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PREFACE

~ This book deals with Ecology, Environment and Development included in the -

- one year duration P. G. Diploma Programme in Environmental studies offered by

Dr. B.R. Ambedkar open U_niversity. The topics included in this course generally cover

the “core area” of the Programme. The syllabus for the sake of convenience is divided

~ into blocks each of which comprises a number of units. Each block generally covers a

specific area of the subject. The.i_-"Units_, are written by the specialists in accordance with a
format specially designed as tq?erig.blé' thie student p read and understand them without
much difficulty. Each unit begins with a st'at'eme@

Each unit has at its end summary, model a@s for the questi"on's_ given in check your

progress and also model examinationiuestl . Three assignments are gix-ren at the end

contents followed by objectives.

erned study centre.

of the book and the student is expecte®to submit at least one to the Coordinator/Asst.
Director/Deputy Director of tl@% '

This book deals W@Terent aspects of ecology and ecosystems, industry and
agriculture, energy futures, pollution caused due to human activity in addition to toxic

chemical wastes, Environmental protection laws in India and abroad etc.

The University hopes that this material will help the student to get acquainted
with principal issues of Envirnoment, Critical suggestions for improving the material are

most welcome and they will be incorporated in the future edition.

RAAAAS
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- UNIT-1: INTRODUCTION TO ECOLOGY

~ Contents

1.t. Objectives
1.2. Intreduction =
1.3, Earth as a Suitable Habitat for Humans
1.4. Biosphere and its Compariments
1.4.1. Atmosphere
1.4.2. Hydrosphere
1.4.3. Lithosphere
1.5, Water Cycle
1.6. Geological Cycle
1.7 Wind Forms
1.8  Iceland Forms

’._ : 1.9, Summary .
L0, Check Your Progress: Model Answers _
I.11. Model Examination Questions : \

1.1. OBJECTIVES

Alter completing this unit, vou will be able to -
* -explain how earth is a suitable and idgal habitat for humans,

¥ definc and describe the term biogpherdfatmosphere, hydrosphere and lithosphere,

* describe the geological and v

* differentiate wind fm’m%ﬁicel
1.2. INTRODUCTION

. Jn the Solar System, the planet Earth has all the conditions for existence of life that are most
favourable on it, ¢specially it has an atmosphere with 21% Oxygen, the vital gas required for the ~

L operation of lifc, henee earth has become the suitable habitat for humans. Environment is a physico-
chemical system required by (he organisms, whereas an organism is a living body and an integral
part of the Environment, The study of inter-relationships betwecn organism and its environment
constitute Ecology.

sles, and

Biogphere is that part of the earth in which lifc exists. It extends down to the greatest depths of

the sea and on land. The upper boundary of the Biosphere reaches the Ozone screen from surface of
~ carth to ozone in Atmosphere, the lower boundary goes down to sea sediments on the ocean floor
constitute, Hydrosphere and the deep lyving deposits of a biozene origin in the bowels (crust) of the
earth is called lithosphere, Earth contains an array of elements which undergo a cyclic change through
both geological and biological world that is between Enviromynent and organism, are called biogeochemical
cycles Nitrogen cycle 1s a good example for geological cycle where the cycle is maintained through
atmosphere, organisms and soil through specialized microorganisms like bacteria. The water cycle
represents the hydrological cycle which consists of the varied cvents happening (o a particle of water
from the time it is a bit of vapour in the atmosphere until it is again evaporated. Water ¢ycle can
change weather and climate. Wind is an important environmental factor with tremendous infiuence
on the ecology of organisms and it ¢an also produce encrgy in the form of wind power. leelands are



also called as ice caps and glacicis which are found when temperature goes zero and below.zero’
degrecs centigrade, Vast icelands exists in the Greenland and Antarctic regions. Glaciers can increase

the fcvel of oceans and seas due to global warming.

1.3. EARTH AS SUITABLE HABITAT FOR HUMANS

Life is sustained on the surface of the totally inert Earth by the Solar radiation. In the entire-

Solar system, the Earth is the only planet with an atmosphere containing free oxygen and wafer.
Our atmosphere shields us from the lethal ultraviolet rays and high energy particles from sun that
are highly destructive to human life. Earth has provided a favourable and suilable temperature from
0 to 40°C, the biokinetic zone where normally all biclogical activities of man will be performed at
best at the optimum temperaturc. Earth has an ideal pressure of 760 mm. of mercury at sea level
where man can move, walk, run, feed and sleep without any difficnlty. Sun provides sufficient light
which is the greatest source of energy for human activities. 111s essential for photosynthesis, development
of pigments in plants and animals including humans, especially in the development of vision, Perhaps,
light is the single determining factor in the creation of life on earth,

