
Annual Plan (1978-80) 26.61
Sixth Plan (1980-85) 27.70
Seven Plan (1985-90) 29.92
Annual Plan (1990-92) 30.74
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Eight Plan (1992-97) 32.95 28.41
Ninth Plan (1997-98)

Annual Plan (1997-98) 33.62 28.90
Annual Plan (1998-1999) 34.27 29.78
Annual Plan (1999-2000) 35.10 30.44

(Provisional)
Ninth Plan (1997-2002) 42.77 37.12

(Provisional)

Source: Plannings«Commission Document-Ninth Plan (1972-2002) and Annual Plan (2000-2001).

Common Area Development Programme

The Centrally-Sponsored Command Area Development (CAD) Programme was launched at
the beginning of Fifth Plan (1974-75) with the special objective of ensuring a faster and better
utilization of irrigation potential in selected Major and Medium Irrigation Projects in the Country.
Its main objective were as under: .

(1) To improve the utilization irrigation potential.

(2) To optimise agriculture production and productivity from irrigation lands on a sustainable
basis.

(3) To.integrate all functions related with irrigated agriculture through amultidisciplinary
team under an area development authority.

Programme broadly covers on-farm development works which include construction of Field
Channels, field drains, land-leveling and shaping wherever necessary, farm roads, consolidation of
holdings and realignment of boundaries, Introduction of Warabandi or rotational supply of water and
Setting-up off WFH wireless network for better communication in order to ensure equitablg and
assured sypply 0 irrigation even to the tail end holdings, arrangement for supply in inputs a edit,

a

conyj

states™ h&."is

being e ! A ,2"
Durmh the eYenin qorg@mphasis yas lai JPraVNg fdernent gnﬁ water

delivery system, ( Yalning s o oYk Yelabi~ adpaly: fawr monitoring and

matching basis for certaln selected items, state government s own sources and institutional credit for
works, land development, marketing and storage.

From 1986-87, the financing pattern has been revised, according to which «construction of
field Channels from outlets for five to eight ha. Blocks is being financed on matching grant, 50
per cent to be borne by the centre and the remaining by states. In the seventh plan, allocation for
CAD programme was Rs. 500 crore in the central sector against which an expenditure of Rs.
497 crore was incurred.



34 ENVIRONMENTAL SCIENCE

It was decided to include on pilot basis suitable minor irrigation project of State/UTs north- eastern
region including Sikkim Jammu and Kashmir and Himachal Pradesh for command area development.

The ultimate objective of CAD programme is to provide agricultural production in
Command Area. Every CAD administrator has been advised to undertaken intensive crop- cutting
experiments for each crop season so that the rise in agricultural productivity in Irrigation
Commands can be effectively monitored. The Central Government has also decidedto provide cent
percent cost of training of Orientation*of Senior-level Officers involved in theProgramme.

By March 1990, physical achievement under the programmed includes 111 lakh ha. of area
provided with field channéls, 19 lakh ha. of land-levelled and 49 lakh. ha covered under the
Warbandi.

Note : Courtesy Research and Reference Division Ministry of Information and Broadcasting Govt. of
India.

Major and Medium Irrigation Projects

The irrigation projects with a Culturable Command Area ( CCA) of more than 10,000ha.
are classified as major projects and project with a CCA of more than 2, 000 ha. and upto 10,000
ha, are categories as medium projects. .

Between 1951 and 1985, 246 Major and 1,059 medium project were taken up for execution.
Among them, 65 Major and 626 Medium Projects were completed by 1985. During the seventh plan,
18 new medium project were taken up. Out of the 199 major and 462 medium projects in hand, 37
major and 185 medium projects are expected to have been completed during the seventh plan
period.

In 1974, 60 major and medium irrigation projects were begun, with a Culturable Command
Area (CCA) of about 15 mha. Later on, a number of projects were included while a few were
deleted. At present, the number of programmes with CCA of 22.78 mha. The projects are spread
over 28 States and two Union Territories. The great concern is reflected from the fact that since
inceptiop, and amount of Rs. 2,452.33 crore has been spent for different activities of the
progra@e. Ap.amount of Rs. 148.27 crore has been spent during 2001-2002. g

YTihe -., gimme mvolves execution of On Farm Development (OFD) works «ALTe ST

) 4 ,{"
{. on ir c f.';,; f|eld channels and field drains. i ’#
Ihe al |' ,:\, 3| .‘) :m 5 ‘l. ‘ . 4 " .
(3) The conjuntti ""“0 HacE it ghodtia Tief s % .
, Ve .
(4) Warabandi or a rotatreng \ 01 d o111 ater is undertaken. The sole
aim behind it, is to ensure cqM A0k y of water to farmer’s fields.

Suitable measure and adopted, for example adaptlng trials/demonstrations and training of
farmers and functionaries of implementing departments are encouraged with a view to disseminate
the technical know-how among farmers with mainly two purposes: *
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(i) First, for adopting suitable pattern and
(ii) Second, for improving farm practices without deterioration of soil health.

During the ninth plan 1997-2002. The ministry has identified three items of work as
thrust areas, these items of workers are as under:

(i) Participatory Irrigation Management (PIM),
(i) Reclamation of waterlogged #n the command of on-going CAD projects, and
(iii) Dissemination of technical knowledge to farmers and functionaries.

It is rightly realized that the popular participation, that is, the involvement of farmers in the
management of irrigation is essential for better utilizations of water for irrigation with a view
to encourage an incentive to Farmers Associations/Water Users’ Associations, a one-time
function grant of Rs. 500 per ha. (To be shared as Rs. 255 per ha, by state andRs. 50 per ha. by
Farmers’ Associations) is provided to registered and function Farmers’ Associations. Emphasis is laid
on dissemination of technical know-how among functionaries and farmers. Keeping it in view,
adaptive trials/demonstrations in the farmers’ fields and training of farmers and functionaries has been
an important activity. It would be called a great achievement that upto March 2002, 441 projects
had been included for treatment of waterlogged areas in the CAD commands.

Minor Irrigation Scheme

Ground water development, which constitutes bulk of the Minor Irrigation Programme, is
essentially a People’s Programme implemented primary through individual and co-operative efforts
with finance' obtained mainly from institutional sources. To encourage use of water- saving devices
such as Sprinklers, Drip Systen, Hydrams, Water Turbines and Hand Pumps, the Government
subsidies are made available to Small and Marginal Farmers for their purchase.

Minor Irrigation Schemes provide instant and reliable source of irrigation to cultivators. It
also provides critical help in improving the status of irrigation and controlling water- logging and
Salinistion in Canal Command, Minor Irrigation Surface Water Projects, which are financed
through #plan Funds, often chronically drought-affected areas. Initial investment on these schgthes is
comgaméoel jow and they can be completed quickly. Moreover, these schemes are | i‘-\ 5|ve

a schlgloyment to the rural people. Growth of irrigation potential frorp
Schefe gL iQeTaple 2.4 - . . .)..g
RS .' o i l. I:s

\i\ ) ‘.” A - * Table 2.4 . ’
& o .wufn‘ Ay u}."ﬂi{}:ﬂnﬁ"% f:“p a

Period . .\c. et ny 21 _' :e\’ g e Hectate)
Ultimate Potential ( by 2010 AD) e P. Sp* 550.00
Potential at the end of 1950-51 129.00
First Plan 140.00
Second Plan 147.50
Third Plan 170.00
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Annual Plan (1968-69)

End of the Forth Plan

End of the Fifth Plan

End of the Annual Plan (1979-80)
End of the Sixth Plan

End of the 1987-88

End of the 1988-89 4

End of the 1989-90 (Anticipated)
End of the 1990-91 (Target)

190.00
235.00
273.00
300.00
375.00
422.70
439.00
458.56
478.20

Note : Courtesy Research Division Ministry of Information and Broadcasting Govt. of India.

Minor Irrigation Schemes Comprise all groundwater and surface water schemes, having a
culturable Command Area (CCA) up hectares individually. The development of groundwater is
mostly done through individual and cooperative efforts of farmers, with the help of institutional
finance and through own saving. Finance is arranged for surface minor irrigation schemes from the

public sector outlay.

The following table reflects the Irrigation potential created and utilised under minor irrigation

during the various plan periods:

Table 2.5

Irrigation Potential Created and Utilised Under Minor Irrigation

_ e
Forth lHD'Ian v

Annual Plans (1978-80
Sixth Plan

Seventh Plan

Annual Plan

Eight Plan

Annual Plan

Annual Plan (1988-1999)
Annual Plan (1999-2000)
Annual Plan (2000-2001)

Period Potential created Potential utilised
(mha) (mha)
Upfo 1951 (Per-plan period) 12.90 12.90 .
i 14.06 14.06 % "
4;' OR% 14.75 '
= Thifrd Pla 17.00
-

19.00

57.62 (P)
58.79 (P)
59.38 (P)
67.32 (P)

53.05 (P)
53.78 (P)
‘ 54.23 (P)
51.19 (P)
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It is since the Seventh Five Year Plan that the Ministry of Water Resources has been
implementing the Centrally sponsored Plan Scheme “Rationalization of Minor Irrigation Statistics
(RMIS)”. Under this scheme, the first census of minor irrigation projects with reference year
1986-87 was conducted in all the States/UTs execpt Rajasthan. Its report projects was conducted
with reference year 1993-94. Its report was published in March 2001.

Thereafter, the third census of minor irrigation project with reference year 2000-2001 was
conducted in all the States/UTs except the UTs of Daman and Diu and Lakshadweep.

It is felt that some Regions are lagging behind. Hence Central Loan Assistance is being given to
the North-Eastern States, Jammu and Kashmir and Himachal Pradesh. KBK districtsof Orissa are
also being provided with the assistance since 1999-2000 for minor irrigation works.

To condude, a’great endeavor is being made at the Government level to economise the
expenditure of water for irrigation purpose.

REGULATION OF GROUND WATER UTILIZATION AND RESTRICTING ITS
OVERUTILIZATION

Water is vital for realising full potential of agriculture sector and Country’s Development.
Optimum development and efficient utilization of our water resources, therefore, assumes great
significance.

The erstwhile Department of Irrigation was redesignated as Ministry of Water Resources in
October 1985, and assigned the nodal role for development, conservation and management of water
as a National Resource. Water being the most crucial element, National Water Policy was
adopted in September 1987. The policy recommends need for integrated and multi- disciplinary
approach to planning, formation and implementation of projects. It also lays down priority areas
for planning and operation of systems. Highest -priority has been assigned to drinking water followed
by irrigation, Hydropower, navigation, industrial and other users. The Policy further recommends that
the quality of Surface and Ground Water should be monitored.

In ood Management Sector, the need for having a ‘Master Plan’ for Flood Con: Bl and
.- w ach Flood Prone- basin through sound Watershed Management wag FepQe sed, in
ofe '“" jablishment of extensive network for flood forecasting recompgheed., J3
hl
r ol uﬁ" e e

QIICY

furt o L fesgrosion of land by sea or river be mipimised by«Sl it2 t

measures,, )F. ur',.-. nd management of this resource and u ofs .o 0 '@J"and

eqmtable 4.‘-_1 r dESoivhee nd Technology has be '\ ‘:l MMOst usgency.
’

The Ministry 1 resf) -- '\‘ ) .-I| aMay -,4' r ol ~ahe Progra?nmes for
development and regulatl ”S'Wa & "\4% [B90s entially covers Sectoral

iy
Planning, Coordination, P0|IC-)>.CG deligds ‘mo aSS|stance in water resources
projects and facilitation of external help”a (ﬁ\s tante”in resolution of disputes as a result of
inter-state problems.

The Central Ground Water Authority .

The Central Ground Water Authority was set up in 14th January 1997 under the Environment
protection Act, 1986. It is vested with the responsibility of making an assessment
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of the groundwater potential of the country through hydrological surveys, exploration,evaluation and
monitoring of ground water regime.

Present Position of Ground Water

The total replenishable groundwater in India is estimated to be about 43.39 million- hectare
metres per year (about 43.86 billion cubic metres). Out of it, about 7.13-mha m/yr of
groundwater is reserved for domestic, and industrial uses and 36.26-m.h.a m/yr is available for
irrigation. According to an estimate, there has been a development of 37.24 per cent of available
groundwater resources.

It is a sad affair that out of 5,711 block/talukas/mandals/watersheds in the country, 310
block/talukas/mandals/watershed are categoriesed as “over-exploited”. Over exploited indicates the stage
of groundwater development which exceeds the annual replenishable recharge. Besides, 160
blocks/talukas/mandals/watersheds are found and classified ‘Dark’ i.e. the stage of ground water
development is more than 85 per cent.

Various Steps

Various steps in the direction of regulation and control of the development and management of
ground water resources in the country are taken as under: .

(1) National Commission for Integrated Water Resources Development Plan

The National Commission for Integrated Water Resources Development Plan was constituted in
September 1999. The commission submitted its report to the union Government in December 1999.
The report is quite exhaustive and valuable. Several recommendations are made. These are mainly
for development of water resources for drinking, irrigation, industrial, flood control, transfer of
surplus water to deficit area etc.

(2) Central Water Commission

The Central Water Commission (CWC) New Delhi, is the National Apex Organization in
Water Resources Development charged with the responsibility of initiating, co-ordinatjng and
furthering .in consolation with state government concerned, schemes for control, conservai@n and
utilizafionss ater resources for irrigation flood control Hydro-power. &€l

devetld Gonsjderaly igatien gsid
appral o CRETC g 0 G igpShaking (e Iedgeand
expertlse nelRevelof qatigs. T1 i s Wollegre eqWgtortour fiffctional
wings viz Water PlanminghPss 7._ o Research e Meage B santePinning ahd Progress
supported by Admmlstre?f i

The commission has set-up* servation Stations. Since most

of the Stations were set-up during 1960’8 and earl‘y 1570 s Data Records are now available for
nearly two decades. Besides, Guage and Discharge Observation and Sediment Flow
Measurements are carried out in selected 248 Stations and Water Quality observation in stations
are in operation in the Ganga Basin over the Past Two Decades. During 1978- 85, Water Quality
Monitoring with respect to Population Loads, was conducted at 42 Selected Stations on the Ganga
under a ‘Special Scheme’ and a Status Report’” on water quality of the Ganga System was
published in Auguest, 1987. Although the ‘Special Scheme’ was closed, Water Quality
Monitoring in the Ganga System was continued and the ‘Status Report’ on the water quality of
Ganga System published in 1987 is being up-dated.
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The Ministry of Water Resources constituted in February, 1990 an Environment Monitoring
Committee under the Chairmanship of Member, Water Planning, Central Water Commission, with
representatives of concerned Ministries to have periodical and effective monitoring of the
implementation of environmental conditions laid down by the Ministry of Environment and Forests at
the time of clearance of projects. Out of the 82 Irrigation Multi- purpose and Flood Control Projects
for which the Ministry of Environmental Monitoring Organization of Central Water Commission
has stipulated environmental safeguards and site visits by the committee.

The project authorities of the remaining 72 projects have been requested to set-up Project-
Level Environment Monitoring Committee and Report the progress to the Environmental
Monitoring Committee. The committee has already visited and assessed the situation in respect
of Three Projects identified for close monitoring.

(3) Central Soil And'Material Research Station

The Central Soil and Material Research Station, New Delhi, is a premier organization which
deals with Geo-mechanics and construction of material problems relevant River Valley Project
Construction. It plays an active role in imparting knowledge to Engineers involved in the
construction, designs etc. by holding nation level workshops with the help of the United Nations
Development Programme EXxperts. :
(4) Subordinate Organizations

The Ministry of Water Resources has the following Six Subordinate Organization:
1) Central Water and Power Research Station, Pune;

2) Central Ground Water Board;
3) Farakka Barrage Project, Murshidabad;

4) Ganga Flood Control Commission, Patna;

5) Bansagar Control Board, Rewa;
6) 'Sardar Sarovar Construction Advisory Committee, VVadodara. .

carrie-%' A el
Nations Beonad
Waterways and
South-East Asia.

The Central Ground Water Board NeWbDeIht is t71e Natlonal Apex Organization to carry-
out and guide scientific development and management of Ground Water Resources from the
National Perspective. It handles all waters relating to Hydro-Geolagical Surveys, exploration,
assessment, development and scientific management of the country’s Ground Water Resources. The
main activities of the organization include Macro- level Hydro-Geological Surveys and Investigations,
Deep-Exploratory Drilling Coupled with Geo-physical Logging and Pump-Tests to study Hydro-
Geological Features and National-wise Monitoring of Ground
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Water Regime and its quality through a network of Hydrograph Stations. Data generated from
investigations undertaken by the board provides a scientific base for preparation of Hydro-
geological Maps, Atlases, delineation of Ground Water Worthy Areas and Formulationof Ground
Water Development Schemes. Beside advising the state governments on planning, financing and
administration of Ground Water Development Schemes, the board undertakes, ‘Water Balance
Studies’ and organizes training of personal of all levels and disciplines of its own and other state
and Central Government Organisation,including nominees of International Organisations.

The board has completed an area of 29.89-lakh sg. upto the end of March 1990, out of the
total area of 32.9 lakh sq _k.m. of the Country under Hydro-geological Surveys and planned to
complete the remaining by 1991. For the monitoring of Ground Water Regime, the board
established a National Network of 12, 450 Hydrographs Stations. Ground water levels are being
monitored by these stations quarterly in January, April/May, August and November. Data is analysed
to study impact of various input and output components on Ground Water Regime. The board is
presently having a fleet of 92 different kinds of Drilling Rigs for Ground Water Exploration.

The board, through its, ‘Specialises Cells’ has initialed studies in the Field of Mathematic
Modelling, Data Storage and Retrieval and Ground Water Pollution.

It has also provided assistance to the National Drinking Water Mission for locating sites for
drinking water and to suggest suitable and economic structures to tap Ground Water for
Drinking Purpose in the Rural Areas.

Note : Courtesy Research and Reference Division Ministry of Information and Broadcasting Govt. of
India.

RIVERS IN INDIA

Rivers in our Country may be classified as:
(i) Himalayan Rivers,
(ii) Peninsular Rivers, .

ii Q{!(Co al Rivers, .
"' fzthe Inland Drainage Basin. - ﬁé‘ f,}‘:ls\
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The Peninsular Rivers are general y ﬁ%o 8 therefore, fluctuate in volume.

(iii) Coastal Rivers

A large number of the streams are Non-Perennial. The coastal' streams, especially on the
West Coast are short in length and have limited Catchment Areas. Most of them are flashy and
non-perennial.
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(iv) Rivers of the Inland Drainage Basin

The streams of the Inland Drainage Basin, is the largest in India receiving waters from an
area which comprises about one-quarter of the total area of the Country. Its boundaries are well
defined by the Himalayas in the North and the Vindhyas in the South. The Ganga flows through
Uttar Pradesh, Bihar and West Bengal in India and enters Bangladesh thereafter. It has Two Main
Headwaters in the Himalayas: the Bhagirathi and the Alkananda, the former rising from the
Gangotri Glacier at Gomukh and the latter from a Glacier shortof the Alkapuri Glacier. The
Ganga is joined by a number of Himalayas Rivers including the Yamuna, Ghaghra, Gomti,
Gandak and Kosi. The Western-most River of the Ganga Systemis the Yamuna, which rises
from the Gangotri Glacier and joins the Ganga at Allahabad. Among the important rivers flowing
North from Central India into the Yamuna and the Ganga and the Ganga are the Chambal,
Betwa and Sone. »

Test Brahmaputra

The Brahmaputra and the Barak Rivers flowing from East to West in North-eastern Region
are International Rivers and have immense Water Resources Potential, which is still in the initial
stages of development.

The Godavari

The Godavari River in the Southern Peninsula has the Second-Largest River Basin covering
10 percent of the area of India. Next to it is the Krishna Basin in the region while the Mahanadi
has the third-largest basin. The Basins of the Narmada in the uplands of the Deccan flowing to the
Arabian Sea and of the Kaveri in South falling into the Bay of Bengal are about the same
though with different character and shape.

The Tapti and the Penner

Two other River Systems, which are small but agriculturally important, are those of the Tapti
in North and the Penner in the South. These West-Coast Rivers are of great importance as they
contain @driluch as 14 per cent of the Country’s Water Resources while draining only12 pg¢ cent
of the :

World. Although supply of o'r'.
Union Government supports the prog
Supply Programme (ARWSP).

NDWM 4

In order to provide further managerial, technical and financial support to the programme,
National Drinking Water Mission (NDWM) was launched in 1986. All the programmes were
coordinated under the umbrella of NDWM to achieve the goal of International Drinking Water
Supply and Sanitation Decade (IDWSSD) by providing 100 per cent coverage for rural villages
by March 1990.
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NDWM had a clear goal of covering residual problem villages (1.62 lakh at the begining of
the seventh plan) by 1990. In order to achieve the same, it provided low-cost appropriate technological
solution to identify problems associated with supply of safe drinking water through the application of
scientific and technological inputs. Nearly 85 per cent of the programme is to provide spot sources
through Level Operation and Maintenance (LOM) pump called India mark Il is presently being
exported to nearly 40 countries World over.

Mini-mission Areas

Some 55 pilot Project called mini-mission areas covering various status and union territories and
Five Submission were taken up during the seventh plan. A problem Village has been defined as
one with no source of safe drinking water within a distance of 1.6. or within a depth of 15 metres.
One problem villagers face are those where available water has excessive salinity, iron, fluoride or
other toxic elements or where diseases like cholera, guinea worm, etc are endemic.

After covering problem villagers identified in the Sixth and Seventh Plan, water supply facilities
were proposed to be extended to villagers as per liberalized norms i.e. within a distanceof 0.5 km. and
enhancing present norm of water supply from 40 litres to 70 litres per capita per day and provide one
source (tubewell with hand-pumps or stand-post) for a population of 150 against the existing norm of
250-300 persons. Priority was being accorded for coverage of SC/ST habitations and water supply
for the economically and socially background areas.

States were advised to allocate atleast 25 per cent of ARWSP funds for the Schedule Castes
and another ten per cent of Schedule Tribes. At the commencement of the seventh plan, 161, 722
problem villages remained to be covered with safe drinking water facilities. The mission had been
successful in covering 1,53,390 problem villages in the Seventh Plan. Remaining 8,332 villages which
had spilled over to the Eight Plan were to be covered in the first two years of the Eight Plan i.e.
by 1992.

Against the Seventh Plan outlay for Central Assistance to States/UTs under ARWSP and
Technology Mission Schemes for Rs. 1207 crore, Rs. 1906 crore had actually been released and
utlllsed,and Rs. 423 crore had been prowded in 1990-91 for ARWSP/Mini- MISS pn and

product| 0 Ry R0 fe vmg sallnlty, excess iron andJesees

.m}.'

rather than more for some”.

The New Delhi Global Consultation . )
The New Delhi global consultation recommended four guiding principles which are:

(i) Protection of the environment and safeguarding of health through the integrated
management of water resources and liquid and solid waters.
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(i) Institutional reforms promoting, attitudes and behaviour, and the full participationof
women and all levels in sector institutions.

(iii) Community management of services, backed by measures to strengthen local
institutions in implementing and sustaining water and sanitation programmes.

(iv) Sound financial practices, achieved through better management of existing assestsand
widespread use of appropriate technologies.

Note : Courtesy Research and Reference Division Ministry of Information and BroadcastingGovt.
of India.

FLOOD MANAGEMENT

Floods are annual features in one part of the Country or the other causing damage tothe
crops and property, destruction of communication and at times heavy loss of human-life and
livestock.

National Flood Control Programm

After heavy floods in 1954, the Government of India announced a National Flood
Management Programme. The programme was divided into these phases immediate, Short- term
and long-term:

(i) The immediate phase was adopted for intensive collection of data and execution of
emerge flood protection measures.

(i) The short-term measures for flood protection include construction of Spurs and
embankments of select sites.

(iii) The eonstruction of storages, reservoirs on rivers/tributaries and additional embankments
were the main long-term measure adopted. Out of the total geographical area of 329
million ha of the country, area prone to floods and area which can be provided reasonable
degree of protection as assesses by R.B.A. are 40 million ha. and 32 mlligr{ ha.

prot! oFL &l ;}. C*fl -\ to the flood prone areas, the flood loss contlnued to
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MEASURES AND ACHIEVENEFEE: ém'
(1) Since the launching of the Natnoha&lood‘ orftrol Programme, an expenditure of about
Rs. 2710 crore have been incurred on the Flood Control Sector till the end of the
Seventh Plan. In the Seventh Plan, an Approval Outlay of Rs. 947.39 crore has a share
of Rs. 797.43 crore by States and Union Territories and Rs. 149.93 crore by the
Centre.

(2) Since 1954 nearly 15,467 km of new embankments, 30,199 km of drainage channels, 765

town-protection works and raising the level of about 4,705 villages have been completed
upto March, 1989. These achievements have been executed at an
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expenditure of Rs. 2493.56 crore and have benefitted 13.64 million ha. In addition, Anti-sea
Erosion Measures to protect coast-line especially in Kerala were taken up. Out of the 320
km of vulnerable coast-line 311 km have been protected upto March, 1990.

(3) Upto 42 km existing sea walls have been strengthened. Rs. three point five crore have
been allocated as Central Loan Assistance to Kerala during 1990-91. In Karnataka, 73.3
km of the coast-line, out of 280 km is vulnerable to sea erosion and
12.89 km of coast-line been=protected upto March 1990.

(4) A number of reservoir projects had been completed which have helped in mitigating flood-
peak in the down*stream reaches. Notable among these are Hirakud Dam on the Sutlej,
Pong Dam on the Beas and Ukai Dam on the Tapti. All these works have afforded
a reasonable degree of protection.

(5) The Country on the whole experienced good and well-distributed rains. Rainfall was
normal and well-distributed in 32 out of 35 Metrological Sub-divisions of the Country and
84 per cent of the Districts recorded excess of normal rainfall. The rain was deficient
in Andaman and Nicobar Island, Lakshadweep and Kerala meteorological ‘sub-divisions.
Heavy rains/flash floods in Andhra Pradesh, Rajasthan, Orissa and Kerala characterized the
over-all flood situation. Assam, Bihar, Uttar Pradesh, Madhya Pradesh and \(Vest Bengal
also experienced moderate to high- intensity floods. It is reported that an area of 4.9 million
ha, have been affected by floods during 1990 monsoon season and a population of 16.2
million were affected and crops worth Rs. 28.1 crore in an area of about 2.8 million reported
to have been damaged. In all, nearly 882 human-lives and damages to the crops, houses
and public utilities were reported to be the tune of Rs. 41.25 crore.

Forecasting

Flood Forecasting Activities have been vastly extended and expanded over the years since
1959 by covering almost all major inter-state river basins. Currently, the flood forecasting network
compromising 157 flood forecasting stations covers 72 river basins. These sites were operational
during 12990-flood season. The flood forecasting network is also supported by 500 mete}o{@]ical
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The working group on flood management in its report for the eighth plan (1990-95) laid stress on
non-structural measures viz. flood forecasting and farning, flood plan zoning, flood froofing and

disaster perparedness. Substantially, increased outlays for these activities had been recommended
by the working group which are as follows:

(@) Flood forecasting Rs. 44.30 crore,
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(b) Flood plan Zoning Rs. 32 crore and
(¢) Flood proofing Rs. 440 crore.
The following projections have been considered in the flood management sector:

(i) The Government of India reaches a memorandum of understanding with the Nepalese-
Government in March 1988. Under the agreement it was proposed to set- up 45 hydrological
and hydrometerological stations in Nepal for issuing flood forecasts for Nepal and India.
The joint reconnaissance teams identified 15 of these sites and the required equipment for
these stations were procured and transferred to the Nepalese Government.
Reconnaissance survey for seven more stations was also done during May 1990.

(i) The work of extension of flood forecasting network in the Brahmanputra and the Barak
River Basins was given priority and include in the Action Plan of the - Ministry of Water
Resources Survey for seven more stations would be operational during 1991 flood
season.

(iii) Real time data acquisition and In flow forecasting system using latest metero burust
communication system for Krishna, Mahanadi and Chambal basin under the Dam
Safety and Rehabilitation Programme was prepared and discussed with the World
Bank. .

(iv) Under a French Collaboration Progrmme, the River Baitarni was also proposed to be
modernised for data acquisition as well as forecasting in the country.

Ganga Flood Control Commission

Ganga Flood Control Commission, Patna, established in April 1972, is primarily concerned with
the preparation of a comprehensive plan for flood control in the Ganga basin and arranging its
implementation in coordinated manner through the states in the basin. The commission, Anti-Water-
Logging-Erosion and Anti-Erosion Schemes estimated to cost Rs. lakh each or more in the
Basin
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objectives: - o0 -
. ML A
(i) To conserve, develop and harness land and other natural resources including rainfall with a

view to improving and restoring ecological balance,

(i) To minimise adverse effects of drought on crops and livestock production through integrated
development of land, water resources, and adoption of appropriate technology,

(iii) To ultimately achieve drought proofing of the project area through integrating and
dovetailing activities under this programme with State Sectoral Plans and Special
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Programmes. The programme is under implementation in 615 block of 91 district in
thirteen states. Present coverage of the programme is based on the recommendations of the
‘Task Force on DPAP and DDP (1982)’ as modified by the Inter Departmental Group
(1984). Total area covered under the programme is about 5.54 lakh sg. km and the total
population in the areas covered by the programme is about 775 lakh. The funds for the
programme are shared by the Central Government and the states concerned on a
50:50 basis. An Outlay of Rs. 237 crore was provided for the programme in the Central
Plan for the Seventh Plan Period.

Desert Development Programme

The objectives of this programme include controlling the process of desertification mitigate the
effects of drought in desert areas, restoration of ecological balance in affected areas and raising
productivity of land, water, livestock and human resources in these areas.

The objectives are sought to be achieved through activities such as a forestation with special
emphasis on sand dune stablisation, shelterbelt plantation and grassland development, soil and
moisture conservation and water resources development. The programme covers 131 blocks of 21
districts in five states. It also covers cold areas of Jammu and Kashmir and Himachal Pradesh. The
area covered under this programme is about 3.62-lakh sg. km and the population aréa covered is
about 150 lakh. This programme is implemented with 100 percent Central Financial Assistance. In
1989-90, allocations were made at the rate of Rs. 24 lakhs per 1000 sq. km., the ceiling per
district hence will be Rs. 500 lakh. For cold desert areas, a lumpsum provision is made, the rate being
Rs. 100 lakh per district per year for Himachal Pradesh and Rs. 150 lakh district per year for
Jammu and- Kashmir.

Since its inception, Rs. 291.33 crore has been spent under the programme. During the Seventh
Plan Period, Rs. 194.04 crore has been spent under the programme.

Table 2.6 Depiction of the Physical Achievements Made Under The ProgrammeUpto
March 1990 Physical Achievements
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INTER-STATE WATER DISP AL

The water wealth of India is enormous. The National Water Policy of 1987 recognizes River
Basin as a unit for the purpose of harnessing the water potential.

Reasons for Differences

Major River Basin of the Country are all almost Inter-state. With so many rivers flowing
through more than one state, it is a natural phenomenon that differences would arise sometime
or other amengst concerned states with regard to use and distribution of
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control of water of such rivers. This is especially so in view of the rapid pace of water resources
development to meet the increasing demand for irrigation, Hydel-Power Generation, domestic and
industrial water supply etc.

Effort to Resolve Disputes

Efforts are made, as far as possible, to resolve all disputes by negotiations amongst states
concerned or with the assistance of the Centre. Adjudication through Tribunal is resorted to when
warranted. Several of Inter-State Water Dispute have been resolved in the recent past.

1. Some of these are agreements regarding construction of Thein Dam (Ravi), Barakar, Ajoy,
Mayurakshi, Mahanada, Subernrekha and Kanhar Rivers, some common rivers between Madhya
Pradesh and Orissa and some between Maharastra and Madhya Pradesh.

2. Sharing of river waters of the Krishna, the Godavari and Narmada by concerned Basin
States has been settled through respective Tribunals set-up by the Government under the
Inter-State Water Dispute Act, 1956.

3. The Ravi and Beas Waters Tribunal, which was set-up on second April 1986, submitted
its report to the Central Government on 30 January 1987.

4. In August, 1987 a further reference was made to the Tribunal comprising asSuo- moto
Reference by the Central Government and reference received from Punjab, Harayana and
Rajasthan Government’s seeking explanation/guidance on certain points in the report.

5. Two major inter-state river dispute have not yet been resolved. They relate to utilisation
of the waters of the Kaveri and the Yamuna.

6. The Kaveri Water Dispute had to be referred to a tribunal are still continuing. Keeping
in view the response of the party states concerned, it should be possible to find
solution to the Yamuna Water Dispute without recourse to a tribunal.

BARDS AND COMMITTEES
Ng@sary Boards and Committees are formed to resolve the disputes, if any an;e m&ﬁ the
't -
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(2) Sardar Sarovar Construction Adwsory Committee

The Sardar Sarovar Construction Advisory Committee, Vadodara in Gujrat, was set-upin
accordance with the direction of the Narmada Water Disputes Tribunal for scrutinising estimates,
technical features, designs of Units | and 111 (Dam and Power Portion) and Annual Works
Programmes of the Project in Gujrat, which is an Inter-State Project benefiting Gujrat, Madhya
Pradesh, Maharashtra and Rajasthan. The Dam and Power House Complex
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was completed by 1998. The project was expected to irrigation about 18 lakh hectares inGujrat
and provide 1450 mw Hydro-Power for peaking.

(3) Statutory Bodies

Four Statutory Bodies are functioning under the Ministry of Water Resources. These are:
Narmada Control Authority, Brahamputra Board, Betwa River Board and the Tungabhadra
Board. A brief description of these bodies is as under:

(a) Narmada Control Authority

The Narmada Contrdl Authority was set-up in pursuance of the decision of the Narmada
Water Disputes Tribunal. It started functioning from December, 1980 and was further
strengthened during 1987 and 1990. The authority coordinates and directs Narmada Basin
Development Project and takes such measures as are necessary or expedient for protection of
environment and also prepares Schemes for the Welfare and Rehabilitation of Oustees and Other
Affected Persons.

(b) Brahmaputra Board

The Government constituted the Brahmaputra Board under the Brahmaputra Act, 1980,
with the specific object of preparing a ‘Master Plan’ for the control of Flood and Bank *Erosion and
Improvement of Drainage of the Brahmaputra Valley. Jurisdiction of the Board includes the Barak
Valley.

(c) Betwa River Board

The Rajghat Dam Project on the Betwa, a Tributary of the Yamuna, is an Inter-State Project of
Madhya Pradesh and Uttar Pradesh. In accordance with the inter-state agreement between the two
states in 1973, Betwa River Board was constituted under the Betwa River Board Act, 1976 for early
executions of Rajghat Dam Project.

(d) Tungabhadra Board
The Tungabhadra Board is incharge of the common portions of the Tungabhadra Proi%.‘S The

w_ s Disputes Tribunal had made specific provision in the award f;
spetif Blatj ':
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India and Pakistan signed the Indus Water Treaty on'19 September, 1960, fixing and delimiting
the rights and obligations of the Two Countries with regards to the use of the waters of the Indus
River System. It came into force from first April, 1960. A Rermanent Indus Commission
representing both the Governments have established co-operation arrangements for implementation
of the treaty.

(2) Indo-Bangladesh Joint Rivers Commission

The Indo-Bangladesh Joint Rivers Commission was set-up in July, 1972 to perform the following
functions:
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(i) To maintain liason between the Participating Countries in order to ensure the most
effective joint efforts in maximizing the benefits from Common River System to both
Countries:

(ii) To formulate flood forecasting and cyclone warnings;
(iii) To study flood control works and so recommended implementation of Joint projects;

(iv) To formulate detailed proposal on advance flood warnings, flood control and Irrigation
Project so that the water resoUrces of the region can be utilized on an equipment basis for
the mutual benefit of the people of the two countries;

(v) To formulate proposal for countries to co-ordinate research on problems of flood control
affecting both the countries.

Indo-Nepal Sub-Commission on Water Resources

The Indo-Nepal, sub-commission on water resources was set-up in August 1988, to deal with all
aspects of Indo-Nepal Cooperation in the multiple uses of Water Resources for mutual benefit. In
additional to the matter already under discussion at secretary-level and other meetings, the sub-
commission shall identify new programes/Project for water resources development for cooperation
between India and Nepal in specific sectors viz. irrigation, water- logging and drainage, hydro-electric
power generation. Inland navigation, collection of hydrological data, measures to prevent and reduce
losses due to floods, flood forecasting and flood warning, environment safeguard measures and
transfer of technology suited to the requirement of both the countries.

Note: Courtesy Research and Reference Division Ministry of Information and Broadcasting Govt.
of India.

DAMS: DESCRIPTION, BENEFITS AND PROBLEMS

A number of big, medium and minor dams have been envisaged under different river valley
projects. These dams have been undertaken for irrigation, power generation and water supply
These dams, hailed as the Temples of Modern India by the country’s first Prime i
Jawahax'ﬂ Nehgu, have mcreased agricultural productlon power generation and reduc§
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(@) 2,240 metre-long barrage across the Ganga deS|gned to pass a flood discharge of 76,455
cumec or 27 lakh, with rail-cum-road bridge, the necessary river draining works and a
head regulator on the right side; ’

(b) 213 metre-long garrage across the Bhragirathi at Jangipur, designed to pass flood discharge
of 1,700 cusecs or 60,000 cusecs;
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(c) Feeder canal of 1,133 cusecs or 40,000 cusecs carrying capacity and 38.38 km-long taking
off from the head regulator on the right-side of the Faraka Barrage, tailing- off into the
Bhagirathi below Jangipur Barrage;

(d) Navigation works such as locks, channels, shelter navigation lights and other
infrastructures.

VARIOUS DAMS IN THE COUNTRY AND BENEFITS THEREFROM

(1) Damodar River Valley Project

Damodar River Valley Project serves several objectives. This huge dam is, in fact, a series
of small dams built'on a river and its tributaries, serves as man-made lake that is now able to
impound huge amount of rain water. In this way, it helps in flood control andsoil protection.
This water is used for irrigation during dry periods. Since catchments areas of dam are afforested,
there is available additional wild land that helps to preserve ecosytems.

The water stored here is used for power generation i.e. hydle power or hydro-electricity. These
projects also provide for inland water navigation, cheapest means of transport for heavy goods.
They are also used to develop fish hatcheries and nurseries. H

Damodar Valley Project consists of series of small dams of the tributaries of Damodar,
flowing from Chotanagpur in South Bihar to West Bengal. The hydle power has been integrated
in a common grid.

(2) Bhakra Nangal Project

This project has been built where two hills on either side of Satluj are very close to each
other. It claims to be highest gravity dam in the world (height 226 metres from river bed). The
project serves the states of Himachal Pradesh, Punjab, Harayana, Rajasthan and U.T. of Delhi.

(3) Indira Gandhi Rajasthan Canal Project

It i§ ambitious plan to bring new areas under irrigation. The water of the Beas andRavi has
to diverted @ Satluj. The Pong Dam on the Beas impounds 6,90,000 ha metgesfw/aien. This
h division of Beas into Satluj in a regulated manner. It enabled JRe] ASthameCamato
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(5) Hirakud Dam ; - 1?."10 -t

Hirakud Dam in Orissa is longest serves Karnataka and Andhra Pradesh. This 2.5 km long
dam irrigates nearly 4,00,000 ha land.

(6) The Tungbhadra

The Tungbhadra Project serves Karnataka and Andhra Pradesh. This 2.5 km long dam
irrigates nearly 4,00,000 ha land.

D
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(7) The Nagarjunasagar

The Nagarjunsagar Project is built on river Krishna in Andhra Pradesh. It irrigates8,67,00 ha
land.
(8) The Chambal Project

The Chambal irrigation parts of M.P. and Rajasthan. There are many other such projectson
different rivers in the country. -

ENVIRONMENT PROBEEMS CREATED BY DAMS

We can study the environmental side effects of river valley and hydle-power projects inthree
categories as under:

(i) Effect within and around the area covered by the dam and reservoir.

(i) Downstream effects consequent to the alternation in hydraulic regime,

(iii) Regional effects in terms of overall aspects including resources use and socio-
economic aspects.

The Evil Impacts t
The impacts caused by construction of dams and reservoirs include the following:
(i) Changes in the microclimate,
(ii) Loss of vegetal cover,
(iii) Soil erosion,
(iv) Variation in water level,
(v) Enhanced seismic activities due to pressure of water.

(1) Effects of Blasting
*
acts, blasting operations for road construction can cause considerable da aga;ﬁﬁhe .

(2) The creation off A&
the watershed areas may a
The Guidelines ' : AL

The guidelines refer to the environmental components to be taken in view during siteselection.
These include the following points: 3
(i) Short and long-term impact on population in the unidentified and watershed areas;
(ii) Impact on wildlife,
(iii) Impact on land use,

(iv) Potential seismic impact of reservoir loading,
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(v) Water balance and hydrological regime,
(vi) Siltation,

(vii) Socio-economic impact such as rehabilitation of project oustees and been suggestedin
the guideline.

The costs for environment protection and mitigative measures should also be includedin the
overall estimates. These should include measures like:

(i) Compensatory afforestation

(i) Restoration of lafd in construction areas,
(iii) Control of aquatic weed,
(iv) Control of water and soil diseases,

(v) Rehabilitation of project oustees.

SOME SAFEGUARDS

From the above it becomes clear that it is essential to guarantee mitigative and en.vironmental
safeguard before clearance of a project. The safeguard for the following are to be guaranteed:

(i) Submergence of valuable agricultural and forest areas,

(ii) Siltation of reservoirs consequent to degraded catchment conditions,

(iii) Satisfactory rehabilitation of those inhabitants who are ousted,

(iv) Loss of flora and fauna,

(v) Reservoir induced seismicity,

(vi) Water borne and soil borne diseases.
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The ever-increasing opposmon j : ironmentalists has forced the Govt. of

review a number of proposed dams in the light of their impact on local tribals flora and fauna.
Results are also seen. The Govt. had to scrap the Silent Valley Project in Kerala. Likewise, Koel
and Karo Project in Bihar was also abandoned due to opposition from local people as it would
have displaced several thousands for Santhal tribals in the area.

The following four major projects have generated much controversy:
(i) Sardar Sarovar Project, Gujarat.
(i) Narmada Sagar Project, M.P.
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(iiiy Bodhaghat Project, M.P.
(iv) Tehri Dam Project in U.P.

Though these have been given environment clearance, pressure is being exercised on the
Govt. to drop these projects. A reader of newpapers could go through the headlines as “Losses exceed
Tehri Dam benefits,” “Govt. forced to rivew dam projects”. “Big dams spell doom”, “How green was
my valley”, “The displacement factor” etc. A brief description of these dams is as under:

(1) Sardar Sarovar (SS)

Project near Navagant in Bharuch district of Gujarat is one of the costliest projects project
affecting village in three states- M.P. Maharashtra and Gujarat. It is estimated that nearly 245
villagers will be submerged, of which about 193 in M.P. alone. As such, over 75,000 (nearly
50,000 in M.P. alone) people will be evicted.

Besides, additional displacement is likely to be caused during social and environmental
rehabilitation work undertaken to repair the dislocation and damages caused by the project. Likewise,
compensatory afforestation and setting of wildlife sanctuary will displace other villagers in the area. It
is officially admitted that nearly 43,000 ha of land will be neededfor rehabilitation of SS
outees.

(2) Narmada Valley Project (NVP)

It claims to be the world’s largest river valley project. The 30 big dams and over 3,000
medium dams are envisaged. It is estimated that it would displace over one million people, mostly
tribals, submerge 56,000 ha of fertile agriculture land. Total forest are of nearly 60,000 ha will be
destroyed. As a result, nearly 25 species of birds will be deprived of their habitats.

(3) Bodhghat Project

Bodhaghat Project on Indaravati river in M.P. is in Bastar district. It is feared that the project
will destroy teak and sal forests, and spell doom for the last surviving wild buffaloes. The
criticismuof the project was so high and widespread that it forced the Govt. and the Worl ank
to rec ler i &{
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of hectares of rich, agricultural land will be drowned "The fear is not imaginary. In July/August
2004 the midable position took place.