Man is the climax and culmination of organism eyclution and he 1s endowed with power of
thinking and faculty of talking. The-terrestrial environmenl on the living planet Earth has offercd
many favourable conditions and many advantages wherc man could adjust and adapt eastly to a
terrestrial environment. The most imporfant and vital requircment for the existence of man offcred
by the earth is, copious supply of Oxygen. In that Oxygen is 5% 1g sea waler, 7% in {resh waters and
21% on land habitat. Sccondly becausc of very less density of air nanegn perform very rapid locomotion
on land. Thirdly, Earth provides abundance of vegetation for nd shelter which the man can

Thus, Earih has become a suitable and ideal habitat for

life.
Check Your Progress - 1 E
How many planets are theré with lifc gg theity?

Note: {a) Write the answer in the sp vided bejow.

mkration of any life, particularly human

(b) Compare your.answer with thc one given at the end of this unit.

1.4. BIOSPHERE AND ITS COMPARTMENTS

The external envelop of the earth is inhabited by living things. It comprises all the living organisms
of our globe and the elements of inorganic nature providing the medium for their habitat. For instance,
Oxygen which is a product of photosynthesis of green plants belongs 1o the biosphere. Hence,

biosphere is the term used to denote the collective eco-systems of the ‘world, and biospherc is also
© called as ccosphere. '

The biosphere is a relatively thin shell over the Earth. - [t extends down to the depths of sea and
on land; bacterias have been reported from corals at depths of upto 1089 meters. We can conveniently
divide the biosphere into three efcments. (1) The total amount of living organisms (living cover of

‘the planet carth) (2) Mineral substances involved in the biotic circulation {(elemenis) and (3) The '

by-products of organisms activities, e.g.; oxygen, carbondioxide etc. :

utilize for the production of cnergy to perform his biol I actwitic's for the maintenance of lile. .




If the Earth were reduced to the size of an apple, the biosphere would be no thicker than the

apple’s skin. About 21 km. thick, it extends from the ocean floor to high in the atmosphere. At an
altitude of about 9,000 meters, the parabiosphere ozone represents altitude where only, dormant
forms of life such as bacterial and fungal spores exisl. The emphatic zone upto a depth ‘of 100
mcters in aquatic environment is the zone of active photosynthesis. ' In the biosphere, there are
minienfitics, known as ecosystems, each has an autotroph, a heterotroph and denomposers and the

biogeocoenoscs may differ essentially depending on the featurcs of the substrature, clinate and historical

factors involved in the formation of life. Thus, the upper boundaries of the biosphere reaches the
ozone screen from surface of earth to ezone, constitule an Atmosphere, the lower one gocs dewn to
sca scdiments on the ocean floor known as Hydrosphere and the deep Iying deposits of a biogene
origin in the bowels of the earth is called lithosphere.

1.4.1. AtmOSphere

In the entire solar system, the earth is the only plangt with an atmosphere containing free
oxygen. Nearly 75% of the atmosphere on the Earth lies within 11.5 km. above the mean sea level
surface. Our atmosphere filters the Solar radiation and cosmic rays, serves as a barrier for meicores,
regulates temperatures and provides the engine for weather making. The primordial atmosphere
~ (three billion years ago} has nitrogen, ammonia, hydrogen, carbon monoxide, methane and water

vapour, but no free oxygen. The non-biological oxygen produced by U.V. dissociations of water
vapour might bave provided encugh ozone which in turn absorbs U. V.radiation. Only after the evolution

of blue-green algae, the photosynthetic activity camc intg being and thus the gradual build up of

oxygen biologically produced in waters and its diffusion _‘ 1o the atmosphere brought about the
present day oxygen rich atmosphere. Thus the primordial 2 ig{without oxygen) atmosphere converted
into oxygenic (with oxygen) atmosphere for the @011 of life activities.

Table 1.1. The atmospheric gases at ol percent at 760 mm. pressure.

' Gases . Volume %o
. Nitrog:en ‘ — ?8.03% (780 cc/litre)
‘Oxygeg = 20.99%
Arg - 0.9223%
Carbondioxide — 0.03%
Hydr.ogcn . — 0.01%
Neon O — 0.0018%
Helium : — 0.0005%
Krypton ' — 0.000 l%
Ozone — £.00006%
Xenon ' = 0.000009%

In the structure of the atmosphere, the position nearest the Earth is called tropospherc. Tt cxtends
some 6 or 7 miles above sea level in temperate latitudes and usually goes up 8 or 10 miles ir the
tropics. In this region the air is mixed by convention currents and in which temperature decreases
with increasing height. Above the troposphere, is the stratospherc in which convection currents are
lacking and in which tcmperature, when not independent of altitude, becomes higher with increasing
distance above the earth. - Above the stratosphere, at an altitude of about S0 miles, is the extremely
tenuous ionosphere region where the cyclonic storms may occur.