DAM SAFETY ORGANIZATION (DSO)

There are about 1600 large dams in the country of which over 100 Dams are 30 metresin
height and above. While these dams provide much needed water for irrigation and development of
power, they also pose the potential hazard in the event of failure.
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Realising the importance of hazards posed by the dams, the Government India constituted the
Dams Safety Organization. New Delhi, in CWC in 1979. The organization assists the state
governments to locate causes of potential distress and redress the affecting Safety of Dams and
Allied Structures. It also advised and guides the state government in providing suitable remedial
measures.

The organization has created awareness about the implications of Dam Hazard and the
consequence of failure thereof. The organization devised guidelines and literature on dam safety
inspections and modes and causes of failure to highlight the importance of monitoring the Safety
Aspects of Dams. This okganization is the Secretarial of the Nations Committee of Dam Safety
created to follow-up the implementation of the recommendation of the ‘Report on Dam Safety
Organization’. It is also pursuing creation of Dam Safety Cells in various states and, in this
connection, 12 States have so far set-up ‘Dam Safety Cells’ in their States.

Note: Courtesy Research and Reference Division Ministry of Information and Broadcasting Govt. of
India.

MINERAL RESOURCE: USE AND EXPLOITATION ON THE ENVIRONMENTAL
EFFECT OF THEIR EXTRACTION :
Significance

The economic development of a country depends, to a great extent. On the availability of
minerals, got as ores from the earth by mining Coal and iron are the basic minerals which man needs
to develop. iron and steel industry. Minerals like mica, copper, lead and zinc are of vast
economic importance. Thorium and uranium are atomic energy minerals.

Position of Minerals in India

India is rich endowed with minerals like coal, bauxite, barytes, iron, one mica, gypsum,
chromite, dolomite and limestone while it is deficient in minerals like asbestos, phosphates lead,
tungsteg tin platinum group of metals, gold and diamonds.

éed for AMAD opriate Policy }é‘

» .'
1% 8ADLOpP 'Q,- i regardmg extraction of minerals is needed in V|e - Ilu- M
avail rh IR E S(Miperals as under: . [ "#‘. . ,}@
(1) Mm ; “.s: l"‘" '5"-: tesand non-renewable. .j'l o N
. “H

hans e

g -

{ QN "' ..*"r-r 78
(2) Mineral resd ,.w‘ng e

(3) Mineral resources ars.c. ?nhg..u ces Qfoh:
National Mineral Policy WS e

In view of the above Nations Mineral Policy has been adopted which encompasses the various
Policy Guidelines, which have been issued from time to time. The policy also emphasizes certain
new aspects and elements as under:

(1) Mineral Exploration in the seabed,
(2) Development of proper inventory,
(3) Proper linkage between exploitation of minerals and development of mineral industry,
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(4) Preference to members of the scheduled tribes for development of small deposits in
scheduled areasm
(5) Protection of forests, environment and ecology from the adverse effects of mining,
(6) Enforcement of mining plan for adoption of proper mining methods.

(7) Optimum utilizations of minerals, export of minerals in value added form and
recycling of metallic scrap and mineral waste.

Under the constitution, mineral rights and administration of Mining Laws are vestedin
State Governments. The Central Government, however, regulated development of minerals under
the Mines and Minerals (Regulation and Development) Act, 1957 and the rules and regulations
framed under it. The statute empowers the Centre to formulate rules for the following:

(i) The grant of prospective licences and mining leases;
(i) The conservation and development of minerals;
(i) The modification of old leases.

The Mines and Minerals (Regulation and Development) Act, 1957, was amen.ded in 1972
and major amendments were made in February 1987. The Mineral Concession Rules, 1960, 1958
was replaced by more comprehensive rules in 1988.

MINERALS RESOURCES
Principle minerals found in the country, along with their estimated reserves, are given below:
(1) Bauxite

Recoverable reserves of all grades of bauxite in the country are estimated at 283.3 crore
tonnes. Important deposits occur in Andhra Pradesh, Bihar, Goa, Gujrat, Jammu and Kashmir,
Karnataka, Kerala, Madhya Pradesh.

Madhya Pradesh, Andhra Pradesh "2 a -°also occurs in tertlary formatlonsm
Assam, Arunachal Pradesh, Meghalaya, Jammu and Kashmir and Nagaland. Total reserves of
coal are estimated at 17,046 crore tonnes comprosing 16,499 crore tonnes of non-coking coal and
547 crore tonnes of prime cocking. As compare with India’s coal reserves lignite resources are
relatively modest at 438.8 crore tonnes of which the bulk of the reserves are located in and around
Neyyeli in Tamil Nadu. Significant lignite resources are in Rajasthan, Gujrat and Jammu and
Kashmir.
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(4) Chromite

Total recoverable reserves of Chromite, are estimated at 5.4. crore tonnes. Deposits of
economic significance occur in Andhra Pradesh, Bihar, Karnataka, Maharastra, Manipur, Orissa
and Tamil Nadu. However, refractory grade reserves of chromite are very meagre.

(5) Copper

Major and important copper ore producing areas are in Singhbhum District (Bihar), Balaghat
District (Madhya Pradesh) and Jhunjhunu and Alwar District (Rajasthan). In addition, small
production of copper ore*comes from Khammam District (Andhra Pradesh), Chitradung and
Hassan Districts (Karnataka), and Sikkim. Copper ore reserves in the Country are estimated at
63.2 crore tonnes with a metal content of about 82.8 lakh tonnes.

(6) Diamond

Total reserves and resources in the country are placed at 10.8 carats. main diamond bearing
area in India is Panna belt in Madhaya Pradesh, Ramallakota and Bangampalle Chitradung rocks
in Kurnool Districts and gravels of Krishan River Basin in Andhra Pradesh. Presently, the only
Diamond Pipe under exploitation is at Panna.

(7) Dolomite

Total recoverable reserves of dolomite of all grades are placed at 46.08 lakh tonnes. Principal
producing states for dolomite are Orissa, Madhya Pradesh, Gujrat, Bihar, Uttar Pradesh and West
Bengal.

(8) Gold

There are three important gold fields in the country, namely, Kolar Field in Kolar District
and Hutti Gold Field in Raichur District (both in Karnataka) and Ramagiri Gold Field in
Anantapur district (Andhra Pradesh). Total in-situ gold ore reserves and resources are estimated
at five crore tonnes with a total Gold content of 103.17 tonnes. However, Kolar Gold Field Mlnes
an Hutt,C ceount for bulk of Gold Ore Reserves, equivalent to about

. '" :situ Gold. lc‘ }(’s\
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(10) Fluorspar - . AL

Fluorspar mainly occurs in Gujrat, Madhya Pradesh and Rajasthan with total recoverable
reserves estimated at 18.8 lakh tonnes.

(11) Gypsum

Total reserves and resources of gypsum in the country are estimated at 120 crore tonnes, of
which recoverable reserves are 31.9 crore tonnes. Bulk of domestic production mineral gypsum
comes from Rajasthan and Tamil Nadu, Jammu and Kashmir, Himachal Pradesh and Uttar
Pradesh. Gujrat also produces small quantities.



ENVIRONMENTAL SCIENCE : NATURAL RESOURCES 57

(12) Graphite

Recoverable reserves of graphite are estimated at 46.5 lakh tonnes of which 31 lakh tonnes
occur in Kerala and Bihar and the rest in Orissa, Rajasthan, Tamil Nadu and Andhra Pradesh.

(13) Limonite

Total reserves in limonite at 14.6 crore mainly in beach sands on Eastern and Western
Coasts and Tamil Nadu are important.

(14) Iron Ore

India is favourable endowed with iron ore deposits recoverable reserves are estimated at
1197.7 crore tonnes of which 10, 267 tonnes are haematite and 171 crore tonnes magnitute Ore.
Haematite mainly occurs in Bihar, Orissa, Madhya Pradesh, Maharashtra, Goa, and Karnataka. Large
reserves of magnetite ore occur along West Coast, primarily in Karnataka with minor occurrences
in Kerala, Tamil Nadu and Andhra Pradesh.

(15) Kaolin

India possesses vast resources of kaolin and ball clay with kaolin Resources being placed at
87.2 crore tonnes. Currently, principal producing states for Kaolin are Bihar, Gujrat: Rajasthan
and West Bengal, Kerala, Haryana, Orissa and Madhya Pradesh also produce significant
quantities. Ball Clay Kerala is chiefly produced in Rajasthan, Andhra Pradesh and Gujarat.

(16) Lead-Zinc

Lead-zinc ore occur in Rajasthan, Meghalaya, Gujrat, West Bengal, Uttar Pradesh, Andhra
Pradesh, Tamil Nadu, Orissa and Sikkim. However, 95 per cent of the known resources are
localised in south-central Rajasthan and the adjoining part of Gujrat. Total identified ore resources are
placed at 38.3 crore tonnes equivalent to an in-situ mental content of 56 lakh tonnes of lead and
1.83 crore tonnes of zinc.

(17) leestone &

‘. es Rich deposists of
adhya Pradesh, Bihar and

C ,‘\ .r‘
g A
Manganese Ore occur in AndffeRiadesh

Orissa. Major producers are Orissa,

(19) Mica

India is world’s leading producer of sheet mica and accounts for about 60 per. cent of global
mica trade. Economic deposits of mica occur in three richest mica belts, accounts for almost 60 per
cent of India’s output in terms of value. Though large mica resources are
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existing, estimates have not far been made because of irregular nature of pegmatites as wellas
erratic nature of mica mineralisation in pegmatites.

(20) Nickel

Low grade latorited nickel occurs in Cuttack, Keonjhar and Mayurbhani Districts of Orissa.
Main occurrence is in Sukinda Belt to Cuttack District. Minor occurrences are also reported from
Bihar, Manipur, Nagaland, Maharasthra, Karnataka and Rajasthan. Total nickel ore resources
are estimated at 23.1 crore tonnes.

(21) Phosphate Minerals

Deposists of Phosphorites are located in Chhatarpur, Sagar and Jhabua Districts of Madhya
Pradesh, Udaipur, Jaisalmer and Banswara districts of Rajasthan and Dehradun and Tehri and
Lalitpur District of Uttar Pradesh. Besides, apatite deposits of commerical importance are reported to
occur in Bihar, Andhra Pradesh, Rajasthan, West Bengal and Tamil Nadu. Total recoverable
reserves of Rock Phosphate are estimated at 11.5 crore tonnes and of apatite at 20 lakh tonnes.

(22) Tungsten

Recoverable reserves of tungsten ore are placed at 70 lakh tonnes with W 03 contents of
7,860 tonnes. Tungsten ore occurs in Rajasthan, Maharashtra, Karnataka, West Bengal and Uttar
Pradesh. The only producing mine in the country is at Degana in Rajasthan.

(23) Magnesite

India is having large resources of magnesite, which is an important refractory mineral. Total
recoverable reserves of magnesite are estimated at 22.2 crore tonnes. Presently, chief sources of
magnesite are in the District of Salem in Tamil Nadu and Almora in Uttar Pradesh. Deposits of
magnesite also occur in Chamili and Pithoragarh District of Uttar Pradesh, Mysore and Hassan
District of Karnataka and in Jammu and Kashmir and Kerala.

(24) Kyanite and Sillimanite .

e 8inghbhum deposit of Bihar and Bhandara deposit of M’a'
1S9 Preduced form Karnataka and Rajasthan. Total recoverable rawe
rennes. : ‘

(iii) Calcite (Rajasthan, Madhya Pradesh, Andhra Pradesh and Guijrat),
(iv) Fuller’s Earth (Rajasthan, Madhya Pradesh, Andhra Pradesh),
(v) Felspar (Rajasthan, Andhra Pradesh, Tamil Nadu and Madhya Pradesh),
(vi) Garnet (Tamil Nadu, Rajasthan and Andhra Pradesh),
(vii) Steatite (Rajasthan, Uttar Pradesh, Andhra Pradesh, Tamil Nadu and Bihar),
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(ix) Wollastonite (Rajasthan and Gujrat), Zicro (Beach Sands of Tamil Nadu Kerala and
Orissa),
(x) Quartz and other Silica Minerals are wide-spread and occur in almost all states.

(xi) The country has vast resources of building, dimension and ornamental stones such as
granite, marble and slate.

While Granite is chiefly mined in Tamil Nadu, Karnataka, Andhra Pradesh and Rajasthan,
Marble is extensively mined in Rajasthan, Uttar Pradesh and Gujrat. Principally Madhya
Pradesh, Andhra Pradesh and Harayana produce slate.

MINERAL AND METAL PRODUCTION
Production of important minerals during 1997-98 to 2001-2002 (provisional is shown in following
table):

Note: Courtesy Research and Reference Division Ministry of Information and BroadcastingGovt. of
India. :

M. Tonnes—Million tonnes, *000—Tonnes-Thousand tonnes, M.C.M.—Million Cubic Metre, Kg.—
Kilogram .

* The figure excludes the production of fireclay, if any recovered incidental to coal mining.

(R) ‘R’ shows previous years figures repeated as current data have not been received
yet.

Note: (1) The value figures pertain to pithead value

(2) Data based on the return received under MCDR, 1998 except coal, lignite petroleum (Crude),
natural gas (utilised) and minor minerals:

(a) Coal and Lignite: Coal Controller, Kolkata
(b) Petroleum (Crude) and Natural Gas: Ministry of Petroleum & Natural Gas, New Delhi.

inerals: State Governments.

Regional effects in t?r'ns'
economic aspects. :

(iv) Ithas also been participating in India Expeditions to Antarctica right from the veryfirst
expedition.

GSI with its headquarters at Calcutta functions six regions, three specialised wings and a
training institute. Each year GSI takes up about 1100 investigations in geological mapping,
mineral assessment, geotechnical and environment studies, air borne geo-physical surveys as well
as geologlcal and geophysical surveys in bordering seas. Output of these efforts isin the form
of scientific and technical reports, professional papers, maps and inventories and
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various types of publications such as memoirs, records, bulletins, Indian minerals andPalentologica
Indica.

(2) Indian Bureau of Mines
Indian Bureau of Mines (IBM) is a multi-disciplinary scientific and technical department.

Function

(1) It is primarily responsible for the conservations and scientific development of mineral
resources other than coal, petroleum, natural gas, atomic minerals and minor minerals.

(2) It scrutinises mining laws before granting approval, undertakes inspection and study of
mines and research on beneficiation of low-grade ores and minerals and on special
mining problem.

(3) It provides technical consultancy service to the mining industry for survey and geological
appraisal of mineral resources and preparation of feasibility reports on mining projects
including beneficiation plants.

(4) It advises Central and state governments on all aspects of mineral industry, trade and
Legislation. IBM has its headquaters at Nagpur with 12 regional offices and three well-
equiped ore dressing laboratories and pilot plants.

(5) IBM function as a ‘data bank’ for mines and minerals and bulletins on different
connected subjects. Important publications are: Indian Minerals Year Book (Annual),
Bulletin of Mineral Information (Quarterly), Mineral Statistics of India (Half-yearly),
Monthly Statistical of Mineral Production, Foreign Trade in Mineral and Metals
(Annual) and Indian Mineral Industry at a Glance (Annual).

3. Public Sector Mining Undertaking
The Department of Mines has administrative responsibility for following undertakings:

(1)» Hindustan Zinc Limited (HZL)—Zinc and Lead .
b SN

4. Hindustan Zinc Limited
Hindustan Zinc Limited (HZL) was incorporated in January 1966 with the followingpurposes:
(1) To take over operation of the erswhile Metal Corporation of India.
(2) To develop mining and smelting capacities for zinc and lead.
Beginning with 500 tonnes per day at Mochia in Rajasthan and 3,600 tonnes per year
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lead smelter at Tundoo in Bihar, HZL has now seven operating mines with a capacity of 8,740
tonnes of Ore per day, Two Zinc Smelters with a capacity, of 30,000 tonnes per year.

In addition to production of primary metals—zinc and lead, the company produces a number
of by-products such as cadmium, silver, sulphuric acid, phosphoric acid, fertilisers, zinc sulphate
and copper sulphate.

Based on lead-zinc deposits of Rampura-Agucha in Bhillwara District, a new open pit mine at
Rampura-Agucha and a new smelter at Chanderiya in Chittogarh District is under construction. Total
cost of the project is estimated at Rs. 684 crore. The smelte will have a capacity of 70,000 tonnes zinc
and 35,000 tonnes Lead per &nnum. It will be operational during 1991-92.,

5. Hindustan Copper Limited

Hindustan Copper Limited (HCL) is 54,000 tonnes of Copper in concentrate products viz.,
Gold, Silver, Nickel, Selenium, tellurium etc. With a view to increase expansion of Malanjkhand
Copper Project. It has set up a continuous cast copper wire rod plant at Taloja with an installed
capacity of 60,000 tonnes per annum.

6. Bharat Gold Mines Limited

Bharat Gold Mines Limited (BGML) operates Kolar Gold Mines where gold mifling started
in 1880 under M/s. John Taylors Sons, a company incorporated in England. This company continued
operating these mines till 1956 when key were taken over by the Karnataka.

BGML was incorprated in 1972 to take over and operate these mines. There are three working
mines viz.,

(i) Mysore Mine

(i) Nundi Drug Mine
(iiiy Chamption Reef Mine
Besides this, BGML is also exploiting Yeppamana Mine Project in Andhra Pradesh. Mining

A ! > mine construction work

: m {king ®ard “mine development jobs. It has
ambitious programmes in this field to meet t e requirement of m|n|ng industry in the country during
1990s.

BGML has four central workshops, which besides catering the maintenance requirements of
their own mines, produce a variety of mining equipment for the market. It is planning
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to strengthen manufacturing activities with regard to traditional items as well as to diversityinto new
lines of products.

7. Bharat Aluminium Company Limited

Bharat Aluminium Company Limited (BALCO), the first unit in Public sector for production
of Aluminium, was incorporated in November, 1965, for setting up an integrated Alumina/aluminium
Complex at Korba in Bilaspur District of Madhya Pradesh based on Bauxite Deposits in
Amarkantak/Phutka-pahar Area. The plant has an installed capacity of two lakh tonnes per annum
and was commissioned ip 1973. The smelter was commissioned in phase, corresponding to
availability of electric power from Madhya Pradesh Electricity Board. The final phase was
commissioned in September, 1984, which brought the installed capacity of one lakh per annum.

A 270 mW .captive thermal power station was commissioned in 1987-88 for facilitating
operations of Korba complex by reducing dependence on Madhya Pradesh Power Supply Board.
Amarkantak and Phutka-Pahar Bauxite Deposits are nearing the end of economic working life.
Till suitable alternative captive source for steady supply for bauxite are established, arrangements
are being made to obtain Bauxite from Panchpatmali Mine NALCO and some private mine
operators in Madhya Pradesh.

8. National Aluminium Company Limited

The National Aluminum Company Limited (NALCO) is the biggest integrated bauxite/
alumina/aluminium project in Asia which is based on extensive Bauxite Deposits in Orissa on
East Coast of India. This company was incorporated in 7 January 1981, to exploit these deposits. The
projects includes 24 lakh tonnes per year Bauxite Mine at Penchapatmali (Koraput), eight lakh tonnes
per annual Alumina Plant at Damanjodi (Koraput), 2,18,000 tonnes per annual Aluminum Smeltre
at Angul (Dhenkanal) and port facilities at Vishakhapatnam (Andhra Pradesh) for export of
Alumina and import of caustic soda.

M/s. Aluminium Pechiney of France supplied technical know how and basic engineering
package’ Engineers India Limited has done detailed engineering, construction, supervision,
ment assistance and overall monitoring of the project. Trial production was ed in

market of Alumina in January 1988-and alu
thgs.through alumina and aluminium ,eXg

9. Minerals ExploratiOn€oRgn

Mineral Exploration C(;r.f)a ANONSA MITEd; KNI WWas* registered in 1972 to undertake
detailed mineral exploration for assessing minéral “reserves in the Country. Besides, the
corporation is engaged in mine construction, geographical work at dam sites and drillingand
construction of tubewells. The corporation, with its headquaters at Nagpur, carries out detailed
mineral exploration in behalf of the Government of the Public and Private Sector enterprises and
organizations, state governments, etc. on contractual basis. It plays the role of a premier exploring
agency in the country. Since its inception in 1972, the company has explored places to the tune of
tonnes of different mineral/ores comprising coal, bauxite, base metals, gold, iron ore, limestone,
etc. e ' !
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Note: Courstesy Research and Reference Division Ministry of Information and Broadcasting Govt. of
India.

NATIONS WATER DEVELOPMENT AGENCY

The Agency was estiblished in 1982 to carry-out studies and investigations of possible
storage reservoir sites and inter-connecting links in order to establish feasibility of proposalsunder
the ‘National Perspective Plan’ which comprises of two components viz. Himalayan River
Development and Peninsular Rivers Development. Detailed studies about quantum of which is
surplus in various Peninsular Rivers and which can be transferred to other Basins in the region
after meeting reasonable needs of the Basin States as well as, feasibility reports of various
components of schemes relating to Peninsular Rivers Development are being prepared. Studies
are expected to be completed by the end of the eighth plan. Simultaneously, the National Water
Development Authority will also start carrying-out studies for Himalayan Rivers Development
during the eighth plan period.

PUBLIC SECTOR UNDERTAKINGS

(i) Water and Power Consultancy Services (India) Limited

The Water and Power Consultancy Services (India) Limited was set up in June, 1969 to
project and channelise India Expertise in power and water resources development and their
utilization. It offers consultancy services in all aspects of Water Resources Development including
downstream . aspects, ground water, supply and treatment, inland waterways and navigation,
hydrographic surveys, etc.

(if) National Project Construction Limited

The National Projects Construction Corporation Limited, which was earlier under the
Department of Power, was brought under the Administrative Control of the Ministry of Water
Resourcg in September, 1989.

undertaking constru an ot
dams, bridges, tunnels, cafia

National Water Board

A National Water Board was constituted by the Ministry of Water Resource in September, 1990,
under the Chairmanship of Secretary, water resources, to consider and review the progress made on
issues connected with the development of water resources as well as implementation.of the National
Water Policy and report the same of the National Water Resources Council. The first meeting of the
National Water Board was held on 27 December 1990 at New Delhi. The progress on
implementation of the National Water Policy was
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reviewed. The proposed programme of actions on the ‘different clauses’ of the National Water
Policy for 1991-92 was also discussed. It was inter-alia decided in the meeting to set-up Three
Sub-Committees of the Board to prepare policy papers on:

(i) Setting-up of the River Basin Organization in the Country;
(ii) National Rehabilitation and Resettlement Policy;
(iii) The Water Information System.

These Sub-Committees have since been set-up.

Water Resources Day

The Water Resources Day is organized all over the Country since 1986 in April in orderto
make the people more conscious about problems associated with the management of water, a
limited precious resource. As a result of the increasing encouraging response from the Central/state
Government and other voluntary agencies concerned, the Water Resources Day was orgainsed at
about 503 centres of the country during 1990. The theme for National Debate was “Water for
future.”

The Water Resources Day was celebrated at 800 places all over the country during April-
May 1991 by mobilizing the support of various state governments and other Agenciés including
Local Offices. In view of the over-all increasing demand for water linked with the increasing
population pressure, the Theme for the forthcoming Water Resources Day was selected as
“Water Conservation.”

Note: Courtesy Research and References Division Ministry of Information and Broadcasting Govt.
of India.

FROM PROBLEM: CAUSES AND SUGGESTIONS

At present not only India but the whole world is facing the food problem.
M;in Causes of Food Problem: Main causes of food problem are as under: A

compared to that of 395 grams in early fl Fé‘s +19907 it has been provisionally estimatedat 476
grams per day. In terms of gross fertilizers consumption, Indra ranks fourth in the World after USA,
USSR and China. The country has the largest in the World under Pulse Crops. In the field of
cotton, India is the first one to evolve a cotton hybrid. The country has made a major breakthrough
in Prawn Seed Production and Post Culture Technology.

Compound growth rate in agriculture production during the period 1949-50 to 1988-89 was 2.63
per cent per annum. Production of foodgrains increased significant from 549.2 lakh tonnes in 1949-50
to 1706.3 lakh tones in 1989-90. Cropping pattern is more diversified and



ENVIRONMENTAL SCIENCE : NATURAL RESOURCES 65

cultivation of commercial crops has received new impetus in line with domestic demands and
export requirements.

During Post Green Revolution period i.e. 1967-68 to 1988-89, growth rate in agriculture
production was assessed at around 2.64 per cent annum. Production of foodgrains during this
period from 950.5 lakh tones to 1699.2 lakh tones. Cropping pattern has undergone perceptible
changes and non-traditional crops like summer moong, soya-bean, summer groundnut, sunflower etc.,
are gradually gaining importance. In order to utilize scares resources optimally, a short duration
third crop is also being raised in some areas utilizing residual moisture available from post-kharif
and post-rabi cultivation. «

The index of agriculture production, which registered an increase of 21 0 per cent in 1988- 89
over the previous year showed further increase of 1.6 per cent in 1989-90 due to primary increase
recorded in the production of cotton, jute and mesta, sugarcane and other commercial crop. The index
of foodgrains during 1989-90 however, registered a marginal increase of 0.4 per cent cover the
previous years level of 182.5. It was anticipated that the foodgrains production during 1990-91 would
reach an another record level, the third year in succession. Production of all lukseed crios except
groundnut, cotton, surgance, jute and mesta was also bright.

Inspite of an increase in production is failed to cope with the rapid and formidable ingreasing in
population.

2. Qualitative aspects of food problem

If we view from nutritional view point, we find that foodgrains have the storages. If every
person is given balanced diet, nutritious food must have per day per person 3000 calories but in
India it is about 200 calories while Canada has 3060, America has 3090, U.K. has 3290 and
Japan has 2280.

The qualitative aspects of the poor’s food are more pitiable. In this way, Indians do not even get
appropriate nutritious elements. An average Indian is able to take only carbohydrates, as he
depends on ill-nutritious grains. From his meals protective food like milk, fish egg, fruits and
vegetables are absent. :

getablg ‘;\

OVVing reasons are respon5|ble for unbalanced diet:

- M

- | S
ﬁe nutritious status of the

people. A number of nutritious interve 2g tyears by different sectors of the
Government, which have direct and |nd|rect |mpact on ‘the nutritious status of the people. The
nutritious programmes of the department of food are directed towards improving the nutritious status
of the people through a combination of measures such as, .

(i) Nutritious education and training.
(ii) Development and production of nutritious foods.
(iii) Fortification and enrichment of food.
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Nutritious education has become one of the important activities of the department for more than
three decades. Thirty Four Mobile Food and Nutrition Extension Units (MEUSs) equipped with mobile
van, audio- visual equipments and technical trained personnel have been set up the Department of
Food in different parts of the country to impart nutrition education in rural, urban and tribal areas.
These units organise live demonstrations supported by lecture-cum-discussions, films and slide shows
and exhibitions on various aspects of food, nutritions and health in collaboration with the state
governments, educational institutions.and voluntary orgainsations. The Department of Food also has
Thirty Three Food and Nutrition Extensions (FNECSs) in different Parts of Country for imparting
education and training in home-scale preservation of fruits and vegetables and nutrition mainly to the
housewives and providing progressing facilities for fruits and vegetables for domestic consumption.

Realizing the importance of integrated to nutrition, the Department of Food is implementing an
Integrated Nutrition Education Scheme Department with a view to equip the grass-root level
works of the concerned sectors with simple knowledge in food, nutrition and health so that these
messages are conveyed to the community by all field functionaries during the course of their
respective duties. Intensive training is imparted to grass-root level workers and their supervisors
belonging to different sectors implementing nutrition, health and welfare progrmmes by MEUs and
FNECs by orgainising Integrated Nutrition Education Camps at the block level and orientation
training Nutrition Education Camps at the block level orientation training courses at *State Level
Training Institutes or Home Science Colleges respectively.

A Nation Nutritious Week is celebrated in the Country from 1-7 September every year with a
view to create nutritional awareness among the people. This Department has taken up action
programmes for the development and production of low-cost proceed nutritious food for use in
supplementary feeding, programme and meeting the requirements of vulnerable sections of the
population. These foods are Miltone (a nutritious milk beverage), Energy Foods, Ready-to-Eat
Extruded Food and Weaning Foods. It has also taken up schemes for fortification of milk with
Vatamin ‘A’ and Salt with Iron. The Milk Fortification Scheme is in operation through 45
dairies in the Country covering 16 states and two union territories. The analysis of fruit and
vegetabl; products under the regulation of quality control of this product for domestic consumption as
well as«export,has also been entrusted to the department and is carried out at Four Labor&q’es at

D@Hy dyalcutta and Madras. .‘gé‘ "\.{? -~y
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Distribution o u.-;-'f_,u [eliY Tront beig= sal !’ XA o that the available
foodgrains in the country Shquietie n?:(' . d’t?) ‘.oel " e @It "appropriate time. But the
policy adopted by the Government 0 .,.- roC e e " 0 troI ends in fiasco due to lack of
initiative, hoarding and Black- marketlng py tradefs |§t'he next problem. It is worth mentioning
that our Government has taken up proper measures in this direction. The Public distribution
System has become one of the basic features in the Governments Policy. Its role as an anti-

inflationary measure has also been recognized. The system is designised. The system is designed to
help both the producers and the consumers, as
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procurement is linked to purchase and support prices and distribution is made at as more of less
uniform prices throughout. The system has also helped to provide a nutritious diet at a low-
budget to the common man. Moreover, this system has acted as an effective establishing factor in
India’s Social Life by providing a steady supply of essential commodities at reasonable prices.

Pressured on the Public Distribution System continued, during the year due to higher prices
of essential commodities in the open market. Total allocations of Rice and Wheat (including
under PD, JRY Nutritional programme; etc.) during 1990-91 and 95.47 lakh tones respectively as
against 85.26 and 93.09 lakh tones respectively in the previous year.

With a view to control sugar prices and ensure its availability as reasonability at reasonable
rates to consumers, the Government took a number of measures including increase of Sugar (both free
sale Levy Sugar) from 9.32 lakh tones in August, 1990 to 10.07 lakh tones per month in
September on October, 1990.

In view of increased demand and reduction in the production of Indigenous Edible Oils due to
delayed rainfall in Gujarat, total allocations of imported Edible Oils during 1990 were at the level
of 6.52 lakh tones as against 3.91 lakh tones in the corresponding period in 1989, showing an increase
of 66.5 per cent. The lifting by state/Uts against the allocation during 1990 was 5.21 as against
3.27 during 1989. :

The Public Distribution System continued to be a major component of our strategy for growth
with social justice. The Centre, states and union territories have a joint responsibility in making this
system a success. The working of this system is periodically reviewed in consolation with state
government and corrective measures taken. At the Centre, an Advisory Council functions to review its
working from time to time. In the states/Uts Consumer Advisor Committee at District, Block and
Taluka Levels oversee the working of the Fair Price Shops. The network of Fair Price Shops
has been expanding over the years and in the last five years their number increased from 3.02 lakh
(March, 1984) to 3.61 lakh (March, 1990). Special emphasis is being laid in opening of Fair Price
Shops in remote, far-flung and inaccessible areas, particularly covering tribal population. With a view
to ensuring that the essential commodities reach the farthest corners in hilly and inaccessible areas,
the Govg ment continued to provide financial assistance to states/Uts enabling them to %hase
mopil S.«8¥0h assistance was worth Rs. 144.50 lakh for purchase of 58 vans in

goures and supplies six essential commodities, viz., rice, Whg, yoalsel
Edible,© Soft Coke. States/Uts are free to include any othel 0T [hils
consu hgits procurement on their own. Some statg applies of

) and tubes, torch cells etc. th 'ug'ﬁ"’f Pricg.
' ‘4 Yy ’ q;!
The price of foodgrains " 18<'sha \ W‘ proportionate increase.
Hence poor people are unable to avail ¥ gy *illustrations are as under:
(i) Cereals

Prince of Cereals, particularly Rice and Wheat, rose sharply towards the end of the third
quarter of 1990-91. In additional to increased allocations of these commaodities through
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the Public Distribution System, the Food Corporation of India was permitted to sell 15 lakh tones of
Wheat to roller flour mills, traders, Government Agencies and other users at the rate of Rs 320
per quintal in Northern and Rs 330 per quintal in the Southern Parts of the country. The procurement
price of Paddy (common variety) rose from Rs 185 per quintal in 1989-90 Rs 205 per quintal in 1990-
91 and of Wheat from Rs 183 quintal for 1989-90 to Rs 215 quintal in 1990-91.

(i) Pulses

In the wake of decline in the Production of Pulses in 1989-90 to 126. 1 lakh tones from
138.5 tonnes in 1988-89, the prince of Pulses during 1990-91 period increased by 14.5 per cent.
In order to bridge the gap between demand-supply equilibrium, NAFED has been authorized to
import pulses under OGL Scheme. Under this scheme, NAFED registered contracts for a total
quantity of 97.7 lakh during 1990-91. As an incentive to production, the Minimum Support Prices
of Pulses have been increased substantially i.e. Rs. 325 per quintal for 1989-90 to Rs 421 per
quintal for 1990-91 in case of Gram and Rs. 425 per quintal for 1989-90 to Rs. 180 per quintal
for 1990-91 in the case of Arhar, Moong and Urad.
(iii) Edible Oils

Production of Oilseeds suffered a set-back during 1989-90.During this period the production declined
to 167.3 lakh tones from 178.9 lakh tones in 1988-90. As a result of this decline, Coupled with
increased demand, the prices of Edible Oils rose by 30.1 per cent during 1990-
91. The Government has taken a number of steps to check the run-away increase in the prices of
Edible Oils. This includes exemption of Excise Duty on Refined Rapeseed/Mustard seed Oil,
reduction in the stock limits of Edible Oils with wholesalers and retailers and withdrawal of
permission for use of 20 per cent Expellor Mustard/Rapeseed Oil in the manufacture of Vanaspati for
ensuring increased availability of these oils during the lean period/festival season. To increase the
available position of Edible Oils in the open market, the imports have been stepped-up from 3.73 lakh
tones in the oil-years 1988-89 lakh tones in oil year 1989-90. The Minimum Support Prices of
Oilseeds were stepped-up as an incentive to Oilseed Gravers.

In the Case of Groundnut, the Minimum Support Price was increased from Rs. 500 per uintal
for 198{,90 tQuRs. per quintal for 1990-91 and for Mustard Seed from Rs. 460 pe uint

5" per-TUini
(iV)’ ':‘_:.'. ; : .’,:-‘ ls

Duking™ .: 990 91, the Wholesale Prince Indexo - - )ﬁ 3 .ease
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Several factors contr " -u :- 5"5 " r.s’5§e |n oot Thae se ipehuden Budgetary Levies, Hike in
Petroleum cumulative effect of |g of '.- 1Y .:_“ geficit, fall in the production of some

key commodities like Pulses, Oilseeds, etc SUbstantial*hik& in minimum procurement/support prices of
important agriculture commodities, etc., and the situation being further aggravated by the Gulf
Crisis. .

The Government took several steps to contain the rising price spiral of essential commodities.
Allocation of foodgrains (Rice and Wheat) through the Public Distribution System was increased

from 1.55 lakh tones in January 1991 to 1.81 lakh tones in March 1990.
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State Governments and UT administrations were asked to step up enforcement activities against
hoarders, black-marketers and other antisocial elements. During the period from January, 1990 to
March, 1991, a total number of 1,24,885 raids were made, 5,900 persons were arrested 4,557
persons were prosecuted and goods worth Rs. 1956.65 lakh were confiscated under the Essential
Commodities Act.

Note: Courtesy Research and Reference Division Ministry of Information and Broadcasting Govt. of
India. -

CAUSES OF FOOD GRAIN PROBLEMS

The causes of foodgraln problems can be understood under three heads-long term; mid- term and
short-term.
(@) Long-Term Causes

The long term causes of food problem are as under:
(1) Population growth

Instant imbalance in supply and demand of foodgrains is consequent to the enhanced population
pressure on the quantity of foodgrains.

(2) Decrease in agriculture output
For various reasons, agriculture output is decreasing day to day.
(3) Decrease in Productivity

Due to the afforestation, land abrasion; insufficient manures, defective agricultural methods
defective land tenures have led to decrease in productivity of land. Although new agricultural
policy increased the main crops by times, yet compared to other countries, it is even less.

(4) Insistence of commercial agricultural

With the growth of importance to agriculture for commercial purposes, to earn immediategprofit
producug,of odgrains is discouraged. 3{

(b) Mid- .
S
(1) Position of 1947 = DL '&
With the independence in 1947 heSCauNtY Y i d into Pakistan and India. The

areas with rich agricultural produce Went fo PaklstAH “This led to food crisis in India.
(2) Defective Food Distribution

Food crisis is chiefly due to defective food distribution. Traders and consumers store in lot
when they see that production is less. Hence, crops available in market decrease and prices soar.
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(3) Fall in Purchasing Capacity

Dearness has increased while income of the people has not risen. Thus to purchase foodgrains
people lack the purchasing capacity.

(4) Limited Jurisdiction of Reserve Bank

Reserve Bank has extensive power to control the credit policy of commercial banks, which
prevent the traders from improper collection of foodgrains. However, it has no control over the
indigenous bankers and sahukars. Hence its policy ends in failure.

(c) Short-Term Causes *

This classification includes such causes which provoke the crisis through imbalance in
supply and demand of foodgrains during a year.

Some causes are as under:
(1) Increase in Consumption Level

The progress of India people, on account of various reasons, has increased average income
which has led to increase the consumption level. Increase in demand results in decrease in
foodgrains. 3

(2) Deficitin Production
Untimely rains and under rains during the year bring less production.
(3) Anti- Social Activities

Anti-social activities of traders like brokerage, hoarding and black-marketing result in artificial
shortage of foodgrains.

(4) Transportation

Rise in the price of diesel and other lubricants as well as risks involved in transportation also
result in shortage of foodgrains now and then.

progressively decreases as there is Iess of ash every year (as compared to the amount in the first year
when the trees were burnt). When it is no longer profitable to cultivate that part, the farmer moves on
to another forest and repeats the same cycle.

(2) Overgrazing

Effects of over-grazing are well known on soil loss. Increasing number of livestock and
migrating grazers have contributed to degradation of forests and the consequent devastation. The
most accessible forest areas are heavily grazed. For instance,
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(@) There are nearly 1200 thousand sheep and goats in alpine areas of U.P.
(b) Besides nearly 25,000 migration graziers visit the area.
(c) There are also about 5 to 7,000 buffaloes owned by Gujaras.

It is estimated that in absence of suitable checks, growing forestry stock will decrease from
13.79m3/head in 1981 in 2001; and reduction in annual availability of grass will be from
3.60t/cattle unit in 1981 to 0.90t/cattle unit in 2001. Existing forests may thus not be able to meet
out wood and fodder requirements of mankind and livestock respectively.

They Menace .

(1) The annual loss of soil nutrients in this way is of the order of 5.37 million tonesof
NPK valued at about Rs. 700 crores.

(2) Besides, the expenses of soil removal, which gets silted in irrigation tanks, reservoirs, sea
and riverbeds, are also quite high.

(3) Overgrazing is a major hazard afflicting pastures, forests and mountains.

(4) There are huge semi-arid zones in India used for grazing. But grazing destroys thelittle
covers and enhances wind and erosion. :

Suggestions

(1) There must be development crops for arid regions. For example, there are some plants,
which yield hydrocarbons (substitute for oil), and grow well in arid conditions. These
include jojaba, a plant that yields a sap like diesel oil and milkweed.

(2) TheJidhpur Arid Zone Rea Institute is already experimenting with such varieties.

(3) In overgrazed areas there should be grown fodder trees like Ku-babul, which in irrigated
condition gives enough green fodder per acre to maintain six cows.

(4) Most villages should be asked to grow such plants instead of grass on panchyyati pastures.
(5],§oats and sheep should be kept in enclosures and fed with tree fodder

3 #
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(1) Agriculture Census ' . ~d S

The Department of Agriculture and Cooperation has been conducting agriculture census in
each of the plan period since 1970-71. Census in 1970-71 and 1980-81 were organized as part of the
World Agricultural Census Programmes sponsored by the Food and Agriculture Organisation of
United Nations. They were conducted on a complete enumeration basis in most States/Uts. The
other two census with agriculture years 1976-77 and 1985-86 as reference
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period were conducted on a census-cum sample basis to reduce burden tin collection and processing
of primary as also to keep costs low.

The agriculture Census seeks to collect information on distribution of holding an area
operated along with its related characteristics such as tenancy and terms of leasing, land use and
cropping pattern, irrigation and sources of irrigation etc by different six classes. Data is utilized
for formulation of Poverty Alleviation Programmes in general and uplifts of Small and Marginal
Farmers in particular. Skewness in distribution of land holdings and pattern of tenancy are also
extremely useful for the Department of Rural Development for certain programmes.

(2) Agricultural Research and Education

The Department of Agriculture Research and Education Raise More darker which was set up
in 1973 in the Ministry of Agriculture is responsible for coordinating research and educational
activities in agriculture, animal Husbandry and fisheries. Besides, it helps to bring about inter-
departmental and inter-institutional with the National and International Agencies engages in the
same and allied fields. The Department provides Government support, service and linkage to
Indian Council of Agricultural Research (ICAR). '
(3) Indian Council of Agriculture Research :

The Indian Council of Agricultural Research (ICAR) is a registered society and is the apex
body responsible for promoting, conducting and co-ordinating research education and primary
extension education in the fields of agriculture, animals science, fisheries and the allied sectors in
the country.

The Council is directly involved in undertaking research through its 46 Central Institutes
including Four Nation Bureaus, 20 National Research Centres and Nine Project Directorates on
Fundamental and Applied Aspects of Individual Crops, commodities and disciplines which have
direct relevance to Agriculture Animal Husbandry, Fisheries and Allied Sectors. In addition the
ICAR also operates 71 All India Coordinated Research Projects, which are multi-locational and
multi-di;ciplinary in nature on important commodities, and research has proved its efficacy and

utility eyer the last successive plan period as an effective instrument to tackle theﬁverse
p{aﬁ @grabieristic of India Agriculture. ‘ NG c*js'
3 Fhetldl

eated in various important states. Four of the [CAIRE ' utes lan

pYRRrogrammes in the
TS also supporting the
educational programmes 0 I
to these universities. : o S

The ICAR is also conducting first-line demonstration for the transfer of improved
technology to the extension/state functionaries and the village-level workers as well as to selected
farmers. The council has been operating projects like National Bemonstrations, Operational
Research Projects and Lab-to-Land Programmes at 301 Centres in the country including 45
centres for upliftment of Scheduled Castes and Scheduled Tribes. A network of 109 Krishi
Vigyan Kendras has also been established for imparting on-farm training in various aspect of
agriculture. Animal Husbandry, Fisheries and allied areas for youth, farm-
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men and women and other categories of rural workers. These programmes also have a degree up-
support in the form of Trainers Training Centres for providing an up-to-date knowledge of farm-
worthy advancement made in research.

Attempted are being made to make Agriculture more science-based and industry- linked.
Biotechnology, Gentic Engineering, Photosynthesis, Tissue Culture, Bio-insecticides and
Pheromones are the merging area of research to promote growth of agriculture productivity.
Accordingly, the ICAR has established. Three Nation Research Centres in Biotechnology in
agriculture, animal health and animal production at Three National Institutes. It involves Biological
Nitrogen Fixation, Plant Cell and Tissue Culture, Molecular Biology and Biochemistry of monoclonal
antibodies and hybridomes for cheaper and more effective Immunodiagnostic and
Immunoprophylactic  Agents and Multiple Ovulation, Embryo Transfer Technology, Genetic
Manipulation and » Cryo-Preservation. The following priorities and thrust areas in respect of
Agriculture Research and Educational have been identified which are based on the present need to
make agriculture knowledge intensive using also frontier technologies to accelerate the Research and
Development output in critical areas, developing appropriate rural technologies for farm women,
research in agricultural, economic and policy planning and creating genetic enhancement centers and
technology blending centures etc.:

(a) Conservation and planned exploitation of Germ-plasm Resources. ‘

(b) Enhancing productivity through evolution of new high-yielding Hybrides/varities/
starins with tolerance to biotic and abiotic stresses.