1.4.2. Hydrosphere

The water part of the carth surface is known as hydrosphere. Nearly 3/4 of the surface of the

earth is covered with water.

Total water on Eaﬁh — 14,60,000 {Vol in thousands cu km.)
Total Water in Oceans — 13,70,000 ( . se s }
Total Water in Earth Crust (upto Skm) — 60,000  ( N )
Glaciers & Permanenf Snow — 29,000 oo }
Lakes | — 750 ( s )
Atmospheric moisture — 4 L, )
River Waters -— 12 ( o )

* Of the total amount of water on earth

© 3% — Oceans
4.1% —  Earth crust
2.0% ~—  Glaciers & Polar ice caps
0.052% —  Fresh Water Lakes, Rivers, Atmosph#gic mygisture,

The oceans occupy nearly four-fifths of the surf he Earth; the scas and oceans arc thus
almost two and a half times as extensive as the dryla ace. The mean depth of ocean is about |
4 000 m. (2,180 fathoms; 1 fathom = 6 ft. (or) 1.828 meterSY” All the oceans of the world are physically
connected logether but nevertheless the ecologi ditions differ in different recgions: The sea
waler contains on an average about 35 par sall in 1,000 parts of water. The temperature ol the
sca is on the whole far more uniform tha land. The freezing point of sea water is lower than
that of pure water. The highest tempgraturcWf the-sea water so far recorded in the world 15 35.3°C in
the Persian Guif and the lowest su perature is - 3.5°C in the Polar seas. Nearly all over the

: world, the temperaturc at sea botto constant at about 1°C. Sunlight docs not penetrate below

depths of 500 m.

Fresh Waters belong to inland waters like lakes, tanks, ponds, wells, springs, rivers, strcams
cic. Compared to the scas fresh waters occupy hardly 1% of the land surface. Fresh water bodies
often completely dry up during summer or during periods of drought. In marked contrast to the
seas, fresh water has very low salinity, lower density and buoyancy than sea warer. Fresh water

bodies are generally grouped as stagnant (Lentic) waters tike lakes, ponds, swamps, bogs and marshes -

and running (Lytic) waters like rivers, springs, streams and brooks.

1.4.3. Lithosphere

The Earth crust is known as lithosphere. It ranges from 6 to 22 miles down into the earth
bowels. It has soil organisms. For e.g., bacteria can be obtained in tlie coal deposits at a depth of
1,089 meters. The area of lithosphere is 1,408 x 10° sq.km. Lithosphere occupies roughly 29.2% of
earth’s surface. Experiments have proved that 98% of the crust is composed of 8 elements like
Oxygen, Silicon, Aluminium, Iron, Calcium, Sodium, Potassium and Magnesium, and the rest of 90
clements compose the remaining 2% of the crust. These elements are not found in their clemental
forms, but combine with others to make various substances with specific physical and chemical
properties called, minerals. The substance formed of one or more mincrals and a part of the Earth’s
crust 1s called rock, C :



In the lithosphere that is in the bowels of the Earth 3 types of rocks are available. 1) Igneous
rocks, these are formed in the carly stages when the Earth was in the molten statc. 2) Sedimentary
rocks, in these the weight of upper layers on the lower laycrs hardens the latter, these layers hardened,
stratificd and consolidated are known as sedimeniary rocks and 3) Metamorphic rocks which are
formed of Igneous as well as of sedimentary rocks. Lithosphere has a temperature gradient in that on
the surface of Earth the temperature would be 42.50 and the temperature increases as depth increases.

 Check Your Progress - 2

Define the terms biosphere, hydrosphere, atmosphere and lithosphere
| Note: a) Write the answer in the space provided below

b) Comparc your answer with the one given at the end of this unit.

O

1.5. WATER CYCLE Q | |
It is otherwise called as hydrological cycle ch can advertently and inadvertently change .

weather and climate. The water cycle con i the varied events happening to a particle of waler
from the time it 1§ a bit of vapour in the atifosphere until it is again evaporated (Fig.1.1).

@ g Ao

ont?

ATMISPHERIC

—‘]’?no-g:bdm

Fig. 1.1 Water Cycle




Water criters the almosphere from the surface of bodies of water and from the so1l from plants in
transpiration or in drying and in srall amounts from animals. It is disseminated through the atmosphere

by winds, precipitated as liquid or frozen rain or as snow. Once precipitated there may be immediate’

evaporation. The waler may be stored in soil, swamps, lakes, or oceans before evaporation. takes it
back to the beginning of the cycle. Plants and animals take water out of the inorganic hydrelogical
cycle and make an organic one from which the water returns sooner or later by diffusion, excretion
or as a result of organic decomposition and duc 10 evaporation. the water accumulates in atmosphere
in the form of vapour. If all moisture in the air were precipitated and collected in the ocean, the sea
tevel would be raised only 3.5 em. The amount of fresh water is about 33 tifues to that In the

atmosphcere.