(c) Development of Intergrated Pest Management Practices to optimize plant protection.
Bredder Seed Production;

—
=

Research on Export Oriented Commodities;
() Diversification of agriculture with emphasis on Agro-forestry, livestock and fishers;

—
&

() Development and refinement of Dry Farming Technology.
(h) 4Improving Nutrient Management System.

of Natural Resources.

Crops Science

Research Advances in Crops Sciences including crop protection techniques have given the
National confidence to produce foodgrains to meet not only present requirement but to achieve
the target of 2250-2500 lakh tones to foodgrains set for the ensuing 'year. During the year, the
emphasis was given on attaining higher crop productivity and sustainability of crop yield for
which effort were made to provide adequate infrastructure and redeploymentof scientific strength to
provide major thrust to the priority areas. New varieties of Rice- (Pusa-Basmati-1, Kasturi,
Nalini, Amulya, Prana, Aditya, Govind); Wheat Varun, Hybrid
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DHM 105) were released having desirable traits like high productivity and tolerance to various
biotic and abiotic stresses. High-priority given to develop better production and protection for Pulses
and Oilseeds in view of the urgent need to increase their production in the country. Many
highyieling-improved varities were developed. The important ones are: Pigeonpea Hybrid, ICPH-8;
Chick-pea Varities, Pushja 256 (wide adaptability with bold seeds) and PBG-1 (tolerant to
ascochyta blight), Mungbean Varities PDD 54 (early maturing), Pusa 105 (Powdery mildew
resistant) and Mothbean Varity Moth-880 for rained conditions. The importance development of
Malviya Rajmah-15 is another landmark for increasing total production of Pulses in the Country.

Research efforts on-coarse grains like pearl Milled and Small Millets has led to development of
several high-yielding varities and hybrids. The extra short duration (about 70 days) Pear Millet
Hybrid HHB67, Resistant to Downy Mildew was released for Semi-arid Areas of Western
Rajasthan, Kutchy Haryana and commercial cultivation. Variety VL-149 of Finger Millet
maturing in about 1900-105 days having multiple resistances to pests and diseases was identified for
release. Two hybrids and two varieties of Sweet Sorghum for Sugar and Syrup Production and
Two Barley Varieties, which will go a long way in stabilizing, yield of these crops.

There was record production of 114 lakh bales of cotton and India is now ina position of
exporting cotton, yarn and texitiles cultivation of Cotton Hybrids. Recently, Two Desi Hybrids and
a Hybrid with Cytoplasmic Base were released for cultivation. Research efforts have beeh intensified
for developing Short-duration Hybrids for North Indian Conditions. Similarly, record production of
(2,242) lakh tones of Sugarcanes was obtained using improved varities and practicing better Crop
Management Recommendations. New thrust has been given on quality seed in adaptive research
for further increasing production and productivity of Sugarcanes. High-yielding varities and
production technology for all types of Tobacco have been developed and efforts are being made
to develop varities possessing Low Nicotineand Tar Contents.

Production of quality seed is a vital link in the spread of new varities and, hence, this
programme was given a very high-priority by executing National Seed Project. Phase 111 of this
project has been taken up for accelerating the development of High Quality Breeder Seed.

C(p ervation of Valuable Plant Genetic Resources is vital for the success of Crop Imfgment

€. wiNati Bureau of Plant Genetic Resource established in 1976,i§ a5, ar
e e |mportant activities related to collection, conservation andgexefia ]

Crop Protection Progranmiesghdeder i SLWasigiveN |
(IPM) concept in all major cro~§' WA
multiplication and development of appropria dissemination of biological gents and use
of novel methods such as insect growth regulators, Pheromones, Kairmones, etc. Development of
mass multiplication and field release
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technologies for many natural irritants like Chrysopa and Trichogramma were developed and
popularized. The Integrated Pest Management (IPM) recommendations, which were based on
sound ecological principles, have been developed for Major Crops such as Cotton, Sugarcane, Pulses
and Oilseeds. The IPM recommendations for different Agro-ecological Zones and Cropping
Systems for Pests like Holiothis were chalked-out and widely populatised. Water Hyacinth and Water
Fern, the two serious Weed Pests, have been controlled, another Dreaded Weed, is also being checked
in Karnataka with the help of beetle feeing on it. The Italian Honey Bee is extremely popular in
Punjab, Harayana and Himachal Pradesh among the apiarists due to its High-Honey Yielding
Potential. This Bee was sucgessfully introduced in Bihar also where One Pomt Five to two times
increase in honey-yield was obtained overthe Indian Bee.

IMPROVEMENT IN AGRICULTURE

The effects of modern agriculture can be summarised as under:

(1) Horticulture

The scientific cultivation of Horticultural Crops and Plantation Crops has helped to increase
both production and productivity. In fruits, a production level of 265 lakh tones has been reached
largely due to superior vegetatively propahated planning material, regular bearing Hybrid$ of Mango,
high-yielding varieties of Grapes, Papaya, Pomegranate, banana, Ber, Aonal, Lime and Kinnow
Mandarin, etc better crop production technology and Pest and disease control measures.

The vegetable Production has reached 495.3 lakh tones from an area of 45-lakh hectare due to
106 improved high-yielding varieties including F1 hybrids in 17 vegetable crops evolved so far. A
few of these tare resistant to diseases and pets. Similarly, the Potato Production has reached 140 lakh
tones as a result of 14 newly evolved disease resistant varieties growing in different parts of the
country, use of Virus Free Seeds being produced through advanced techniques and improved
production technologies. Introduction of ‘True Potato Seeds’ has been done successfully to reduce
the over-all cost of Potato Production.

e of 18 improved high-yielding varieties in six other Tuber Crops like Cassava Sweet
Potato Rave improved prospects of higher production of these crops for foo nl"L v
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Land utilization statistics are available for 92.7° per cent of total geographical area of 3287.3
lakh hectares. According to land use statistical available from states, area under forests has
increased from 404.8-lakh hectare in 1950-51 to 667.3 lakh hectares during the samge period. Broad
cropping pattern indicates that though foodgrains have preponderancein gross cropped area as
compared to non-foodgrains, their relative share came down from
76.7 per cent during 1950-51 per cent during 1986-87.
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(4) Seeds

India has transformed itself from a subsistence economy and food importing country to one,
which is self-sufficient in foodgrains. Recognizing seed as the primary input for increasing agriculture
production, the Central Government established the National Seeds Corporation(NSC) in 1963 and the
State Farms Corporation of India (SFCI) in 1969 to encourage the production and distribution of
certified seeds of various crops. Thirteen State Seed Corporations have also been established to
supply improved seeds to farmers. =

(5) Quality Control

The Seeds Act was passed by Parliament in 1966 to ensure that farmers get good quality
seeds. There is a Central Seed Testing Laboratory and 90 State Seed Testing Laboratories
functioning in various states/union territories. There are also 19 seeds certification agencies. New
varieties of seeds are notified by the Central Seed Committee. About 1775 new varieties have been
notified so far. This has been possible due to the collection efforts of research scientists, seeds
technologists, progressive farmers and administrators involved in agricultural development.

(6) Breeder Seeds

Production of Breeder Seeds is organized by the Indian Council of Agriculture Research (ICAR)
through the concerned breeders and scientists on receipt of indents from the state governments. The
National Seeds Corporation (NSC) and State Farms Corporation of India (SFCI) also produce
Breeder Seed.

(7) High-Yielding Variety programme

This High-Yielding Variety programme was started in 1966-67 as a major plank of
agriculture strategy for increase strategy of increasing production of foodgrains in the country.

The main objectives of the programmes for increasing food grains production during the Seventh
Plan inter-alia included the following:

Mini-kit Demonstration Programmes aims at popularizing newly released varieties and
getting the newly evolved varieties tested under field conditions. For- this, all largesnumber of seed
mini-kit containing 0.25 kg. 5 kg seeds are distributed at a nominal cost to farmers.
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The objectives of Maize and Millers Demonstrations in backward and tribal areas is to increase
the adopting of latest Maize and Millets Protection Technology, bring about anincrease in the per
unit are production of Maize and Millets and improve the economic condition of the backward and
tribal farmers.

(8) Dryland/Rainfed Farming

About 990 lakh hectare in the country is rainfed accounting for 70 per cent of the net sown
area of 1410.6 lakh hectare crops grown and cropping practices followed in these areas entirely
depend upon the rainfall which is often erratic and unpredictable. Bulk of the crops like Rice,
Jowar, Bajra, Other Mlllets Pulses, Oilseeds and Cotton are grown in" this area under rainfed
conditions. Farmers in these areas, particularly, small and Marginal farmers, are still practicing
subsistence farmingand are not in the vertex of vicious circle. Wide fluctuations. in production in
these areas is therefore of crucial importance.

The Government has given high-priority for the development of Dryland Areas and accorded the
importance for utilization of potential of these areas for:

(i) Realising the projected requirement of about 240 M.T. of annual food production and to
smooth out fluctuation in an annual production. |
(i) Reducing regional disparities between irrigated and vast rainfed areas;
(iii) Restoring ecological balance by ‘greening’ rainfed areas through appropriate mixture of
trees, shrubs and grasses and

(iv) Generating employment for rural masses and reducing large-scale migration from rural area
to ‘already congested cities in towns. Holistic approach for Integrated Farming Systems
Development on Watershed Basis in rainfed areas would be the main pursuit of the
development activities.

(9) Himalayan Watershed Management Project in Uttar Pradesh

ThIS Hlmalayan Watershed Management PrOject |n Uttar Pradesh was Iaunched in,1983
rther

Fertilizer is very essential for increasing productivity in agriculture. It has been estimated that
about 70 per cent of growth in agriculture can be attributed to increased fertilizers application.
Increase in yearly consumption of fertilizers would thus be a good indication of the country’s
progress in agriculture.

Total consumption of fertilizers went up from 69,000 tonnes of nutrients in 1950-51 to estimated
level of 115.68 lakh tones during 1989-90. During 1990- 91 the consumptlon of fertilizers was
around 126 lakh tones.
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Soil Tests

Soil-testing is an important tool to advise farmers on judicious, balanced and efficient use of
fertilizers for economic returns. There are 461 soil-testing laboratories with analysis capacity of 64.75-
lakh-soil sample per annum. It is intended to expand the soils, twenty-five sets of Atomic
Absorption Spectro Photometers had been provided to the state governments under the India-United
Kingdom Bilateral Programme. Besides, the state government/ agriculture universities have installed
a number of such equipments. -

Balanced and Integrated,use of Fertilizers and Organic Manures

Appreciable progress has been made in crop production by the increased use of ‘NPK
Fertilizers’. However, lately the intensification of agriculture coupled with the use of his analysis
chemical fertilizers has resulted in soil micronutrient deficiencies in large areas. To ensure optimum
benefit from ‘NPK Fertilizers’, it is necessary that they are applied on the basis of soil-testing
results and, where necessary, in combination with micronutrients farmers are being encouraged
through extension training to do this. Organic Manures are essential for maintaining proper soil
health. The Country has a potential of 650 million of rural and 160 lakh tones of Urban
Compost. Presently, the potential is not fully utilized.

Fertilizers Quality Control

Quality, price and trade in fertilizers are regulated so that farmers get good quality fertilizers at
the right time and at reasonable prices. The Government has issued the Fertilizers (Control) Order,
1985, under the Essential Commodities Act, 1955. This order sampling analysis and provision for
appointment of enforcement agencies for regulating the trade and distribution of fertilizers. There are
43 fertilizers Quality Control and Training Institute at Faridabad with its One Central Fertilizers
Quality Control and Madras. Total analyzing capacity of these laboratories in the Country is 87,400
fertilizers samples per annum. The institute organizes training programmes for state enforcement
officers, state fertilizers analysts and for foreigner’s developing countries. Besides, training courses
for fertlllzers dealers are also organized in collaboration with the state governments and the fertilizers

mdust%

Considering the prospect of bio-fertilizers, the government is implementing the National
Project on Development and Use of Bio-fertilizers with a view to produce, distribute and promote
bio-fertilizers used by organizing training and demonstration programmes and also quality testing
of bio-fertilizers. Under the scheme, one National Centre at Ghaziabad in Uttar Pradesh and Six
Regional Centres Bangalore (Karnataka), Bhubaneshwar (Orissa), Hissar (Haryana), Imphal
(Manipur), Jabalpur (M.P.) and Nagpur (Maharasthra) have been
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established. The anticipated production from these Centres during 1990-91 is 85 tonnes of
Rhizobium Inocculant. In addition to production, these Centres have “Culture Collection Bank”
with a good number of effective and promising starting. Quality-testing for bio- fertilizers have
also been taken up at these centers. During 1988-89, Sixty Blue Green Algae (BGA) Centres have
produced 110 tonnes and during 1989-90, it was 200 tonnes. It is expected that during 1990-91
also the production will be maintained at the same level.

Fertilizers and Pollution

Some of the fertilizers have washed off the lands through irrigation, rainfall and drainage, into
rivers and streams. There they can seriously disturb the aquatic ecosystem. Depletion of
dissolved oxygen caused by excessive algae growths can bring disaste or death to fish and other
aquatic biota. Excessive and indiscriminate application of inorganic fertilizers often leads to
accumulation of nitrates in water. When such waters are drunk by living beings, these nitrates are
reduced to the toxic nitrites by intestinal bacteria. Nitrites can cause a serious disease known as
nethnohlobinemia. The disease can inflict serious damage to respiratory and vascular systems and
may even cause suffocation.

The indiscriminate and excessive use of fertilizers can have serious and adverse ecological
consequences, especially in aquatic ecosystems and ground water resources. The world’ssecosystems
form a sort of continuous and interlinked network. As such, the materials lost by one ecosystem
may spell a gain for its neighbours. Hence fertilizers when applied in excess, leach from crop
fields into water bodies, affecting the down-stream aquatic life.

Beneficial Affects of Fertilizers

Known beneficial effects of fertilizers use in ecosystems include the following:

(1) Increase in food production,

(2) Improvement of soils in temperature areas,

(3) Checking of soil erosion

(4),' onservation of soil and water;

(4) Disturbance in the ionic balance and equmbrlum |n 30|Is often leading to high acidity,
nutritional imbalance, shortages of certain trace elements, and molybdenum or selenium
toxicity. .

(5) The Excessive applications of nitrogenous fertilizers to soils can lead to its accumulatlon to
such a stage that the plants begin to absorb excess amounts and even then some of the
excess amounts present in the soil get leaked off through the soil into groundwater or into
streams and springs.
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PESTICIDES: ENVIRONMENTAL PROBLEM

Use of Pesticides
Until 1940’s the following chemicals were used to control pests:
(1) Elements fungicides (S, Cu, Hg, organomercury) against fungal diseases.
(2) Copper sulphate, sodium aresenite and ferrous sulphate against weeds.
(3) Nature insecticides e.g. pyrethrum and nicotine, against beetles and aphids.
(4) Tar oil, petroleum, etc., against and red spider mite eggs.
(5) Lead arsenate against caterpillars.

Even these chemicals were sparingly used. The applications to cereals used to be confined to
seed treatment with organomercury to kill-borne pathogens.

The organochlorine insecticides and herbicides became quite widespread in the mid and late
1950s and a large variety of these dangerous compounds were being used in the 1960s in USA,
UK, and other developed countries. The British Govt. approved over 150 chemicalsfor use as
pesticides/herbicides by 1970.

THE HAZARDOUS METHODS OF PESTICIDE APPLICATION

The main method of pesticide application on a large scale is the ‘Aerial Drift Spray”. It isa
highly inefficient and wasteful, capital-intensive technique. A close study shows its nature:

(1) More than 40 per cent of applied pesticide is normally out of the target area.
(2) 15 per cent is out of the target crops.
(3) 40 per cent near the target insect.
(4) 75 per cent is not in contact with it.

(5) It is estimated that the insect through contact, inhalation and ignition absorbs less than
» one of the total applied pesticide. >

. (6 about 0.3 per cent of the applied insecticides appear to be absorb.e h #.;_ is
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The following are somé& Béntfal %fw esidues:
(1) They often strike the intended p@ ellas séveral off.
(2) Many of them continue to persist and cannot be disposed off.

(3) They may cause unintended effects like resistance, faumal displacement and other
population changes.

) f ‘ ) y\mced
be cut by 30 to 50 per ceq " R10, d 4/‘7":‘ effect,On crop
Q [elation to specific

(4) They may be carried to places fare removed from the points of application or origin.

(5) Their concentration and magnification in biological systems may lead to certain unexpected
. or.untoward result.
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PROBLEMS CREATED BY THE PESTICIDES APPLICATION

Pesticides widely distributed by natural means but they tend to retain much of their biocidal
activity for fairly long periods. On account of the use of different kinds of poisonous agriculture
chemicals the whole biosphere is being increasingly poisoned and polluted. Many of these
chemicals and pesticides are known to persist for long periods in the environment. Their
concentration builds up geometrically as they are transferred to different stages of the food web.

Harms caused by the use of pesficides are as under:

(1) Harm to Fish -

Serious cases of fish mortality have occurred following the leaching of poisonous biocidesfrom
agricultural fields to nearby rivers or streams after rainfall. Great concern was shown on a case of
large-scale fish kill in the lower Mississippi river in U.S.A. wherein five million fish died. Careful
investigation indicated that the fish had died due to dumping of Endrin- rich agriculture wastes
and runoff into a tributary of the Mississippi River the Memphis.

The widespread use of DDT as an insecticide has also aroused considerable concern in recent
years. As a result, some countries have already legally banned its use.

(2) Harm Caused by the Herbicides

Residues of various weedicides and insecticides often accumulate in agricultural soils rapidly.
Insecticides are designed to Kill insects. As such they may not be toxic to plants. On the contrary to
it, some herbicides differ from insecticides in Killing both desirable species as well as the
intended target. They may adversely affect such soils microbes as nitroes fixing blue-green
algae and bacteria. This, in turn, may impair the growth and production of higher plants.

(3) Damage to the Extent of Complete Destruction of Vegetation

The impact of some chemical wastes as phenols, metals etc. applied to soil may go to the
extent of complete destruction of vegetation and also soil sterilization.

,
- Table 2.7 -:.%\‘ -
3 Y& Ditrbution of Aldrin & D1-2 Ethylhexyl Phythalate (Dehp)éi® ; _I’{‘s
- > osystem (Condensed from Metcalf, 1974) ) . .)_.K
- b - R = - . -
\.l A x . Concentratlon‘ (ppm I ’
1 S0 A 0 Fish
S S >A o Pl . -
ALDRIN T fg_?;:g; 4
Aldrin 000005 [P LOE A 203 0.157
Dieldrin 0.0047 16.88 52.4 11 28.0
Polar metabolites 0.004 0.015 0.097, au . 0.004
Unknown 0.0004 0.585 2.05 0.612
Value 3140

(Contd.)
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DEHP

Dehp

Phthalic anhydride
Phthalic acid
Polar metabolites

Ecological magnification

0.00034
0.0036

0.00077
0.00016

18.32
0.18
0.094
0.1555
53890

7.30
5.77
2.72
1.218
24480

36.61

107670

0.044
0.113
0.018
0.010
130

Source: Metcalf R.L.A laboratory model ecosystem for evaluating the chemical and biological behaviours

of radiolabelled micropollution. IAEA Wien ST/PUB/348. pp, 49-63 (1974).

(4) Findings of the Researches

Extensive researches in the USA found widespread distribution of DDT residues through food
grains in several lakes. Residues were detected in shallow and deep-water mud samples, crustaceans,
whitefish, duck ring-billed and herring gulls and other fauna. Both DDT and Dieldrin are found
passing from mother off spring through the placenta in mice and certain other animals, possible

including man.

(5) Adverse Consequence of Pesticides like DDT

Most pesticides tend to accentuate the problems of both production and pollution instead of
containing them. The consequence of pesticides is almost invariably adverse and harmful.In the
Ninteenth century, the ladybird beetle was brought from Australia to California to control a scale
insect pest of oranges. It is reported that the beetle successfully kept the pest under check for more
than five decades until about 1946 when DDT began to be used in the citrus orchards. The beetle was
susceptible to DDT and hence its population declined. However, a subsequent withdrawal of DDT
again restored the natural balance of biological control within a few years.

In fact, DDT is one of the most effective pesticides known. This is the reason why it was

banned}n the USA in 1972. its remarked insecticidal properties were first discovered m ¥9
becg eva_ubiquitous contammant of fish, penguins, birds and human being.

| Iv"‘ 0 ..

beln

(7) Harm to Bees

Bees vitally aid the pollination of several plants Pesticides have adversely affected some
honey bees and other useful insects whose populations have declined. According to Pimental, annual
agriculture losses due to poor pollination from pesticides can be as high as US$ 4000 million

in the USA.
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(8) Damage to Crops

(i) Sometimes crops are damaged by pesticide applications, e.g. application of improper dosage
under unfavourable conditions.

(ii) Herbicides that drift from a treated crop to a nearby crop also cause serious environmental
problems. Persistent herbicides also can injure crops planted in rotation.

(9) Harm Caused to Fishery and Wildlife

Drifting or leaching pesticides drain into nearly water bodies causes fishery and wildlife losses.
Wild birds and mammals® exposed to pesticides suffer by death from direct exposure to high
doses and reduced survival growth and reproduction from exposure to subtle dosages.

(10) Harmful Effect on Decomposers

Pesticides have harmful effects on insects, earthworms, invertebrates, protozoa, and
microbes found in soils, especially the decomposers. It is reported that human pesticide
poisonings, reeducation in insects and mites, and honeybee poisonings account for about 70 per
cent of the calculated socio-environmental costs for pesticides in the USA.

(11) Development of Secondary Pests .

The use of pesticides kills natural enemies and creates such problems as the development of
secondary pests eg. Red spider mites. Resurgence of primary pests can also occur. To illustrate,
caterpillars of the small cabbage white butterfly in Brussels sprouts reappeared after DDT has
killed their natural enemies. Resistance to pesticides is a cause for serious concern. Other hazards
include those to the operator or worker who sprays pesticide, thoseto the consumer of the crop
and those to wildlife.

(12) Elimination of Birds

Some species of Eagles and top carnivors are known to be eliminated by DDT because
contaminﬁted adults failed to lay viable eggs. Populations of peregrine falcons and some pelicans
appeard from some areas from some areas where excessive use of DDT interfered the

s 8 logical controls. This is
the reason why new pests are’ Grgates eir natural predators, which
previously checked their populations, are € I this way mites have becomea pest as a
consequence of the emergence of the pesticide industry. Indiscriminate and excessive use of DDT
killed some insect predictors of these mites, enabling the mites to muI'EipIy to pest status.
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(14) Effect on Algae

Some of the pesticides inhibit division in aquatic algae. They may decrease their ratesof
photosynthesis. In this way they almost produce changes in the species composition and/ or
diversity of algal communities. The algae-grazing animals are more affected by the level of
blooms.

(15) Flora And Fauna -

Pesticides have adverse effects on the flora and fauna of soils. Effects on mycorrhizal fungi or
decomposer bacteria in forests would almost certainly alter plant community structure in forests. Some
soil animals consume plant debris and contribute to soil fertility. Use of insecticides changes the
populations of some, of these animals. It leads to reduction in soil fertility especially in woodlands.

IMPROVEMENTS BROUGHT IN LAND RESOURCES

It is estimated that in our country there has been a slight increase in the net sown area. About
23 million ha have been added over three decades. This is about 47.7% of total area. Another
1.3% of the land is under fruit trees. Nearly 5% of the land falls under fallow land. This land is
cultivated once in every 2-3 years. In this way on an average nearly 51% of the total area, is
cultivated every year. Efforts are made to restore the fertility of fallow landby use of fertilizer
and new technology. In view of the rapidly increasing population pressure on land, meagre
pastureland is left. Generally for self-contained economy and proper eco- balance at least one-
third of the total land area must be under forest and natural vegetation. But in our country it is
as low as 19.3%. As shown by satellities only about 46 million ha is under real forest. As such it
is essential for us to increase our area under forests.

Integrated Land Use Planning

Although land is an important component of the life support system in our country, it has
been overused and even abused over the centuries. In 1972 Mrs. Indira Gandhi said, “We can no
longer }f‘ford to neglect our most important natural resource. This is not simply an envirgAmental
problemvbut g8ywhich is basic to the future of our country.” In a predominantly agri uljura Intr

5) Deforestation and desertification.

At present land is under stress due to sprawl in agriculture, industry and urbanization.

India has one of the lowest men: land ratio-hardly 0.48ha/per capita. It is essential to develop a
strategy to cure past damage and to save the country from future damage to land. This can be
achieved by using following means:
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(1) Preparation of accurate land use data through remote sensing etc.

(2) By a time bound nation-wide survey programme of micro-level land use planning
giving short and long-term scenatious.

(3) Preparation of land use classes.

(4) Review all existing legislations and updating them.

(5) Preparation of management«plans for land amelioration. It is incumbent upon as to
adopt a dynamic land-use policy. Our Government is not unaware of this all. Headed by
the Prime Minister, the Government has constituted an apex body called the National

Land use and Wastelands Development Council (NLUWDC). At the second level
two boards were set up in 1985 as under:

(1) First National land use and Conservation Board (NLICB) (Ministry of
Agriculture);

(2) Second National Wastelands Development Board (NWDB) (Mmlstry of Rural
development).

Their working is as under:

(i) Wastelands Development

Wastelands are those pieces of land which for one reason or the other like the life sustaining
potential. Besides earlier existing wastelands increasing misuse of land resources through shortsighted
development policies have resulted into wastelands. Nearly half of the land area of the country is
lying as wasteland. Degraded, mined and other wasteland should not be left as it is. Instead it
should be reclaimed and put to some productive use.

(a) Degraded Land

In view of the incessantly increasing population in India more land is needed for agriculture
and forestry. Good land is shrinking both in quantity and quality. The various reasons responsible
are-unexpected demands besides soil erosion, desertification, waterlogging, salinity, alkali soil: and
toxm ts @fcagrochemicals and industrial effluents. &

fisheries and recreation through standard ‘methods* of feclamation. A number of mining operatlons
are going on affecting forest and cultivated land areas mainly in U.P. Bihar, M.P., Orissa and
Andhra Pradesh. Urbanisation and allied processes like large-scale,use of land for townships,
communication, excavation and transport affected the socio-economy and ecology of these areas.
Consequently, Ecological problems have developed in coal mine areas in Ranchi, Hazaribagh (Bihar),
Bina Project (U.P.) and Singrauli complex at Gorbi (U.P.) and Jayanto (M.P.) Ranchi several hundred
of sq. km. of land has become wasteland. In Singrauli complex forests and hillocks are damaged by
the construction
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of high power transmission lines, Roads and rail tracks. Besides, establishment of cement factories,
super thermal power stations around coalmines have resulted into environmental degradation to a
great extent.

Successful results are at hand. At present two successful cases of reclamation of minedareas
in India are as under:

(1) Neyvely Lignite Corporation Ltd., in Tamil Nadu and

(2) Stone Quarries of Sayaji Iron work in Gujarat.

It is essential to revise the Mines and Minerals (Regulations and development) Act,1957
(MMRD Act) to bring in it the environmental concerns.
(if) National Wastelands Development Board

The Board was founded in 1985 to formulate action plans to arrest land degradationand
deforestation. The board is entrusted with the following function:

(1) Regeneration of degraded forest areas and
(2) Reclamation of ravines, user lands, arid tracts, mine spoils etc.

In the initial four years the Wastelands Development Programme laid emphasis on tréeplanting. In
1989-90 the programme was suitably restructured.

At present the Board is performing the following functions:
(1) To check land degradation,

(2) To bring wastelands into sustainable use,

(3) To increase biomass availability,

(4) To restore ecological balance.

The functioning of the Board during the last seven years has demonstrated that it is possible
collectively to meet the challenge of regenerating India’s wastelands.

-.—.
In 1992 the NW Was

the dlrectlon of wastelands management. Some are as under:

(1) The Indian Farmers Fertilizer Cooperative Ltd. (IFFCI) is providing funds for schemes of
wasteland development in Udaipur and other areas of Rajasthan. “IFFCO Farm Forestry
Project” has been taken up by IFFCO in ten states to cover a total of 50,000 hectare
of wasteland.

(2) Ramakrishna Mission Ashram, Bihar, insisting upon afforestation in tribal areas.
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(3) Forestry project of Chandmura, W.Bengal, insisting upon regeneration of degradedland
through social forestry as people’s involvement.

(4) Comprehensive Social Service Society, Andhra Pradesh insisting upon afforestationby
women’s involvement.

(5) Brukhy <O’ Jeever Bandho Parishads, Orissa, insisting upon environmental
conservation.

(6) Magra Mewar Vikas Sanstha, Rajasthan, insisting upon ecological restoration.

(7) Kerala Sastra Sahitya Parishad, Kerala, for mobilising people’s power by rousing
awakening in them.

(8) People Nurseries Scheme and Tree Grower’s Co-operative besides National Dairy
Development Board are helping in wasteland management.

(9) A great number of registered non-profit organizations, are registered with the societies,
Cooperatives, companies, trusts etc. and Recognised schools. Colleges and universities
that are financially supported by Govt. of India. For the purpose have undertaken the
wasteland management programmes.

Some programmes aiming wasteland management are as under: .

1) Green Haryana Programme,

Green Delhi Campaign,

Green Rajasthan Programme,

Smriti Vans etc.

(
(
(3
(
(

)
)
)
5) Eco-Task Forces in different states.
6)

(6) A national fund for afforestation and Wastelands Development is set up. Donors tothis
fund are eligible for 100% income tax exemption.
LAND GRADATION AND MAN INDUCED LAND SLIDES ‘;\
S ayN
.
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Reasons for Land Degradation
Various factors have led to Land Degradation. Some of them are as under: -

1. Rapid increase in industrialization, urbanization and other activities or civilized man
have exercised a tremendous impact on the soils and on other components of the
biosphere.
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2. Unplanned destruction of forests and forest litter has brought about serious changesboth in
land and water.

3. The washing off of fine soil particles from deforested areas has caused great soil
erosion.

4. Soil erosion has resulted in a great increase in run-off, pollution turbidity and
mineralization in rivers and extensive silting in water reservoirs,

MAN INDUCED LAND SLIDE

Forests are important regulators of ecosystems. They exert significant effects on the water
budget and the hydrological cycle.

In areas of héavy rainfall, the tree crowns and other forest plants intercept a large fraction of
the rain. Some of the water reaching the forest floor penetrates into the soil through the litter and
the loose soil surface, and there is little surface run-off. The seeped water reaches the streams and
rivers only after some period of time. This time lag is andimportant device to regulate the water
discharge into rivers. Itisin this way, that flooding is prevented or minimized. Thus, in dry periods
also the forest soil continues to feed the streams and rivers. .

Destruction of forest changes the above situation immediately. The hydrological cycle is
disrupted and the water level of the rivers cannot be properly regulated. This causes flooding during
the raining season. Simultaneously, in dry period, the rivers tend to dry up, affecting irrigation and
power generation. In deforested areas, erosion of soil occurs fairly briskly, especially on steep slopes.
This removes the fertile top soil and also loads the rivers with much suspended matter.
Deforestation thus greatly increases the quantity of detritus in many tropical rivers.

Large-scale forest destruction often produces grave climatic consequences, especially
desertification and aridity. These result from reduction of evaporation as the tree canopies no
longer intercept rain water, and also because rapid run-off of precipitation occurs in the absence of
the forest cover.

(4) Large amounts of gravel and sedimentary material tend to accumulate.

In view of the nutrients depletion, modern agricultural practices *seek to counter the above
processes of soil destruction by advocating increased use and application of chemical fertilizers,
However, this practice is not a healthy one. It is an ecologically dangerous practice. Instead
there is necessity of preventive and remedial measures as under:
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(1) Recourse to contour and strip farming,

(2) A network of forest plantations in clumps and rows,

(3) A regular sowing of grass in crop rotations,

(4) The preferential use of organic, rather than inorganic manures,
5)

The use of organic manure as it tends to preserve the quality of soil and also their
humus content. -

At present, soil scientists are trying to solve problem of safeguarding soils from exogenous
chemical substances, mineral fertilizers, pesticides, etc. heavy doses of the.wrong kind of inorganic
fertilizer have often resulted in creating excessive acidity or alkalinity in the soil.

Besides the indiscriminate use of pesticides and fungicides has caused adverse effects on
soils in addition to their well-known effects on the activities of soil microbes, flora and fauna.
Various kinds of air pollutants and noxious gases also have a harmful effect on soils.

(

Suggestions

It should be kept in mind that the soil is a living community of micro organisms-algae, fungi,
protozoa and metazoan. It contains many inorganic and organic substances which are products of
weathering and decay of organic matter. Microbes normally oxidize these substances to inorganic
oxides, However, when some organic compounds reach oxygen-defi ient ground water may
remain incompletely oxidized and add to pollution.

At present, so many countries of Africa lying along the south of the Sahara desert are
suffering the severe effects of prolonged drought caused by rain failure or inadequacy. It is also
discovered that the desert is advancing southwards by several kilometers each year. Local
inhabitants plant millet in tiny plots of topsoil fenced in with straw matting to avoid the sand; they
water the wilting shoots by bringing cupfuls of the precious and scarce water, often from long
distance. Despite such frugality, however, the resource could be better managed.

Two Evil Practices
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(1) By breaking the winds,”
(2) By humus formation,
(3) By binding soil by means of deep penetrating roots,
(4) By trapping the scarce rainwater.

It should be remembered that by controlling excessive destruction of grazing of trees and
planting many more trees or bushes much of the land could be successfully conserved and
reclaimed in due course of time.
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SOIL EROSION: MEANING, FACTORS

The top layer of the soil is the vital component as it includes all the nutrients required by
plants. Hence the top layer of soil is, called to be the feeding zone of plants. This fertile top soil
is most valuable natural resource. It usually lies at most places at a depth of 15- 20 cm. over
the face of the land. Soil is not a dead inert matter of minerals. Instead healthysoil is indeed alive
and dynamic consisting of microorganisms as bacteria, fungi, algae, protozoa, worms and insects.

The soil erosion is not a new thing. It is a natural process and is as old as the earth itself,
yet today soil erosion problems far exceed natural formation of soil. It should be keptin mind
that it takes approximately 500 to 1000 years for an inch of the top ‘layer to buildup. But in
several ways this fertile, topsoil is lost and wasted. This loss of top soil or disturbance of the soil
structure is given the name soil erosion. Some views on soil erosion are as under:

(1) Odum (1966) included soil erosion as a part of soil pollution,
(2) Rama Rao (1962) called soil erosion as creeping death of the soil.

Nature of the Problem

The problem of soil erosion is throughout the world. In U.S.A. over 77 million acres of land
has become seriously eroded. It is reported that after the rain begins the cream of soilis skimmed
off with every spell of showers.

The gravity of the problem of soil erosion may become evident from the face that of all
potentially arable land, only about 44 per cent is under cultivation. The rest i.e. 56 per centis
unsuitable for farming due to inherent soil problems and man induced problems. Only about 2.5
million sg. km. Arable land is irrigated at great cost and with many side effects. Massive irrigation is
harmful to fertility due to salinisation. Thus, in a short time, approximately 600 million hectares of
potential farmland will be lost to soil erosion, salinisation, and waterlogging. By that time the
world population will reach 8 billion. Evenif another 300 million hectares of the land, which is at
present, lying unused is brought under farming, the net result will be that the area of farmland

per persen will dwindle from .
0.31 to,q(l‘s tares. 5&
. . '\#’ -y
] e hat soil loss is maximum in region with high populatlon degsitn }v' i
cul% [pp_also adds to soil loss. At present the rate of sQifytkes

millid \t M -.".a over half a ton of soil every man, wo Q3

Certalnl o v' "‘ MEhsa . loss. Soil erosion can be 64 of
problems ﬁ\/lhlch e a g .vo-v WOBIa: ts ipg.. pargdiilatty ’@ £
subcontinent is faced with S A;‘— | a0 - A e
is estimated that the life of BRiakfa fiaH /Eaks n- lack of proper attentlon
towards silt prevention at Govind "9ad? ke sReeflal Teservoir of the dam. It is quite formidable
to think that owing to alarming rate at which silt is accumulatlng, it may not last for more than 150
years although it was designed originally to last for 400 years). The Border Road organization
while constructing roads along the Sutlej also failed to take adequate*steps to prevent debris and
soil from entering the river. The Spiti River discharges a considerable amount of silt in the Sutlej. In
the absence of any vegetation in Spiti valley, soil erosion is inevitable and the rocks from nude
mountains
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crumble under the flow of water. In the eastern hills of Nepal about 38 per cent of the land area has
fields on the topsoil whereof has been washed away depriving it of its fertility.

On making a comparative study of the sediment loads from major rivers of the world it is
seen that yellow River in China carried 1.6 billion tons of soil to ocean each year. At the same
time, the Ganges carries nearly 1.5 billion tons and Mississippi, the largest river of the USA
carries only about 0.36 billion tons into the Gulf of Mexico. The startling point is that both
the Ganges and the Mississippi have almost same discharge (Fig. 2.5).

-
Sediment Load of Some Major Rivers
of World
2
Z  Several I
(o))
c
o
S .
= Several IR '
B
o —
<
India |l
>
o
hel
s
é Burma -
S
g
[
]

Yellow

China

Ve Fig. 2.5



92

ENVIRONMENTAL SCIENCE

Table 2.8 : Sediment load of some major rivers
(Brown and Wolf, 1984)

River Country Annual sediment load (Million metric tons)
Yellow China 1,600
Ganges India 1,455
Amazon Several g 363
Mississippi « USA 390
Irrawaddy Burma 299
Kosi India 172
Mekong Several 170
Nile Several 111

Table 2.9 : Estimates of excessive erosion of top soil from world cropland(Brown and

Wolf, 1984) :

Country Total cropland Excessive loss

(Million acres) (Million tons)

USA 421 1700

USSR 620 2500

India 346 4700

China 245 4300

Total 1632 13200

P Rest of World 1506 3138 .

12200

of the

area

of t

(1) Normal or geologlc erosion

interference of man.

This type of soil erosion occurs under normal natural conditions by itself without any

It is a very slow process, and equilibrium between loss and build up is

lost, only when there is some major disturbance by a foreign agent.

(2) Accelerated soil erosion

This type of removal of soil is very rapid and never keeps pace with the soil formation.
This is generally caused by an interference of an agency like man and other animals.
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Estim ates of Excessive Erosion of
Top Soil from World Cropland
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(ii) Rillerosion

If sheet erosion occurs with full force, the run off water moves rapidly over the soil surface.
It cuts well-defined finger-shaped groove like structures, It appears as thin channels or streams.
These are known as rill erosions.

(i) Gully erosion

This results due to the convergence of several rills or thin channels formed during rill erosion
towards the steep slope. When they join together, they form.wider channels of water, known as
gullies. In case of further rains these gullies may become still wider and deeper.
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Wind Erosion

Soil erosion by wind is common in dry (arid) regions Two characteristics of such region
are:

(@) The soil is chiefly sandy
(b) The vegetation is very poor or even absent.

In India erosion by wind affects*approximately 50 million hectares of land, most of
which is in Rajasthan. The wind erosion also is triggered by the destruction of natural vegetation
cover of land by overfelling and overgrazing. When the top soil is laid bare to the fury of strong
gales it begins to be blown off in the form of dust storm and sand storm. The high velocity winds
blow away the soil particles. This may be of the following types:

(a) Saltation
Saltation takes place in the arid regions where:
(1) Rainfall is low,
(2) Drainages is poor,
(3) High temperatures prevail,

(4) Water evaporates quickly leaving behind the salts.

The salts are normally chlorides, sulphates, carbonates and nitrates of potassium, magnesium and
sodium, and chlorides and nitrates of calcium. The major portion of such salty soil is carried by
wind in the form of small leaps. These leaps are created by direct pressure of wind on small
particles of soil.

(b) Suspension

The wind throws away smallest soil particles into air, these particles move as fine dustwith

the wind. By this way soils are transported to long distances.

(c) Surfaee creep

The rivers during floods splash thelr water agamst the banks. In this way the water cuts
through them. Particularly at curves, water strikes with great speed and the bank caves in
alongside. This type of erosion is also known as riparian erosion..

FRIGHTENING POSITION OF SOIL EROSION IN INDIA

According to the Tiwari Committee, of the total land of 304 million hectares of India, about
175 million* hectares are exposed to serious environmental' threat. *“This area is'suffering from
degradation of various kinds. The main causes are water and wind erosion besides
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water logging. Water and wind erosion alone has affected 150 million hectares of fertile land.
Our entire cultivated area is only 160 million hectares. In this way, it becomes clear that our
degraded land is more than all our arable land put together.

It is evident from the report of NCEPC that India was losing more than 6,000 million tones of
top soil per year in 1972 which in terms of major nutrients-N.P.K. alone representedan annual loss
of Rs. 700 crore. Today the loss is many times more. It is our duty to identify the areas of
maximum concern, and the means to eheck damage in these areas.

SOME EFFECTS OF SOIL EROSION
Every year in India, water erosion alone takes away more than 6,000 tonnes of top soil,
containing more than Rs. 1000 crores worth of nuitrients. Its evil effects are as under:
1. This erosion causes the rapid siltation of tanks and reservoirs.
2. Silt is choking our estuaries and harbours.

3. Eroded soil is deposited on riverbeds, raising their levels and leading to devastating
floods, which cause Rs. 2,000 crores of damage each year.

4. The land area prone to floods has doubled from 20 million hectares in 1971 to*40 million
ha. In 1980.

5. Denuded land cannot soak up water like wooded land, so and increasing amount of
rainwater is thus running waste into the sea, causing silting and flooding in the process.

As a result there is much less water stored in underground aquifers, which are vital to maintain
river flower in the dry season and provide water for tubewell irrigation.
Position in Kerala

Rains have been eroding Kerala coast. During monsoon there occurs extensive damagedue to
sea erosion. The worst affected areas are as under:

DESERTIFICATION: MEANING CONCEPTGAUSES

Meaning of Desertification: Desertification can be defined as a process of degradationsof the
environment, that usually is a product of climate and human activity*and involves the spread of
extension of desert-like conditions in a hitherto fertile area.

In this way Desertification process is leading to desert formation, It may be either due to a
natural phenomenon linked to climatic change or due to abusive land use. However, theimproper
land use practices besides soil erosion greatly lead to climatic change. Removal of -
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vegetal cover brings about marked changes in the local climate of the area. In this way deforestation
and overgrazing etc. bring about changes in rainfall, temperature, wind velocity etc. These lead to
desertification of the area. Desertification often starts as patchy destruction of productive land. In
margins of the zones that are not humid, increased dust particles in atmosphere lead to desertification
and drought. In case droughts continue to occur over a series of years, even the humid zones are in
danger of getting progressively drier. As the forest diminishes, there is steady rise in the
atmospheric temperature and the threat.of desertification becomes imminent.

Causes of Desertification

(1) Man Made

Most of the vegetation in arid and semi-arid regions is threatened with man-made
desertification, asresult of excessive, indiscriminate, and archaic land-use practices.

(2) Forest Grazing
Forest grazing is the most serious cause of desertification in arid and semi-arid areas.
(3) Shifting cultivation '
Shifting cultivation is likewise important in the humid tropics and N.E. Himalayas.
(4) Increasing Population
Increasing population pressure has greatly accentuated the adverse impacts of the above
causes.
Position of.Desertification

Desertification used to be an issue of considerable concern during the 1970s and 1980.
However, much credence is now not given to the theory of deserts advancing and swallowing up
adjacent savanna landscapes. According to UNEP (1984), in 1983 it was estimated that 17 per
cent of the world’s arid, semi-arid and sub-humid regions had suffered some loss of productivity
land degradation resulting from removal of the vegetation cover is a serious problem throughtout
high

":ﬁ'\

2. Loss of ecological functions necessary to mamtam ecosystem processes;

3. Loss of biodiversity at the ecosystem, species, or genetic level.
According to Nelson (1988): s

4. A permanent national land monitoring systems is needed to identify emerging and difficult-
to-reverse forms of degradation.
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5. Research should focus on management technology and the present socio-economic systems.
6. Policy proposals must take into account complexity and local variability.