More water evaporates from the sea than returns via rainfall, and vice versa.for the tand. 0.25
geograms (1 geogram = 10% gms) of water are in fresh waler lakes and rivers and 0.2 gcograms run
off cach vear, the turn over time is about a year. The diffcrence belween the annual rainfall (1.0
geogram) and the run off (0.2 gms) in 0.8 is an cstimate of the annual recharge rate ol ground
waters, Man’s tendency to increase the rate ol run off may soon reduce the very mportant ground
~ water compartment, we should be putting more water back into the ‘aguifers’ instcad of trying to
store it ali in lakes, where evaporation is high, :

'1.6. GEOLOGICAL CYCLE

In nature, elements or chemicals undergo a cyclic change between organisms and environment
(earth) and thesc changes are called geological or biogeochefgal cycles. Bio refers to living
organisnis and geo to the rocks, soil, air and water of the Ear iBogen cyche is a typical example
for geological cycle, ) S : '

DENITAIFICATION

NITROGEN
FIXATION
TONH3 OR NO4

N\

Mitrates
NGy

NITRATE BACTERIA, Protaplasm bl
f “ter in arvimals green plants
Nitrites
NOo TANIMAL WA
STES AND BACTER!A A
DEAD ORGANISMS FUNGI ?J?IZ‘)AEPE[;Y
"NITRITE
SACTERIA,
. Nitrosomonas Ammonia

ATMOSPHERIC AND INDUST
FIXATION A

Fig 1.2. Nitrogen Cycle



In the nitrogen cycle, atmosphere is the main reservoir and nitrogen is continually feoding into
and out of this great reservoir from the rapidly cycling pool associated with organisms. Nitrogen is
present in about 79% in the atmosphere which serves as the Nitrogen reservoir, “This free nitrogen
is converted into nitrates by a specific kind of micro-organisms called as nitrogen fixing bacteria
and also by algae. The ritrogen in the form of nitrates is available to the plants for construction of
proteins. These plant proteins enter into the body of animals through foed chains. Due to the metabolic
activity, the nitrogen is excreted outside the animal in the form of ammonia, on the other hand
ammonia 15 also formed and added onto the stock from igneous rocks through velcanic action. Thus,
the ammonia which has accumulated is converted into nitrites through nitrite bacteria in the soil
and later, the nitrites are converted into nitrates through nitrate bacteria. Thus nitrates are going on
added to the nitrate stock. Nitrates are also added on through the marine birds and fish. The excess
nitrates arc lost to the deep sediments through shaflow marine sediments. And, if the nitrogen content
decreases in atmosphere, it can be regained by the formation of nitrogen from nitrates through
denitrifying bacteria. Thus the nitrogen cycle 1is maintained through specialized micro-organisms
like bacteria and biue-green algac and any increase or decrease of nitrogen along onc path is quickly

- compensated for by adjustments along other paths.

Check Your Progress - 3

What are biogeochemical cycles ?
Nol¢ : (a) Write the answer in the space provided below.
end of this unit.

(b} Compare vour answer with the one given at

1.7. WIND FORMS

- Wind is important envir al factor capable of crcatmg currents and cycloncs in terrestrial
as well as in aquatic ¢cosystems Sf~temperature differences between poles and equator set up stzong
winds which together with rotation of earth produces water currents. The warm winds from the
equator cools as it makes toward the poles and descends at about 30° latitude. The cold wind flowing
along the surface from the poles warms and dscends at about 60° latitude. '

Winds are relanvely calm at Lhe surface near the equator and are called the doidrums The
winds which flow [rom high pressure to low pressure are called geotropic winds \‘thch tend 1o
follow the lines of constant air pressure (1sob'1rs)

Stormy winds occur with greater wind velocitics. Closer to the Earth surface, stormy weather is

~ ‘associated with jet maximums (wind with extremely higher speeds). Sharp temperature dilfercnces

between air masses tend to induce a cyclonic circulation pattern around the low-pressure areas. The
Jjet maximums-accelerate this tendency and thunder storms and torpadoes may develop. A hurricane
otherwise known as a typhoen, is an intcnse cyclone that develops over tropical oceans. Hurricanes
can reach 800 km. in diameter with winds over 120 km-per bour .. Interaction between the wind and

“water can produce waves 6 to 10 meters high as well as cause water to rap up on shores, flooding

coasta} areas. When hurricanes move over land, the moist air is not readily available to supply
energy, so winds dissipale and the hurricane dics out in rain storms. Tornado is another type of

- cyclone, but is much smatler in diameter than a hurricane. Tornadoes are about 100 meters to 1 km.

in diameter with wind speeds exceeding 200 meters per second. Tornadoes usually form over land
when cooler drier air moves rapidly over warm moist air.