7. In the absence of any global or regional solutions to most savanna and arid landdegradation
problems, progress will depend upon small pilot projects, community experimentation and
within-country expertise.

8. It is clear from the failure apd high cost of conventional projects that more progress is
likely through attention to enabling incentives that promote spontaneous response across the
entire community. The main policy areas are land tenure, taxation and marketing.

9. Many successful strategies will consist of a strong spatial dimension-and involve movement
across national and ecological boundaries.

Monitoring and assessment are vital for the development of an action programme to stop the
process of desertification. A unified mapping methodology is a prerequisite for this purpose.

Causes of Desertification
Main causes of desertification are as under:
(1) The population explosion in man and livestock

It has led to enhanced requirement of timber and fuelwood. Besides, increasing number of
livestock causes degradation of forests and the consequent devastation. It is observed thatthe most
accessible forest areas are heavily grazed. For instance, there are nearly 1200 thousand sheep and
goats in Alpine areas of U.P. Besides is there visit about 25,000 migratory graziers. In addition there
are about 5-7,000 buffaloes owned by Gujarat. In absence of suitable checks growing in forestry
stock was expected to decrease from 13.79 m3/ head in 1981 to 2.60m3/ head in 2001; It is
estimated that reduction in annual availability of grass will be from 2.60 t/cattle unit in 1981 to
0.90t/cattle unit in 2001.

(2) Shifting Agriculture
Thesincrease in shifting (jhum) cultivation in North East and Orissa has also laid larggaforest

tracts bakg. Thel has been shortening of jhum cycle to six years only (in some distsicts 2.3 o9
ye@'s( y lrc 0 ides not enough time for natural repair of damaged ecoststemk.' . 3‘.253

4
(3)§ : u*. eratiog s . v, *" 3

M i nTOTE F-‘ - '.’ ifaoted from the trees by Govt. and prive e-‘,v»‘"-r*“ i e&aceof
agriculturalisatio '4' a .fu-' ustrlallzatlon preservat LRGN .} gotld be ﬁlven a
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activities.
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The construction of hill roads (about 30,000 km long) is a major cause of deforestation.
Road construction caused desertification in the following way:

(1) It affected the stability of hill slopes,

(4) Road Construction
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(2) It damaged the protective vegetation over both above and below roads,

(3) Itresulted in debris covering forests vegetation, orchards and agriculture fields,
(4) 1t blocked natural drainage,

(5) It polluted streams;

(6) It delayed vehicular traffic,

(7) It caused damage to human Tife and property.
(5) Industries and Mining

These have a serious impact in forest areas. Large areas have been clear-felled and laid
barren consequent to open cast mining of iron ore, mica, coal, manganese, limestone etc.
Environmental impact of mining includes loss of production for the following reasons:
1) The forests, agriculture turned into pastures,
The loss of top sail,
The surface water pollution,

)
)

4) The lowering of ground water table, .
)

Ore transport hazards such as damage to vegetation, soil drainage, water qualityand
property, sediment production and discharge, fire hazards and air pollution.

(6) Development Projects

There are hasty approaches to formulation of developmental projects particularly hydro- electric
besides those on tourism, road building and mining.

(7) Commercial Demand

In comparison of commercial demand supply fell short and led to decimation of forests,
particularly the wood. Consequently there has been unlimited exploitation of timber for commercial
use. .
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There occur different types of desertification in various continents and ecosystems. Two main
objectives for mapping desertification have been identified as under: -

(1) To assist decision-makers to understand the various dimensions of desertification,

(2) To assist scientists to make the best choice in selecting strategies for desertification control,
.to reduce the impact of land degradation. Mapping.and landscape dynamics simulation in
arid regions prone to desertification is also being undertaken.



ENVIRONMENTAL SCIENCE : NATURAL RESOURCES 99

Desert Development Programme:- The objectives of the programme include controlling the
process of desertification, mitigate the effects of drought in desert areas, restoration of ecological
balance in affected areas and raising productivity of land, water, livestock and human resources in
these areas. The objectives are sought to be achieved through activities such as afforestation with
special emphasis on sand dune stabilization, shelterbelt plantationand grassland development, soil
and moisture conservation and water resources development. The programme covers 131 blocks of
21 districts in five states. It also covers cold arid areas of Jammu and Kashmir and Himachal
Pradesh. The area covered under-this programme is about 3.62 lakh sg. km. and the population in
the area covered is about 150 lakh. This programme is implemented with 100 per cent Central
Financial Assistance. In 1989-90, allocations were made at the rate of Rs. 24 lakhs per 1000 sq.
km., the ceiling per district hence will be Rs. 500 lakh. For cold desert areas, a lumpsum
provision is made, the rate being Rs. 100 lakh per district per year for Himachal Pradesh and Rs.
150 lakh per district per year for Jammu and Kashmir.

Since its inception, Rs. 291.33 crore was spent under the programme. During the Seventh Plan
Period, Rs. 194.04 crore has been spent under this programme.

INDIVIDUAL’S ROLE IN CONSERVATION OF NATURAL RESOURCES

Meaning of Conservation

Conservation broadly means sound land or water use planning. It is concerned with the
maintenance of natural systems and with their moderate, systematic, planned and regulated
utilization and exploitation for the long-term benefit of mankind.

Conservation has been defined as “As management of the benefit of all life including humankind
of the biosphere so that it may yield sustainable benefit to the present generation which maintaining
its potential to meet the needs and aspirations of the future generations.”

Need for Conservation

As expanding human population resulted into expanding needs of man, man started |

natural%@_ 3§, at a much larger scale with scientific progress and technological gevelepment.
wh =210\ dct )
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which has an adverse affect bri=the eCaNo!
state of imbalance between the growth=fa
setbacks. We are facing contrary positions.

In some areas, there is not enough water for agriculture and industry. On the countryto it in
other areas there are problems of waterlogging due to over-irrigation.” In some countries much of
underground water is being utilized for food grain production. It is resulting in lowering of water
table in northern China.
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As a consequence of increasing tampering of nature by man, natural reserves are greatly
dwindling and are becoming the main sanctuaries for wild plants and animals. It has been
proposed that adequate examples of all-important and representative biospheres be protected and
conserved. A worldwide network of such protected ecosystems is extremely important for ecological
research pertinent to national use and conservation of the biosphere.

Objectives of conservation
(1) To maintain essential ecological processes and life support system;
(2) To preserve biolagical dividers;
(3) To ensure that any utilization of species and ecosystems is sutainable

Categories of Conservation
There are two categories of conservation as under:

(1) In Situ Conservation

This is the conservation of genetic resources through their maintenanced within natural or
even human-made ecosystems in which they occur. It includes a system of protected areas of
different categories, managed with different objectives to bring benefit to the society. For example
National parks, Sociometries, Nature Reserves, Natural Monuments, Cultural Landscapes, Biosphere
Reserve etc. Evidently in situ conservation is not practicable for domesticates.

(2) ExSitu Conservation

This is conservation outside habitats by perpetuating sample population in genetic resource
centers, zoos, botanical gardens, culture collections etc. or in the form of gene poolsand gamete
storage for fish; germplasm banks for seeds, pollen, semen, ova, cells etc. Plants are more readily
maintained than animals. In this kind of conservation vital role is played by seed banks,
botanical gardens, pollen storage, tissue culture and genetic engineering.

Under Ministries of Environment and Forests Agriculture and Science and Technqlogya

: PR
An individual can play a vital role @r-% soil. Main principles of soil
conservation are as under:

(1) To Protect soil from impact of raindrops. )

(2) To Slow down the water movement if it flowed along the slope.

(3) To slow down the water from moving down the slope in narrow path.
(4) To encourage more water to enter the soil.

(5) “To"increase the size of soil particle.
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(6) To reduce the wind velocity near the ground by growing vegetation cover, ridgingthe
land etc.,

(7) To grow the strips of stubble or the vegetation cover which might catch and holdthe
moving particles of soil.

Keeping in view the above said principles an individual may adopt several methods toprevent the
loss of soil during its erosion.

Methods of Conservation

Various methods of sdil conservation may be broadly arranged into the following types:
(1) Biological Methods

Conservation achieved by the use of plan vegetation cover the following:

(i) Agronomic Practices: In areas with normal farming, where vegetation itself is usedfor
soil protection.

(i) Dry Farming: In areas with low and moderate rainfall, where normal farming isnot
possible.

(iii)  Agrostological Methods : In areas which are suitable for successful growth of grassesused
as soil binders to check soil erosion.

(2) Mechanical Methods

Conservation achieved by supplementing the biological methods with a view to increase the
time of concentration of water, to reduce the velocity of water, or afford protection against
damage due to run off;:

(i) Basin Listing: To construct small basins along the contours.

(i) Contour Terracing: To construct small basins along the slope to intercept and divert
the runoff water.

3 Othe‘r:l\/lethods
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2. Less exploitation of REseGLERS

We must bear in mind that resotrce: Sxptei «aud-*pollution are two faces of the same

coin since exploitation of resources in one place can become environmental degradation either in the
same place or in a remote area. We are aware of the adverse effects on the ocean harvest, which
are often caused by man’s activities on land. Thus, biocides and persistent inorganic pesticdes, which
are used to increase crop yields on land, lead to decrease the yields of fish and other proteins from
the oceans. Increasing use of biocides for boosting carbohydrate yields on land is likely to lead to
such high increase in their concentration in the oceans as to significantly reduce its
productivity.
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3. Control over Population Increase

We should aim at striving for an optimum instead of maximum, sutainable population sizeon
Earth, and to arrive at the optimum figure after due consideration of the complex environmental problems.
The optimum size permits long-term persistence of the population in equilibrium with its environment.
The optimum represents that stage when any further addition of more members would result in
deterioration of the quality of like of those already present.

4. To Make An Integrated and Holisfic Approach in Tackling Environmental Problem

Environmental strategies and programmes must be based on a thorough analysis of technical
and economic factors as well as of social and political dimensions of the environmental problem.
Such an approach includes an analysis of balance of political forces besides issues of livelihood
for disadvantaged groups.

5. Increase in the Plant Cover

The plant cover is essential for the maintenance of the soil in a balanced and healthy state.
Over-exploitation of forests and deforestation practices lead to soil erosion with the topsoil washing
down the stream. It results in the ruin of soil fertility. We are annually losing millions of tons of
nitrogen, phosphorus and potassium through soil erosion. Nearly 5,000 million tons of soil are being
annually lost by water erosion, and the loss of valuable nutrients in this way often reaches colossal
proportions. It is estimated that thousands of acres of arable soil are also being rendered unfit for
farming due to salinity and alkalinity problems. Here it may be mentioned that the Green Revolution
has further generated some newer problems of soil fertility depletion, mineral nutrient imbalances,
agricultural residues, etc. In some parts of Punjab for instance, paddy straw of the high-yielding
rice variety IR- 8 is found responsible for the deterioration in health of cattle because of its
abnormally high content of certain mineral salts.

6. Proper Use of Water

Agricultural use of soil is linked with the use of water which is required for irrigation. .Much
as been achieved in the large-scale storage of water in Dams and Reservoirs for agncu@al use

and forgenesation of hydroelectric power, but economy in its use is paid no heed. W
eg toward the maximum economlc yield from a fixed amount Qf gvato

and salinity. Seven million hectare ‘ > .
About 150 million hectare area suffers from wind and water erosion. This resultsin the loss of
valuable topsoil. Rising water tables is also responsible for increasing salinization of farm lands.
Soil erosion causes premature silting up on many reservoirs and tanks.

8. Proper Use of Wood

Our country is gifted with a fairly considerable potentiality for increasing the supply of
such renewable resources as forests and forest products that could substitute for some of
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the scarce non-renewable resources. As such, it is advisable to substitute wood and wood products for
the non-renewable fuel and energy sources, as has been commonly practiced in villages since times
immemorial. Wood has certain advantages as fuel. As compared to coal, its sulphur content and
ash content are very low. The ash which is left, can be used as a fertilizer. Wood and vegetable fibres
might also some day furnish us certain primary organic chemicals. In our country and other tropical
countries wood residues may profitably be converted into liquid and gaseous fuels. This can relieve, to
some extent the problem of scarcity of large-scale exploitable oil and coal resources, which are
non-renewable ones.

9. Substitution of Biomass for Petroleum Product

Biomass conversion has unique advantages over other commonly used energy technologies.
Unlike petroleum or‘coal, biomass resources are renewable. Conversion of municipal and industrial
wastes into useful fuels will serve two purposes as with it:

(i) The energy supplies are increased, and
(ii) The environment is cleaned up.

Biomass is amenable to genetic manipulations and is flexible through crop switching.
Biomass encompasses wood chips, sawdust, maize stalks, other vegetable matter, municipal and
organic wastes.

10. Fuel Alcohol from Biomass

Ethanol and methanol can be used as fuels or may be blended with petrol and used in a
spark type internal combustion engine. These alcohols can be produced from biomass and
agricultural residues, etc.

11. Use of Solar Energy

Solar thermal systems are the best developed and simplest of the solar technologies. It is
proved that Solar energy can be gainfully conserved by suitable architectural designs that gainfully
exploit the site and building materials to turn a building into a solar collector. In Active solar
systemsz, e _lasic unit is the solar collector- a panel commonly made of alumini 7
pl{ﬂ%’ Z0ppEM\\hen fitted to a roof, these panels absorb direct sunlight and i

L thPgugh the collector. The fluid flows through pipes into th@§heildi
. Or W the rooms. The solar cell is a device'that conyett
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EQUITABLE USE OF RESOURCES FOR SUSTAINABLE TO LIFE STYLE

Introduction

Man has a great responsibility to render equitable use of resources capable of inducing
significant alternations in the environment either intentionally or inadvertently. He is capable of
altering the basic functioning of the atmosphere, hydrosphere,. lithosphere and the whole
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biosphere. The most essential basic attribute of most environments is that they are muti- dimensional
systems of complex relationships in a continuing state of change. It is also generally recognized that
the loss of life caused by such calamities as floods, droughts, cyclones and earthquakes, is largely
due to the quality of natural environments as well as mankind’s misdeeds.

Cragg (1970) has highlighted the link between conservation and quality of human environment.
Cragg advocates a study of the biogeochemical cycles disturbed by man. He has pointed out
many hazards arising from the recent~ marked increases inthe CO2 content of the atmosphere and
similar decreases in oxygen level of natural water bodies. He has-warned against the present evil
practices. If precautions were not observed in time, the earth would not remain inhabitable.

Cragg has listed the following basic arguments for conservation:
(a) Maintenance and perpetuation of environmental quality

(b) Aesthetic considerations;

(c) Food production;

(d) Preservation of gene pools and germplasms;

(e) Ecological diversity.

Methods for Equitable Use of Resources
The following methods may be suggested:

1. Equitable Use of Soil

It is due to our misdeeds that many of our once-fertile soils have been converted to
agriculturally unfit alkaline or saline lands or marshlands. More than 25 million hectares of
such barren lands are now estimated to be distributed throughout the world.

Soil constitutes a biogeochemical shell around land and shallow waters. Recent increases in the
pace of industrialization, urbanization and other activities of of civilized man have exerted a
tremendous impact not only on the soils but also on other components of the biosphere.
Unplann d destruction of forests and forest litter has brought about serious changes bo
a%gw 2r: JeTe ashing-off of fine soil particles from deforested areas has caused €o;

e #‘ as~also been a great increase in run-off, pollution, turbidity ame J& ‘
river§ang-es B MEiRg in water reservoirs. It is essentialto take a recousseuta, Gl d\Mrip
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Steps should be taken to s\f gUaSd 8BS LoD rcal substances, mineral fertilizers,
pesticides, etc. Heavy doses of the wrong kind o mbrga‘ﬁrc fertilizer have often resulted in creating
excessive acidity or alkalinity in the soil, and the indiscriminate use of pesticides and fungicides has
caused adverse effects on soil. Efforts should be made to restore the fertility of the fallow lands
by use of fertilizers and new technology. The forested land in India is below the" scientific norm.
Normally for self-contained and proper eco- balance, at least, one-third or the total land area must
be under forest and natural vegetation. In India it is as low as 19.3%. We must increase our area
under forests.
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A part of the land not in use is classified as wasteland. This includes the arid, rocky and
sandy deserts. Much of the land is being used in cities and towns as residential land. Cities and
towns must grow vertically rather than horizontally now. The land is also needed for industry,
commerce, transport and recreation. Since total land is a fixed asset, we must make efforts for
integrated land use planning. Land is an important component of the life support system. Mrs. Indira
Gandhi in 1972 said, “We can no longer afford to neglect our most important natural resource.
This is not simply an environmental problem but one which is basic to the future of our
country.” In a predominantly agricultural country like ours, land comes first.

For proper planning we need authentic figures agreed upon by the concerned departments viz
agriculture, forestry, revenue records etc. using modern method as remote sensing. It is observed that
good agricultural land is going to industrial estates and for urban development. Thus valuable cropland
is lost to agriculture forever. This is not in national interest. The best land use planning has
been done by Japan, being hard pressed for land. A strategy must be developed to cure past
damage and to save the country from future damage to land. A strategy must be developed to cure
past damage and to save the country from future damage to land. This can be achieved by
following the methods mentioned as under: '

(i) To prepare accurate land use data through remote sensing,

(ii) A time bound nation wide survey programme of micro-level land use plannlngglvmg
short and long-term scenarios,

(iii) To prepare land use classes,
(iv) To.review all existing legislations and to update them and
(v) Management plans for land amelioration are to be prepared. This would lead to a
dynamic land-use policy.
2. Proper Management of Water Resources

Water is an integral part of land/soil productivity base. Its misuse can cause soil degradation and
soil erosipn. Water management is necessary for crop yields and other activities. Primary channgk flow
originat@}n upper catchments and these watersheds are very important for future. .?\ .
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understanding of the ecosystem so that changes could b€forecast well in time. Thus management
of rainfall and resultant runoff, which is essential, can be best based on a natural unit called
watershed. A watershed is an area bounded by the divide line of water flow. Thus it may be
drainage basin or stream. The Himalayas are one of the most critical watersheds in the world. The
cast hydroelectric power potential can be harnessed from Himalayan watersheds if proper control
measures are taken. They are inclusive of soil and
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land use survey, soil conservation in catchments of River Valley Projects and flood prone rivers,
afforestation or social forestry programmes, Drought Prone Area Development Programmes and
Desert Development and Control of Shifting Cultivation.

4. Afforestation

Top priority should be given to the forestry. Forests occupy central position in nature. They
restore ecological balance of all ecosystems (including desert), maintain biological diversity, act as
catchments for soil and water conservation, prevent floods and safeguard future of tribals. We should
develop massive afforestgtion programmes of indigenous and exotic fast growing species for
production and protection forestry on suitable land including wasteland. A massive social forestry
programme is needed to meet demands of local people for fuel, fodder, timber etc. the two
major goals for forestry are:

(i) Supply of goods and services to people and industry by a well thought out plan of
production,

(ii) Long term ecological security through conservation of forests cover and its restoration.

The areas where our water regimes are located i.e. Himalayas and Western and Eastern ghats
together with catchment areas; National Parks; Sanctuaries, Sacred Groves; Biosphere Reserves and
all ecologically fragile areas should be protected from fuel-starved villagers and fodder-starved cattle.
For this, public support must be generated in order to fulfil the real goal of eco-development. Such
awareness will be very helpful for supply of goods and services to meet the local villager’s needs. One
very good example of public support is the Chipko Movement of Bishnoi Women in U.P. We, have
only about 14% forest cover, and thus need to plant nearly 70 million hectares of additional land.
This can be done by:

(i) Intensive plantations,
(ii) Production/captive plantations.
These are explained as under:

(Ix Intensive plantations: Intensive plantation is planting all the available land from v agers’
'-A_f,rf' d8isto community land, to road/rail sides every available space. Indlgen 0 ~~ lg%

{“‘f' * SREtieg w0 be wused for plantations that remove pressure
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ative/agro-forestry programmes are included in'this caig
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(i) Proper manipulation of silvicultural and’ nutrltlonal requirements that is use of
fertilizers, irrigation, bacterial and mycorrhizal inoculations,

(i) Disease and pest management,
(iii) Weed control,

(iv) Advanced techniques in forest tree breeding for superior genetic strains,
(v) . Judicious use of tissue culture methods.
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Social forestry: This forestry, is for private land. There are two main objectives of social
forestry:

(i) Use of public and common land to produce in a decentralized way firewood, fodder and
small timber for the local poor men and also to manage soil and water conservation,

(ii) To relieve pressure on conservation forests. This programme is in fact for poor.

Agroforestry: Agroforestry is a system of land use where woody perennials are deliberately
used on the same land management units as annual agricultural crops and/or animals, either
sequentially or simultaneously, with the aim of obtaining greater outputs on a sustained basis.
“Here land is used for agriculture, forestry and animal husbandry. Depending upon the situation
we may also have a mix of three basic elements i.e., agriculture,forestry and animal husbandry.

There should be massive afforestation arm/agroforestry programmes. Every village/ town/city
must be able to meet firewood, fodder and small timber needs by growing trees and shrubs in the
land available in a cooperative system.

5. Proper Management of Drinking Water

This Resource (water) is renewable. However, it is subject to abuse and misuse. Infact, most of
our water problems, are not those of quantity or even necessarily of quality, but are rather caused by
our way of thinking and attitudes. If man learns to live with man on a cooperative basis, the water
problem, like many other ecological problems, could be solved. The replenishable ground water
resources in India are sufficient to provide assured irrigation to 40 million hectares. The present
level of development is estimated at 25 million hectares,

i.e. about 40 per cent of the total irrigation potential created in the country.

Drinking water becomes more significant in a developing country because it serves as a
source of micronutrients that are so essential for good health. Deficiency or excess of the essential
trace elements can cause disorders. Drinking water is an important source of intake of trace
elements.

Keywords:

1. Air Quality Standards: The level of pollutants prescribed by regulations that are not to be exceeded during
a given time in a defined area.

2. Air Sparging: An in-situ treatment technology that uses injected air to help remove harmful vapors from
polluted soil and groundwater below the water table by injecting air directly into the saturated subsurface to
encourage the solvents and gasoline to evaporate faster, which makes them easier to remove with a vacuum.

3. Air Stripping: A treatment system that removes or “strips” VOCs from contaminated groundwater or
surface water as air is forced through the water, causing the compounds to evaporate. Often the compounds
are then captured using air filters.

QUESTIONS
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What is meant by Natural Resources? Explain Renewable and Non-renewable Natural
resources.

Discuss the use and importance of Forest Resources in India.

Describe the main causes that are responsible for over consumption of forest.

Define Deforestation. What are the chief effects of Deforestation?

Give an account of the effects of timber extraction, mining dams on forests and tribal people.
Write a note on Water resources.

Describe the main resources of water.

Discuss the use and over-utilization of surface and ground water.

Discuss the measures adopted to regulate the utilization of surface water and check itsover-
utilization.

Discuss the measures adopted to regulate the utilization of underground water and checkit
over-utilization.
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UNIT c

3 Environmental Science : Ecosystem

INTRODUCTION

No life exists in a vacuum. Materials and forces which constitutes its environment and from
which it must derive its needs surround every living organism. Thus, for its survival, a plant, an
animal, or a microbe cannot remain completely aloof in a shell. Instead, it requires from its
environment a supply of energy, a supply of materials, and a removal of waste products.

For various basic requirements, each living organism has to depend and also to interact with
different nonliving or abiotic and living or biotic components or the environment.

1. Abiotic

The abiotic environmental components include basic inorganic elements and compounds such as
water and carbon dioxide, calcium and oxygen, carbonates and phosphates besides such physical
factors @s soil, rainfall, temperature, moisture, winds, currents, and solar radiation N its
conco light and heat.
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Ecology Defined ‘ RS e

(1) Ernst Haeckel (1866) defined ecology ““as the body of knowledge concerning the economy
of nature-the investigation of the total relations of animal to its inorganic and organic
environment.

(2) Frederick Clements (1916) considered ecology to be “the science of community.

nr 108
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(3) British ecologist Charles Elton (1927) defined ecology as “the scientific natural
history concerned with the sociology and economics of animals.”

(4) Taylor (1936) defines ecology as “the science of the relations of all organisms to all
their environments.”

(5) Taylor (1936) defined ecology as “the science of the relations of all organisms to all their
environments.”

(6) Allee (1949), considered ecology as “the science of inter-relations batwing living organisms
and their environment, including both the physical and biotic environments, and
emphasizing inter-species as well as intra-species relations.

(7) G.L. Clarke (1954) defined ecology as “the study of inter-relations of plants and animals
with their environment which may include the influences of other plants and animals
present as well as those of the physical features.”

(8) Woodbury (1955) regarded ecology as “the science which in investigates organismsin
relation to their environment: a philosophy in which the world of life is interpreted in terms
of natural processes.

(9) A. Macfadyen (1957) defined ecology as “ a science, which concerns itself with the
inter-relationships of living organisms, plants and animals, and their environments.”

(10) S.C. Kendeigh (1961, 1974) defined ecology as “the study of animals and plants in their
relation to each other and to their environment.” Certain modern ecologists have provided
somewhat broader definitions of ecology.

(11) M.E. Clark (1973) considers ecology as “a study of ecosystems of the totality of the
reciprocal interactions between living organisms and their physical surroundings.

(12) Pinaka (1973) defined ecology as “the scientific study of the relationships of loving
organisms with each other and with their environments.” He adds that “it is the science of
biological interactions among individuals, populations, and communities; and it is also the

s#science of ecosystems-the inter-relations of biotic communities with their nc;r;{ving

.‘}n.vir pments.
» L ‘
4;@ R Stith (1977), considers ecology as “a multidisciplinary scienc

-~ Wt the Ofgapism and its place to live and which focuses on th N

\.\ Al .F,.. . ; ':;ﬁ
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At present ecological'sittliesariunacfrat = O systanteal e iNte thiss he units of study
are quite large. This approach«hes kg Vie at Livinfrorgamets. ¢ getk.non-living environment are
inseparably interrelated and interdct WwitiT <gael . Hthe .. ansley (in 1935) defined the Eco-

system as ‘the system resulting from the 1ntegrat10ns of all the loving and non-living actors of the
environment’. Thus he regarded the Eco-systems as including not only the organism complex but
also the whole complex of physical factors forming the environment. -

HISTORICAL BACKGROUND

The idea of Eco-system is quite an old one. We find in literature some such parallel terms as
(i) biocoenosis (Karl Mobius, 1977), (ii) microcosm (S.A. Forbes, 1887),
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(iii) Geobiocoenosis (V.V. Doduchaev, 1846-1903); G.F. Morozov; see Sukachev, 1944),
(iv) hlocoen (Frienderichs, 1930), (v) biosystem (Thienemann, 1939), (vi) bioenert body (Vernadsky,
1994), and ecosom etc. use for such ecological systems.

The terms ecosystems is most preferred, where ‘eco’ implies the environment, and
‘system” implies an interacting, inter-dependent complex.

In this way, it can be said that 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 (i.e. exchangeof materials between living
and non-living components) within the system, is known as an ecological system or eco-system.

Eco-system may be visualized as 3-dimensional cutouts from the ecosphere. All primary and
secondary producers composing the ecosystem are its essential elements. The unique feature
of eco-systems is the maintenance of their chemical state and of their environment.

Thus an eco-system is an integrated unit, consisting of interacting plants and animals whose
survival depends upon the maintenance of abiotic i.e. physicochemical environment and gradients
such as moisture, wind and solar radiation with its concomitants of light and heat, as well as biotic
structures and functions. The integrated unit may or may not be isolated but it must have definable
limits within which there are integrated functions. The physiologists study various functions in
individual plants or animals, but the ecologists study them at the eco-system level. A real ecologist
endeavors for maintaining holistic or eco- system perspective of the process being studied by him.

ASPECTS OF ECO-SYSTEM

The eco-system can be defined as any spatial or organizational unit including living organisms
and non-living substances interacting to produce an exchange of materials between the living and non-
living parts. The eco-system can be studied from either structural or functional aspects.

1. Structural Aspect

The structural aspects of ecosystem include a description of the arrangement, types and_puimbers
heir life histories, along with a description of the phy3|cal

and land, and a variety of abiotic" MEtQTSaHiaitaE pesdefined as the natural abodeor locality
of an animal, plant or person. It includes all featu?es of the environment in a given locality. For
example, water is used as habitat by aquatic organisms and it comprises three major categories-
marine, brackish and freshwater habitats. Each of these categories .
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may be subdivided into smaller unit, such a freshwater habitat may exist as a large lake,a
pond, a puddle, a river or a stream.

The land is used as a habitat for numerous terrestrial organisms. It includes many major
categories of landmasses, which are called biomes. Biomes are distinct large areas of earth
inclusive of flora and fauna, e.g. deserts, prairie, tropical forests, etc. Soil is also used as a
habitat by a variety of microbes, plants and animals.

Abiotic Factors
Among the main abiotic factors of the ecosystem are included the follwing:
(1) The climatic factors as solar radiation, temperature, wind, water currents, rainfall.
(2) The physical factors as light, fire, pressure, geomagnetism,
(3) Chemical factors as acidity, salinity and the availability of inorganic nutrients
needed by plants.
Biotic or Biological Factors

The biological (biotic) factors of ecosystem include all the living organisms-plants, animals,
bacteria and viruses. Each kind of living organism found in an ecosystem is givenithe namea
species. A species includes individuals which have the following features:

(1) They are genetically alike.
(2) They are capable of freely inter-breeding and producing fertile offsprings.

Relationships

In an ecosystem, there exist various relationships between species. The relationship may be
as under:

(1) Effects
TWC} species may have any of the following kind of effects: .

The species

Population

aCth : of the same species, in a definable
space. In this way we can speak of population of deer on an island, and the population of fishes in a
pond. A balance between two aspects determines the size of a population of any given species:

(i) Its reproductive potential, X
(i) Its environmental resistance.

In this way population size is determined by the relative number of organisms added to or
removed from the group as under:
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(i) Addition

Recruitment into the population is a function of birth rate and immigration rate.
(i) Removal

Loss from the population is a function of death rate and emigration.

Factors Regulating Population

Following factors does populatior? regulation:

(i) Physical attributes of the environment (e.g. climate),

(ii) Food (quantity and quality),

(iii) Disease (host-parasite relationships).

(iv) Predation,

(v) Competition (inter-specific and intra-specific).

An ecosystem contains numerous populations of different species of plants, animals and
microbes; all of them interact with one another as a community and with the physical environment as

well. A community or biotic community, thus, consists of the population of plants and animals living
together in a particular place. .

Division of Ecosystem

The ecosystem can be divided, from the energetic view point into three types of organisms:
producers, consumers, and reducers. These can be explained as under:

(1) Producer

Photosynthetic algae, plants and bacteria are the producers of the ecosystem; all other organisms
depend upon them directly or indirectly for food.

(2) Consumers

Copsumers are herbivorous, carnivorous, and omnivorous animals; they eat the organic,matter
produc -

Species are related by their, :\\.-
basic types of food chains as undere

(i) The consumer food chain includes the sequence of energy flow from
producer+herbivore+carnivore+reducer;

(ii) The detritus food chain pypasses the consumers, going from producer+réducer.

Basic Theme of Ecosystems

(1) Relationship

The first and foremost theme of an ecosystem in that everything is somehow or otherrelated to
everything else, the relationships include interlocking functioning of organisms
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among themselves besides with their environment. Biocoenosis and bioecocoenois are roughly
equivalent to community and ecosystem respectively. Biotopes are the physical environment in
which such communities exist. According to Lamotte (1969), it is this network of multiple interactions
that permits us to define the ecosystem completely. Many ecologists regard Interdependence as the
first basic theme of ecology. Ecosystem includes interacting and interdependent components that are
open and linked to each other.

(2) Limitation -

The second basis theme is Limitation which means that limits are ubiquitous and thatno
individual or species goes off growing indefinitely. Various species control and limit their own growth
in response to overcrowding or other environmental signals and the total numbers keep pace with the
resources available. .

(3) Complexity

Complexity is a third characteristic of any eco-system. The three-dimensional interactions of the
various constituent elements of an ecosystem are highly complex and often beyond the comprehension
on the human brain.

GENERAL CHARACTERISTICS OF AN ECO-SYSTEM L

According to Smith following are the general characteristics of eco-system.
(1) The ecosystem is a major structural and functional unit of ecology.

(2) The structure of an eco-system is related to its species diversity; as such the more complex
ecosystem has high species diversity.

(3) The relative amount of energy required to maintain an ecosystem depends on its
structure. The more complex the structure, the lesser the energy it requires to maintain
itself.

(4) The function of the ecosystem is related to energy flow in material cycling through and

,'gjthin the system.
ﬁ@ . . ‘
al edlati

which it must adjust."® g ; WLEG] @ e Changed environment, must
vanish.

To conclude the eco-system is an integrated unit or zone of variable size, it comprises vegetation,
fauna, microbes and the environment. Most ecosystems process a well-defined soil, climate, flora
and fauna and their own potential for adaptation, change and tolerance. The functioning of any
ecosystem involves a series of cycles. These cycles are driven by energy flow, the energy being
the solar energy.
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STRUCTURE OF ECO-SYSTEMS

Meaning of Structure
By structure of an eco-system we mean as under.

() The composition of biological community including species, numbers, biomass, lifehistory
and distribution in space etc.

(i) The quantity and distribution of the non-living materials, such as nutrients, water
etc.

(i)~ Structure of an ecosystem the range, or gradient of conditions of existence, such as
temperature.

Natural And Function of Structure of Eco-system

The structure of an ecosystem is in fact, a description of the species of organisms that are
present, including information on their life histories, population and distribution in space. It
guides us to know who’s who in the ecosystem. It also includes descriptive information on the non-
living features of ecosystem give us information about the range of climatic conditions that prevail in
the area. From structural point of view all ecosystems consist offollowing two basic components:

1. Abiotic Substances (Non-Living Components)

The Abiotic substances include basic inorganic and organic compounds of the environment or
habitat of the organism.

(a) Inorganic Components: The inorganic components of an ecosystem are as undercarbon
dioxide, water, nitrogen, calcium, and phosphate. All of these are involved in matter
cycles (biogeochemical cycles).

(b) Organic Components: The organic components of an ecosystem are proteins,
carbohydrates; lipids and amino acids, all of these are synthesized by the biota (flora
and fauna) of an ecosystem and are reached to ecosystem as their wastes, dead remains,

e of simple inorganic

substances and build up of complex subsfance pret ominate.
(i) The component is constituted mainly by green plants, including photosyntheticbacteria.

(i) To some lesser extent, chemosynthetic microbes also contribute to the build up of
organic matter.
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(ili) Members of the autotrophic component are known as eco-system producers because they
capture energy from non-organic sources, especially light, and store some of the energy
in the form of chemical bonds, for the later use.

(iv) Algae of various types are the most important producers of aquatic eco-systems, although in
estuaries and marshes, grasses may be important as producers.

(v) Terrestrial ecosystems have trees, herbs, grasses, and mosses that contribute with varying
importance to the production”of the eco-systems.

(b) Heterotrophic Compaenent or Consumers

These are the components in which utilization; rearrangement and decomposition of
complex materials ,predominate. The organisms involved are known as consumers, as they
consume autotrophic organisms like bacterial and algae for their nutrition, the amount of energy
that the producers capture, sets the limit on the availability of energy for the ecosystem. Thus,
when a green plant captures a certain amount of energy from sunlight, it is said to produce the
energy for the ecosystem. The consumers are further categorized as:

(i) Macroconsumers

Marcoconsumers are the consumers, which in a order as they occur in a food *chain are,
herbivores, carnivores (or omnivores).

(@) Herbivores are also known as primary consumers.

(b) Secondary and tertiary consumers, if preset, are carnivores of omnivores. They all
phagotrophs that include mainly animals that ingest other organic and particulate
organic matter.

(i) Microconsumers

These are popularly known as decomposers. They are saprotrophs (=osmotrophs) they include
mainly bacteria, actinomycetes and fungi. They breakdown complex compounds of dead or Iiving
protoplasm, they absorb some of the decomposition or breakdown products. Besides, they glease

morgan.%utrl Nts in environment, making them available again to autotrophs.

e
trophi€ e - Y i ERty ,j égeeach
“food” ) [ yaS MO ' .
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The amount of living™ me€k i “ trophicy dé 7els component population is
known as the standing corp. This té vapr (@ gER:- plam! . "Well as animals. The standing crop
may be expressed in terms i o

(i) Number of organisms per unit area,

(i) Biomass i.e.organism mass in unit area, we can measure it as living weight, dry weight,
ash-free dry weight of carbon weight, or calories or any other convenient unit suitable.
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Decomposers

In the absence of decomposers, no ecosystem could function long. In their absence, dead
organisms would pile up without rotting, as would waste products, It would not be long before and
an essential element, phosphorus, for example, would be first in short supply and then gone altogether,
the reason is the dead corpses littering the landscape would be hoarding the entire supply. The
decomposers tear apart organisms and in their metabolic processesrelease to the environment atoms
and molecules that can be reused again by autotrophic point of view. Instead they are important
from the material (nutrient) point of view. Energy cannot be recycled, but matter can be. Hence it is
necessary to feed Energy *into ecosystem to keep up with the dissipation,of heat or the increase in
entrophy. Matter must be recycled again and again by an ecological process called biogeochemical
cycle.

An Illustration
The Structure of ecosystem can be illustrated as under with the help of ponds example.
1. Abiotic Part
The abiotic or non-living parts of a freshwater pond include the follwing:
(i) Water,
(ii) Dissolved oxygen,
)

(iiiy Carbon Dioxide,

(iv) Inorganic salts such as phosphates, nitrates and chlorides of sodium, potassium, and
calcium

(v) A multitude of organic compounds such as amino acids, humic acids, etc. according to
the functions of the organisms, i.e., their contribution towards keeping the ecosystem
operating as a stable, interacting whole.

(a) Produces

the larger plants growing along the shore or floating in shaII (Vg AV }“ls\
he mlcroscoplc floating plants, most of WhICh are alga -; 4 'f‘

A » A 8 ®ollectively referred to as phytop|ankton " {o.‘ e "f 2 t)p&lble.
They aré xis BIBsORlI S S ;“ present in great abundanga %i;h Oleswater a greenish
tinge. PhytoplankfOhg ale'sig ST ta i ia6-Tooc .- idrdestig H eshiater” pond«ecosystem
than are the more readveASID v. ' ?a'
e *ﬁs;ég"&#
Among the macro consumers or phagotrophas' ‘of pond ecosystems include insects and insect
larvae, Crustaces, fish and perhaps some freshwater clams.

(b) Consumers

(i) Primary Consumers: Primary consumers such as zooplankton (animal plankton) are
found near the surface of water. Likewise benthos (bottom forms) are the plant eaters
(herbivores).

(i) Secondary consumers: The secondary consumers are the carnivores that eat the primary
.consumers. There might be some tertiary consumers that eat the carnivores (secondary
consumers).



ENVIRONMENTAL SCIENCE : ECOSYSTEM 117

Saprotrophs

The ecosystem is completed by saprotrophs or decomposer organisms such as bacteria, flagellage
protozoans and fungi, They break down the organic compounds of cells from dead producer and
consumer organisms in any of these ways-

(i) Into small organic molecules, which they utilize themselves, or
(i) Inorganic substances that can_be -used as raw materials by green plants.

ECOLOGICAL PYRAMIDS

The main characteristic of each type of Ecosystem in Trophic structure, i.e. the interaction of
food chain and the-size metabolism relationship between the linearly arranged various biotic
components of an ecosystem. We can show the trophic structure and function at successive
trophic levels, as under:-

Producers Herbivores Carnivores

It may be known by means of ecological pyramids. In this pyramid the first or producer level
constitutes the base of the pyramid. The successive levels, the three make the apex. Ecologlcal
pyramids are of three general types as under:

(i) Pyramid of numbers: It shows the number of individual organisms at each level,

(ii) Pyramid of energy: It shows the rate of energy flow and/or productivity at successive
trophic levels.

(iii) Pyramid of energy: It shows the rate of energy flow and/or productivity at successive
trophic levels.
The first two pyramids

That is the pyramid of numbers and biomass may be upright or inverted. It depends upon the
nature of the food chain in the particular ecosystem, However, the pyramids of energy are always

upright._:.' _:-
i T die'sycr.i,ption of these pyramids is as under: oot '::l -.-II =
. : |y |:.—" -.._ -~

1. Py mrijl%nunfoqﬂ

THe. pyramj show the. relationship between producer_zdw ___pres 'Ialﬁicarnlvm'es at
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(i) This number shows a demea%';:b@ﬁde Egé'x -&hﬂaﬁoms obvious, number thanthe

grasses.

(iiiy The secondary consumers, snakes and lizards are less in number than the rabbitsand
mice.

(iv) In the top (tertiary) consumers hawks or other birds, are least in number.
In this way the pyramid becomes upright. In a pond ecosystem, also the pyramid isupright
as under:

(i) The producers, which are mainly the phyto-planktons as algae, bacteria etc. are
maximum in number;
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(ii) The herbivores, which are smaller fish; rotifers etc are less in number than the
producers;

(iii) The secondary consumers (carnivores), such as small fish which eat up each other,
water beetles etc. are less in number than the herbivores;

(iv) Finally, the top (tertiary) consumers, the bigger fish are least in number.

However, the case is not so in a, forest eco-system. There the pyramid of numbers issomewhat
different in shape:—

(i) Producer, here the producers, are mainly large-sized trees, they are less in number,and
form the base of the pyramid.

(i) The herbivores, which are the fruit-eating birds, elephants, deer etc. are more in
number ‘than the producers.

(iiiy Thereafter there is a gradual decrease in the number of successive carnivores.

In this way the pyramid is made again upright. However, in a parasites food chain the
pyramids are inverted. This is for the reason that a single plant may support the growth of
many herbivores. In its turn, each herbivore may provide nutrition to several parasites, which
support many hyperparasites. Consequently from the producer towards consumers; there is a
reverse position. In other words the number of organisms gradually shows an increase, making
the pyramid inverted in shape.

2. Pyramids of biomass

The pyramids of biomass are comparatively more fundamentalism; as the reason is they instead
of geometric factor; show the quantitative relationships of the standing crops. The pyramids of
biomass in different types of ecosystem may be compared as under:

In grassland and forest there is generally a gradual decrease in biomass of organisms at
successive levels from the producers to the top carnivores. In this way, the pyramids are upright.
However, in a pond the producers are small organisms, their biomass is least, and this value
gradual shows an increase towards the apex of the pyramid and the pyramids ax ¢ made

-7
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FUNCTION OF AN ECO-SYSTEM

For a fuller understanding of ecosystems a fuller understanding of their functions besides
their structures is essential. The function of ecosystems includes, the process how an eco-system
works or operates in normal condition.

From the operational viewpoint, the living and non-living components of ecosystem are
interwoven into the fabric of nature. Hence their separation from each other becomes



ENVIRONMENTAL SCIENCE : ECOSYSTEM 119

practically very much difficult. The producers, green plants, fix radiant energy and with the help of
minerals (C, O, N, P, L, Ca, Mg, Zn, Fe etc.) taken from their soil and aerial environment
(nutrient pool) they build up complex prefer to call the green plants as converters or transducers
because in their opinion the terms ‘producer’ form an energy viewpoint which is somewhat
misleading. They contend that green plants produce carbohydrates and not energy and since they
convert or transducer radiant energy into chemical form, they must be better called the
converters or transducers. However, thg term’ producer’ is so widely used that it is preferred to
retain it as such.

While considering the function of an ecosystem, we describe the flow of energy and the cycling
of nutrients. In other words, we are interested in things like how much sunlight plants trap in a
year, how much plant material is eaten by herbivores, and how many herbivores carnivores eat.

Functions of Eco“system
The functions of Ecosystem are as under:
1. Transformation of Solar Energy into Food Energy

The solar radiation is major source of energy in the ecosystem. It is the basic input of energy
entering the ecosystem. The green plants receive it. And is converted into heat energy. It is lost
from the ecosystem to the atmosphere through plant communities. It is only a small proportion
of radiant solar energy thatis used by plant to make food through the process of photosynthesis.
Green plants transform a part of solar energy into food energy or chemical energy. The green plants
to develop their tissues use this energy. It is stored in the primary producers at the bottom of
trophic levels. The chemical energy, which is stored at rapid level one, becomes the source of
energy to the herbivorous animals at trophic level two of the food chain. Some portion energy is lost
from trophic level one through respiration and some portion is transfereed to plant-eating animals
at trophic level two.