- _Wind energy (Power) can be generated through the operation of windmills. The blades of the
* windmill rotate when wind strikes their feathcred surfaces which are directly attached 1o an electric
generator. Wind power is a potential source of energy along the plains, mountains and ¢oastal arcas.
A wind of 32 km. per hour blowing through a rectangle of 16 km. long and 46 melcrs high produccs
about 350,000 kw of energy. In rural areas wind energy has been utilized for pumping water.

Check Your Progress - 4

What are the uses of wind?
Note ; (a) Write your answer in the spacc provided below.
(b) Compare your answer with the one given at the end of this unit.

1.8. ICELAND FORMS

Water freezes during cxcessive cooling at zero and sub-zcroNgmperatures near the poles and
forms into icelands like glacicrs ice caps and snow packs. Du stmmer when suowfall does not
melt, a snow pack accumulates, over a period of years tlig«Qow will build up with increasing
pressure cxerted on the bottom layers and slowly the pacw and ice is converted in their name
as glaciers. Glacicrs also move so slowly like a stream. Glgjgfs moving down mountain slopes carry
along rocks and grind away the rock beneath. Fore! ore massive accuntulations form continental
sheets of ice as in Greenland and Antarcticg, but ¥lpine glaciers represent small volume of the

World’s glaciers.

Glaciers secm to occur with a cyghg regMarity. Twenty per cent of the Earth’s land area was
covered with glaciers and in recent is reduced 10 10%.- 96% of that is in the Antarctic and
most of the remainder in Greenland. hg the melting of thesc icelands, the sea level increascs,
therefore, the last glacial epoch, the sea level was about 137 meters lower than now. This process of
melting of glacicrs due lo global warming cause the sea level 1o rise and flood the edges of the
 confinents and:mouths-ofsrivers. The sealevel rose at the rate of .75 centimeters per century prior
1o 1920 s. If all glacicrs melted, the gea level would riseito 60 melers and flood seaporls and coastal
areas around the world. If global warming continues, the 'small islands in the sea like Maldives,
Nicobar and Andamans will be drowned completely. Once the glacicrs melt a great weight is removed
from the land and the land rises like a ship that has been unjoaded .

1.9. SUMMARY

Planct Earth is a suitable and ideal habitat for the living of Man, since it has an atmosphere
with oxvgen. The part of the Earih having life constitutes biosphere. The atmosphere forms the
outer envélop of the Farth and filters solar radialion, regulates temperatures and makes weather!
The water part of the biosphere constitute hydrosphere and the Earth crust (bowels) is called as
lithosphere. The study of inter-relationship between organisms and environment is called Ecology.

In nature movements of clements take place between living and nonliving substances in the
form of cycles. Nitrogen cycle represents an important gaseous geological cycle regulating the fertility
of the soils and water cycle represents the hydrological cycle, regulaling water content, can change




. the weather and climate of particular area. Air temperature differences between the poles logelhcr
with the rotation of Earth bring wind forms which can also generate energy. Excessive cooling of
~ the Earth near the poles induces formation of icelands in the form of glaciers and the ice caps which
. could be mclted due to global warmmg and lhereby raising the level of sea.

1.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The only planct with life is Earth and it is a sﬁitable habitat for the survival of man.

2. Avwvery small portion of the Earth having lifc is called: biosphere. The water part of the Earthis
hydrosphere and the vertical extension of the portion from Earth is atmosphere which protects
us from harmful radiation. The raised portion of the crust of Earth is called lithosphere.

3. The more or less circular paths of the chemicat elements passing back and forth bclwcen OTganisms
and environment are known as biogeochemical cycles. - : :

‘4. Wind is an important environmental factor that can create water currents, cvclones etc., and
alse gencrate wind power, whereas icelands are callcd as glaciers which will be meited due 10
global warming, :

1.11. MODEL EXAMINATION QUESTIONS

I Answer the follawing questions in about 30 lines each. ' _
1. - Give a detailed account on the structure of atmosphdg. _
2, What is geological cycle and describe the same witg nifrogen cycle 7

3 How do wind and Iceland forms influence tbnment 7
' owi ions i Iiheve

11 Answer the following questions in -about 10 l ach.

1. Write about Hydrosphere briefly,

2.7 How is water cycle operated?

3. Give a bricf account on%grs, o | g

Prof. Md. Basha Mohiuddin
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Check Your Progress : Model A €18

Model Examination Questions _ ' - ' ‘-

2.1. OBJECTIVES

After going through this unit, you will be able to :.

* Jist out and describe different concepts on origin of life,

define evolution and describe the theorics of evolution, = -

describe the impact of evolution on bio-geochemical cycles,

define species and to explain the richness of species, :
define population and to describe the density and distribution of different’ populdtlons and
explain the factors affecung the densn) and distribution of populatlon :

2.2. INTRODUCTION

For centuries together, the origin of life is a subject of curiosity for makind. Till the middle of
the nincteenth century, life was thought to be created by ‘God’ or by an unknown supernatural .

power. Later to this also, several scientific and non scientific theories were putforth to explain the
origin of life, but by the turn of this century all of them were abandoned and the concept of bio-
chemical origin of life was w1dcly accepted.

12
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2.3. ORIGIN OF LIFE

In the ancient past, it is believed that life originated de nove. Several theories based on different
observations/ideas were proposed but by the turn of this century, all these theories were ruled out
and the widcely accepted biochemical origin of life was proposed. The different theories known on
the origin of life are as follows : '

2.3.1. Theory of Special Creation

This theory states that life was created by an unkown power either once or at successive intervals.
Inthe ‘Bible’ it was written that the world was created within six days. According to Hindu mythology,
the world was created by God ‘Brahma’. God's men and devils were formed from his head, birds
from his chest, goats from his mouth and plants from the hairs of his body.

2.3.2. Theory of Spontaneous Generation or Abiogéenesis

Till 17th century, people believed in abiogenesis or spontaneous generation of living beings
from non living substances. Epicnrus, an ancient greek philosopher stated that worms and numerous
other animals were generated from the wet soil or manure by the action of sun and air. ‘Aristotle’
also believed that living creatures are born from like species but they also arose spontaneously. The
common worms, bee larvae, wasps, ticks, glow worms etc. are born from dew, roticn slime, manure,
dry wood, sweet, meat, etc. Eels develop from sea mud; s and salamanders from coagulated
slime and butterflies from cheese. The theory of abiogenesis Wgas aBo supported by Thales, Anaxemander,

"Newton' and Descartes. O _
' . . y

2.3.3. Theory of Biogenesis

Franscesco Redi (1621-1697) sho thaEAbiogenesis cannot exist. In his simple experiment,
Redi cocked few meat picces and p m in three jars. Jar A was covered with parchment
_ paper, jar B was covered with myglin clth or gauge and jar C was left uncovered. Afler a few days
maggots appeared in jar C but A and B. Plenty of flics were scen sitting and laying their eggs
on muslin cloth covering the jar 1 no maggots appeard in the meat. In the jar A, the flies conld
not enter inside and no flies or maggots appeared inside the jar A even for days together. From these
" observations, Redi demonstrated that the flics arose from the eggs laid down by the parent flies and
that the maggots cannot appear spontancously. ‘Abbe Spallonzani’ (1929-1799) and Louis Pasteur
also proved that Abiogenesis cannot exist in nature.

2.3.4. Theory of Panspermia or Cosmozoic Theory

This theory states that life was distributed throughout the cosmos in the form of resistant spores
or cosmozoa. These spores reached the earth from other planets through meterioriles or celestial
bodies. [n presence of favourable conditions, these develeped into organisms. .

2.3.5. Bio-chemical Origin of Life or Modern Hypothesis of Origin of Life--

‘Haeckel’ propounded the modern hypothesis of origin of life. He stated that the most primitive
organism would have been generated spontaneously, at some time, from some inorganic matter as a
result of formative action of some special external physical forces such as electrical charges, uliraviolet
light and corpuscular radiation of radioactive elements. This hypothesis was refined by the explanation
and experimental support of the scientists ‘Haldane’, ‘A.I.Oparin’, Stanley Miller and H.Curey. The
Russian Biochemist A.I.Oparin schematically presented the biochemical origin of life as follows.
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The earth is believed to be formed about 5 to 6 billion years ago. Initially, it was a mass of hot
‘gases and vapours of various elements. These gases condensed into a molien corc and the heavy
elements like iron and nickel occupices the. centre, the lighter elements like silicon and aluminium

occupied the middle zonc whereas the lightest elements like Helium, Hydrogen, Nitrogen and Carbon’

- .occupied the surface and formed the gaseous atmosphere. At thal time; the temperature was roughly
* ‘about 900°% and the elements like Hydrogen, Oxygen, Carbon and Nitrogen could not exist in free
‘state. They combined among themselves or with metals forming oxides, carbides and nitrites. These

compounds at higher temperatute turncd into gaseous state and water in the form of water vapour
and formed the atmosphere of the primitive earth. Thus, the atmosphieré of the primitive earth was