2. The Circulation of elements through Energy Flow

It is_seen that in the various biotic components of the ecosystem the energy flow is the.main
drlvmg ce Qf, nutrient circulation. The organic and inorganic substances are moved r |ny

3 e s - . : 1% 2
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(i) Decomposition Of feafse : i ) abd“ddmals by decomposers and
their conversion mto‘s‘cﬂ ole’ o g

(i) Burning of vegetation by lighting,” aggidenl‘a'l forest fire or deliberate action of man. When
burnt, the portions of organic matter are released to the atmosphere and these again fall
down, under the impact of precipitation, on the ground. Then they become soluble inorganic
form of element to join soil storage, some portions in the form of ashes are decomposed
by bacterial activities.

(iii) The waste materials released by animals are decomposed by bacteria. They find their
way in soluble inorganic form to soil storage.
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4. The Growth and Development of Plants

In the biogeochemical cycles are included the uptake of nutrients of inorganic elements by the
plants through their roots. The nutrients are derived from the soil where these inorganic elements
are stored. The decomposition of leaves, plants and animals and their conversion into soluble

inorganic

form are stored into soil contributing to the growth and development of plants.

Decompositions are converged into some elements. These elements are easily used in development
of plant tissues and plant growth by bioehemical processes, mainly photosynthesis.

5. Productivity of ecosystem

The

productivity of an ecosystem refers to the rate of production i.e’ the amount of organic

matter, which is accumulated in any unit time. Productivity is of the following types:

(1)

(2)

3)

,
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Primary productivity: It is associated with the producers which are autotrophic, Most of
these are photosynthetic, Thus, they are, to a much lesser extent the chemosynthetic micro
organisms. These are the green plants, higher saprophytes as well as lower forms, the
phytoplankton’s and some photosynthetic bacteria. We can define Primary productivity as
“the rate at which radiant energy is stored by photosynthetic and chemosynthetic activity of
producers.” Primary productivity is further distinguished as:

Gross primary productivity: Gross Primary Productivity is the rate of storagé of organic
matter in plant tissues in excess of the respiratory utilization by plants during the
measurement period. This is, thus, the rate of increases of biomass. In this way, net
primary productivity refers to balance between gross photosynthesis and respiration and
other plant losses as death etc.

Sécondary productivity: These are the rates of energy storage at consumers level.
Since consumers only utilize food materials (already produced) in their respiration, simply
covering the food matters to different tissues by an overall process. The secondary
productivity is not divided into ‘gross’ and ‘net’ amount.

Net Productivity: Net productivity refers to the rate of storage of organic matter not used
by the heterotrophs (consumer) i.e. equivalent to net primary production minus consy ) ption
by«tf€sheterotrophs during the unit period. It is thus the rate of increase of bigmasSEof the, «
.f.r, ysproducers, which has been left over by the consumers. 2 - X ,{_ ‘g\
biljty “of @iEsosystem: The stability of ecosystems refers toxthe™ bak Jangs: o Weéen
f o ,.n peds +balance
ane bii -Q, pf energy and_normal_funotiepenl \--’:‘; |ogeothem|cal
cycles ahgh .nn(@\ n. Rim .- &6, .':’, TRt
(i) The EqUI Dl {H«# -o o.q:"u-' faiee that an ecosystem, always
tends towards stafi Y

S0QI*EAhe FamuMY*or an ecosystem is disturbed due to
external environmental charTge it qurc‘kl'y feturns to original state where as.

(i) The non-equilibrium model: The non-equilibrium model states that an ecosystem
stability is rarely attained because disturbances caused by frequent external
environmental change do not allow to develop ordered state of species assemblages in
an ecosystem.
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DECOMPOSERS

In this world all living organisms require a constant supply of nutrients for growth. The death and
decomposition of plants and animals, with release of nutrients constitutes an essential link in the
maintenance of nutrient cycles. When an organism dies, an initial period of rapid leaching
takes place and populations of macromolecules. The dead organism is disintegrated beyond
recognition. Enzymic action breaks down the disintegrating parts of the litter. Animals invade and
either eat the rapidly recolonized By micro- organisms, and the litter biomass decreases. It
becomes simpler in structure and chemical composition.

Process of Decomposition
The process of .decomposition involves three interrelated components, viz.
(i) Leaching (ii) Catabolism, (iii) Comminution.

1. Leaching

Leaching is a physical phenomenon operating soon-after litter fall. Soluble matter is removed
from detritus by the action of water. Sometime over 20% of the total nitrogen content of litter
maybe leached off. L

2. Catabolism
The process in a plant or animal by which living tissue is changed into waste products.
3. Comminution

Comminution to make small to reduce to power or minute particles. Comminution means the
reduction in particle size of detritus. During the course of feeding, the decomposer animals community
detritus physically. And utilize the energy and nutrients for their own growth (secondary production).
In due course, the decomposers themselves die and contribute to the detritus.

Function of Decomposition
The.;two major functions of decomposition within ecosystems are as under:- 5\

o, o
piece of\'&lg
decomposition
Community of Decompbserse

The community of deco-r\nc , protests and
invertebrates. The different species in such a commumty functlon in an mtegrated manner. For
example, a fungus decomposes plant litter and is eaten by an animal. Upon death, bacteria
decompose the animal, and protozoa may eat the bacteria. 3

Fungi and bacteria are the principal organisms that break down organic matter. Certain protozoa,
nematodes, annelids and arthopods strongly influence their functioning (i.e. of fungi and bacteria)
due to their feeling activities. Microarthopod fauna, comprising mainly of oribatid mites besides
other mites and collembolans, are abundant in most forest, grassland and desert ecosystem.
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Most of these micro-arthropods are predominantly fungal-feeders. They can do as under:

(1) They can decompose substrata.

(2) They can decrease substrata’s mass by leaching soluble intercellular components.

(3) They can do so by oxidation.
(4) They can physically cut in into smaller fragments.

Increased mineralization of nitrogen, phosphorus and potassium has been reported to be
mediated by microarhropods in several studies.

In the same way, the interactions of micro-arthropods with soil fungi are also quite important in
nutrient cycling. Studies of this aspect are made in mycorrhizal fungi and themicro-arthropods which
feed upon these fungi:

(1) It is found that Mycorrhizal pump massive amounts of nutrients form detritus and
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represent a sizable nutrient reservoir themselves.

(2) The orbited mites and other micro-arthropods feed on myocardial fungi they act like
herbivorous pests, and can alter nutrient relations/cycling in terrestrial ecosystems.

Table 3.1 : Chief Decomposer Organisms

Division/Class

Orders

Common Names

Eubacteria

Cyanobacteria
Myxomycota
Mastigomycotina

Zygomycotina

Protozo
Rotifera
Nematoda

Annelida
Mollusca

Arthropods, Diplopoda
Arthropods, Chilopods
Arthropods, Insects

Arthropods, Arachnida

Myxobacterales
Cytophagales
Spirochaetales
Actinomycetales

Mucorales
Eutomophjthorales
Zoopagales

(Several)
(Several)

Pulmonata

(Several)

(Several)

Fruiting bacteriaGliding
bacteria Spirochaetes
Actinomycetes

Blue green algae
Slime moulds
Chytrids, zoosporic fungi, water moulds

Pin moulds Entomogenous
fungi Nematode-trapping
fungi

Yeasts, cup fungi, flask fungi

Ruts, smuts, mushrooms,
Toadstools, bracket fungi, P

Isopods, decapods

Millipedes .

Centipedes

Termites, beetles, flies, Moths, ants,
grasshoppers, Cockroaches etc.
Scorpions, sun spiders, Mites, spiders

<.
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DECOMPOSERS WITH VARYING RELATIONS

Some decomposer organism’s cannot be assigned a rigid or fixed position in the food web.
Their trophic relations can vary from time to time.

1. Nectroph: Some decomposers are nectrophs. They cause rapid death of the food source
because they have a short-term exploitation of living organism. Nectrophs include may
plant parasitic microbes as well as some herbivores, predators, and microtrophs (organisms
which feed on living bacteria and fungi.)

2. Biotrophs: On the other hand biotopes resort to a long-term exploitation of their living
food resource. For example, root-feeding nematodes and aphids, obligate plant
parasites, e.g., and mycorhizae and root nodules, etc.

3. Saprotophs: The apostrophes utilize food already dead, and most of the decomposers
belong to this category.

Decomposers occupying different trophic levels

There are some such organisms causing decompositions as can occupy various trophic levels
under different conditions. For instance the root parasites like Fusarium and Thizoctonia are
necrotrophs, which often show a saprotrophic tendency. In the same way, the predators (foxes
and kites) sometime behave as saprotrophs. Biotrophs sometime act as necrotrophs or as saprotrophs.

Soul Invertebrates And Termites

There are some soil invertebrates e.g. earthworms and collembolans distribute organic matter
throughout the soil whereas others e.g. termites and ants, concentrate it at localized sites around or
near the royal chamber or in mounds. The following table shows the estimated activities of major
groups of soil animals.

Table 3.2 : Soil Animals’ Activites

Group #(m-2) Density R/Q Production Excretory C/N Ko
Respiratory efficiency products §
y guotient o
=
Proto g - 0.31-0.71 0.34-0.40 " Urea a
Nematoaipl ) 0.04-0.13
) .’lo; e
Annelids
(eartworms)
Molluscs 0-8500 Ammonia. urea,
Amino acids
Arthropods .
Collembola 700-40,00
Ants, termiter | 1000-10,000 Uric acid urates




124 ENVIRONMENTAL SCIENCE

ENERGY-ITS FLOW IN ECOSYSTEM

Energy-Defined

Energy can be defined as the capacity to do work, whether that work be on a gross scaleas
raising mountains and moving air masses over continents, or on a small scale such as transmitting
a nerve impulse from one cell to another.

-

Kinds of Energy

There are two kinds of energy, potential and kinetic. They can be explained as under:-
1. Potential Energy

Potential energy is energy at rest. It is capable and available for work.
2. Kinetic Energy

Kinetic energy is due to motion, and results in work. Work that results from theexpenditure
of energy can be of two kinds:

(1) It can store energy (as potential energy).

(2) It can order matter without storing energy.
3. Laws of Thermodynamics
The expenditure and storage of energy is described by two laws of thermodynamics:-

(i) Law of conservation of energy: The law of conservation of energy states that energy is
neither created nor destroyed. It may change forms, pass from one place to another, or
act upon matter in various ways. In this process no gain or loss intotal energy occurs.
Energy is simply transferred from one form or place to another.

Two Reactions
There may be either of the two reactions:

burnt the potential energy present in the molecules of WOO'd :
d heat is evolved to the surroundings. This is an exotherm C

example, in photosy
extra energy is acqurred

(i) Law of Decrease in El ng,
transformation of from one klnd “to another there is an increase in entropy anda decrease
in the amount of useful energy. In this way, when coal in burned in a boiler to produce
steam, some of the energy creates steam that performs work, but part of the energy is
dispersed as heat to the surrounding air.

Three Sources of Energy

Three sources of energy account for all the work of the ecosystem. These sources aregravitation.
Internal forces within the earth and solar radiation. The last one is significant '
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for ecosystem. The solar radiation, which originates from sun is the source of energy for lifeand is
what sets the ecosystem, besides other natural system.
Energy Flow

Due to unidirectional flow of energy, the behaviour of energy in ecosystem is calledEnergy
Flow. From the energetics point of view, energy flow is explained as under:

(i) The efficiency of the producers in absorption and conversion of solar energy.

(ii) The use of the above said converted chemical form of energy by the consumers.
(iii) The total input of.energy in form of food and its efficiency of assimilation.

(iv) The loss caused through respiration, heat, excretion etc.

(v) The gross, net production.

Single Channel Energy Model

Lindemann (1942) was the first to propose the community energetics approach or the trophic-
dynamic model) to ecology, which enables an investigator to compare the relative rates at which
different kinds concerning energy flow through forest ecosystems by the application of this kind of
approach, e.g. by comparing ratios of leaf fall to litter deposition on the forest floor. His
conclusion was that the rates of leaf production are higher and those of litter accumulation lower,
in the tropics than at higher latitudes.

l l l Decomposition

Solar radiation 30 De.com position
118,872 05

Decom position
’ (trace)

g g-' TOTROPHS B d
¢( s 2 HERB | CARNI: -
A b o VORES .
o Gra ction > F—— F——>  Nodidli
G.P. [GP) ™ - -

-

; L)
1 , -
A N e B 2 -&R .
| '.b ...--'. ®

Fig. 3.2 Single channel energy model.

The following conclusion can be drawn from the above figure: *

(1) Out of the total incoming solar radiation (118,872 g cal/cm2/yr), 118,761 gcal/cm?2/yr remain
unutilized. In this way, the gross production (net production plus respiration) by autotrophs
comes to be 111 gcal/cm2/yr with an efficiency of energy capture of
0:10 per sent. ‘ .
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(2)

3)

4)

()

(6)

),
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Again 21 per cent of this energy, or 23 gcal/cm2/yr (show on the bottom as respiration) is
consumed in metabolic reactions of autotrophs for their growth, development, maintenance
and reproduction.

15 gcl/ecm2/yr are consumed by herbivores that graze of feed on autographs-this figure
amounts to 17 per cent of net autotroph production.

Decomposition is 3 gcal/cm?2/yr which amount to be 3, 4 per cent of net production.

The remainder of the plant material, 70 gcal/cm?2/yr of 79.5 per cent production, is not
utilised. It becomes part of the accumulating sediments. Apparently much more energy
is available for herblvory than is consumed.

may conclude the following conclusions

Various‘pathways of loss are equivalent to and account for total energy capture of the
autotrophs i.e. gross production.

The three upper ‘fates’ i.e. decomposition, herbivory and not utilized collectlvely are
equivalent to net production.

Of the total energy which is incorporated at the herbivory level, i.e. 15/ gcal/cm2yr, 30
percent of 4.5 gcal/cm?/yr is used in metabolic reactions. .

In this way more energy is lost via respiration by herbivores (30 percent) than by autotrophs
(21 percent),

Considerble energy is available for the carnivores, namely 10.5 gcal/cm?2/yr or
70-per cent. It is not entirely utilized, merely 3.0 gcal/cm?/or 28.6 per cent of net
production passes to the carnivores. This utilization of resources is evidently more
efficient than the one, which occurs at autotroph-herbivore transfer level.

At the carnivore level the consumption in metabolic activity is about percent of the
carnivores energy intake.

The remainder becomes part of the un-utilized sediments; .

(i) By the energy d|SS|pated as heat in metabollc activities.
(ii) Measured here as respiration coupled with unutilized energy. Below

is a figure after Epodum (1963).
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Consumers

) prod uc ers
Trophic levels ——» 1 2 3

Green plants Herbivores Carnivores
NA
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Fig. 3.2 Energy flow diagram

This is a simplified energy flow diagram

(1) The diagram depicts three trophic levels. Boxes numbered 1, 2, 3 in a leaner food
chain exhibit these.

(2) 4L. shows total energy input (3000). .
s light absorbed by plant cover (1500).

)

8) Nu shows enerty. i ¢ . Xl :
9) NA shows energy not Zesigfa
(10) R shows respiration. AT
Some more elucidation of the figure is as under:
(1) The ‘boxes’ represent the trophic levels ’
(2) The ‘pipes’ depict the energy flow in and out of each level.

(¢
(7
(
(

Energy inflows balance outflows

The first law of thermodynamics requires it. The energy - transfer.is accompanied bydispersion of
energy into unavailable heat (i.e. respiration). The second law requires it.
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It is very simplified energy flow model of three trophic levels

Apparently the energy flows is greatly reduced at each successive trophic level from producers to
herbivores and then to carnivores. It is reflected that at each transfer of energy from one level to
another, major part of energy is lost as heat or other form. The energy flow is reduced
successively. We may consider it in either term as under:

(1) In terms of total flow (i.e. total energy input and total assimilation).
(2) In terms of secondary production and respiration components.

In this way of the 3,000 Kcal of total light, which falls upon the green plants, approximately
50 per cent (1500 Kecal) is absorbed. Only 1 per cent (15 Kcal) of it is converted at first trophic level.
Thus net primary production comes to be at 15 Kcal. Secondary productivity (P2 and P3 in the
diagram) is about 40 percent at successive consumer trophic levels in other words at the levels of
herbivores and the carnivores. However, efficiency may be sometimes higher as 20 per cent, at the
carnivore level as shown (or P3=0.3 Kcal) in the diagram.

It may be concluded from the above studies as under:

(1) There is a successive reduction in energy flow at successive trophic levels. Thus shorter the
food chain, greater would be the available food energy. The reason is with ap increase in
the length of food chain, there is a corresponding more loss of energy.

(2) With a reduction in energy flow (shown as ‘pipes’ in the diagram) at each successive trophic
level, there is also a corresponding decrease in standing crop or biomass (shown as ‘boxes’
in the diagram). However, it does not mean that there exists any correlation between the
biomass and energy. Indeed energy as taken here represents rate functions or production
rates. The relationships between biomass and content are not fixed. They may differ
according to the situations. For example, one gram of an algae (lesser biomass) may be
equal to many grams (more biomass) of a forest tree leaves as the rate of production of
the algae is higher than that of tree leaves.

Y-shaped energy flow model-Two channel energy flow model >
’ vialftae example of Lindeman, several authors described energy flow mod A‘ Qt v
+a808ysiEms.. Two illustrations are here:

o '{-
3 "-*l 9 pared an energy flow diagram of Root«Spring m . .
’m; L.
2)\ TG -‘,'L44?.‘ Tous 4- ared enefrgy flow model for S|I € c-‘ -.‘ 1.,-. C S)
(3) 30, 810 1-’.- S fo! LTTet P oguction=u%s 0|
'"M'- S G L

In model given by™ a o Root * SprNgs 4 mast, O The y rich materlal eatenby
heterotrophs entered the syst(?ﬁs agy blant © CONMREL othbeITd in the model givenby H.T.
Odum (1957) for Silver Spring, most of thé¥Hete ph’g*food in food chain was produced by green
with in some systems heterotrophs consume living plants while in others they feel on dead plant
parts (detritus).

(1) In Root Springs, the chain began with dead plant parts.
(2) In Silver Springs the chain began with live plant parts.
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On the basis of the studies E.P. Odum pointed out that in nature there are present twobasic food
chains in any system:

(1) The grazing food chain beginning with green plant base going to herbivores andthen
to carnivores, and

(2) The detritus food chain beginning with dead organic matter acted by microbes,then
passing to detritivores and their consumers (predators).

The figure given below present one.of the first published energy flow models as pioneered by
H.T. Odum in 1956.

. >
'fq‘v 1 L ‘el .. '1- - )‘
. . g . A - o Lk ’ s _
. \. e > N ” P - 4 _4,‘" 1% ~
R R e T e e
v, IOV K -~ ."’" l:j: %ﬂwort andsmaller

-~ “
-

The above figure 1
export of organic matter.

OV v {\"v
P indicates gross primary productidl ;'micates riet primary production. P>.
Pouiiiiiinnn Ps indicate secondary production at the shown levels.

Gross Primary production GPP = Total photosynthetic C fixation Autotrophic Respiration,RA
= GPP-NPP -

Net primary Production, NPP-RA
Heterotrophic Respiration, RH = respiration of consumers and decomposers. Ecosystem
Production, NEP = GPP-RE ‘ .
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The three major steps in energy flow correspond to:—
(@) Exploitation efficiency,

(b) Assimilation efficiency,

(c) Net production efficiency.

The product of the assimilation net production efficiencies gives gross production efficiency i.e.
by the fraction of the eaten material eventually transformed into consumer biomass. The whole food
web may be taken to be the product of the gross production.efficiency and the exploitation
efficiency. The various kinds of energetic efficiencies can bedefined as under:

Exploitation efficiency = Ingestion of food/prey production.

Assimilation efficiency = Assimilation/ingestion;

Net production efficiency = Production/assimilation.

Ecological efficiency = Exploitation efficiency x Assimilation efficiency x Net

production efficiency;
= Consumer production/prey production;
= Production/ingestion.

Gross production = Production/ingestion.

In animals, rate of production appears to depend on body mass. Per unit body mass, small
animals are found more productive than big animals. Again invertebrates are less productive than
mammals. Molluscs, annelids, isopods, and insects are invertebrates of intermediates size between
copepods and echinoids.

Some conclusions regarding energy flow in the ecosystem are as under:

There is no quantitative relationship between the production of a certain trophic level and the
production of the next lower trophic level (both in calorific terms) except for the very high or very
low values of the former. This applies to the “phytoplankton-filter feeders” and as well as
invertebrate predators” trophic links in the plankton food chain.

“ﬁltratfé;
S Tl

inanty
I6eTand consumers. In a system containing phyto-planktonic al Delg S
effec iZo ecgHrsmostly via grazing. In the case of larger algaggap 3 suﬁ@rs,
primar fit -

Meaning of Succession

Biotic communities are not static. Instead they change through time. This. change can be
understood on several levels. The simplest level is the growth, interaction and death of individual
organisms as they pass through their life cycles, affected by the cycles of seasons and other natural
phenomena. Some other levels of community change act over longer time
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spans and that account for much larger changes in community composition and structure. These
include ecological succession and community evolution.

It is evident from the above said that the term succession denotes a sequence of changes in the
species composition of a community, which is generally associated with a sequence of changes
in its structural and functional properties. The term is generally used for temporal sequence (in terms
of years, decades or centuries) of vegetation on a site; although only short term changes can be
observed directly and the long term anes are inferred from spatial sequences.

The changes associated with succession are usually progressive or directional. This fact enables
one to predict which species.are likely to replace other in the course of a succession. Sucession tends
to continue until the species combinations best suited to the regional climate and the particular site
are established.

Historical Background

The basic idea of succession was in the beginning forwarded by Anon Kerner (1863) in his
book “Plant Life of the Danube Basin” during the description of the regeneration of a swamp
forest. The term ecological succession was first of all used by Hult (1885) in the study of
communities of Southern Sweden. H.C. Cowles held that communities are not static but dynamic.
This changed understanding be visualized as an orderly, directional and predictable phenomenon. It
was added that succession is autogenic i.e. regulated by biotic interactions within the community.
The central foundation of the classical theory was that early communities alter the environment to
their detriment and favour later successional communities. It was revealed by the later studies that
allogenesis was perhaps more common and dominant than autogenesis; allogenesis means the
control of community dynamics by factors originating outside the community boundaries.

The succession of animals on these dunes was studied by ‘Shelford (1913). Later on, Olson
(1958) restudies the ecosystem development on these dunes and has given us an updated information
about it. Federick Clements (1907-1936) elaborates the principles and theory of succession. He
proposed the monoclimax hypotesis of succession. During the later years certain other hypotheses
were proposed by various ecologists to explain the nature of climax communities: for example,
polyclimx hypothesis by Braun-Blanquet (1932) and Tansley (1939): climax pattern hypothgsis by
WhlttaIng(:LQ 3), Mac intosh (1958) and Sellack (1960): and stored energy theory nmégtlon

th éy( 5 (1965,-1967) and Odum (1969). }“:s's
3‘ Loj & ) défined succession in terms of 3 parameters, viz.: , '{"
( derly process of reasonable dlrectional'and fairh ’gﬂpmty
f

A .

(3 BiftZae .o Wﬁ( um biomass and symbiotic
function between organlsm a Lyl - available energy flow. Whittaker
(1975), held that through the course of succession community production, height and mass,
species-diversity, relative stability, and soil depth and differentiation generally all tend to
increase. The culminating point of succession is a climax cemmunity of relatively stable
species composition and steady-state function, It is adapted to its habitat. It is permanent in
its habitat if it is not disturbed.



132 ENVIRONMENTAL SCIENCE

Ilustrations
Ecological succession can be explained with the help of illustrations as under: -
1. Lake

When a lake fills with silt it changes gradually from a deep to a shallow lake of pond, then
to a marsh, and beyond this, in some cases, to a dry-land forest.

2. Crop field r

When a crop field is deserted or a forest is severely burned over, itisjust like a plot of
bare ground and a series of plant communities grow up there and replace'on another - firest annual
weeds, then perennial weeds and grasses, then shrubs, and trees-until a forestends the development.

In this way, ecological succession is an orderly and progressive replacement.of one community
by another until a relatively stable community, called the climax community, occupies the area.

(1) In the first example the principal cause of the change in the community was physical
process-the filling in of the lake with silt.

(2) Inthe second example, a principal cause was the growth of plants on an existing soil.

Development ‘
Ecological succession develops as under:
1. Pioneers

The first organisms to become established in an ecosystem undergoing succession are called
pioneers; the stable community that ends the succession is termed the climax community.

2. Sere

The whole series of communities which are involved in the ecological succession at a given
area. For example, from grass to shrub to forest, and which terminates in a final stable climax
community, is called as sere.

‘ - Ce that is bringing them about.
These forces are biotic, climatic, Stographie,’ *and ™ geologic. Their resultant seres are
commonly called bioseres, cliseres, eoseres and geoseres.

Types of Succession .

The succession may be of the following two types:
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1. Primary Succession

Primary Succession is the process of species colonization and replacement in which the
environment is initially virtually free of life. In the other words the process starts with base rose or
sand dune or river delta or glacial debris and it ends when climax is reached. The sere involved
in primary succession is called presere.

2. Secondary Succession

Secondary succession is the process of change that occurs after an ecosystem is disrupted but not
totally obliterated. In this situation, organic matter and some organisms from the original community
will remain; thus the successional process does not start from scratch. As a result, secondary
succession is more rapid than primary. It is seen in areas burned by fire or cut by farmers for
cultivation. The sere‘involved in secondary succession is calledsubsere.

Types of Succession

The primary and secondary successions may be of three types. The cla55|f|cat|on is on the
basis of the moisture contents:

(a) Hydrach of Hydrosere

The succession when starts in the aquatic environment such as ponds, lakes, streanis, swamps,
bogs, etc. is called hydrach or hydrosere.

(b) Mesarch
The succession when begins in and area, where adequate moisture is present, is called mesarch.
(c) Xerach or Exerosere

The succession when starts in xeric or dry habitat having minimum amounts of moisture, such as
dry deserts, rocks, etc. is called xerach. A temporary community in an ecological succession on dry
as sterile habitat is called xerosere. It may be of three types as under:-

(1)’Iithosere—succession initiating on sand;

Allegonic community is the succession moving under the influence of external factors,as
input of nutrients, succession in a small pond or bog.

Autotrophic And Heterotrophic Succession »

Sometimes, succession is classified as autotrophic and heterotrophic on the basis ofcommunity
metabolism:



134 ENVIRONMENTAL SCIENCE

(1) Autotrophic succession is characterized by early and continued dominance of autotrophic
organisms like green plants. It begins in a predominantly inorganic environment. In it the
energy flow is maintained indefinitely.

(2) Heterotrophic succession is characterized by early dominance of heterotrophs, such as
bacteria, actinomycetes, fungi and animals. This sort of succession begins in a
predominantly organic environment and there is a progressive decline in the energy content.

Serule

The miniature succession of micro-organic environment and different types of fungi on the
fallen logs of the decaying wood, tree bark, etc. is called serule.

Drury and Nisbet (1973) classified succession into three main types:

(@) Categor); I includes many classical types of secondary succession and some primary
successions. It involves temporal sequences on one site with climate and physiography
mostly remaining stable.

(b) Category Il includes many primary successions (especially those in ponds and lakes)
and a few secondary successions. In this, temporal sequences on site with the local
environment changes under the influence of such external factors as climate, erosion,
drainage, nutrient inputs, etc.

(c) Category Il includes those changes, which take place over long (geological) time scale,
and cover spatial sequences on adjacent sites.

Common attributes of Ecological Succession
Some Common attributes of ecological succession are as under:

Table 3.3 Ecosystem Attributes

Ecosystem attributes Development Stage Mature Stages
’ ) -
Nurity Energetics More or less than 1 55}
¢;’/ op/community respiration ache ": ~
' dnding crop biomass High 2

Food Chains ' Predominantly linear

B. Community Structure

Total organic matter Less More
Inorganic nutrients Extrabiotic . Intrabiotic
Species diversity Low High
Biochemical diversity Low High

SpaFigI .heterogeneity and stratification Poor Well-organized

(Contd.)
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C. Life History

Niche specialization Broad Narrow
Organism size Small Big

Life Cycle Simple & short Complex, Long
D. Nutrient Cycling

Mineral cycles c Open Closed
Nutrients exchange rate, Rapid Slow

Role of detritus in nutrient regeneration

E. Selection

Growth . For rapid growth “I” Mainly for feedback
selection control (k-selection
Quantity Quality

F. Overall Homeostasis

Internal symbiosis Undeveloped Developed,

Nutrient conservation Poor Good

Stability (resistance to external perturbations Poor Good

Entropy High Low

SUCCESSION: GENERAL PROCESS, CLIMAX

General Process

The process of succession being with a bare area or nudation formed by several reasons, such as
volcanic seruption, landslide, following sequential steps.

burning,
2. Invasion

The invasion means the*arevakOfFEH gules of various organisms
and their settlement in the new or har&<are : invaders (pioneers) in any area the

animals depend on them for food. The |nva3|on mcludes the foIIowmg three steps:

(a) Dispersal or migration: The seeds, spores or other propagules of the spemes reach the
bare area through air, water or animals.

(b) Ecesis: Ecesis is the successful establishment of migrated plant species into the new
area. It includes germination of seeds or propagules, growth of seedlings and starting of
reproduction by adult plants.

.-
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(c) Aggregation: In this stage, the successful immigrant individuals of a species increase
their number by reproduction and aggregate in large population in the area. As a result
individuals of the species come close to one another.
Keywords :

1. Bioaccumulation: The retention and concentration of a substance by an organism.

2. Bioassay: A test which determines the effect of a chemical on a living organism.

3. Bioconcentration: The accumulation of a chemical in tissues of an organism (such as fish) to levels that
are greater than the level in the medium (such as water) in which the organism resides.

4. Biological Degradation: A process by which micro-organisms break down waste materials. Nutrient
additives may be introduced into a contaminated area (such as groundwater or soil) for the specific purpose
of encouraging biodegradation.

5. Bioremediation: Refers to treatment processes that use microorganisms (usually naturally occuring) such
as bacteria, yeast, or fungi to break down hazardous substances and pollutants. Bioremediation can be used
to clean up contaminated soil and water.

6. Bioventing: An in-situ remediation technology that combines soil vapor extraction methods with

v » wN R

bioremediation. It uses vapor extraction wells that induce air flow in the subsurface through air injection or
through the use of a vacuum. Bioventing can be effective in remediating releases of petroleum products,
such as gasoline, jet fuels, kerosene, and diesel fuel.

QUESTIONS

Explain the concept of an ecosystem with their structure and function.

Write the procedures of ecosystem in your own words.
Draw an energy flow in the ecosystem.
What is Ecological Succession, and food chain ? Explain in your own words.
Write short notes on:
(a) Ecological pyramids,
(b) Types and characteristics,

(c) Structure and functions of ecosystems.



UNIT .
4 | Environmental Science :
Biodiversity and Conservation

INTRODUCTION

Today most of us live in a socially and technologically evolved society where our exploitive
potential and knowledge of nature has increased academically. The problem is that our contact with
it has diminished morally. It may have diminished to such an extent as to be dangerous to us and to the
nature itself. Biodiversity is the vast array of all the species of plants, animals, insects and the
microorganisms inhabiting the earth either in the aquatic or the terrestrial habitats. The human
civilization depends directly or indirectly upon this biodiversity for their very basic needs of survival—
food, fodder, fuel, fertilizer, timber, liquor, rubber, leather, medicines and several raw materials. This
diversity’s the condition for the long- term sustainability of the environment, continuity of life on earth
and the maintenance of its integrity

Species diversity
It includes full range of species from micro organisms to giants and mammoth varieties of
plants and animals, e.g. single celled viruses and bacteria etc. and multiscellular plants, animals and
fungi.
Ecosystems diversity
It studies variation in the biological communities in which species Jive, exist and interact.
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Because genes are parts of species, and the species make up ecosystems- the concept of
biodiversity reflects an interrelationship among its three components. Biodiversity is distributed
uniformly across the globe. It is substantially greater in some areas than in the others. Generally,
species diversity increases from the poles towards the tropics- for instance, among the terrestrial
systems, the tropical moist forests, which cover only 57% of the earth’sland area, possess as
much as over 50% of the world’s species.

LOSS OF BIODIVERSITY

Biodiversity is diminished or destroyed ina number of ways either by natural changes or by
human disruption. The loss of even a single species is considered as a tragedy as each form of life is
a natural storehouse of irreplaceable substances the genetic materials (Ehrlich& Ehrlich, 1982). As
species become extinct, the fine balance of nature is disturbed to great extent. The loss of even a single
species can alter a food chain/food web, i.e. ecosystem disruption, and upset the delicate balance
between one species that preys upon another.

Natural Causes

Species arise through processes of mutation, isolation, and natural selection. Evolution can
proceed gradually over millions of years or may occur in large jumps when new organi'sms migrate
into an area or when environmental conditions change rapidly. In asense, species that are replaced
by their descendants are not completely lost. The much larger modern horse, for instance, has
replaced the tiny Hypohippus, but most of its genes probably still survive in its distant offspring.

Human-Caused Extinction

Man has a long history of dependence on biological resource hence depletion of resourcesis
obvious. It has never been the pursuit of mankind to completely destroy other species, butin a
variety of ways through ignorance or carelessness, we have reduced biological abundance and driven
species into extinction. Man as a hunter in Stone Age may have been responsible for the
extermination of the “Mega fauna” of both America and Eurasia during the Pleistocene era limatic
ve been partlally or primarily responsible. Vast usage of bones'

A SUpport system.
& rate of, 1fm|II|on
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estimate, we are now likely to lose around 50,000 sp‘emes a year over the next decades. According to
the IUCN Red Data Book, the following is a broad list of threatened animals:
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Table 4.1: List of Threatened Animals

Animal group

No. of species

Mammals

Birds

Reptiles
Amphibians

Fish

Insects

Molluscs

Corals and sponges
Annelid worms

Crustaceans

507
1,029
169
57
A3
1,083
409
154
139
126

139

In a large number of southern countries the seeds of biodiversity destructions were laid during the
colonial era. In India, for instance, large-scale commercial forestry started in British colonial times
speeded up the rate of forest exploitation for fodder, meat, milk and coffee demand. Deforestation
and biodiversity destruction to sustain life after independence by our more recent ancestors added
fuel tothe fire. Our mental capabilities do not allow us to accept the growing changing demand of
time. We still experience a lot of dependence on forest products especially for fuel wood. However,
government has provided substitutes of solar driven appliances for cooking and lighting. Still it has
failed to decrease pressure on wood resources.

Table 4.2. Direct and Indirect Impact of Humans on Biological Resources

Direct impact

Indirect impact

,
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1. Measuring Biodiversity

Diversity can be defined as the number of species found in a community. Hence, biodiversity
refers to the species richness of an area. Algorithms of biodiversity have been developed to connote
species diversity at different geographical scales as follows:

Alpha Diversity

AN
-

Habitat destruction

Exotic species Introductions' ' %

Diseases A
- d o

Pollution e ol 3

It indicates the number of species in a single community. The index can be used to compare
the number of species in different ecosystem type.
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Beta Diversity

It indicates the degree to which species composition changes along an environmental gradient.
Gamma Diversity

It indicates the rate at which additional species are encountered as geographical replacements
within a habitat type in different localities.
2. Rio-geographic Classification of Tndia

India has been classified into ten bio geographic zones by the W|Id||fe Institute of India under
the Government’s Bio-geographic Project Table 3.

Table 4.3: Bio-geographic Zones of India

S.No. | Bio-geographic Zones Distribution
Trans- Himalaya Ladakh Mountains, Tibetan plateau.
Himalaya North-Western, Central, Western and Eastern
Himalayas
3. Desert Thar, Kachchh L
4. Semi-arid Punjab plains ’
5. Arid Gujarat, Rajputana
6. Deccan Peninsula Central Highlands, Chhota Nagpur, Eastern Highlands,
Central Plateau, Deccan south
7. Gangetic Plain Upper and lower Gangetic plain
Coast West coast, East coast
North-East Brahmputra valley, North east hills
10. Island Andamans and Nicobar Group of Islands, Lakshwadeep

*fea-coffee, tobacco, liquor, oil
k" products), honey, etc. from animal

resources.

Other Resources: Medicine, fuel, timber, household accessorjes, fodder, fiber, fertilizer,
wool, leather, paint, resin, wax, thatch. Ornamental plants, rubber, creams, silk, feathers,
decorative items, etc.
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Indirect Values

Non-consumptive uses and options for the future.

1.

N o U W

© ©

(ii)

Carbon fixing through photosynthesis, which provides the support system for species.
Pollination, gene flow, etc.

Maintaining water cycles, recharging ground water, protecting watersheds.
Buffering from climatic extreme conditions such as flood and drought;

Soil production and protection from erosion;

Maintaining essential nutrient cycles, e.g. carbon, nitrogen, and oxygen and others.

Absorbing and decomposing pollutants, organic wastes, pesticides, air and water
pollutants; .

Regulating climate at both macro and micro levels;

Preserving recreational, aesthetic, socio-cultural, scientific, educational, ethical and
historical values of natural environments.

Consumptive Use. Man is mostly dependent on plant and animal resources for his’ dietary
requirements. A major share of our food comes from domesticated crops and animals.
Still we derive major of food from wild species. A large section of human population is
dependent on food, which we gather from seas, and oceans that is harvested from free
roaming wild organisms. Seafood is rich in minerals and vitamins and contains up to 60
percent of the protein. Unfortunately, deforestation, hunting and clearing of forests, grazing
and expansion of agricultural lands removes potentially valuable food species and the
wild ancestors of our domestic crops.

Productive Use. Trade and commerce industry is very largely dependent on forests.
Besides, timber, firewood, paper pulp, and other wood products, we get many valuable
commercial products from forests. Herbs of medicinal value. Rattan, cane, sisal, rubber,
pectins, resins, gums, tannins, vegetable oils, waxes, and essential oils are among the
Lproducts gathered in the wild form forest areas. Like Himalayan forests serv.as a

Jtoreuse of medicinal herbs, which are presently being used to cure many dis@ases.
¢-'/ 3Ry, MMild species e.g. milkweeds, etc. are also being investigated .as @%souiée
0P

(iv)

Akl |ds and other valuable organic chemicals. 2 '{{.‘ .};g
‘ edlcmal and aromatic plants are belng expjpitee N Wild, tQ'tap

» Y | 4 .
eirp A0 ORI :=| ailmént cure in the field of 'xv‘; px{racjie \,'-. yﬁphae
a et ! £s

r ru.. _\‘ Ne-+ [ tIrr . :;’{
cultured in "plas -w,. -fA o“, 0 (r IE CRupe

conservation viz." Valley -’" flc tAF §,. gftangd ‘;.“ oveafu” &  Spiti Valley. Animal
products are also soufcessaf: 4 : r‘ pharmaceuticals, antibiotics, heart
regulators, anticancer and ant parasne drugs blood pressure regulators, anticoagulants,

enzymes, and hormones.

Ecological Benefits. Man cannot have control over nature in the wild. It can only put
“pressure on resources and pollute environment. Then what makes environment act as a self-
replenishing system with respect to resource generation and self- cleanliness. To answer this
comes into picture the role of biological communities. The processes of soil formation,
waste disposal, air and water purification, nutrient cycling, solar energy absorption, and
management of biogeochemical and hydrological
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are all beyond the scope of man’s control. Non-domestic plants, animals, and microbes do
this favor to mankind by maintaining ecological processes at no cost. These also serve as a
library of gene pool. Wild species of plants and animals exercise control over disease-
carrying organisms and in suppressing pests. Food chain explains how nature keep a control
over population of organisms wherein organisms of small size and larger in number are
consumed by organisms large in size and smaller in number to next higher tropic level.
Hence, preservation of natural areas and conservation of wild species should be encouraged
and practiced to restore the biological wealth.

(v) Aesthetic Use. Wild species of plants and animals have always appealed man’s psyche.
Human society has evolved from his early habitat in the forests, - which abounds in flora
and fauna. Till date his instinct to observe nature in the wild calls him from socially and
culturally an evolved society, as tourist from far and wide places. Thousands of tourists
visit national park, sanctuaries and forests throughout the country and especially in
mountainous areas. A glance of temperate grasslands perhaps the most beautiful landscape
pleases and comforts man. All domestic plants have evolved from wild ancestors and food
gathering is no longer a necessity for man but still thousands enjoy hunting, fishing and
other adventurous outdoor activities that involve wild species. Such environment and
playful exercise gives man an opportunity to renew his pioneer skills, and be at mental
ease after leading a hectic day in today’s life. Man enjoys his surrounding by
decorating it with images of wild animals and plants.

(vi) Cultural Benefits. A particular species or community of organisms may have emotional
value for a group of people who feel that their identity is inextricably linked to the natural
components of the environment that shaped their culture. This may be expressed as a
religious value, or it may be a psychological need for access to wildlife. In either case, we
often place a high value on the preservationof certain wild species.

(vii) Option Values. This refers to the use of various species for the benefit of mankind,
sometime in future. The hunt for various species under the scope of biotechnology. is

» already underway for finding solutions to various environmental probl The
.J nvigenmental issues being addressed to be: pollution as a major proble %flght
¢;/_ L vanoused sease viz., cancer, diabetes etc., AIDS and others.

L
-
.’.'a.
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pbal, National and Local levels - . . e - 2%
4 4.

BioteLsity Assessmefit e “ ,J'

1. Glob qh ‘,!. h ‘ > .

The mitiative \“.‘t ROBS[HENk, s «taigPhsions ack , 1 _¢' W|th the UNEP
Biodiversity Country Stu \‘\4, S “' 0§ bilitrar e e el Environmental Facility
funded studies in developihd=tduht ,.‘ f Dlg) .r'-'l if"ceaperatio W|th donor countries and
UNDP. The preparation of it date 10" ¥83Y, Mhieteen studies have been completed and
several more are in the process of completlon The approach from gene to ecosystem was initiated as
a Research Agenda for Biodiversity, IUBS/SCOPE/ UNESCO, Paris (Sol brig,1991). The agreed
text of the Convention on Biological Diversity was adopted by 10% governments in Nairobi in
May 1992, signed by 159 governments and the European Union at the United Nations
Conference on Environment and Development (UNCED) held at Rio
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de Janeiro in June 1992. At present 174 governments is party to this convention. Apart from this
Global Biodiversity Strategy (1992), Global biodiversity; Status of the Earth’s Living Resources
(1992), Caring for the Earth; A Strategy for Sustainable Living (1991), Global Marine Biological
Diversity: A Strategy for Building Conservation into Decision Making (1993), Norway/UNEP
Expert Conference on Biodiversity (1993) and From Genes to Ecosystems: A Research Agenda for
Biodiversity (1991) are the milestones on the international biodiversity initiatives. Many more nations
are engaged in developing their own National Biodiversity Strategies. Global Biodiversity Assessment
(UNEP, 1995) estimates the total number of animal and plant species to be between 13 and 14
million. It further records that so far only 1.75 million species have been described and studied.
Ecosystem diversity has not been even reasonably explored as yet. Hence, there seems to be
wide gap of knowledge at global, regional and local levels.

Till recent past biodiversity conservation was thought to be limited to saving ‘genes, species and
habitats but the implementation revolutionary policies and more awareness has led to the emergence
of a framework based upon saving biodiversity, studying and most importantly using it sustainable.
Reforms in the field of forestry, agriculture, technology, international trade agreement and watershed
management is required. Biodiversity is directly or indirectly related to masses (researchers,
government agencies, non-government agencies and private sectors) ‘at all levels of development.
Since we depend upon biodiversity our various activities can be linked to its usage and cénservation.
Therefore, trade, economics, population, land tenure, intellectual property rights and resource
consumption & waste are all related to biodiversity conservation. Hence, its sustainable use can be
promoted through information, ethics, knowledge and awareness.

2. Levels of Action

Need for biodiversity conservation is realized by all nations of the world because their lies
common interest of masses. Most of the resources do not belong to an individual, a nation or a
continent. They are simply global. Each and every member on the earth has equal right over it.
To limit the loss of biodiversity globally 4 major steps have been realized important at national,
regional and local levels.

NS &

MAWCU), UNEP together with
ganlzations have prepared the
. This would serve mankind on a

more sustainable basis.

(iiiy Convention on Biological Diversity (COBD)

Under the aegis of UNEP, more than 100 nations gathered during Earth Summit at Brazil.
This was accomplished to workout a legal framework for—
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e Governing international financial support for biodiversity conservation,
e The identification of international conservation priorities and
e Technology transfer for conservation and use of biodiversity.

(iv) AgendaZ2l

Developed through a series of inter-Governmental preparatory meetings with input froma
variety of non-Governmental processes including the Biodiversity Strategy Programme— AGENDA
21 provides a plan of action on a number of issues including biodiversity.

INDIA AS A MEGA-DIVERSITY NATION

Lying at the junction of Agro-tropical, Euro-Asian and the Indo-Malayan biogeography realms,
India is a country of vast biodiversity in the world and quite a significant one all over the globe.
In fact, it is among the twelve “Mega diversity” countries in the world. Indiais also a “Vavilov”
centre of high crop genetic diversity—so named after the Russian agro botanist N.I. VaV|Iov who
identified about eight such centres around the world in the 1950s.

India, a mega-biodiversity country, while following the path of development, has beensensitive
to the needs of conservation. India’s strategies for conservation and sustainable utilization of
biodiversity in the past aimed at providing special status and protection to biodiversity rich areas by
declaring them as national parks. Wildlife sanctuaries, biosphere reserves, ecologically fragile and
sensitive areas. It has helped in reducing pressure from reserve forests by alternative measures of fuel
wood and fodder need satisfaction. by a forestation of degraded areas and wastelands, creation of ex-
suit conservation facilities such as gene banks and eco-development. The challenges before India are
not only to sustain the efforts of the past but also further add to these efforts by involving people
in the mission.

BIODIVERSITY ASSESSMENT: INITIATIVES IN INDIA

reported from Eastern Ghats (MacKlnnon Rj mcn 1986). The Project on Study, Survey
and Conservation of Elidangered Plants (POSSCEF) has estimated that about 3000-4000 plant
species are under different degrees of threat (Nayar & Shastri, 1987). Recently, Ministry of
Environment and Forests, Government of India has launched a project viz., National
Biodiversity Strategy and Action Plan (NBSAP) which envisages the assessment and stock taking
of biodiversity related information at various levels, including distribution of endemic and
endangered species and site-specific threats. Key features of this project include emphasis on
decentralized planning and use of interdisciplinary working groups to involve all sectors
concerned with biodiversity conservation.



ENVIRONMENTAL SCIENCE : BIODIVERSITY AND CONSERVATION 145

Table 4.4: Wild Animal Diversity in India

S.No. Class World India % (Age) Endemism
1. Mammals 4,231 372 8
2. Birds 8; 400 1,175 4
3. Reptiles 5,375 399 33
4. Amphibian 2,000 181 62
5. Fishes " 23,400 1,693 . —
6. Insects 8,00,000 60,000 -
7. Molluscs 1,00,000 5,000 -

Source: Wildlife Institute of India WII, (1993).

Table 4.5: Wild Plants Diversity in India

S.No. Flora World India % of Endemism
1 Angiosperm 2,50,000 15,000 6
2 Gymnosperm — 64 —
3 Pteridophytes — 1,022 —
4. . Bryophytes — 2,584 -
5 Algae — 2,500 —
6 Fungi — 23,000 —
7 Bacteria — 850 =

'E. Lichens = 1,600 — ‘;‘
v‘- o xﬁ -
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basis worldwide for

conservation practices and are-*IoWR Bk
world’s plant species in only 0.2%"of 5T ol A5 FelCe mega diversity nations (Mexico,
Columbia, Brazil, Peru, Ecuador, Madagascar, Indonesia. Malaysia. India, China and Australia)
contain 60-70 % of the world’s biodiversity. Out of the total hot spots worldwide two lies in India.
These are represented by North-eastern Himalayas (Khasi jaintia hills and the lower Himalayan slopes
embracing areas of Arunachal Pradesh, Assam, Meghalaya, Nagaland and Tripura} and Western
Ghats region in the south. These fall under heavy rainfall zones.

The rain forests of the Western Ghats and the eastern Himalayas consist of very dense and
lofty trees with a multitude of species occurring in the same area. Hundreds of species
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of trees can be identified in a hectare of land besides mosses, ferns, epiphytes, orchids, lianas and
vines, herbs shrubs and fungi that make up this. region the most diverse habitat. Giant trees stretch up
towards the sun. Buttress roots, anchored within the soil, support the smooth straight trunks, which
rise 30 mts. or more before branching out. The spreading crowns effectively block outmost of the
light from the light from the ground beneath. Dipterocarpus sp. predominates in these forests and this
type of vegetation is often called Dipterocarpus forests.
1. North-east Himalayas

From the dense evekgreen and semi-evergreen vegetation of the foothills in the Eastern.
Himalaya, the character of vegetation changes at altitudes of 1525 m to 1830 m. Qaks, magnolias,
laurels and birches covered with moss and ferns replace the sal, silk-cotton trees and giant bamboos
of the foothills. At about 2745 m to 3660 m one enters the coniferous forest of pine, fir yew and
junipers. There is undergrowth of scrubby Rhododendrons and dwarfs bamboos. Due to high
humidity and much higher rainfall, lichens, mosses, orchids and other epiphytes cover the tree
trunks. The animal life in the temperate region is different from the western Himalaya and is
characterized by the presence of Indo Chinese fauna. The red panda, hog badgers, ferret badgers,
crestless porcupines are typical species of this area. Three kinds of goat antelopes also occur in
the eastern Himalaya and are relatives of the European chamois. Goral is a smaller geat antelope
found throughout the tract on rugged grassy slopes and on rocky grounds near the conifers
forests.

2. Western Ghats

The Western Ghats and the central belt lying to the west of it, is a region of very high rainfall
and is characterized by evergreen vegetation, its flora and fauna being a kin to the evergreen rain
forest of north-eastern India. Among the macaques the lion tailed (Macaca silenus) is one of the
world’s most endangered primates, surviving in the evergreen forests of the Western Ghats of
south India, its total population is estimated to be about 800 only. In the langur group, the nilgiri

‘langur’ (Presbvtis johni) is a multihabitat species occurring in addition to the shoals, In the
temperg evergreen forests above 1700 m altitude in the Western Ghats. A number of
*avolved glldmg mechanlsms and are partlcularly characterlstlc S

ests havte not been
destroyed for various plantat I=80ro0a 2 er virgin forests remain
have to be speually protect‘& aScyin sthe -\AREY, - of —'“' fa or the rich orchid belt of the

THREATS TO BIODIVERSITY

The biggest reason for the current increase in extinctions is habitat loss. Destruction of
tropical forests, coral reefs, estuaries. Marshes, and other biologically rich ecosystems
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threaten to eliminate thousands or even millions of species in a human-caused mass extinction that
could rival those of geologic history. By destroying habitat, we eliminate not only prominent species
but also many obscure ones of which we may not even be aware. Over harvesting of food species is
probably the most obvious way in which humans directly destroy biological resources. There are
many, historic examples of human disturbances of natural systems. Once-fertile areas have become
deserts because of unsound forestry, grazing, and agricultural practices. Technology nm” makes it
possible for us to destroy vast areas.even faster than in the past. Undoubtedly the greatest current
losses in terms of biological diversity and unique species occur when tropical moist forests are
disrupted.

1. Main Causes of Threat to Species

It is well known now that several plant species have become extinct due to certain natural
phenomena, such as land upheavals, volcanic eruptions, glaciations, protracted periods of rain or
drought, spreading of desert lands, forest fires and eutrophication in the geological past. While such
natural processes in the past had no doubt led to the extinction of flora, the resulting new
environmental conditions had also resulted in the evolution and speciation of new flora and
migration of floral elements.

But, in recent times man with his anthropogenic associates and other factors or practices such as
fire or ‘slash and burn’ for shifting cultivation (also called as ‘jhum’ or ‘podu’ cultivation in India),
grazing by cattle and by several other mechanical means, has suddenly accelerated disastrous
condition in natural ecosystems. Besides, commercial exploitation of entire plants, roots, rhizomes,
tubers bulbs seeds and fruits has been the prime cause of depletion of more important wild economic
plants throughout the world for lucrative financial gains, in the trade which flourishes both by legal
and illegal means Rauvolfia serpentina, Coptis teeta, Dioscorea sp. and Podophylum hexandrum
serve as good examples.

(i) Habitat Destruction

Deforestation has been one of the major causes for the depletion of wildlife. With the increase in

human population and the growing need for resources, forests were cleared or for agri tural

Widespread habltat loss all over the i s S the populatlon of many speues
making them rare-and endangered. In our race for progress and prosperity we have disturbed
the delicate balance of Nature.

(i) Hunting and Poaching
Uncontrolled hunting of wildlife for pleasure, food, furs. Skins, horns, tusks, etc. pose a

serious threat to the survival of wildlife. In India, the Cheetah was hunted to extinction. The
illegal trade in animal skins has been responsible for the destruction of a large number
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of tigers, leopards, deer, fishing cat, crocodiles and snakes, as well as birds with beautiful plumage.
Elephants were hunted for ivory. The rhinoceros was killed for its horns because of the
superstitious belief that it contained aphrodisiac properties. There are laws in the country to prevent
such illegal trade, but unscrupulous elements, traders and exporters often violate these. Added to
this is the practice of trade in exotic mammals, birds and reptiles and use of wild animals in
biomedical research.

(iii) Pollution —

Pollution of air, water and soil due to various industrial activities not only affect our health,
but the health and well béing of animal population also. Industrial effluents one reaching water
bodies adversely affect aquatic life. Pesticides like DDT and Dieldrin are very harmful. These
have a major effect particularly sea birds and their eggs. Oil pollutionis another serious problem
affecting the seas'through leakage from cargo ships or accidents.

Besides there are other numerous factors that affect wildlife population, which are mostly
anthropogenic. Introduction of exotic species, unhealthy agricultural practices, diseases introduced by
domesticated animals, silting of rivers, floods and droughts are a few to name some. These all have
somehow contributed to the process of endangering animal species.

2. Man and Wildlife Conflict t

Man by virtue of his nature is destructive and self-centred despite the fact that he is known as
social animal. Until he realizes the need of time no rules and regulations may help. The
exploitation of forests and wildlife or rare species for commercial purposes shouldbe stopped. A
good tiger skin is worth more than five thousand rupees. The tusks of an elephant and the skin of
big cats also fetch a good prize. The horns of rhinoceros carry a highly fancy prize. This high
market value has lead to unlimited slaughter of these animals.

ENDANGERED AND ENDEMIC SPECIES OF INDIA

the International BIO|OgIC&|\P
Nature and Natural resources (IUC 3
studies in to the problems involved, partlcularly the problem of protecting and preserving wild fauna
and flora in their natural habitat/ecosystemsestablishing nature reserves.

Later at the 10th General Meeting of the IUCN, the Survival Service Commission reviewed
the status of endangered species of plants and their habitats. The recent promulgations of the United
States Endangered Species Act (1973), the UK Wild Creatures and Wild Plants Act. (1975),
development of international conventions on conservations (Wetlands Convention) and the setting
up of Biological Records Centre of the Nature
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Conservancy, UK, and threatened plants, orchids, cycads tree wide awakening of the need for
the conservations, preservation and protection of floras of the world.

According to the Volume 5 of Red Data Book on angiosperms started by the Survival
Service Commission of the IUCN in the year 1970 (Melville, 1970), it is estimated that outof
the total of three lakes (0.3 million) species of plants in the world, over 20,000 were in the
category of either endangered or vulnerable and threatened with extinction by the year 2000
A.D.The following categories of rare species have been recognized by the IUCN, mainly based on
(i) present distribution, (ii) decline in number of time, (iii) abundance and quality of natural
habitats, and (iv) biology «and potential value of the species.

Endangered (E)

Species in danger of extinction and whose survival is unlikely if the casual factors continue
operating, included are species whose numbers have been reduced to a critical level or whose
habitats have been so drastically reduced that they are deemed to be in immediate danger of
extinction.

Vulnerable (V)

Species believed likely to move into the endangered category in the near future if the casual
factors continue operating. Included are species, of which most or all the populations aré decreasing
because of over-exploitation, extensive destruction of habitat or other environmental, disturbance
species with populations that have been seriously depleted and whose ultimate security is not yet
assured; and species with populations that are still abundant but are under threat from serious
adverse factors throughout their range.

Rare (R)

Species with, small world populations that are not at present endangered or vulnerable, but are
at risk. These species are usually localized within restricted geographical areas or habitats or thinly
scattered over a more extensive range.

Threatened (T) .

.T :
E JiX
the)’ PRt ed, o Inerable or Rare, but there is known g ,
Vulnefah!& 0eiR3 ""v-_ not enough information to say wh|c 0 56y X gpcn's is
appropri ) . ,“
Out of Danger (O) Y

Species formerly |n ch are now considered
relatively secure because effectlve- aken or the previous threat to

their survival has been removed. . VT
Indeterminate (1)
Species that are suspected of belonging to one of the first threé categories,.but for which
insufficient information is currently available.
1. Endemic Species of India

India has a very rich element of endemics in its flora. According ,to Chatterjee (1940) Indian
subcontinent has about 61.5 percent to endemic flora with about 7,000 endemic species
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and 134 endemic genera. Of these the Himalayas and the Khasi Hills account for about 3,000 and
Deccan peninsula for about 2,000 endemic species. These figures speak eloquently of the great need
for protecting the endemics. This can be done effectively by carefully analyzing the floristic
composition of the various phytogeographical units of Indian flora and by selecting suitable natural
forests in these units and preserving them as ‘Biosphere Reserves’.

Sapria himalayana, Uvaria Inroad, Alcimandra cathcartii Magnolia gustavii, M pealiana,
Pachylarnax pleiocarpa, Nepenthes khasiana, Dicentra royler several species of Primula and
Rhododendron and the Lady’s Slipperorchids. P. aphiopodilum- insigne, P. hirsutissimum, P.
faireenum, P. spicerianum and P. venusturm, are some of the noteworthy endemics of the
Himalayas and Khasi Hills. Antiaris taxicaria, Campanual cytinoides, Pedicularis perroter and
the some species of the Podostemaceae are endemic to Western ghats/the Nilgiri Hills in South
India.

2. Endangered Flora and Fauna of India

Some plants and animals have already become extinct and there are many facingdanger of
extinction. The basic reasons of extinction of wildlife are as follows:

(1) Destruction of their natural habitats due to expanding agriculture, urbamza,tlonand
industrialization.

(2) Overgrazing by domestic animals that convert the area into deserts.
(3) Poaching for meat, skin, fur, ivory, rhino horns etc.
(4) Export of some species.

The Botanical Survey of India (BSI) could so far complete survey of plant resources. in only
about 3/5th of the country. As per the targets set, BSI should have complete survey of the
remaining 2/5th of the country by 1998. It is planned to publish National Flora of the country in 24
volumes by 2000 A.D.

The Zoological Survey of India (ZSI) could so far survey only about 1/3 of the country, and
is planngd to complete the survey of the 75% of the remaining 2/3rd area of the countryg 2000

O ,'r'.‘ i been

tur Bk SIS A NV R ) pé 5 Data

Book o\rﬂd ARt nind.28 an-R 2 ) caataining
about 200 rare an®¥ieRtayes AieSis Ut afed anohf ‘r‘ ¢ =M aftual Report, 1988-
89). The status surve 1 pé "B aNd is claimed to be

According to the Red Data Bo ¢ ternatidnal Union for Conservation of Nature
and Natural Resources), more than 1000 creatures are threatened with extinction, some very soon,
some within a decade or so. Among these facing most immediate danger are, all species of
rhinoceros particularly the Indian variety the Royal Bengal, and Siberian Tigers, the Mexican
grizzly bear, the red wolf, the mountain gorilla; the Arabian oryx andthe Asiatic lion.
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Indian Endangered Flora

In India, nearly 450-plant species have been identified as endangered, threatened or rare. A
list of some such species in different parts of the country is given below (this may not be a
complete list).

Table 4.6. List of Some Endangered, Threatened or Rare Species

S.No. Species - Family
Himalayas and Eastern India
1. A.bies delavayi Pinaceae
2 ' Acanthephippium sylhetense Orchidaceae
3. 4 Aconitum deinorrhzum Ranunculaceae
4, Adinandra griffithii Theaceae
5. Aglaia perviridis Meliaceae
6. Amblyanthus multiflorus Myrsinanceae
7. Anacolosa ilicoides Oleaceae
8. Anoectolchilus sikkimensis Orchidaceae :
9. Angopteris eracta Angiopteridaceae
10. Aphyllorchis Montana Orchidaceae
11. Arachnanthe cathcartii Orchidaceae
12. A. clarkei Orchidaceae
13. Artemisia Asteraceae
14. Astragalus strobiliferus Papilionaceae
15. Camellia caduca Theaceae
16. Cyathea gigontean Cyatheaceae
1 C. elegans Orchidaceae o
w ‘ N Dendrobium densiflorum Orchidaceae_. ‘%‘
LE ST r .. . Dioscorea deltoidea Dioscorea T .*ft’g
lu“ e, . _ruflesiana - Ascle' ',b'
L .‘.a Seflidnak urroo” 14 40 ’J‘
22. - W S0 2Eledans: 4. > ‘¥
23. :!\'{‘d:' “;a randit "
24, Nepen esslgfagayta e - Nepenthaceae
25. Osmynda regalis* ATe T Osmundaceae
26. Picea brachytyla Pinaceae
27. Rauvolfia serpentina Apocynaceae
28. Rhododendron arizelum Ericaceae
29. Saussurea bracteata Asteraceae
30. S. lappa Asteraceae
Ly Zanthoxylum scandens Rutaceae
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Rajasthan
32.
33.
34.
35.

and Gujarat
Commiphora wightii
Helichrysum cutchicum
Hyphaene dichotoma

Meconopsis betonicifolia

Gangetic plain

36.

Aldrovanda vesiculosa

Peninsular India

37.
38.
39.
40.
41.
42.

Anemia tomentosa
Ceropegia fantastica
Cycas beddomei
Lobelia nicotionaefolia
Piper barberi

Pterospermum obtusifolium

Andaman and Nicobar Islands

43.
44,
45,
46.
47.
48.

Depterocarpus kerrii
Hippocratea nicobarica
Lagerstroemia hypoleuca
Myristica andamanica
Podocarpus neriifolius

Uvaria nicobarica

Burseraceae
Asteraceae
Arecaceac

Papaveraceae

Droseraceae

Schizaeaceae
Asclepiadaceae
Cycadaceae
Lobeliaceae

Piperaceae

Sterculiaceae

Dipterocarpaceae
Hippocrateaceae
Lythraceae
Myristicaceae
Podocarpaceae

Annonaceae

Indian E angered Fauna

V:.p,? e

Aanimal species listed below has been identified as endangered ones. Zhi

. The chici’s species are:
o, _Table 4.7 : List of Animals Species

Four- horned antelope

-

S

e ee e C APoA

‘.h'

pigeor’

Nilgirilangur ‘QWJ ; reathed hornbill
Indian wolf ~ Galrg &t o) ol Reptiles

Red fox Baleen whales Turtle

Himalayan Brown bear Marinedolphines , Tortoise

Red panda Birds Terrapin .

Indian Lion Geese Green sea turtle
Leopard Black eagle Tortoise shell turtle
One-horned rhinoceros Bamboo partridge " Esturine crocodile
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Indian wild ass
Andaman wild pig
Kashmir

Swamp deer
Alpine musk deer
Blackbuck
Chinkara

Mountain quail

Chir pheasant

stag Peacock pheasant
Indian peafowl
Blacknecked crane
Masked finfoot
Houbra bustard

Marsh crocodile
Monitor lizards
Indian python
Amphibia
Viviparous toad
Indian salamander

CONSERVATION OF BIODIVERSITY

The hope for ‘conservation of natural biodiversity however rests on preservation of selected
ecosystems and representative areas of different vegetation types in the country. as well as on saving
some of the extinction-prone species. The number of endangered speciesof plants and animals is
on the rise, which has prompted government and non-governmental organizations to take'certain steps
in this direction. Forestry and wildlife were primarily under the control of state governments but
later on looking to the gravity of the situation a separate Ministry of Environment and Forests

was established.

The aims and objectives of wildlife management in India includes the following

(i) Protection of natural habitats

(i) Maintenance of a viable number of species

(i)  Establishment of biosphere reserves

(iv) Protection through legislation

Some of the non-government organizations working in this direction are

(i) s Bombay Natural History Society

(v) The Indian Forest Act, 1927.
(vi) Bengal Rhinoceros Act, 1932.
(vii) Haily National Park Act.. 1936.

(viii)  Bombay Wild, Animals and Wild Birds Protection Act, 1951.

(ix) Assam Rhinoceros Protection Act, 1954.

(x) The Cruelty Against Animals Act, 1960.
(xi) The Wildlife (Protection) Act, 1972.
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(xii) The Forest (Conservation) Act, 1980.
(xiii)  Wildlife (Protection) Amendment Act; 1991.

Conservation of Forests and National Ecosystems Act, 1994.

IN-SITU AND EX-SITU CONSERVATION OF BIODIVERSITY

The goal of biodiversity conservation can be attained in a number of ways. The concept of
gene banks regulates all tbese methods.

In-situ conservation

It can be defined as the conservation of plants and animals in their native ecosystem (natural
habitats) or even ‘man made ecosystem, where they naturally occur.

This type of conservation is applicable to wild flora and fauna as conservation is achieved
through protection of populations in their natural ecosystems. The concept of protected areas
falls under this category e.g. National Parks, Sanctuaries and Biosphere reserves etc.

Ex-situ conservation .

It can he defined as the conservation of plants and animals away from their natural habitats,
which includes collection of samples of genetic diversity and their treatment in the laboratory, where
they are cultured.

The concept of ‘gene banks’ has primarily become the talk for ex-situ conservation as it is
important for conservation of agricultural crops and forestry based afforestation programmes. Genetic
resource centres fall under this category and include botanical gardens, zoos etc.

INSTITUTIONS FOR “EX-SITU” CONSERVATION OF BIODIVERSITY

(a) National Bureau of Plant Genetic Resources (NBPGR) .

thousa

ez - Al (.
number icienl Wz

(b) National Bureau of Animal Gehetic®

It was established in the 1980’s in Kamal, Punjab: for preservation of germless of improved
varieties of cattle’s-cows, buffaloes, goats, sheep, camels and oxen and_ their various breeds found in
different parts of India. Other organizations for “ex-situ” conservation of animal germplasm are
“National Bureau of Fish Genetic Resources”. Lucknow and Wildlife
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Research Institute of India, Dehradun. At WRI a “gene bank” of all wild and domesticatedanimals

of India is coming up.

Protected areas of India for “In-Situ” Conservation of Biodiversity:

Three types of protected areas-

(i) Wildlife Sanctuaries;
(i) National Park;

(iii) Biosphere Reserves were created in India for “In-Situ” conservation of biodiversity. As

on 31 March, 1994 there were 421 Wildlife Sanctuaries,

75 * National

Park,

14

Biosphere Reserved in India covering about 4% of total geographical area. In-situ conservation of
wildlife is a comprehensive system of protected areas. There are different categories of protected
areas, which are managed with different objectives for bringing benefits to the society. The major
protected areas include: (i) National Parks, (ii) Sanctuaries, (iii) Biosphere Reserves etc. These areas
vary considerably in size, design, purpose and effectiveness of management.

Table 4.8. Distribution between National Park, Sanctuary and Biosphere Reserve

S.No. | National Park

Sanctuary

Biosphere Reserve :

1. Associated to the habitat
of wild animal species

2. The size range is
0.04-3162 sq.km.

3. Boundaries marked by
legislation

4. Disturbance only limited

to buffer zone

oo

|« Tourism allowed

like rhino, tiger, lion etc.

These are species oriented
as pitcher plant, Great
Indian Bustard.

Size range is

0.61-7818 sqg. km.
Boundaries not sacrosanct

Limited disturbance

Tourism allowed
Scientific management
is lacking

No attention is paid to
gene pool conservation

Takes into consideration
the entire ecosystem.

Size range over

5670 sg. km.
Boundaries marked by
legislation

Disturbance only limited
to buffer zone.

Tourism generally not allo

Scientifically mﬁi

Attention is ¥

o BN

2
’

){‘s.

Park is an area dedicated
objects, to conserve the wild life

there in and to provide for enjoyment of the same" in Such manner and by such means, that will
leave them unimpaired for the enjoyment of future generations with such modification as local

conditions may demand”.

The history of National parks in India begins in 1936 when the Hailey (now éorbett) national

parks of United Provinces (now Uttar

Pradesh) was created. The area

is declared for the

protection and preservation for all time of wild animal life and wild vegetation for the benefit

and advantage and enjoyment of the general public.
of flora is prohibited except under the direction of park authority.

In this area hunting of fauna or collection
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Table 4.9. Wildlife Reserves in Different Status

State

Wildlife Reserve

Andhra Pradesh

Arunachal Pradesh

Kawal, Pocharam, Neelapattu

Namidapha

Assam Kaziranga, Manas

Bihar Hazaribarh, Belta

Goa ¥ Mollen

Gujarat Gir, Wild Ass, Nal Sarovar
Haryanar : Sultanapur lake

Himachal Pradesh Gobin-sagar

Jammu & Kashmir Dachingam

Karanataka Bandipur, Nagarhole
Kerala Periyar, Neyyar b
Madhya Pradesh Kanha .
Maharashtra Pench, Nawegaon, Dhakna-Kolkaz
Manipur Keibul
Meghalaya Balapakrani
Mizoram Dampa
Nagaland Intangki
Orissa Simplipal, Chilka lake
Punjab Abohar
ia Ranthambore, Ghana :

Kanchenjunga

Guindy, Mundumalai, énnamalai
Corbett, Dudwa

The Indian Board for Wild Life" anetuary as, ‘An area where killing, hunting,

shooting or capturing of any species of bird or animal is prohibited except by or under the control
of highest authority in the department responsible for the management of the sanctuary and
whose boundaries and character should be sacrosanct as far as possible. By June-1992 India had
416 sanctuaries. The Board has further clarified the position by stating that while the management
of sanctuaries does not involve suspension or restriction of normal forest operation, it is desirable
to aside a completely sacrosanct area within a sanctuary to be known as ‘Abhyaranya’. It has also
indicated that sanctuaries should be made accessible to the public. .
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In India sanctuary is usually created by an order or gazette notification of State government. So
the weakness of a sanctuary is that it can be desanctuarized merely by another order or gazette
notification of a State government because it is not safeguarded by any proper legislation. The idea
behind a wild life sanctuary and a national park is same, i.e., maximum protection, preservation
and conservation of wild animals. But the fundamental difference between the two is that a sanctuary
is created by order of a competent authority, who may be the chief conservator of forest: or
minister of a State, while a national_park can be harmed, abolished or changed only by the
legislation of a State. There are, title status and degree of permanency and protection is much
higher in a national park than in a sanctuary. In a wild life sanctuary private ownership rights
may continue and forestry usages also may continue so long as wild life conservation is not
adversely affected. However, in a national park all private ownership rights are extinguished and all
forestry and other usages are prohibited. Every national park should have the minimum requisites
of fauna, flora and scenery etc. There should be sufficient means of management and protection in a
sanctuary to be upgraded as national park.

(i) Biosphere Reserves

Biosphere Reserves have been described as undisturbed natural areas for scientific study as
well as areas in which conditions of disturbance are under control. These serve as the, centres for
ecological research and habitat protection, The “Biosphere consists of two main zones as:

CoreArea

Buffer Zone 1B

I

_ uffer Zone Il

—

»

> -:}-:{
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\& y ’ e .- . Ve R
UNESCO la 2 ap a MNME 974 S alrl_andBlosphere
Programme (MAB). ShEINES * Ofy'the L D Ty ;
e Conserve biological® 0w

e Safeguard genetic diversity . e

e Provide areas for basic and applied research

e Opportunity for Environmental Science and training
e Promote international cooperation

e Promote management of biotic resources.
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In January 1989, 274 biosphere reserves had been established in 74 countries out of which 14

ENVIRONMENTAL SCIENCE

proposed sites found place in India. These are as follows:

Table 4.10. Biosphere Reserves in India

S.No. Biosphere Reserve State
1. Nilgiris - Tamil Nadu, Kerala and Karanataka
2. Namdapha Arunachal Pradesh
3. Nanda Devi, Uttarakhand Uttar Pradesh
4. (Valley of flowers) Uttar Pradesh
5. -Andamans Andamans & Nicobar
6. Gulf of Mannar Tamil Nadu
7. Kaziranga Assam
8. Sunderbans West Bengal
9. Thar desert Rajasthan A
10. Manas Assam '
11. Kanha Madhya Padesh
12. Nokrek Meghalaya
13. Little Rann of Kutch Gujrat
14. Great Nicobar Island Andamans & Nicobar

The country falls under 2 realms and 12 biogeographical provinces as under: Ladakh,

Himalayas, Highlands, Malabar, Bengal, Indus-Ganga, = Assam-Burma.
Coromandal Deccan, Thar Desert, Lakshdweep, Andaman, Nicobar Islands. .

Lanka and Iran as its members. At the 19871 mlmsterl& Tlevel meetlng, areas were |dent|f|ed for
implementation. India was assigned the focal point responsibilities in the areas of Environment
Education, Environmental Legislation and Wild Life Management. At the 1983 Government
Meeting of SACEP number of projects have been identified for implementation in the area of
Energy, Environmental Science, Legislation and Environmental Impact Assessment. India has a
number of on-going Bilateral Programmes with both developed and developing countries.

The Constitutional directives (Art. 48 and 51-A) and development policy have provideda
strong base for enactment of legislative measures as required for environmental protection.
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There are several laws enacted from time to time, which are directly related to environmental
protection. Among them more recent ones are the Insecticides Act, 1968, Wildlife Protection Act
1972, Water (Prevention and Control of Pollution) Act 1974, Water Pollution Act 1977, Forest
Conservation Act 1980 and the Air (Prevention and Control of Pollution) Act, 1981.

The Endangered Species Act

Passage of the U.S. Endangered Species Act of 1973 and the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) in 1976 represented a powerful new approach to
wildlife protection. Endangered species are those considered in imminent danger of extinction,
while threatened species are*those that have declined significantly in total numbers and maybe on the
verge of extinction in certain localities. Valuable species are naturally rare or have been depleted
by human activities.to a level that puts them at risk. Bald eagles, grey wolves, brown (or grizzly)
bears, sea otters, and a number of native orchids and other rare plants are considered either
vulnerable or threatened.

Convention on International Trade in Endangered Species (CITES)

The 1975 Conventional International Trade in Endangered Species (CITES) was a
significant step towards worldwide protection of endangered flora and fauna. It regulated trade in
living specimens and products derived from listed species. India is a signatory to this convention.
The signatory countries unanimously agreed upon:

(i) That wild flora and fauna in their natural habitat is irreplaceable.

(ii) That the nations are aware of the ever-growing value of wild flora and fauna from
aesthetic; scientific, cultural and recreational viewpoint.

(iii) That people of all nations hold a collective responsibility of the protection of floraand
fauna.

(iv) That international cooperation is a must to prevent trade in endangered species of plants
and animals.

enjoyment. L,
In 1973-74 nine Tiger Reserves were establishet/"to pr promote elimination of all forms of human

exploitation and disturbance from the core zones.

Gir Lion Project »

The Asiatic lion is now confined to the Gir Forest of Gujarat. The sanctuary harbored nearly
200 of them. The great reduction in the number was due to the increased threat from overgrazing,
depletion of prey species, etc. The Asiatic lion was in danger of being wiped out either due to
starvation; epidemics or human interference. In 1972 the State government
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prepared a scheme for the management of the Gir Lion Sanctuary with proper guidelines for
conservation. The Centre provided assistance for the protection and improvement of the habitat.

Himalayan Musk Deer Project

The musk deer (Moschus moschiferus) which was once found throughout the Himalayantract
has terribly suffered due to its musk been used in the preparation of perfumes and medicine.
Secondly the habitat destruction brought about a sharp decline in their population. A conservation
project was therefore launched at the Kedarnath sanctuary in U.P.

Crocodile Breeding Project

The three varieties of crocodile population viz., gharial (cavialis gangeticus), the mugger
(Crocodylus palusstris) and the salt-water crocodile (Crocodylus porosus) witnessed a sharp decline
by the early 1970s. With the assistance of the UNDP, the Government of India launched a
crocodile breeding and management project. The project was initially launched in Orissa in the
year 1975. The project scheme was subsequently extended to U.P., Rajasthan, W.B., T.N., A.P.,
Gujarat. Kerala, M.P., Maharashtra, Andamans, Assam, Bihar and Nagaland. As a result the
population of all the three species has considerably increased.

Project Elephant

The Project Elephant was launched with a view to protect and conserve the elephant
population of the country. Project Elephant aimed at restoring degraded habitats of elephants.
Creation of migration corridors, elimination of human interference and establishment of a data
base on the migration and population dynamics of elephants e.g. elephant habitat restoration
work was done in Rajaji National Park.

Keywords:

1. Environmental Assessment (EA): An environmental analysis prepared pursuant to the National
Environmental Policy Act to determine whether a federal action would significantly affect the

environment and thus require a more detailed environmental impact statement.

2. Environmental Council of the States (ECOS): National non-profit, non-partisan association of
state and territorial environmental agency leaders. The purpose of ECOS is to improve the
capability of state environmental agencies and their leaders to protect and improve human health

and the environment.

3. Environmental Impact Statement (EIS): A document required of federal agencies by the
National Environmental Policy Act for major projects or legislative proposals significantly affecting
the environment. A tool for decision making, it describes the positive and negative effects of the

undertaking and cites alternative actions.

4. Environmental Justice (EJ): The fair treatment of people of all races, cultures, incomes, and
educational levels with respect to the development and enforcement of environmental laws,

regulations, and policies.

5. Environmental Management System (EMS): Management of an organization's environmental
programs in a comprehensive, systematic, planned and documented manner and maintaining

policy for environmental protection.

QUESTIONS

Write the Definition of the Biogeographically Classification of India in 300 words.

Write the Value of Biodiversity in the concept of Global.
What do you understand by the India as a Mega? Explain in your own words.

What is Diversity Nation?

“i. » Wb

Write short notes on Conservation of Biodiversity in India in 500 words.



UNIT .
5 _Environmental Science :
Pollution and its Factors

INTRODUCTION

Pollution may be defined as an undesirable change in the physical, chemical or biological
characteristics of air, water and land that may be harmful to human life and other animals, living
conditions, industrial processes and cultural assets. Pollution can be natural or man- made. The
agents that pollute are called pollutants.

Pollutants
Pollutants are by-products of man’s action. The important pollutants are summarisedbelow:

e Deposited matter—Soot, smoke, tar or dust and domestic wastes.
-; ases—CO, nitrogen oxides, sulphur oxides, halogens (chlorine, bromine and iodinq&i

e Radiation pollutan

nuclear test.
Classification of Pollutants
On the basis of natural disposal, pollutants are of two types: >

(i) Non-degradable pollutants

These are the pollutants, which degrade at a very slow pace by the natural biological processes.
These are inorganic compounds such as salts (chlorides), metallic oxides waste producing materials
and materials like, aluminium cans, mercuric salts and even DDT. These continue to

accumulate in the environment.

161
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(i) Biodegradable pollutants

These include domestic sewage that easily decomposes under natural processes and can be
rapidly decomposed by natural/ artificial methods. These cause serious problems whenaccumulated in
large amounts as the pace of deposition exceeds the pace of decompositionof disposal.

On the basis of the form in which they persist after their release into the environment, pollutants
can be categorized under two types:

(i) Primary pollutants : These include those substances, which are emitted directly from
some identifiable, sources. This include-

(a) Sulphur compounds: SOz, SOs, H2S produced by the oxidation of fuel.
(b) Carbon compounds: Oxides of carbon (CO+COz) and hydrocarbons.

(c) Nitrogen compounds: NO, and NHa.

(d) Halogen compounds: Hydrogen fluoride (HF) and hydrochloric acid (HCI).

(e) Particles of different size and substances: These are found suspended in air. The
fine particles below the diameter of 100u are more abundant and include particles
of metals, carbon, tar, pollen, fungi, bacteria, silicates and others.

(i) Secondary pollutants. The secondary pollutants are produced by the corhbination of
primary emitted pollutants. in the atmosphere. In bright sunlight, a photochemical reaction
occurs between nitrogen oxides; oxygen and waste hydrocarbons from gasoline that forms
peroxyacetyle nitrate (PAN) and ozone (Os), Both of them are toxic components of smog
and cause smarting eyes and lung damage.

(iii) anog. The fog deposited with smoke and chemical fumes forms a dark and thick
covering, the smog. Smog is very common in almost all the industrial areas as the smog
is trapped for many days by the stagnant air. It is harmful both for animals and plants.

AIR POLLUTION

(i) Burning Fossil Fuels

Burning of wood, charcoal and other fossil fuels causes air pollution by the release of carbon
dioxide (COz), carbon sulphur dioxide etc. Petroleum consists mainly of hydrocarbons sulphur and
nitrogen.

(if) Emissions from Automobiles
Vehicles are mainly responsible for more than 80% of total air pollution. The major
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pollutants released from automobiles, locomotives, aircraft etc., include CO, unburnthydrocarbons
and nitrogen oxide.

(i) Industries

Paper and pulpfactories, petroleum refineries, fertilizer plants, and steel industries, thermal
power plants are the main sources of air pollution. They add various harmful gases like CO, SOs,
NO, Hydrocarbons etc., to the atmosphere. Textile factories release cotton dust into the air. Cities
experiencing this type of pollution are Kanpur, Surat and Ahmedabad. The pesticide and
insecticide industries are pQsing serious threat to the environment. Food processing industries and
tanneries emit offensive odors. Release of poisonous gases from accidents also poses serious threats.
e.g. Bhopal Gas Tragedy in which methyl isocynate (MIC) gas leakage killed several people. In
Tokyo, about 34 tanes of carbon particles mixed with other suspended particles settle per square
kilometer every day.

(iv) Agricultural Activities

Spraying of insecticides and weedicides also cause air pollution. These, when inhaled create
severe problems to both animals and man.
(v) Wars

Various forms of explosives used in war pollute the air by releasing poisonous gases. This
greatly disturbs the ecology of the area. Nuclear explosions pollute air by radioactive rays. The
effects of nuclear explosions on Hiroshima and Nagasaki are well-known examples.

(vi) Natural Causes

Gas emissions from active volcanoes, marsh gas, spores of fungi and pollens are the natural
causes of air pollution.

COMMON AIR POLLUTANTS
’

temperature This may melt the polar |cé resulting i rlse in level of oceans and flooding of
coastal regions.

(if) Carbon Monoxide

It is a very poisonous gas and is produced by incomplete combustion of fuel. If inhaled. it
combines with hemoglobin and reduces its oxygen-carrying capacity. This leads to laziness, reduced
vision and death.
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(iii) Oxides of Nitrogen
These include NO and NO2, which are released by automobiles and chemical industries as

waste gases and also by burning of materials. These are harmful and lower the oxygen carrying
capacity of blood.

(iv) Oxides of Sulphur

SOz and SOs are produced by burning of coal and petroleum and are harmful to buildings,
clothing, plants and animals. High concentration of SO: causes chlorosis (yellowing of leaves),
plasmolysis, damage to mueous membrane and metabolic inhibition. SOz and SOz react with water to
form Sulphuric and sulphurous acids. These may precipitate as rain or snow producing acid rain or
acid precipitation. |

(v) Photochemical Oxidants

Formed by the photochemical reactions between primary pollutants, viz. oxides of nitrogen and
hydrocarbons. Nitrogen oxides in the presence of sunlight react with unburnt hydrocarbons to form
peroxyacyl nitrate (PAN), Ozone, aldehydes and some other complex organic compounds in the air.

(vi) Hydrocarbons :

These are unburnt discharges from incomplete combustion of fuel in automobiles. These form
PAN with nitrogen oxides, which is highly toxic.
(vii) Particulate Matter

Industries and automobiles release fine solid and liquid particles into the air. Fly ash and
soot from burning of coal, metal dust containing lead, chromium, nickel, cadmium, zinc and
mercury from metallurgical processes; cotton dust from textile mills; and pesticides sprayed on
crops are examples of particulate pollutants in the air. These are injurious to respiratory tract.

(viii) Aerosols

* 2 . P .
Aergsols are chemicals released in the air in vapour form. These include fluorocarbon
compalitid-bavig, fluorine) present in emissions from the Jet aeroplanes. Aerosolsd pl
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(x) Fluorides - e

Rocks, soils and. minerals contalnlng fluorldes release an extremely toxic gas called
hydrogen fluoride on heating. This gas is highly injurious to livestock and cattle.

POLLUTION IN INDIA

India supports a large network of factories and industries. These factories are generally
localized in eight or ten large industrial centres. These are also a great source of air as well
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water pollution. To be on a safer side delocalisation of industries is the need of the time. This
would lead to an even distribution of pollutants and faster degeneration of pollutants. The major
pollutants coming out from these industries are -

(i) Industrial Pollutants. The common air pollutants from industries are SOz, CO, COg,
H2S and hydrocarbons together with dust, smoke and grit. These are produced by the
burning of coal and petroleum and by the combustion of lignite at thermal power stations.
The chemical industries release HCI, chlorine, nitrogen oxide and oxides of copper, zinc,
lead and arsenic.

The fertilizer factories at Gorakhpur and Ahmedabad; the steel industries at Bhilai,
Rourkela, Jamshedpur and Durgapur pollute the air with above-said gases.

(i) Automobile Exhausts. Automobiles run by petrol and diesel produce CO, nitrogen oxides
and hydrocarbons. Hundreds and thousands tons of hydrocarbons and CO are emitted
into air daily. Metropolitan cities harbour lakhs and crores of automobiles. Every gallon of
petrol consumed by automobiles produces 3 pounds of carbon monoxide and 15 pounds.
of nitrogen oxide.

(i) lonizing Radiations from Radioactive Substances. lonizing radiations include alpha,
beta particles and the gamma rays etc. These are produced by atomic explosions and
testing of atomic weapons.

Effects of Air Pollution

Effect on Plants
(i) SOz causes chlorosis and also results in the death of cells and tissues.
(i) Fluorides and PAN damage leafy vegetables such as lettuce and spinach.
(iii) Oxides of nitrogen and fluorides reduce crop yield.
(iv) Smog bleaches and blaze foliage of important leafy plants.

(v) 4Hydrocarbons cause premature yellowing, fall of leave and flower buds, discolorationand :-

,%urll of sepals and petals.

joke ahd. dust cover the leaf surface and reduce photosynthetic capaci ,y ofalants -"7’,.1‘.23'~
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(i) Ozone has been reported to prod e'% oSbrfal aberrations.

(iii) SOz causes drying of mouth, scratchy throat, smarting eyes and disorders of respiratory
tract. N

(iv) SOs, CO and NO2 diffuse into blood stream and reduce oxygen transport. CO damages
cardiovascular system. Hydrocarbons and other pollutants act, as carcinogens and lead to
different cancers.

(v) Cotton dust leads to respiratory disorders e.g. bronchitis and,asthma.
(vi)  Smoking of tobacco causes cancerous growth in lungs.
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Change in Climate

COz content of air is increasing due to deforestation and combustion of fuel. This increase is
affecting the composition and balance of gases in the atmosphere. Increase in CO2concentration
may increase the atmospheric temperature, producing green house effect A rise of global
temperature by more than 2-3 degrees may melt glaciers and polar ice. This would lead to a rise in
ocean level and consequent flooding and submergence of coastal areas. Rainfall pattern may also
change, affecting agricultural output*in various regions of” the world. Aerosols deplete the ozone
layer in the stratosphere. Thinning of ozone layer would permit more of the harmful ultraviolet
rays to reach the earth. This may cause, sunburn, blindness and inactivation of proteins, RNA,
DNA and plant pigments.