.- composed of Ammonia (NH,), Methane (CH,), waler vapour, cyanide, carbon-monoxide (CO) and
. free Hydrogen, but without free oxygen. The earth pot cooled gradually and the gases which constituted

the atmosphere of it got liquified. Some of the liquids got transformed into solids. The water yﬁpour.
. in the process of cooling got condensed and resulted in the form of rain. Such rains cooled the

earth’s surface. As a conscquence, larger water bodics (occans) came into beiog. Thesc larger water
bodies or occans bear Ammonia and Methane of the atmosphere. They also contain the minerals and

salts and they are basically alkalinc in nature. Thus, thre¢ billion years ago, the earth developeda.
solid crust with eruptions of molten rocks and places filled with boiling sea water. The sea water -

‘contained dissolved Ammonia, Mcthane, minerals and salts. Its atmosphere is having Ammonia,

Methane, and Hydrogen but wnhout free Oxx gen, The earth at that time also experlcnccd the hlgh_

energy radiation.

2.3.6. Origin of Organic Compounds : o
. When the temperature of the earth got cooled down ggbel 0° C a variety of saturated and
unsatuarated simple hydrocarbons were formed. They % etylene, Ethylenc, Mcthane, etc. The
formation of oxy and hy droxy derivatives such as aldehy

unsatuarated and saturated hydrocarbons reacted the water vapour. Furthér, from the hydroxy
derivatives, small chain compounds like glucose an%ose are dertved. Thetr condensation formed
the disaccharides and polysaccharides. Congén}a

derivatives such as aldehydcs and ketones Ihd't
acids. The combination of glycerol@ty cids' might have resulted in the formation of fats.

tiorPand the polymerization of the oxy and hydroxy

Under the influence of the frecly:a force of energy, the hydrocarbons formed the amino
acids. The polymerization of'amino ac ead lo the formdtlon of proteln molecules o '

2.3.7. Formatlon of Macro molecuies or Complex Orgamc Mollecules

The molecules of simple organic subslances had aggregated reacted and formcc{ new complex '

molecules. Thus, the polysaccharides, fats, proteins, purines, pyremidines, nucleosides and nucleotides
got originated. The formation of protein molccules is'a significant event in the origin of life. Another
‘important event in the origin of life is the formation of nucleic acids by the polymerization of
. nucleotides. Due to the union of nucleic acids and protein molccules, giant moleculés of nucleoproteins

were formed. It is presumed that such giant nucleoprotein molecules had the characters of a feee

living gene. A number of such genes might have come together to form a single large unit comparable’

to that of a virus and this unit was referred to as Protovirus. All these events led to the formation of

nyclegproteins-and other complex macromolecules are referred to as the chemical evolution of life.

‘The events succeeding to-these arc described under biological evolution of life.

~2.3.8. Biological Evolution

The gldnl organic molecules formed through chcmlcal evolution of l]fe aggregaled in different

combinations and formed the large colloidal particles. These were named as coacervates. These

coacervales contain mmore than one type of proteins, nucleoprotcins and other organic and inorganic’

:-molecul_es in various combinations. They appear as distinct bodics suspended in the ‘water media.

clones and acids are formed when the -

t oxidation had resulted in the formation of fatty -



These coacervates, according to A.I.Oparin, can grow and reproduce by taking molecules of other

. substances. Such forms have formed the surface membrancs around them. These membranes arc

. formed from lecithin, cephalin, ctc. The formation of surface membrane resulted in the accumulatign
of various substances in coacervates. The intcrnal reactions like catalyses and absorpiion also occurred -
within them and some of the proteins in coacervates got differentiated into enzymes. These enzymes
were able to completc some reactions which otherwise require huge amount of encrgy and high' -
temperatures. All these changes ultimaiely resulted in the formation of the first fiving cell. The
coacervates in due course with nucleoprotein molecules surrounded by the surface membrane have
accumulated nutrient shells and became the first living cell.

Among the various cell types derived from the coacervates the moneron type of cells and protestan
type of cells are significant. In moneron type, the nucleoproteins aggregate together loosely and
directly in the cell substance (Examples Bacteria, Blue green algae), where as in protestan type,
the nucleoproteins were accumulated into a central mass covered by a fine membrane. In this type,

- the nucleoproteins got separated from the cell substance. The early living organisms, ancestors of
moncrons and protesta evolved different mothods for obtaining food. Thus, they are distinguished
into 1) parasites (living on other living cells for food), 2. Saprophytes (Deriving food from the dead
and decaying cells), 3. Predators (Organisms eating another in whole or part for its food), 4.
Chemosyathesisers (utilising energy from the inorganic molccules like sulphur, Iron, Nitrogen etc.),
5. Photosynthesisers (The sun light is trapped by the living cells by a substance named chlorophyll).