Aesthetic Loss

Dust and smoke spoils the beauty of nature. Especially the mountain environments, which
serve as a great attraction for tourists. Foul odours emitted by industries, automobiles, dirty drains
and garbage heaps in cities are a great nuisance.
Control of Air Pollution

Following measures have been suggested to control air pollution- 3

(i) Some gases, which are more soluble in a particular liquid than air, for example,
ammonia in water, can be separated by dissolving in it

(i) Particles larger than 50 mm are separated in gravity settling tanks. Using cyclone
collectors or electrostatic precipitators separates fine particles.

(iii) The height of chimneys should .be increased to the highest possible level to reduce
pollution at the ground level.

(iv) SOz pollution can be controlled by extracting sulphur from the fuel before use.
(v) Pollution control laws should be enforced strictly.

(vi)# Trees should be planted on the roadside, riverbanks, parks and’ open places as they ke
<¥the eavironment fresh. ‘R

{‘;@ QR growth, which is the main cause of pollution should be i
( ens should be restricted e
o~
Water
S required to meet
our basic needs in day 1o 1ng, o5al of sewage, irrigation,
generating electricity in power planigyt ‘a f erent products in industries and
the disposal of industrial wastes. During ‘affthes esses the undesirablesubstances are added to

the water resources to a great extent. This alters the basic chemistry of water in rivers and
streams.

Sources of Water Pollution
(i) Domestic sewage

This includes household’s wastes like food wastes, synthetic detergents used for washing
clothes and cleaning bathrooms and latrines and water based paints. *
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(ii) Industrial effluents

The industrial wastes are discharged in the adjoining rivers and streams through flush lines of
factories. The textiles, sugar and fertilizers factories, oil refineries, drugs manufacture, rubber, and
rayon fibers, the paper industries and the chemical factories all produce Chemical pollution.

(iii) Agricultural source

Increased use of fertilizers has hecome essential for high yielding crop plants. Excess of
nitrates used as fertilizers seep into ground water is carried into lakes and pond. On entering the
drinking water supply system these create several health problems.

(iv) Pesticides

These include insecticides, fungicides, nematicides, rodenticides, herbicides and soil fumigants.
These contain chlorinated hydrocarbons, organophosphates, metallic salts, carbonates, acetic acid
derivatives etc. many pesticides are non-degradable. They pass through the food chains and
accumulate in fatty tissues thus causing several health hazards.

(v) Thermal pollution

Power plants and nuclear power stations are the main sources of thermal pollution of water
where water is used for cooling and becomes hot. The hot water on entering the main water body
raises its temperature, which Kills fishes and other aquatic animals and increases the rate of
respiration in aquatic plants.

(vi) Pathogenic organisms

Sewage, and domestic waste from houses introduces pathogenic organisms viz., protozoa,
worms-eggs and bacteria into water. This contaminated water if consumed causes jaundice, typhoid,
dysentery, cholera, tuberculosis etc.

(vii) Mineral oils
Qil from oil spills and washings of automobiles finds way into river water through sewers.
(viii) Un¢ ground water pollution

including radioactive wastes.

Effect of Water Pollutants
The main effects of water pollutants are: .

1. Compounds of mercury, arsenic and lead are poisonous and chemically harmful as they
even affect water treatment plants e.g. organic sulphur compounds interfere with
nitrification.
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2. Mercury when dissolved in water is absorbed by aquatic plants and enters the food chain.
Lead impairs metabolism and brings about congenital deformities, anaemia etc.
3. Cadmium damages kidneys and liver.

4. Inorganic nitrates and phosphates promote growth of oxygen-consuming algae,
which result in the death of fishes and other aquatic animals.

5. Presence of dyes and compounds in the discharged water changes the colour of
water.

6. Soap, detergents«and, alkalis result in foam formation.

Industrial effluents containing iron, free chlorine, phenol, manganese, oils, hydrocarbons,
ammonia,«algae and microorganisms impair the taste and odours of water.

8. The nitrates and phosphates dissolved in water accelerate the growth of microorganisms,
which consume much of the dissolved oxygen depriving fish and other aquatic life
(Eutrophication).

9. Biomagnifications is the increase of toxic materials at each tropic level of a food chain.

For example, DDT after reaching a water system is absorbed by the microorganisms on which
smaller fishes feed. From them, DDT reaches the carnivorous animals. Since bigger fishes consume
more food, large amounts of DDT accumulates in their body.

CONTROL OF WATER POLLUTION

(i) Separate ponds and tanks to be used for cattle and animals.

(ii) Use of pesticides, insecticides and fertilizers should be done judiciously. Rapid
biodegradable substitutes for pesticides should be employed.

(iii) Intowns where sewage facilities are not available, septic tanks should be made inthe
houses.

(w], Rivers and lakes should not be used for bathing or washing as it contaminates Wgﬁi
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(i) Sewage treatment
It involves following steps:

Primary treatment. It involves physical processing of sedimentation, flotation and filtration
where sewage water is passed through screens to remove larger particles and then through
grinding mechanism to reduce the larger particles to smaller size. The sewage is finally passed
through settling tanks to remove suspended impurities.
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Secondary treatment. Sewage obtained after primary treatment is sent to aeration tank where
it is mixed with air and sludge laden with bacteria and algae. The algae provide oxygen to the
bacteria and decompose organic matter into simple compounds. Chlorination is finally done to
remove bacteria.

Tertiary treatment. In the third and last step water is passed through ion exchangers to
remove dissolved salts.

(i) Treatment of industrial effluents

Treatment of industrial, effluents involves neutralization of acids and bases, removal of toxic
compounds, coagulation of colloidal impurities, precipitation of metallic compounds and
reducing the temperature of effluents to decrease thermal pollution.

SOIL POLLUTION

Soil Pollution

Like water and air, soil is also equally important for living organisms. It suppérts plants on
which. all other living organisms depend. The process of soil formation is so slow that the soil may
be regarded as a non-renewable source. Therefore, the study and control of soil pollution is
important. Any substance that reduces soil productivity is called soil pollutant.

Sources of Soil Pollution

There are several materials, which adversely affect physical, chemical and biologicalproperties of
the soil and“thus reduce its productivity. These are

1. Chemicals present in industrial waste.
2. Pesticides and insecticides that are sprayed on crops.
3. Fertilizers and manures that are added to the soil to increase the crop yield.

Effect ()380i| Pollutants :

St d pesticides affect the structure and fertility of soil by .

MIEKOOre3 r_»" ticides are absorbed by the plants and then transferred to othe b .a % Herioe;
they- affec \;‘_ : and food webs. Excretory products of Iivestock andshi i v~ seﬁ’as
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It is of the following types- . fﬂo e

(i) Positive soil pollution

Reduction in the productivity of soil due to the addition of undesirable substances like pesticides,
herbicides, fertilisers, etc. is called positive pollution. These pollutants have cumulative effect and
kill the soil organisms.



170 ENVIRONMENTAL SCIENCE

(i) Negative soil pollution

It is caused by the removal 01 useful components from soil by erosion, deforestation and
improper methods of agriculture.
Salination of Soil

Increase in the concentration of soluble salts is called salination. This adversely affects the
quality and productivity of soil. It takes place in two ways: accumulation of salts dissolved in
irrigation water on the soil surface due to intensive farming and poor drainage, and deposition of salts
as white crust during summaer months drawn by capillary action from the lower surface to the top
surface.

Control of Soil Pollution
Various measure to control soil pollution are-

1. Transfer stations for bulk shifting of refuse should be constructed in cities and big
towns.

Pneumatic pipes should be laid for collecting and disposing wastes.

Materials like paper, glass and plastics can be recycled.
Metals should be recovered from scrap and disposed materials.

v N

Use of chemical fertilizers should be reduced by the use of bio fertilizers and
manures.

6. Use of pesticides can be reduced by adopting biological control of pests.
7. Use of cattle dung and agricultural wastes in biogas plants should be encouraged.
8. Deforestation can check soil erosion to a great extent.

Land Degradation
Besides pollution, land and soil face several other problems. Removal of topsoil is cai§d soil

erosion4 $oil egesion factors are water, wind, ocean, waves and glaciers, felling of tree zing
e -~y
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the world. Overgrazing damages*t

(i) Deforestation of overgrazing

Over-grazing is the main cause of soil erosion in India. Roots of grasses act as binding material
and keep the soil intact, which upon grazing are destroyed. ¥ .

(i) Desertification

Loss of soil productivity by erosion of top soil results in the formation of deserts. Deserts
are spreading in all continents. Desertification takes place by shifting of sand dunes
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by wind and .over-grazing. That desert in India is spreading at the rate of 12,000 hectaresof
land every year.

(iii) Shifting cultivation

Tribal communities follow the practice of cutting down trees and setting them on fire and
then raising the crops on the resulting ash. This is called Jhuming in northeastern India. It is
harmful if the Jhuming cycles are longer than ten years but short cycles destroy forests and cause
soil erosion. e.g. Asia and Africa.

(iv) Developmental activities

Large areas of fertile and productive croplands, woodlands and grasslands are lost to various
developmental activities such as rapid urbanization, building of airports, industries, railways, roads,
mining and construction of dams.

Control of Land Degradation
Following ways can control Land degradation
1. Restoration of forests and grass cover can help in prevention of soil erosion and floods.

2. By replacing shifting cultivation with crop rotation, mixed cropping or plantation cropping.
Providing adequate drainage to irrigated and flood-prone lands can prevent salinity.

3. Desertification can be controlled by spread of appropriate plant species and by raising
trees as wind breaks.

Noise Pollution

Noise can be defined as unwanted/unpleasant sound. So noise pollution is unwanted sound
dumped into the atmosphere without regard to the adverse effects it may have. In our country
urbanization and industrialization have become twin problems. Cities and towns have sprouted up
where industries are concentrated. Lack of town’ planning had led to residential, commercial and
industrial areas being mixed up. Houses, schools and hospitals are situated near industries. All the
boons alygindustrialization and civilization such as motors, horns, heavy and light machineWork
an?% i i i i ArgitantyOu

-
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2. High intensity sound emitted by industrial plants, bottling machines, supersonic aircrafts,
when continued for long periods of time not only disturbs but also permanently damages
hearing.

3. Offices, industries and crowded places where constant noise prevails can produce
temper tantrums, headaches, fatigue and nausea.
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4. Loud and sudden noise affect the brain. Intermittent noise leads higher incidence of
psychiatric illness and also a danger to health of pregnant mothers and small infants.
5. Noise has harmful effects on nonliving materials too, e.g. cracks develop under the stress of
explosive sound.
Control of Noise Pollution
Following methods can control neise pollution:
1. Limited use of loudspeakers and amplifiers.
Excursing control. over noise producing vehicles.
Industrial workers should be provided with ear plugs.
Delocalisation of noisy industries far away from dwelling units.
Within a radius of 10 miles of airport, no buildings or factories should be allowed.

Plants and trees should be planted all around the hospitals, libraries and schoolsand
colleges.

7. Personal protection against noise can be taken by using, cotton plugs in the_ear.

o 1ok W

Radiation

The radiations from the atomic blasts cause several health hazards. The radiations carry
high energy and remove electrons from atoms and attach them to other atoms producing positive and
negative ion pairs. Hence, they are known as ionizing radiations. The ionization property of these
radiations proves to be highly injurious to the protoplasm. The ionizing radiations of ecological
concern are classified as follows:

Corpuscular Radiations

These consist of streams of atomic or subatomic particles, which transfer their energy to the
matter tyey strike.

L) i
(ii) Betasparticles
T:Slares L

(iif) Electromagnetlc radiations

Electromagnetic radiations include waves of shorter wavelengths. These are capable of
traveling long distances and can readily penetrate the living tissue. These include gamma rays.
These can penetrate and produce effect even without being taken inside.
Other Types of Radiations

Besides radioactive radiations, some other radiations are also present in the atmosphere.
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(i) Neutrons

These are large uncharged particles, which do not cause radiation by themselves, but they
produce radioactivity in non-radioactive materials through which they pass.

(i) X-rays

These are electromagnetic waves very similar to gamma rays, but originate from the outer
electron shell of radioactive substances, which are not dispersed in nature.

(iii) Cosmic rays

These are radiations from the outer space, which contain alpha and beta particles together with
gamma rays.

Sources of Radiatidns

The radiations are produced from the radioactive elements, which are known as radionuclides or
radioactive isotopes, e.g. Uranium. Radium, Thorium, and Carbon-14. These contribute to background
radiation. But isotopes of certain metabolically important elements like Carbon-14, Cobalt-60,
Calcium 45, lodine-131, Phosphorus-32, etc. are not ecologically harmful but are used as tracers. The
third category of radionuclides comprises of fission products of uranium and certain other elements.
These are cesium, strontium, and plutonium etc.

Biological Effects of Radiation

The effects of radiation have revealed that acute doses are found to be deleterious and may kill
the organisms, whereas the increase in radiation in biological environment leads to different
kinds of mutations. The effects of Cobalt-60 or Cesium-137 gamma radiations have now been
studied on communities and on ecosystems at different places. The research concludes that
Irradiations eliminate varieties in species. The sensitivity of cells, tissues and organisms to radiation
varies. The cells with larger chromosomes are more sensitive. Herbaceous communities and early
stages of succession are resistant than the mature forest.

Nucleaﬁall Outs or Radioactive Fall Outs

e

radionuclides adhere tightly to the leaves*o plants* n(fproduce radlatlon damage to leaf tissue
besides entering the tissues also. Through grazing animals these enter the food chain directly at
the primary consumers level. Radionuclides, which combine with organic substances, enter the
food chain through producer tropic level. Therefore, the radionuclides fall out manages to enter
the body of all living organisms. Radioactive Strontium-90 poses a health hazard in human
beings and other higher vertebrates. It continues to deposit in the bones and causes bone cancer
and leukemia. Radioactive Cesium-137 is known to cause
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irreversible genetic changes in different organisms. The fallout radiations do cause changes in the
genetic constitution of organisms, resulting in gene mutations and chromosomal aberrations. Their
considerable, doses may Kill, cripple and alter the animals and plants in the areas.

Control of Radiation Pollution
Following measures can help in controlling the radioactive pollution:

(i) Workers in nuclear plants should be provided with nuclear gadgets and safety
measures against accidents.

(i) Leakage of radioactive elements from nuclear reactors, laboratories, transport,
careless handling and use of radioactive fuels should be checked.

(i) Level of radiation pollution should be monitored regularly in risk areas.
(iv) Disposal of radioactive wastes deserves special attention.

Case studies
Hiroshima and Nagasaki Episode

The tale of Hiroshima and Nagasaki is a painful experience. It is for the first time thatan
atomic bomb has been exploded over human population. The incident took place® on August
6,1945 at 8:15 a.m. The bomb with an approximate temperature of around 100 million 0°C was
exploded on a fine morning in Hiroshima (Japan). The temperature of the city hiked like
anything, almost like an oven. After three days, Nagasaki too suffered the ravages of a nuclear
attack. More than 1,00,000 people were reported to die just after the event took place. Since
radiations from nuclear elements remain active even after, the generations to follow up also suffered
from various diseases. Even the babies in the mother’s womb were affected and a few perished.
Blindness, deafness, skin diseases and cancers, distortion of bones and other parts became the
fortune of human civilization.

Chernobyl Accident .

T i incident took place in Ukraine on April 26, 1986. There was a Chernobyl nuclqﬁower
plan % ne'after which the event has been named. Approximately four millioneo
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Marine Pollution

All river drainages end up in the seas. On the way to sea, rivers carry large amountsof
sewage, garbage, and agricultural discharge, biocides, including heavy metals. Besidesthis
discharge of oils and petroleum products and dumping of radionuclides waste into seaalso cause
marine pollution. Huge quantity of plastic is being added to sea and oceans. Over50 million Ib
plastic packing material is being dumped in sea of commercial fleets. Manymarine birds ingest
plastic that causes gastro-intestinal disorders. The chemical principle in
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PCBs causes more damage as thinning of eggshell and tissue damage of egg. Radionuclide waste in
sea includes Sr-90, Cs-137, Pu-239, and And Pu-240.

The pollutants in sea may become dispersed by turbulence and ocean currents and finally
becomes a part of food chain. Bioaccumulation in food chain may result into loss of species
diversity. The pollution in Baltic sea along the coast of Finland, took place largely from sewage
and effluents from wood industries. This pollution effect brought changes. in species diversity in
the bottom fauna. In less polluted water there was rich species diversity, which tended to decrease
with increasing pollution load. In heavily polluted areas, macroscopic benthic animals were absent,
but chirognomy larvae occurred at the bottom. In marine water the most serious pollutant is oil.
Spill of oil or petroleum products due to accidents/ deliberate discharge of oil polluted waste
brings about pollution. About 285 million gallons of oil are spilled each year into ocean, mostly
from transport tankers. Oil pollution causes damage to marine fauna and flora including algae,
fish, birds, and invertebrates. About 50,000 to 2,50,000 birds are killed every year by oil. The oil
is soaked in feathers, displacing the air and thus interferes with buoyancy and maintenance of
body temperature. Hydrocarbons and benzpyrene accumulate in food chain and consumption of
fish by man may cause cancer. Detergents used to clean up the spill are also harmful to
marine life. .

Thermal Pollution

The increase in water temperature by industrial units such as steel and iron factories, electric
powerhouses and atomic power plants may be called as thermal pollution. Some ofthe industries
generate their own power supply where water is used to cool the generators. This hot water is
released into the main stream, causing a warming trend of surface waters. If the drainage is
poorly flushed, a permanent increase in the temperature may result.

Many organisms are killed instantly by the hot water resulting into a high mortality. It
may bring other disturbance in the ecosystem. The eggs of fish may hatch early or fail to
hatch at all. It may change the diurnal and seasonal behaviour and metabolic responses of
organism;” It may lead to unplanned migration of aquatic animals. Macrophysics population may also

be changed. As temperature is an important limiting factor, serious changes may be:prought
ab APV, egslight increase in temperature in a population. Heat stress (5:%0 -'.n-
nofmak g .," teimipt ature of organism) induces expression of specific gene { nTHiCs, Latied
shocKigenes adyib~the synthesis of a new set of proteins called .peat"shackybio '”" S %at

A%t icltural

e rmo t(ferance

0 ‘ &th ' e Y lerant genotypes
»-«uiw‘ A= R yslind o U
: gh0 r]fiatlbn i 1

flalitative and quantitative

Tave A ,
organisms 'hclu 'I'-,‘q 0 i =g 24 -:. hock Proteins syn hesi ' Iedd-40 a6 3': )
i.e. the ability of an OFf

show adaptations at variot H
differences in heat shock proteiis®

shock terms 2 """-a Jn every «organism from unicellula

Solid Waste Management

Environmental problems also include solid waste disposal. At all levels of development human
beings produce domestic wastes. These comprises of kitchen wast€s, ashes from fires, broken
utensils and worn-out clothing. The industrial revolution leads to the concentration of people in
urban areas with very high population density. This resulted in addition of new sources of wastes from
shops, institutions and factories. In developed countries
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services for the regular removal of domestic and trade wastes have been in operation for last many
years.

Many changes have taken place in our society. The character of the wastes has altered with
rising living standards, changes in retail distribution methods and fuel technology. Grave
environmental concerns have come up with rise in construction of new buildings, supermarkets, and
industrial wastes of many kinds. In the industrialized countries, therefore, basic health and
environmental problems have been selved in the storage and collection of solid wastes, although
major problems remain in regard to resource recovery and disposal. The technology of wastes
handling is now highly developed. The substantial sectors of industry are engaged in the production
of equipment with regard to removal of wastes. Many institutions give technical training and
support. However developing nations like India are facing the problems of urbanization with high
population densities. The developing countries are aware of the importance of avoiding the
environmental pollution. The quality of urban environment is a matter of growing concern and the
importance of solid wastes management is increasingly being recognized.

Sources and Characteristics

Solid wastes generally refer to describe non-liquid waste materials arising from domestic, trade,
commercial, industrial, agriculture and mining activities and from the public services.*Disposal of
sludge’s (liquid waste) of some kind fall within the scope of solid waste management. These arise
primarily from industrial sources and from sewage treatment plants. Solid wastes comprise
countless different materials; dust, food wastes, packaging in the form of paper, metals, plastics or
glass, discarded clothing and furnishing, garden wastes and hazardous and radioactive wastes. The
method and. capacity of storage, the correct typeof collection vehicle, the optimum size of crew and
the frequency of collection depend mainly on volume and density. Just as solid wastes comprise a
vast number of materials, they arise from a multitude of separate sources as well as many kilometers
of streets upon which solid wastes accumulate. Thus, the four main aspects of solid wastes
management are: (i) storage at or near the point of generation, (ii) collection, (iii) street
cleansmg (iv) disposal.

The in,constituents of solid wastes are similar throughout the world, but the proporq& vary
.-. mcome rises, paper mcreases kitchen wastes decline, metals apd glessinCrease

» .
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Health an
Improper handling ‘s st
environment both. Direct hean’lc
protected, as far as possible, from skin CORTact astes. For the general public, the main risks
to health are indirect and arise from the breeding of disease vectors, primarily flies and rats. More
serious, however, and often unrecognized, is the transfer of pollution to water, which occurs when
the leach ate from a refuse dump enters surface wateror wastes, either in the open air, or in plants
that lack effective treatment facilities for the gaseous effluents. Traffic accidents can result from
wastes accumulated and dispersed on to
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streets and roads. They have caused death and injury to people in the surrounding areas. There also
persists the specific danger of the concentration of heavy metals in the food chain. These metals
can be taken up by the plants growing on land on which sludge has been deposited, creating
risks to the animals which graze and the humans who consume these animals.

Economic implications

Labour and transport absorb the major part of the operating cost of solid wastes management
services. The level of mechanization that should be adopted for solid wastes management systems
relates directly to the cost of labour, as compared to that of plant and energy. There is not much
variation, worldwide, in energy or mechanical plant costs, but there is wide variation in the range
of labour costs. Thus, there are no universally applicable solid wastes management systems. Every
country must evolve indigenous technology based on the quantity and character of the wastes, the
level of national wealth, wage rates, equipment, manufacturing capacity, energy costs etc. It is
necessary to deploy a complete set of technical skills, which derive from several professional
disciplines. These include civil and mechanical engineering, chemical engineering, transport
organization, land use planning and economics. -

Refuse Collection

.
A refuse collection service requires vehicles and labour. For their efficient development, three
components are basic:

(1) Travel to and from the work area,
(2) The collection process, and
(3) The delivery process.

The use of large, widely spaced communal storage sites is usually a failure because the demand
placed on the householder goes beyond his willingness to cooperate. Communal storage points
should, therefore, be at frequent intervals, Madras and Bangalore provide fixed concrete
containers. They are fairly successful because they place reasonable and acceptable duty on the
residentsy thus very little domestic waste is thrown in the street. ¢

2
g_jn tem of block collection, a collection vehicle travels a regular roug Serik
infervel ey two days or every three days, and it stops at every street .i |1{d
bell istrinGNAL alsthe residents of all the streets leading «from that i { 1o, théir
wastes i s g% Uellgle and hand.them to the crew tobe empfi AV eroly Fse Wtwo

men is adegua 'f‘ : qeyede not need to leavethe ‘ 4_',!'4 i M
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Sanitary Landfill Dispasatar s e v%_’f HPES .%6‘5
Land disposal (burying of Wa ip W isposal, which is performed at
a single site. Incineration, composting, 2 are e a form of refuse handling or processing.
They are not complete methods of disposal, and they require disposal of residue. Sanitary landfill
can be defined as the use of solid wastes for land-reclamation, a typical example being the
restoration, by filling to the original level of man made surface dereliction such as a disused surface,

mineral excavation. Solid wastes may also be used to improve natural features by raising the level
of low-lying land to enable it to be used or
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cultivation or industrial development. Thus, sanitary land filling has two essential features, which
differentiate it from crude dumping:

(i) Only sites that will be improved not degraded, by a change of level are selected.

(ii) Simple engineering techniques are used to control the manner in which the wastes are
deposited, so that dangers to public health and the environment are avoided.

Unfortunately most of the world’s, wastes are disposed off by uncontrolled dumping which
blights the land for any future use and causes serious risks of water pollution and vector breeding.
Very few cities operate sanitary land filling to standards, which totally control health and
environmental dangers; most of those that do are in the industrialized countries.

Control of Hazards

(i) Control bver pathogens is dependent upon a rigorous policy of covering the wastes soon
after deposit. This serves both to isolate the wastes and to retain the heat, which is
quickly generated during aerobic decomposition.

(i) The main source of insects will be the eggs of flies. Which have been deposited in the
wastes before they arrive at the site. Most of these will be buried deep in the wastes and
will succumb to the temperature increase. .

(iii) Fire at a sanitary landfill can arise from innumerable causes, hot ashes in a vehicle
delivering wastes: a cigarette thrown by a worker; the sun’s ray though a fragment of
glass on the surface. With some kinds of wastes the consequence of fire may be very
serious and underground fires have been known that ultimately caused the collapse of the
surface into voids caused by the fire.

(iv) The pollution of static water, ditches, river or the sea occurs when a sanitary landfill
adjoins a body of water. The normal source of the leach ate causing this pollution is rain
falling on the surface.

Incineration
O@ bugning, barrel burning, and other related uncontrolled forms of burning
h it any liquid wastes and pathological wastes are best disposed of;
O e incineration was practiced to reduce the quantity of' [S6 xf’{‘
AfteTy pReat could destroy most pathogens, incineratorss
destruc s With fevv exceptlons incinerators

) &Joing to fequire that
o, ) i JUse ( *future units. Incineration
of solid wastes yields the highest : w eereduetion except for Pyrolysis. Unlike a
sanitary landfill, incineration of solid Wastes can e |5’erf0rmed on the premises of apartments,
supermarkets, departments’ stores,and similar establishments.

Composting o

Composting involves the biological stabilization of solid matter either under aerobic or
anaerobic conditions. The end product of composing is an organic material, which could have
beneficial value as a soil conditioner or plant mulch. In addition to producing a modified
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solid waste material, which can be useful in land reclamation, composting does yield a volume
reduction of solid waste by about 40-60% of the compost able fraction pyrolysis

Pyrolysis is a thermal process where oxidation of the organic fraction is not allowed to occur.
Instead, the organic matter is evolved from the refuse with heat, leaving an ash consisting mostly of
carbon and any inorganic matter, e.g. metal and glass are not removed before Pyrolysis. Some of the
gases, which have been volatized, are condensed while the remainder is burned to supply the heat
(energy) needed to pyrolyze the materiak. Since oxidation is prevented, the Pyrolysis process must be
performed in an atmosphere of argon, helium or nitrogen.

Role of an Individual in P°revention of Pollution

Which are the most viable, efficient and economical ways to eliminate pollution problems? We
very often see people blaming public and government sectors to control pollution through controlling
market mechanisms and government blaming people to avoid and check pollution. Who would control
whom? Many ecologists and environmental scientists believe in that pollution problems can be
overcome by using market mechanisms to reduce pollution rather than rigid rules and regulations.
However, on the other hand man should identify and gear up his own potential to curb down
pollution. Man could achieve this by identifying his own role at individual level in prevention of
pollution. This is possible through environmental awareness, education and enlightenment.

Ways and means by which pollution problems can be greatly reduced at individual level
are:
1. Masses at personal level should determine to consume optimum level of resources, which
would lead a comfortable life. Because excessive resource consumption is in someway
related to pollution problems and hazards (natural and anthropogenic both).

2. Waste disposal at personal level should be optimally reduced as waste destruction by any
means causes pollution.

3. Maintenance of vehicles should remain proper as to avoid introduction of harmful gases
and other pollutants in to the atmosphere.

ators and other household gadgets that add to pollution of enwronmen% %(ept ’

%en
¢/ 13 alned.

gal fertilizers should be limited as to avoid water po o !i 0 ‘-,- 3
J\

b.s "“- Jj,}'a' A8 te to prevent decomposition of househgl 1 9 Orse eyg“"foul
ours“2pa Spréach Of=pli9Bdse By insects, flies and othepthethoibpic gctelta.
o) AN PO A L e % . " o
7. IndustrialistsrInédtes peCRCIo 4- PEk giSP0sa ~1 egipd 3% actory units as to
avoid thermal pollufid h{’ 5 b'o&|e "hév shoulplye '.-".' déploy a water treatment
plant to prevent the flow§ i'... i ralial, 4
. " .
8. Service centres of vehicles should minimizé the disposal of organic solvents into the main

drains.

9. Music lovers should listen and operate their music systems at optimum levels as to
avoid noise pollution.
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Disaster Management

Loss of life and property due to natural disasters like tropical cyclones, floods, droughts,
tornadoes, earthquakes, volcanic eruptions etc, is very large. Fortunately warning facilities are
available today and by mitigation measures, loss of lives and properties can be minimized. National
Meteorological Services of the world to provide warnings to the public for some of the weather
related natural disasters. It is not possible to forecast a long period ahead precisely when and where
a dangerous natural phenomenon will take place. While natural disasters cannot be prevented, taking
proper long-term and short-term disaster mitigation measures can minimize the loss of life and
property. o .

Some common disasters known to occur in our country are as under:

Floods

Floods are defined as a relatively high flow of water discharged from river and stream network,
which sets the riverbank margins to overflow and lead to the inundation of low land areas
surrounding the riverbed. It is essentially a physical phenomenon. Floods arise from abnormally
heavy rains, dam failures, snow melts, river blockages. Flood disasters rank second only to
droughts in the total number of people affected worldwide. A
Types of Floods

Floods can be classified into three categories as under:

(i) River floods

Rivers get charged due to heavy rains over large catchments areas or by melting of snow or
sometimes both especially in the mountainous tracts. The floods take place in river systems with
tributaries that may drain into large geographic areas and encompass many independent river basins.
Amount of flooding depends on moisture in the soil, vegetation cover, and depth of snow and
size of catchments basin.

(i) Coas};al floods .

ten aggravated by wind induced storm surges along the coagl"

ate ] nland . coasts affecting kilometers of tracts. Ocean
tsunafnis Playea te a1 rolonged and indefinite rains in-the ram ¢
Septembe ) Kyt coastal river basms ’
(i) Flash floods -
These floods occur - of the

downpour, partlcularly if the catchments $ ope is uha'bl‘E fo absorb and hold a significant part of
water. Other causes of flash floods include dam failure, sudden break upof glaciers etc. These
offer potential threats in the areas where the terrain is steep, surface_runoff is h|gh water flows
through canyons and where severe rainstorms are likely.

General Characteristics of Floods

1. Man made structures and forest vegetation exhibits different levels of tolerance
‘towards effects of floods. ‘ .
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2. Intensity of damage is governed by the time interval of standing floodwaters.

3. High velocity of running water may uproot or weaken foundations of buildings.
4. Rate of rise and discharge of a river is important as a basis for flood control.
5

. Frequency of occurrence estimated over a length of period would determine thekind
of activities the flood plain should be put to.

6. Generally the rainy season is=characterized by the floods during which agricultural
economy suffers a huge loss.
Effects of Floods :

1. Rising water, erosion and the force damages the residential and commercial building. They
are dangerous for villages lying in the coastal areas as it sweeps away everything, which
comes into its path. In mountainous areas it is the chief cause of landslides.

2. Fisherman, local people, cattle, animals and vegetation suffer a great loss of life and
property. Most of the deaths are reported to be from drowning.

3. Fresh water supplies by all sources are nearly destroyed and contaminated hence the
areas falling under its impact bear a great risk of suffering from water borne diseases.

4. The destruction of food and fodder crops result in acute food shortage.
5. Floods also make soil infertile, as the topsoil is lost due to erosional activity.
6. Floods are also known to preserve, wetlands and recharge ground water.

Flood Control

1. Depth and width of the riverbed could be increased as its capacity to carry larger loads
increases manifold and thus reduce the area of the flood plain.

2. A network of canals can be established from the river systems, which generally leads to
floods. This would also benefit the agricultural economy/ section. Care must be taken in
Ehe design and construction because of the possible environmental impact and n sary

oty features. ek :’,
lr - -
: é. QS } ould be made for storing floodwater and releasing them .,y:i;‘ plNe, [
- -‘* ;‘ dregpire careful engineering. Dams, and reservoirs, gwould turthes a.
A ' o 0
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5. Rivers and streamb&dS<s a ,;n € nry or vegetation at the
banks. This should strlctly e onyeeRvh S pass through cities, specially near
bridges.

Post Disaster Requirements

The initial response to flooding authorities/community should include:
Search and Rescue operations, water provision,

Medical assistance, Disaster epidemiological surveillance assessment, food and
et and temporary shelter.
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The secondary response should include:

Reconstruction of houses, equipment and tools, supply
Creation of employment, of animals, and assist with
Assistance to farmers, recovery of small business

Distribution of farm and fisheries.

Flood Problem In India

The nature of flood peoblem varies from one river system to another. Two great river systems
are discussed below considering the flood problems in India:

Brahmputra River

The main prbblem of flooding in the northeastern region arises from the Brahmaputrariver
and its tributaries. The river in monsoon season overflows its banks and causes a great damage to life
and property both. Several times it has affected Kaziranga wildlife sanctuary where rhinoceros
population died due to rising floods. In recent years, the erosion along the banks of the Brahmputra
has assumed serious proportions. The rivers also carry considerable amount of silt and have a
tendency to change its course. :
Ganga River System

In this region the northern tributaries of the Ganga, namely the Rapti, the Sharada, the
Ghaghra and the Gandak cause extensive flooding along their banks. Drainage congestion is
confined to the northwestern parts of U.P., Meerut, Mathura and Agra suffers the most. Bihar
suffers a considerable amount of damage due to the flooding of the Burhi Gandak, the Baghirati, the
Kamla Balan, the Kosi and the Mahananda. In addition to the crop submergence the area experiences
traffic dislocation also. In the Bengal region Baghirati, the Ajoy and the Damodar cause
extensive flooding. Here the tidal effect of Bay of Bengal also plays a role in flooding. In Delhi
and Haryana it is the Yamuna, the biggest tributary of the Ganga, which causes a marginal amount
of flooding. Most of these flooding regions suffer from inadequate channel capacity as Il as
regulaw of giver water flow in these channels. K

el N ey
=2t v, qekSeismology 4 s 2 '{,&'ls
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i “earth(uak 2= major demonstration of the power .ef the te (O ¢ ; *‘n‘l
endogenetit thopins dikiQis,of the interior of the earth. An earthgualé gt i3 e thelground
surface ging” oh el &g f: a wild_ motion capa I -!’ r:"'* c(&l mgs #bart and

’
causing gaping fissu o0 Jrounds, \ilte™ R -..4.-.- qm- (R\(T5p harles E. Richter in
1935 measures the mab' U d ;y"of‘. c9se0h D -arthquake. Good Friday
Earthquake of March 27, 1964 nwAldska(USM, ¥eadifiig Sdeto
8.6 on Richter scale is among the greates t,;z?rt fuakes of the world ever recorded.

The science that studies the behaviour and patterns of seismic waves is called seismology. The
place of origin of an earthquake is called focus, which is always hidden inside the earth,but its
depth varies from place to place. The place of the origin of an earthquake is called ‘focus’ which
is always hidden inside the earth. The deepest earthquake may have its focus at a depth of even
700 km below the ground surface. Major Himalayan earthquakes, such as the Bihar-Nepal earth
quake of August 2, 1988, have their focus around 20-30 km deep. The place on the ground
surface, which is perpendicular to the buried ‘focus’ or ‘hypocenter’,
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recording the seismic waves for the first time is called ‘epicenter’. The waves generated by an
earthquake are called ‘seismic waves’ which are recorded by an instrument called seismograph. The
lines joining the places of equal intensity of seismic waves on the maps are called is
oseismallines.

Causes of Earthquakes

Earthquakes are caused mainly due to disequilibria in any part of the crust of the earth. A
number of causes have been assigned to cause disequilibria in the earth’s crust suchas volcanic
eruptions, faulting and foldipng, gaseous expansion and contraction inside the earth, hydrostatic
pressure of man-made water bodies like reservoirs and lakes, and plate movements.

(1) Vulcan City

Volcanic activity is considered to be one of the major causes of earthquakes. Vulcan city and
seismic events are so intimately related to each other that they become cause and effect for each
other. Earthquakes follow each volcanic eruption and many of the severe earthquakes cause volcanic
eruptions. The explosive violent gases during the process of Vulcan city try to escape upward
and hence they push the crystal surface from below with great force and thus is’ caused severe
earth tremors of high magnitude.

(2) Faulting and Elastic Rebound Theory

The horizontal and vertical movements caused by end genetic forces result in the formation of
faults and folds which in turn cause isocratic disequilibria in the crystal rocks which ultimately causes
earthquakes of varying magnitudes depending on the nature and magnitude of dislocation of rock
blocks caused by faulting and folding. The 1950 earthquakeof Assam was believed to have been
caused due to disequilibria in crystal rocks;

(3) Hydrostatic Pressure and Anthropogenic Causes

Certain human activities such as pumping of ground water and oil, deep underground mining,
blasting of rocks by dynamites for constructional purposes, nuclear explosion, storage of huge
volume of Water in big reservoirs etc. also cause earth tremors of serious consequenc : The

introdu feadditional load through the construction of large dams and - .of\.
e water. in big reservoirs behind the dams cause disequilibri; C lgz '
bel - .

4) PlatelT

currents originating deep within the eartH All sor'ts kil drsequrlrbrla are caused due to different
types of plate motions and consequently earthquakes of varying magnitudes are caused.

CLASSIFICATION OF EARTHQUAKES

Each earthquake differs from the other and thus it becomes difficult to classify all the
earthquakes into certain categories.
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(1) Classification on the Basis of Causative Factors

(A) Natural Earthquakes are those, which are caused by natural processes i.e. due to
end genetic forces. These are further divided into four subcategories.

(i) Volcanic Earthquakes are caused due to volcanic eruptions of explosive and
fissure types and are confined to volcanic areas. Severe earthquake caused by
violent explosions of Etna volcano in 1968.

(ii) Tectonic Earthquakes are caused due to dislocation of rock blocks during faulting
activity. Such earthquake is very severe and disastrous i.e. 1906 earthquake of
California (USA). .

(iii) Isostatic Earthquakes are triggered due to sudden disturbance in the Isostatic
balance at regional scale due to imbalance in the geological processes.

(iv) Plutonic Earthquakes are in fact, deep focus earthquakes, which occur at
greater depths.

(B) Anthropogenic Earthquakes are caused by human activities such as pumping of water and
mineral oil from underground aquifers. and oil reserves respectively, deep underground
mining, blasting of rocks by dynamites for constructional purposes s
e.g. Koyna earthquake of Maharashtra of 1967 due to Koyna reservoir etc.

(2) Classification on the basis of Focus
On the basis of the depths of their foci these have been divided into 3 types.
(i) Moderate Earthquake: Foci are located at the depths between 0-50 km.
(i) Intermediate Earthquake: Foci at the depths between 50-250 km.
(iii) Deep Focus Earthquake: Foci at the depths between 250-700 km.

Classification on the basis of Human casualties

(i)» Moderately Hazardous Earthquakes: If deaths of human range below 50,00Qstlue to
ismRic tremors e.g. Tabas earthquake of Iran 1978 A.D. (death toll 25,000: !

- emors e.g. in 1935, Quetta, Baluchistan, (death.t 00000) 0 _J:K
( thquakess If deaths of human casual 8070@D Tark
hipa (death toll 7,50, 2P 2
World Distribution abip e, W ' 3? 0 3 TN

Earthquakes are, in fact ases agetl svith s Mﬁcally distributed areas of the
world. Most of the world earthquakes ~occur mt fes of young folded mountains, the zones of
faulting and fracturing, the junction of continental and oceanic margins, the zones of active
volcanoes and along the different plate boundaries. The world map of the distribution of earthquakes
prepared by seismologists show the occurrence of earthquakes along the following belts.

(i) Circum-Pacific Belt: surrounding the Pacific Ocean.
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(ii) Mid-Continental Belt: representing epicenters located along the Alpine-Himalayan
Chains of Eurasia and northern Africa and epicenters of East African Fault zones.

(iii) Mid Atlantic Belt: representing the earthquakes located along the mid-Atlantic
Ridge-and its offshoots.

Effects of Earthquake hazardous

Earthquakes and their hazards are determined on the basis of the magnitude of seismic intensity
as determined by Richter scale but are decided in the basis of quantum of damages done by a
specific earthquake to human lives and property.

(i) Landslides

Weaker landmasses and tectonically sensitive land margins cause landslides and debris falls,
which damage settlements and transport systems on the lower slope segments.

(i) Damage to Life and property

Structures such as buildings, roads, rails, factories, dams, bridges suffer a huge .damage thus
causing a heavy loss of human life and property both. The vibrations of earthquakes last longer
and the amplitudes of seismic waves are greater artificially in filled and leveled depressions, swamp
deposits etc. than in the structures of consolidated materials and bedrocks. Two major ear’[hquakes of
Bihar-Nepal border in 1934 and 1988 explain the impact of earthquake disasters on human structures
and human lives. The damage caused by the Bihar earthquake of 15 January 1934, measuring 8.4
on Richter scale, include 10,700 human deaths, landslides and slumping in an area of 250 km length
and 60 km width, ruptures and faults in the ground surface etc.

(i) Damages to Government Infrastructure

Cities and towns are worst affected due to large concentration of human population, commercial
complexes and residential areas. Due to collapse of large buildings there is greater loss of life and
property. Due to collapse of buildings ground water pipes are bent and damaged thus water
supply is disrupted, electric and telephone poles are uprooted and there is total disruption of power and
commu‘%at_ion. Other side effects are collapsed sewer system causing epidemics, roadblocks;

electrlc

Nles,’
appliances.

activity.

(vi) Flash Floods .

Strong seismic events result in the damages of dams and cause severe flash floods. Severe
floods are also caused because of blocking of water flow of rivers due to rock blocks and debris
produced by severe tremors on the hill slopes facing the river valleys.
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(vii) Tsunamis

The seismic waves, caused by the earthquakes traveling through seawater, generate high sea
waves and cause great loss of life and property. Since the pacific Ocean is girdled by the
earthquakes and volcanoes tsunamis are more common in the pacific with a minimum frequency of 2
tsunamis per year.

A CASE STUDY ~

U.P. Earthquake of 1991«

A severe earthquake occurred in Garhwal region of Uttar Pradesh on 20th Oct. 1991. Intensive
tremors were felt at 2.53 a.m., which lasted for about 45 seconds. The magnitude of earthquake
was measured 6.6 on Richter scale and its epicenter was at Angola, a place near Uttarkashi, Mild
tremors are a regular feature of the area. The worst affected areas have been in the district of
Uttarkashi, Tehri Garhwal and Chamoli while it also caused sizeable damage in the districts of
Dehradun, Pauri Garhwal and Nainital. The roads and bridges are the chief means of communication
in hill region, which underwent heavy damage. The economy of such places is based on tourism to
a great extent, which suffered a great set back. The overhead drinking tanks and pipelines had
developed cracks. Sources of drinking water had been damaged. The earthquake caused intensive
damage to the building of various government departments, Forest, Home, Finance and Rural
Development.

Cyclones

Cyclones are the centers of low pressure surrounded by closed isobars having increasing pressure
outward and closed air circulation from outside towards the central low pressure in such a way
that air blows inward in anticlockwise on northern hemisphere and clockwise in southern
hemisphere. They range in shape from circular, elliptical to V shape. From locational viewpoint
cyclones are classified into two principal types e.g. i) extra-tropical cyclones/temperate cyclones ii)

tropical ,cyclones. .
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Temperate cyclones are of differe 2 B Ysemi-circular, elliptical, elongated or V,
but all of them are characterized by low pressure mthelr centres and closed isobars. The pressure
difference between the centre and periphery is about 10-35 mb. It means that pressure increases from
the centre towards outer margin. Average large diameter of an ideal cyclone is about t 900 km
while short diameter measures t 000 km. The temperatecyclones move eastward under the influence
of westerly winds with average velocity of 32 km per hour in summer and 48 km per hour in
winters.

(i) Shape, Size and Speed
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S.W. Quadrant , S.E. Quadrant

|
Figure 5.1: A generalized temperate cyclone in northern hemisphere.

(i) Wind Systems

Since there is low pressure in the centre of temperate cyclone and air pressure increases outward
and hence winds blow from the periphery towards the centre but these winds do not reach the
centre straight rather they cut the isobars at the angle of 20° to 400 due to friction and Coriolis force
and thus wind direction becomes anticlockwise in the northern hemisphere and clockwise in the
southern hemisphere. Since temperate cyclones are formed due to convergence of two contrasting air
masses and hence it is natural that there are variations in the nature and direction of winds in
different'parts of the cyclones.

eratures are noted in different parts of temperate cyclone; e

e_of two thermally contrasting air masses. The so e

{eshgcause of the dominance of warm air‘while hefillern
and norfﬂ-‘:{ : emperature because of t i )(e“mass
The westerh part eHAtWre ;

(iv) Source Regionsand T ) by o : ::‘ " %

i CyotoNeswM i AL %Te and high latitudes extending
hesecyclones move, on an average, in easterly
direction. (1) Cyclones after originating in the north Pacific off the north- east and eastern coasts of
Asia move in easterly and north-easterly direction towards the Gulf of Alaska and ultimately
merge with Aleutian Lows from where they follow southerly direction and reach ‘as far south as
southern California. The cyclones moving inland dissipate and are occluded at the windward
western slopes of the Rocky Mountains.

(v) Origin of Temperate Cyclones

Though the formation and development of temperate cyclones is a quick process but it passes
through a series of successive stages. The period of a cyclone from its inception
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(cyclogenesis) to its termination (proteolysis or occlusion) is called the ‘life cycle of cyclone’;
which is completed through six successive stages.

(a) The first stage involves the convergence of two air masses of contrasting physical
properties and directions. Initially, the air mass (warm and cold) move parallel to each
other and a stationary front is formed. This is called initial stage.

(b) The second stage is also called as ‘incipient stage’, during which the warm and cold air
masses penetrate into the territories of each other and thus a wave-like front is formed.

(c) Third stage: This is the mature stage when the cyclone is fuIIy developed and isobars
become almost C|rcular

(d) Fourth stage: Warm sector is narrowed in extent due to the advancement of cold front
than warm front, as cold front comes nearer to warm front.

(e) Fifth stage: Starts with the occlusion of cyclone when the advancing cold front finally
overtakes the warm front and an occluded front is formed.

(f) Sixth stage: Warm sector completely disappears, occluded front is eliminated and
ultimately cyclone dies’ out.

(1) Tropical Cyclones
(i) General Characteristics

Cyclones developed in the regions lying between the tropics of Capricorn and Cancer are
called Tropical Cyclones which are not regular and uniform like extra tropical or temperate cyclones.
There are numerous forms of these cyclones, which vary considerably in shape, size, velocity and
weather conditions. The weather conditions of low latitudes mainly rainfall regimes are largely
controlled by Tropical Cyclones.

(a) Size of tropical cyclones varies considerably. On an average their diameters range between
80 km and 300 km.

a(jatl SN their dlfferent parts
_mm cyclones yields rainfall.
(g) Tropical cyclones are not always mobile. Normally, they move from east to west under
the influence of trade winds

(h) Tropical cyclones are confined to a particular period of the §/ear (summer season).
(i) Types of Tropical Cyclones
Generally they are divided into 4 major types:
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(@) Tropical disturbances or easterly waves
(b
(c

(d) Hurricanes or typhoons

) Tropical depressions
)

Tropical storms

(iii) Origin of Tropical Cyclones

On an average, tropical cyclones are formed due to development of low pressure ofthermal
origin. They develop when the following requirements are fulfilled:

(@) There should be continuous supply of abundant warm and moist air. Tropical
cyclones originate over warm oceans having surface temperature of 27°C.

(b) Higher value of Coriolis force is required for the origin of these cyclones.

(c) They are associated with inter-tropical convergence (ITC), which extends from 50
-300N latitudes during summer season.

(d) There should be anti-cyclonic circulation at the height of 9000 to 15000 m above*the
surface disturbance.

(iv) Distribution of Tropical Cyclones .

There are 6 major regions of the tropical cyclones e.g. (1) West Indies, Gulf of Mexico, and
Caribbean Sea. (2) Western North Pacific Ocean including Philippines, Islands, China Sea,
and Japanese Islands. (3) Arabian Sea and Bay of Bengal. (4) Eastern Pacific coastal region off
Mexico and Central America. (5) South Indian Ocean of Madagascar (Malagasi), and (6) Western
South Pacific Ocean, in the region of Samoa and Fiji Island and the east and north coasts of
Australia.

(v) Environmental Impact of Tropical Cyclones

Tropical cyclones are very severe disastrous natural hazards which inflict heavy loss to human
lives and property in terms of destructlon of bwldmgs transport systems Water and power supply

General (}{aract

3 TS i has highest air pressure
at the centre and lowest at the outeT ek the centre outward in clockwise
direction in the northern hemisphere and antlclockW|se “in"the southern hemisphere fig.13. Thus,
anticyclones are high-pressure systems and more common in the subtropical high pressure belts but
are practically absent in the equatorial regions. Anticyclones were classmed into (i) warm
anticyclones, and (ii) cold anticyclones by Hanzilk in 1909.
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Figure 5.2: Generalized representation of air pressure and wind system in an anticyclone.

They are characterized by the following properties.

(1) They are usually circular in shape. The difference of pressure between the centreand
periphery of anticyclone ranges between 10-20 mb.

(2) They are much larger in size and area than temperate cyclones.

(3) Anticyclones follow cyclones. They move very sluggishly. The average velocity of
anticyclones is 30-50 km per hour.

(4) Winds descend from above at the centre and thus weather becomes clear and rainless
1 because the descending winds cause atmospheric stability. &‘
ohi&Y/ i)

wind system is'met iufty SIgpad s ! BRCats: yeakypiesiire gradient. On an
average, wind circulation SHwetige] - in*y [ all directions from high-
pressure centre to low- pressure 0 = s i slugglsh in the rear portion in

'n!bd by light breeze.

These arise due to the descent of either polar cold air mass or warm tropical air mass. Cold
anticyclones are associated with extremely low temperature and they cause cold waves during winter
season but when they come in summer season, weather becomes pleasant.

comparison to the front portion. The centre:

2. Shapes and Size

Anticyclones are generally of circular shape but are very large in size. They become so large in
size that.their diameters become 9,000 km. ‘ . '
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3. Weather Conditions

Generally, anticyclones are rainless and sky is free of clouds because of the fact that
descending air in the centre of anticyclone is warmed up at dry adiabatic rate due to subsidence.
This causes rise in temperature, which reduces normal lapse rate of temperature, with the result the
stability of air increases resulting into marked increase in the aridity of air. This is why
anticyclones are indicative of dry weather.

4. Landslides

Among physiographic units, the two northern units of the Greater Himalayas (7500- 8500m), and
the Inner Himalayas (Trans-Himalayan zone), an intervening system of high plateau and valleys lying
between the two great mountain ranges, are considered along with middle mountains, the traditional
centres of population. The upper northern section of these middle mountains remains largely’ under
upper montane forest (2900-4000 m), below which is the belt of intensive agriculture. Lithology is
highly varied, including sedimentary, metamorphism, and granites. However, there are extensive
areas of phyllites and schists; these are deeply weathered and the prevailing steep slopes render
them highly susceptible to erosion and slope failure (mostly through landslides). Presently, according
to gross yet reliable estimate, the landslides occupy about 1% of land surface in only five central
districts of Himachal Pradesh. They have a total volume of more than 2.2 x 106 m3and a mean
age of 6.5 years. This helps to evaluate the denudation rate, which is about 12 mm/year (all erosive
processes). Landslides have about 2.5-mm/ year denudation rates. One of the main causes of
landslides is road construction.

Keywords:

1. Radioactive Waste: Any waste that emits energy as rays, waves, streams or energetic particles.
Radioactive materials are often mixed with hazardous waste from nuclear reactors, research
institutions, or hospitals.

2. Radionuclide: Radioactive particle, man-made (anthropogenic) or natural, with a distinct atomic
weight number. Radionuclides can have a long life as a soil or water pollutant.

3. Radon: A common radioactive gas emitted from ordinary soils and rock. Radon has no smell,
taste or color and can seep into homes, building up to dangerous levels if there is not enough
ventilation. Exposure to high levels of radon gas over a long period of time increases the risk of
developing lung cancer.

4. Reasonably Available Control Technology (RACT): Control technology that is reasonably
available, and both technologically and economically feasible. Usually applied to existing sources
in nonattainment areas; in most cases is less stringent than new source performance standards.

QUESTIONS

1. Write the definition of pollution in your own words and also explain the causes of pollution.

2. Explain the types of pollution. Write the precautions to minimize the pollutions (air, water,
social, marine, noise).

3. What is social water management? Explain.
4. Explain the role of an individual in prevention of pollution and how it is possible?

5. How we can conduct the pollution case study in a particular area and also explain the
disaster management?



UNIT

Environmental Science :Social
Issues

Introduction

The term sustainable was development and introduced by the World Commission on
Environment and Development (The Brundtland Commission), in its seminal report of 1987, Our
Common Future. The concept has terrifically worked out in creating public awareness for
sustaining the planet with better management. The sustainable development has been defined as
“meeting the need of the present generation without compromising the needs of future generation”.
The concept precisely emphasizes upon using the earth resources judiciously and compensating for it
in some sense e.g. if cut few trees to support our lives, we should also implant some new ones at
some site. This would result in. maintaining the earths fine balance between resource consumption
and resqurce generation. .

| anding this concept we very often encounter two terms- sustainable ankde eldpment.
: N ded -y
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Development

The literal meaning of development is “the act or instance of growth/advancement”. So the
growth can be of many types viz., growth of education, growth of industry, growth of population,
growth of forests and many other. But what type of growth are we addressing to? Here we are
addressing to one of the most sensitive issue of growing concern ‘about improving the well-being of
human beings. This could be achieved only through compromising with some of our comforts and
luxuries. The generation of comforts and luxuries brings environment under great pressure. The
Nations ‘economic growth should not stand upon the fragile foundation of earth’s resources.
Mahatma Gandhi a great social scientist, rightly
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pointed out that, “The earth provides enough to satisfy everyone’s need, but not everyone’s greed”.

In the context of economical and technical development the world always had been better
today than yesteryears and will always be better tomorrow than today. But the condition of
environment will always be poorer than before. Hence, the concept of sustainable development raises
certain questions for the present generations to answer. What is our present? Are we happy with our
present? Prospective changes of the magnitude described above raises fundamental questions about
the kind of world we will bequeath to our children and about the nature and goals of development.
The present in which we 4dive is importantas it shapes our future. Nothing much can be done to
recover the damages imposed on nature in the past. But if we shape our surroundings based on
environmental ethics and economically exploit our present environment we would lend a healthier
tomorrow to ourchildren. As we have examined some environmental issues in the previous UNITS,
we would commonly agree that human population growth, loss of biodiversity, habitat destruction,
ozone depletion, global climate change, pollution (air, water, noise etc.) and limited food & energy
supply are environmental concerns of global scale. In the past two decades a great deal of work
from researchers, ecologists, environmental scientists, social scientists, geographers and
demographers have build up a very clear picture of what our tomorrow would be like: Some
initiatives have been taken up both at government and non-government level. Still" promising
environmental concern at individual level is far lacking beyond sustainable needs.

Although population growth continues to expand at an unsustainable pace but still certain
countries have achieved a demographic transition to zero population growth. However, positive signs
from developing nations are still absent. We have achieved breakthroughs in renewable energy
sources, agro-forestry schemes and better pollution control advancements. Increased man awareness,
resourcefulness and enterprise will help eliminate poverty and resource wastage and will make our
environment a much better place to live in. Until environmental concerns do not find space in our
heart we would never be able to delicately handle our surroundings when we are at home or public.
We should recognize things at personal and collective grounds to protect nature and to create a
sustainab}e environment.

Related to Energy

> . Wns have always influenced education, religion, commerngé, £oh DA ’Aﬁ#
and ye, |t 04 wh €+n turn influenced culture and society~in varlo SEPLOROKiteE Onss LtMIy
only a y~, {ORaaithe society dived in cities and towns«\i i e u—-l OCE n of

A . v " rﬁ
ywvewver’ Irfdustrial

B4
major po '[Iatlo .['.;: )eent TIsHy -. b ung agriculture .apd ;,".'_xd 3
»developifig nations,

Revolution lead to éxp QM botT i 5iacy D0\ ;.
especially a large segm _ Hﬂ?‘ v'il 0‘%- 3 1' Or occupational support
(occupational migration). This € e Fapiliepansion of cities’ and formation
of metropolitans like Delhi, Bombay, he Fﬁ anal'bré, Calcutta and others. This ultimately
brought into picture the concept of urbanization and industrializations, which provided many
benefits to society, especially to the rich, but also introduced some evils in it. Here evils referred
to were the increasing demand on energy resources; whose consumption in turn lead to multitude
problems of pollution, resource shortage, diseases and waste disposal. Some of the major urban

problems related to energy are as under:
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(i) Electricity

Electricity from various sources is a major requirement of expanding cities, towns and villages.
Each and every activity of mans life is now someway related to electricity consumption. Housing
gadgets like mixer-grinder, T.V., computer, music systems, geysers, fans, lights, A.C.s, microwave,
water lifting pump, warm blowers, coolers, etc. form the essential components of a house. This
all together has led to an electricity energy crunch.

Itis well known that some paft of electricity is lost in transmission and greater part is
stolen. The remainder is simply not enough to support the majority of people inthe city and that’s
why the problem of electritity in cities is on the rise. The buildings are empowering the cities like
anything but nowhere we see dams, supplying electrical units, increasing in number at the same
pace. Therefore, what majority of the cities face today is a wusual cut of electricity for a
minimum of 6-8 ‘hrs. This makes today’s urban life handicapped. Resourceful enjoy the resource
benefit from the rising generator and inverter culture, which in turn put pressure on resources and
lead to pollution problems.

(i) Fossil fuels (petroleum, natural gas and coal)

Fossil fuels have always been under a great threat from times immemorial. In the absence of
technological advancements these have served mankind for several years. In this quest for energy the
coal reserves have suffered a lot. With rise in technical know how man started generating power from
nuclear sources, hydroelectric power, wind power etc. But still these contribute a little. We still
depend on thermal power a lot.

(@) Petrol and Diesel: Transport and communication has brought the petroleum reserves of the
world under a great threat. The rise in number of vehicle per year is immense. To
understand the gravity of the problem a glance of metropolitan roads and lanes is
enough. Even the roads and lanes of big cities, small cities and towns are loaded with two
wheelers.

(b) Natural Gas: The common usage of natural gas is in the form of Liquid Petroleum Gas

» (LPG) There is a terrific rise in the usage of LPG driven household commoditigs with

-,,J he ®®xpanding population. Earlier the LPG usage was only limited t \c‘* p for ,
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— Watef Conservationt and Management,
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— Environmental Ethics, X
— Global Warning,
— Environment Protection Act,

— Issues involved in Enforcement of Environment Legislation,
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Millions throughout the ages. Earlier it was primarily used to support kitchens. People also
utilized it for heating stoves/ heaters in colder regions of the world. Later, its usage in the railways
became the chief cause of its rapid exhaustion. Coal reserves are a limited source of energy
now. It should be used judiciously and economically.

(i) Fuel wood

Fuel wood being used for the ignition of fire is chiefly responsible for the destruction of
impoverished forestlands. Though fuel wood collection to support family daily chores isallowed in
certain parts of the forest generally the outskirts but the greed and dearth compels women to
penetrate deep into the fOrest. Generally the big cities are characterised by the absence of
forestland at the fringes. But whatever degraded forest is available serve as a source of fuel wood
even in and around urban centres e.g. Dehradun is a well developed city, but in its fringes we can
still see women and children carrying loads of fuel wood.

Water Conservation

We could save as much as half of the water we now use for domestic purposes without great
sacrifice or serious changes in our lifestyles. Simple steps, such as taking shorter showers, stopping
leaks, and washing cars, dishes, and clothes as efficiently as possible, cango a long way toward
forestalling the water shortages that many authorities predict. Isn’t it better to adapt to more
conservative uses now when we have a choice than to be forcedto do it by scarcity in the
future?

Rain Water Harvesting

Water is commonly taken for granted as nature’s gift. Often it is used wastefully in
agriculture, but industry and people pollute and poison available water supplies at an alarming
rate. Water problems arise from increasing demands generated by rapid population growth;
urbanization, industrialization and irrigation for additional food production. In manyareas excessive
pumping of groundwater not only brings down water quality, but also depletes it this affects’
sustainal;ility. The ‘capacity of irrigation tanks numbering about five lakh in the country is
shrmklwdue to situation and encroachment. Scarcity is noticed even in high rainfall a like

c -..,

because
Total rain 1
estimated at 186 M ha’ Kl AL
utilizable quantity is abb ! - t‘face and 40 M hm from
groundwater). To meet the relén &S6 water for various purposes and to
achieve the goal of optimal use and to get the maximum beneflts it is necessary to make water
resource development holistic through a comprehensive integrated river basin planning and
management. This can be done only if a wide range of disciplines are involved. Wastage of water
due to leakage in pipes and unattended repairs results in about 30-40 per cent water resource lost.

The landscape watershed units can be effectively subdivided into discrete hydrological units.
Since the watersheds are spatially laid from ridge to valley, they most efficiently conserve land and
water resources and help secure water availability throughout the growinq
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season. The land area of the watershed drains into a common point. Hence, the drainage water can
be easily stored in above -ground storage structures for recycling during droughts or for growing an
additional crop. Rain fed agriculture research and development has been dominated by the concept of
high yields for decades. It arose from the scientific principles developed for the ‘green revolution’
high input, high-output technologies. Fatigue and cracks are now developing in the green revolution
areas. For rain fed agriculture, an area-based development through watershed management provides an
excellent framework for sustaining semi-arid tropical ecologies. Also the landscape watershed units
focus on the maintenance of managed biodiversity through diversified cropping systems. It is
significant to note that g broad range of baseline information on watershed-based soil and water
conservation technologies already exists. A study commissioned by the National Institute of
Agricultural Extension Management, Hyderabad, showed that if the watershed technology is to
succeed it must be specific to natural endowments of the location; it must be built on indigenous
knowledge; it should be based on people’s participation; it must be equitable in sharing of costs and
benefits, and village-based institutions must be put-in-place right from inception of the project.

Watershed Management

It was suggested that, rather than allowing residential, commercial, or industrial development on
flood plains, these areas should be reserved for water storage, aquifer recharge, wildlife;habitat, and
agriculture. Sound farming and forestry practices can reduce runoff. Retaining crop residue on fields
reduces flooding, and minimizing. Ploughing and forest cutting on steep slopes protects
watersheds. Wetlands conservation preserves natural water storage capacity and aquifer recharge
zones. A river fed by marshes and wet meadows tend to run consistently clear and steady rather
than in violent floods.

A series of small dams on tributary streams can hold backwater before it becomes a great
flood. Ponds formed by these dams provide useful wildlife habitat and stock-watering facilities. They
also catch soil where it could be returned to the fields. Small dams can be built with simple
equipment and local labour; eliminating the need for massive construction projects and huge dams.
Watershed-based frame for rain fed agriculture provides uncommon opportunities for achieving
sustamgﬁe food and nutritional security. It is time that the watershed development qda is

‘.sé‘ “f?:;x*'
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fallow lan ‘ ‘ G \e D JOL sipply af necessary
inputs; a village is broke o . aIIy leftto buy private
land, take loans from the goVve kq‘"‘ |sadvantage land prices in

neighboring villages shoot up steeplyei es up resettlement; the villagers are
resettled in distant places, sometimes in a totally ‘alien environment and culture, thus creating
insurmountable adjustment problems. Oustees from Pong dam in Himachal Pradesh were settled in
Anupgarh in Rajasthan, bordering on Pakistan. The people were generally left to fend for themselves.
Arrangements for drinking water, dispensaries, schools, village roads or drainage of the rehabilitation
sites are only completed years later. In the case of the Ukai Dam in Gujarat, resettlement work
was undertaken by
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the ‘Ukai Nav Nirman Samity. Even so, out of a total of 18,500 affected families, only 3500
families could be resettled.

People who could previously barely manage to survive in their traditional environmentare
uprooted as a result. The objectives of rehabilitation should be:

1. The people displaced should get an appropriate share in the fruits of development.
2. Creating new settlements with their own environment should rehabilitate them.

3. Removal of poverty should also be an objective of the rehabilitation policy and
therefore some land to all. )

4. Qustees (even the landless) should be given assurance of employment.

5. While deeling with tribal one should also keep in mind the following five principlesof
tribal-development accepted during Jawaharlal Nehru’s era as ‘tribal panchsheel.’

6. Tribal should develop along the lines of their own genius and we should avoid
imposing anything on them.

7. We should try to encourage their own traditional arts and culture in every way.

8. Resettlement should be in the neighborhood of their own environment. If resettlement is
not possible in the command area, top priority should be given to the development of
irrigation facilities and supply of basic inputs for agriculture; drinking water, wells, grazing

grounds for cattle schools for the children, primary health care units and other amenities
should be arranged.

9. In partly affected village, villagers should be given the option of shifting out with others
with the same compensation as available to evacuees.

10. Training facilities should be set up to upgrade the skills of affected people and reservation
in jobs should be made for the willing adults among the evacuees.

11. Special attention should be given to the rehabilitation of artisans and village crafts people.

12. #Villagers should be taken into confidence at every stage or implementation apg they
. Shopfeibe educated, through open meetings and discussion about the Ie itie8 _; the
{.‘;/ @ sA®uisition Act and other rehabilitation provisions. s
» {"
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unfortunately, ousting of people likely tt* 7® SabMmergedander irrigation or hydel power dams is a
classic case where hardships are imposed on people in spite of the ‘pro-people’ laws and policies
proclaimed by the Government. Below is a critique of the Tehri Dam Rehabilitation.

Compensatory Land

The project authorities commenced the Scheme by allocating 2767 acre of land in the Dehra
Dun area, which was already reeling under severe pressure from tourism, limestone quarrying and
urban expansion.
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Rehabilitation should be collective

In the villages, almost each’ family depends on the other. The social and moral obligations
towards each other bind them into one cohesive whole. The authorities are rehabilitating
individual families and not the village as a whole.

Monetary Compensation

Mere payment of cash is not, rehabilitation. Moreover, the amount of cash paid as
compensation is insufficient to ‘buy land in other places because of the high rates. The oustees
being basically farmers lack the business acumen needed to set up a viable commercial alternative.
Since they are not accustomed to having such large sums (relative to their usually small incomes)
in a lump sum, they are ignorant as to how they should spend it.

Mismanagement

The project authorities estimated the total affected population in 1981 as 46,000. Using the
Census Office figures, the total number affected for 1981 is act 70,000.

Lack of Public Relations

The majority of populace to be displaced consists of advises, tribal, scheduled castes that
have a unique lifestyle. The traumatic experience of shifting to new areas and new :occupations
involving drastic changes in their lifestyle weighs heavily on these people. The absence of any public
relation efforts has further aggravated the situation.

Housing compensation: It is necessary to highlight a major flaw in the procedure for fixed
immovable property like houses, well, barns fence, cattle-stalls, etc. The present procedure evaluates
the “current worth” or “value after depreciation” for determining the amount of compensation. This
concept is faulty. He should be paid an amount for his house etc., equivalent to the cost of
reconstructinga dwelling place equal to the plinth area lost under submergence. This amount (i.e.,
replacement cost) will obviously be more than the “current worth” of his old dwelling.

Environmental Ethics

T@Ear h.is unique among all the planets in our solar system. It is endowed withs tiful
I c&’ ._.,'5* reed to raise his standard of living compels him control «and*tap'
r% {4 s throughout the world have been “controlled” to provid€pewefAtfio ,
and 7 “4 "' genple at the expense of the natural world. If suclgif “ofghamne not
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hardships. Removing*theulrets ‘ oM desttoys 8 -’-‘~'—cf:'ff-~; Dyl ee i years' to develop
and may never be replace@ L‘{‘ o-rhana L% ter apiieneR Detween people and their
environment are an age-old prac 7 .,‘.- '...- el Oh*was a local, temporary event, but
today, pollution problems have crossed mternat‘onar borders and have become global. The
seminars over chemical and radioactive waste disposal witness the increasingly international
nature of pollution.

Ethical issues dealing with the environment are no different from other kinds of problems. The
concept of an environmental ethics could encompass differing principles and beliefs. Ethics is one
branch of philosophy, which fundamentally attempts to define what is right, and what is wrong,

regardless of cultural differences. Environmental ethics are formulated
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on the basis that human beings are also a part of nature and nature has many interdependent
components. In any natural ecosystem, the well being of the individual and of each speciesis
linked to the well being of the entire community. In a world increasingly without environmental
borders, nations, like individuals, should have a fundamental ethical responsibility to respect nature
and to care for the Earth, protecting its life-support systems, biodiversity, and beauty, caring for the
needs of other countries and future generations. Environmental ethicists argue that to consider
environmental protection as a “right” of the planet is a natural extension of concepts of human
rights.

Although there are many different attitudes about the environment. Three types of the ethics are
identified as (a) the development ethic, (b) the preservation ethic, and (c) the conservation ethic. Each
of these ethical positions has its own appropriate code of conduct against which ecological mortality
may be measured. .

The development ethic is based 011 actions. Development in any sector is inevitable.
. But the development should not crop up at the cost of environmental failure. This philosophy is
strengthened by the idea that, “if it can be done, it should be done.”

The preservation ethic considers nature special in itself. Some preservationists have an
almost religious outlook regarding nature. They believe that nature is beautiful place to live in and
it should be maintained for feeding, breeding, enjoyment and peace. On the other hand scientific
outlook argue that the human species depends on and has much to learn from nature. Rare and
endangered species and ecosystems, as well as the more common ones, must be preserved
because of their known or assumed long-range, practical utility.

The third environmental ethic is referred to as the conservation ethic, It recognizes the
desirability of decent living standards, but it works towards a balance of resource use and
resource availability.

Economic growth and resource exploitation are attitudes shared by developing societies. As a
society, we continue to consume natural resources as if the supplies were never ending. All of this
is reflected in our increasingly unstable relationship with the environment, which grows out qQf our
tendencxp take from the “common good” without regard for the future.

InfusiEial ERviglnmental Ethics v _jé"-\{:}‘:
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wastewater treatment facility. At its Cofe, s€fViroRmenta ;Gstice means fairness. It speaks to the
impartiality that should guide the application of laws designed to protect the health of human beings
and the productivity of ecological systems on which all human activity, economic activity
included, depends. P

Environmental Ethics at Individual level

As human populations and economic activity continue to grow, we are facing a number of
environmental problems that threaten not only human health and the productivity of
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ecosystems, but in some cases the very habitability of the globe. We have to recognize that each of
us is individually responsible for the quality of the environment we live in and that our personal
actions affect environmental quality, for better or worse. Our environmental ethics must begin to
express itself not only in national laws, but also in subtle but profound changes in the ways we all live
our daily lives. It appears that many individuals want the environment cleaned up, but they do not
want to make major life-style changes to make that happen.

Global Environmental Ethics

This new sense of urgency and common cause about the environment is leading to unprecedented
cooperation in some areas. Ecological degradation in any nation almost inevitably impinges on the
quality of life in others. For years, acid rain has been a major irritant in relations between the
United States and_Canada.

Conclusion

Will the nations of the world be able to put aside their political differences to work towards a
global environmental course of action? Out of that international conference was born the U.N.
Environment Programme a separate department of the United Nations that deals with
environmental issues. Through organizations such as this nations can work together to solve
common environmental problems. Deep ecologists, on the other hand, see humankind itself as the
main problem. They believe that the earth is a complex organism with its own needs, metabolism;
and immune system and that humankind’s relationship with the earth is increasingly parasitic. In
the book Deep Ecology: Living Nature. As If Nature Mattered, proponents Bill Devall and
George Sessions, clearly state their principles:

(1) Humans have no right to reduce the richness and diversity of life except to satisfy vital needs: (2)
the quality of human life and culture is compatible with a substantial decrease in the human
population; and (3) the flourishing of non-human life requires such a decrease.

To secure for current and future generations a safe and healthy environment, a sound and
prosperous economy should aim at:

,
J.‘fEns re that citizens today and tomorrow have the clean air water, and land essential t@&
g human health and the environment. }é‘ }(’s\

Climate Change
Introduction

The recent interest in global warming and sustainable development has become a global
talk. The most important global environmental topics as chosen by a panel of about 12 world
experts were as follows: human population growth, bio-diversity and conservation, climate change,
forest decline, hazardous wastes, land degradation, human pathogens, urban environment, work
environment and resource depletion. Man is as closely related to nature as he is to himself,
because he is a part of it. An outright dependence on nature has beena striking feature of
man’s progress through the centuries of his struggle.
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Climate has from the very beginning regulated man in practically every aspect of life and
has played a very important role in the development of civilizations all around the world. Man’s
impact on climate began 5000 to 9000 years ago, as he was able to alter the environment by burning
and felling forest and tilling the earth. The most extensive change wrought by man prior to our own
times was the gradual conversion of most of the temperate forest zone to crops that is an artificial
steppe or savanna. Thus until the industrial revolution and probably until the present century, man had
little effect on the climate except on a very local scale.

Presently global warming has emerged as one of the most important environmental issues ever
to confront humanity. This concern arises from the fact that our everyday activities may be leading
to changes in the earth’s atmosphere that have the potential: to significantly alter the planet’s heat and
radiation balance, and thereby lead to a warmer climate in the next century and thereafter.
International efforts to address this problem have been on for the last decade, with the Earth
Summit at Rio in 1992 as an important launching point and the Conference of Parties in Buenos
Aires. In 1998 as the most recent step. Although India as a developing country does not have any
commitments or responsibilities at present for reducing the emissions of greenhouse gases such as
carbon dioxide (CO>) that lead to global warming, pressure is increasing on India and other large,
rapidly developing countries such as China and Brazil to adopt a more pro-active role.

What is Climate Change? '

Climate change is a newcomer to the international political and environmental agenda, having
emerged as a major policy issue only in the late 1980s and thereafter. It has emerged since the 19th
century that CO2 in the atmosphere is a ‘greenhouse gas’, that is, its presence in the atmosphere
helps to retain the incoming heat energy from the sun, thereby increasing the earth’s surface
temperature. Of course, CO: is only one of several such greenhouse gases in the atmosphere.
Others include methane, nitrous oxide and water vapour. However, CO:zis the most important
greenhouse gas that is being affected by human activities. CO:z is generated by a multitude of
processes. Since the Industrial Revolution, when our usage of fossil fuels increased dramatically,
the contrlbutlon of CO2 from human activities has grown large enough to constitute a significant
perturba&ryn of_the natural carbon cycle.

“Fh -f pecntigtion of CO:z in the Earth’s atmosphere was about 280 parts per mi by *veoluni, Y
(pPmh : e the Industrial Revolution began. By 1994 it was 358 PP -”4_- 'n
abou PNy m Jf emissions continue at the 1994 rate,*the coneguiicati onafillsbe™ aro
500 ppm\ LTy bley'ih@spre-industrial level, by the end of 1'-‘.‘-", l‘ ;:.
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The effect is that the“atp b ek pL'Tnbr the*S ing the Earth’s surface.

While the pattern of future warmingsigh Ve Y -_- s indisputable that the surface
of the Earth has warmed, on average, 0.3*t0 0.6 «* "§nce the Iate 19th century when reliable
temperature measurements began. Under the existing scenarios of economic growth and development
leading to greenhouse gas emissions, on a worldwide average, temperatures'would rise by 1to 3.5 °C
by the year 2100, and global mean sea level by about 15 to 95 cm. It is likely that changes of
this magnitude and rapidity could pose
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severe problems for many natural and managed ecosystems. Indeed, for many low-lying and deltaic
areas and small islands, a sea level rise of one meter could threaten complete Joss of land and
extinction of habitation.

Extreme Weather Events

In addition, most of the ill effects of climate change are linked to extreme weather events,
such as hot or cold spells of temperature, or wet or dry spells of rainfall, or cyclonesand floods.
Predictions of the nature and distributions of such events in a changed climate are even more
uncertain- to the extent that virtually no authoritative predictions exist at all. While there are
costs as well as benefits associated with climate change, the scientific consensus is clearly that the
overall effects are likely to pose a significant burden on the global community. Unlike many other
environmental issues, such as local air or water pollution, or even stratospheric ozone depletion
caused by chlorofluorocarbons (CFCs), global warming poses special challenges due to the spatial and
temporal extent of the problem covering the globe and with decades to centuries time scales.

Analysis and assessment of just what steps needed to be taken to limit greenhouse gas emissions.
This process resulted in the negotiation” of a protocol, the final details of which were completed at
the third meeting of the Conference of the Parties to the Framework Convention held December 1-12,
1997, in Kyoto, Japan. The Kyoto Protocol to the United Nations Framework Convention on Climate
Change commits industrialized nations to specific, legally binding emission reduction targets for six
greenhouse gases: carbon dioxide, methane, nitrous oxide, hydro fluorocarbons, per-fluorinated
compounds and sulphur hex fluoride.

First, although India does not currently have any obligations under the Convention to reduce
its greenhouse gas emissions. It is important for us to develop a clear understanding of our
emission inventory. We also need to document and analyze our efforts in areas such as renewable
energy, wasteland development and a forestation - all of which contribute towards either reducing
COz2 emissions or increasing COz removal from the atmosphere. Considering that these efforts
may often be undertaken for a variety of reasons not directly related to global warming, but yet
has bengfits as far as climate change is concerned we may | be able to Ieverage such effor «in the

r%?f improve our ability to plan and adapt to extreme even
d | other meteorological hazards. Any robustness that we

in this régare stand us in good stead no mattér wh
transplﬁ )y

Global

available to support the theory of global wa B mus a well- known factthat accumulation of
several green house gases can lead to a rise in temperature (global warming). If a global warming
phenomenon sets in this would result in major changes in world’s climate. The increase in
temperature might lead melting of snow on poles, which would terrffically add, to ocean waters.
Hence the level of seas, and oceans would rise, this would largely affect the coastal areas. These
would submerge under coastal Waters due to expansion of seas and oceans. Besides the
Temperate climate pattern would shift northward and present temperate regions would become
hot & dry. «
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The Greenhouse Effect is a natural phenomenon that plays a central role, in determining the
earth’s climate. The hot surface of the sun radiates heat and light energy. Several gases in the
atmosphere are transparent to light but absorb infrared radiation. These allow sunlight to pass
through the atmosphere and be absorbed by the earth’s surface. This energy ,is again radiated as
heat energy, which is absorbed by the gases. As the effect is similar in nature to what happens in
a’ botanical greenhouse (the glass panes allows the light energy to enter inside but diminishes the
loss of heat), these gases are called greenhouse gases and the resultant warming from their increase
is called the greenhouse effect.. Anthropogenic activities add to the phenomenon accelerating
greenhouse gas building process. Global increase of greenhouse gases in the atmosphere viz., carbon
dioxide, nitrous oxide, methane and chlorofluorocarbons are now well documented. In addition to
all these changes, troposphereand stratospheric chemistry are being modified due to the addition
of these gases as, well as emission of carbon monoxide, nitrogen oxides and other compound. The
United State Environmental Protection Agency, Office of Policy, Planning and Evaluation in 1989
have documented the increase of the different green house gases.

Table 6.1: Major Green House Gases Contributing to Global Warming

Sl.No. Gas Contribution to global
warming :
1. Carbon dioxide 57
2. Chlorofluorocarbons 25
3. Methane 12
4. Nitrous oxide 6

The concentration of carbon dioxide into the atmosphere has increased by 25% since the
industrial revolution. Carbon dioxide is increasing at a rate of about 0.4% per year and isresponsible
for about half of the current increases in the greenhouse effect. The concentration of methane has
more thap doubled during the last three centuries. Agricultural sources particularly rice cultivatipn and
animal @ba dry has probably been the most significant contributors to historical in
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during the century; the most common specCies are C'FC *12 and CFC-II. Of major concern because
of their potential to deplete stratospheric ozone, the CFCs also represent about 15% of the
current increases in the greenhouse effect.

The chemistry of the atmosphere is changing due to emission of carbon monoxide, nitrogen
oxides, and volatile organic compounds, among other species, in addition to the changes in the
greenhouse gases already described. This alters the amount and distribution of ozone and the
oxidizing power of the atmosphere. which changes the lifetimes of met_hane
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and other greenhouse gases. Changes in global ozone are quite uncertain, and may have contributed to
an increase or decrease in the warming commitment during the last decade.

Acid Rain

Although the phenomenon of “acid rain” (more correctly acid deposition) was identifiedin
Manchester, England, as long ago as 1852, and described more thoroughly in 1872, modern
scientific research has been going on only since the mid-1950s. Public concern about the problem
began in the late 1960s. Acid rain is an environmental hazard that is transponder in nature.
Northeastern America, North Western Europe and India are facing an acute problem of acid rain.
Acid rain has affected certain rivers, lakes, streams and forests in United Kingdom (UK), United
States of America (USA), Germany and many other countries.

Acid rain literally means ‘the presence of excessive acids in rain waters’. Acid precipitation is a
mixture of strong mineral acids sulphuric acid (H2SOs4), nitric acid (HNO3) and in some locations,
hydrochloric acid (HCI). It usually has a ph of less than 5.6, the value of distilled water in
equilibrium with atmospheric carbon dioxide.

Acid in the Rain Water’s

Acid rain problem is a result of anthropogenic activities. Most acids come from tars, homes,
industries and power stations but some share is contributed by natural sources suchas volcanoes,
swamps and planktons. The acid problem is basically associated with the transport and subsequent
deposition of oxides of sulphur, nitrogen and their oxidative products. These are produced by
combustion of fossil fuels, power plants, automobile exhausts and domestic fires etc.

Formation of Acid Rain

Acid rain is one of the form of acid deposition which can either be wet or dry, acid rain, snow,
dew, fog, frost and mist are the wet form of deposition, while dust particles containing sulphate and
nitrates which settle on ground is called dry deposition.

Wet AcidiRain .

yood or petroleum products have sulphur and nitrogen. These
ic ,oxygen,” are converted into their respective oxides (§'

Reaction with Nitrogen 2SOs3

NO + Oz3= NO2 + O2
NO3 + NO2 = N20s

When air is saturated with water droplets (humid conditions), N2Os invariably reactswith
water vapors to form droplets of HNO:s. ' . :
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N2Os + H,O = 2HNOs3
Besides some HNO: is also formed
N2O3 + H,O = 2HNO;
SOs in humid conditions forms droplets of H2SOa.
SOz + 1/20202 + H20 = H2S04

HNOs and H2SO4 thus formed combine with HCI to generate precipitation, which is commonly
referred to as acid rain.

The primary reason for concern is that acid deposition acidifies streams, and taken on coarse,
sandy soils low in lime: The effect is seen particularly in headwater areas and in wet montane
environments, wherever sulphate loading from anthropogenic sources is strong. The chemical and
physical consequences of lake acidification include, increased leaching of calcium from terrestrial
soils, mobilization of heavy metals such as aluminium, zinc, and manganese and an increase in the
transparency of lake waters. The biological consequences include market changes in communities of
aquatic plants and animals, with a progressive lessening of their diversity.

Acid deposition may further impoverish forests soils, developed on sandy substrata poor in
lime. As a consequence of accelerated leaching of nutrients, such as phosphorous, ;potassium,
magnesium and calcium from these soils, forest productivity would eventually be reduced. Moreover,
the acid sulphate particles that contribute to acid precipitation are in the size range that penetrates
deep into the lung, and they may well exacerbate lung diseases andincrease mortality rates.

Ozone Layer Depletion

Joseph Farman, of the British Meteorological Survey, and colleagues reported in the scientific
journal Nature that concentrations of stratospheric ozone above Antarctica had plunged more than 40
percent from 1960s baseline levels during October, the first month of spring in the Southern
Hemisphere, between 1977 and 1984. It meant that for several months of the year a hole forms in the
ozone layer, which protects animals and plants from ultraviolet solar radiation. Suddenly it seemed
that the chemical processes known to deplete ozone high in the earth’s atmosphere were Workiwster
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remains constant. High above the stratosphere the denS|ty of gases is. so low that oxygen atoms
rarely find other molecules to collide with, and ozone does not form in abundance. Below the ozone
layer, too little solar radiation penetrates to allow appreciable amounts of ozone to form. Thus
most of the world’s ozoneis in a stratospheric layer bulging with ozone at latitudes from 10 to
35 kilometers.
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Closer to the ground, in the troposphere, ozone produced through a series of chemical reactions
involving hydrocarbons and nitrogen oxide emissions from vehicles and industrial activity is an
effective greenhouse gas. Thus, ozone plays two very different roles in global environmental change:
one in the stratosphere as a shield against harmful ultraviolet radiation, and another nearer the
ground in the troposphere as a greenhouse gas find a health hazard.

The researchers hypothesized in 1974 that increasing concentrations of chlorofluoro- carbons
(CFCs), synthetic compounds that are ehemically very stable in the lower atmosphere, rise unchanged
through the lowest atmospheric layer, the troposphere. Even though CFCs are produced mostly in
the industrialized countriess of Europe and North America—where they are used in a wide
variety of applications such as for solvents and refrigerants.

The researchers surmised that upon reaching the stratosphere, the CFCs encounter high- energy
ultraviolet light’, shich breaks them down, releasing their chlorine atoms. The chlorine atoms can
then engage with ozone in a catalytic reaction in which each chlorine fragment can destroy up to
100,000 ozone molecules before other chemical processes remove the chlorine from the atmosphere.

The Antarctic Ozone Hole

Now, many scientists describe the Antarctic ozone hole as the first unequivocal evidence of
ozone loss due to man-made chlorine and one of the first clearly definable effects of human- induced
global change. They found that the ozone levels dip at about the same latitudes where levels of
chlorine monoxide ascend. Scientists are convinced that the elevated levels of chlorine and bromine
account for much of the ozone depletion. The ozone molecules are formed over the tropics and are
delivered along with chlorine to the Antarctic, as well as to the Arctic, via atmospheric motions. In
Antarctica, a circulation pattern known as the Antarctic polar vortex traps the ozone cover the South
Pole for several months. It is within this vortex that scientists have measured such shockingly low
ozone concentrations during the first two weeks of October shortly after the beginning of the
Southern Hemisphere spring. The chemical reactions that take place on these surfaces convert
chlorine from forms that do not react with ozone to other, less stable forms that readily break up in
the presence of sunlight and go onto destroy ozone. Both cold temperatures and sunlight arc critical
s leading to ozone depletion in the Antarctic. Antarctic ozone is depleted not g the
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As part of the effort to understand the effects on vegetatlon and crops, researchers have tested more
than 200 plant species, two-thirds of which show sensitivity to increased ultraviolet exposure.
Soybeans, one of civilization’s staple food crops, are particularly. susceptible to ozone damage, as
are members of the bean
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and pea, squash and melon, and cabbage families. Plant responses to ultraviolet radiation include
reduced leaf size, stunted growth, poor seed quality, and increased susceptibility to weeds,
disease, and pests. Scientists are also in the early stages of understanding how ultraviolet
radiation might affect marine ecosystems and animals. Concern about these systems begins with
phytoplankton, microscopic marine algae that form the base of the marine food web. Studies in
the tropics have shown that significant amounts of ultraviolet radiation can kill them, while lesser
amounts can slow photosynthesis and thus productivity. In Antarctica, this could affect kill, tiny
crustaceans a notch up the food chain, and then fish, birds and marine mammals including seals
and whales. While water provides some protection from radiation, crude estimates indicate that
ultraviolet radiation can penetrate to depths of 10 to 20 meters. Some phytoplankton is known to
be tolerant of ultraviolet radiation, whereas others cannot tolerate any. A likely response will be
for tolerant species to replace sensitive ones, though no one knows how this would affect the fish
that eat them.

Nations Joining to