2.4. EVOLUTION e \} o |
The term evolution denotes the unfolding of life EviWfion is 2 process in which the complex |

- Organisms are formed from the simplc organis lution is duc to descent with modification.
- The idea of organic ¢volution was rightly emphaSiged/dy Charles Darwin in 1859, in his book the

Origin of Species. _ - ?\
2.4.1. Theories o - |
Prior to Parwin a Dumbe@los 'pher's and scientists thou'ght about evolution: Empedocles

(495 to 435 B.C.), the Greek opher opined that’life was spontaneously formed but it was
gradual and evolution occurred AW to the interaction of forces. _ . -

“Aristotle porposed the scale of beings, He said that organisms could be arranged in a graded h
-scries showing there by a gradual evolution of living organisms occurred in nature.

The discovery of organic remains of certain animals and plants which were not exisling at
present has led to the idea that life existed in the past has become extinct due to catastrephic changes
and this idea has formulated the theory of catastrophism by Cuvier (1769-1832).

James Hutton (1785) and Charless Lyell (193 2) established the concept of uniformatarianism.
It states that the slowly acting geological forces such as erosion, sedimentation, disruption, ctc.
resulted in the formation of fossil bearing rock strata. '

Carolus Linnaeus (1707 to 1788) believed in special creation. He classified the animals and
plants and presumed that species of different organisms are immutable and fixcd entities.

- To explain the concept of organic evolution, Lamarck (1744-1829) has proposed the Theory of
-inheritance of acquired characters. The salient features of Lamarck theory are as follows : '

Lamarck Theory : The organisms acquire changes or variations in the body due to the changes
in the environment. The changes thus acquired by the organisms are inherited to the next generation,
The theory of Lamarckism is supported by Lysenko (1930). ' '
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Theory of Natural Selection (1830-1882) : Darwin formulated the most accepted Theory of
Natural Selection, in his book the Origin of species. This theory states that variations occur in
populations and these variations arc generally caused by the recombinations in scxual reproductions.
Some times these variations may occur due Lo mutations which are referred to by Darwin as sperts.

Darwin states that nature favours only those individuals of specics having variations to suit fo the

environment or naturc. The unsuccessful individuvals are eliminated by nature. Thus nature sclects
and favours cerfain individuals and eliminates others. This process is called Naturol selection.
Thus natural sclection leads to speciation or evolution. B

Devrics Theory of Mutations : Devries (1848-1935) theory states that large and sighificant variations
in organisms occur all of a sudden due Lo mutations or saltations. Such muiations favoured by nature
would lead 1o the organic evolution.- :

Modern Synthetic Theory : The modern concept of evolution is a synthesis of Darwin's theory of

natural selection and Devries theory of mutations backed by the knowledge in genetics It is the out-
come of the views expressed by scientists such as Fisher, Haldane, Huxley, Sewell, Wright, Chetverikov,
Dobzhansky, Muller, Maycr, Stebbens, etc. ’ : :

The synthetic theory of cvolution recognises’3. basic processes, namely

1. Gene mulations

2. Changes in chromosome number
3. Genetic recombination : : ' S
4. Natural selection o : : ' :

5. Reproductive isolation _ Q .
The 3 accessory processes also affect the working pr s of evolution. They are :

1. Migration -
2. Hybridization : : Q‘
- 3. Chance . '
Check Your Pregress -1 t

What is evolution 7 What are the different theories on evolution ?
Note : a) Write your answer in the spaic'e given below. _
b) Compare your answer with the one given at the end of this unit.

2.4.2. Effect on Bio-geochemical Cycles

The formation of primary organisms has led to the changes in the atmosphere. The oxygen

released by the photosynthetic organisms reacted with the gases like Mcthane (CH,) and Ammonia
(NH,) present in the primitive atmospherc forming CO, and [ree N, S

CH, + 20, —> CO, +2H0

NH, + 30, —> 2N, +6H,0




Thus, the atmosphere in presence of photosynthetic organisms had evolved into an oxidising
atmosphere with plenty of free oxygen and got rid of Methane and Ammonia. But, it contains water

- vapours, carbondioxide, molecular Nitro gen, Hydrogen and large quantities of free molecular oxygen,

The earlier forms exhibiting anaerobic respiration or fermentation, in presence of the oxygen abundant -
modern. atmosphere have evolved into aerabic respirators. Thus, in the process of evolution the
physico-chemical features of the environment are influenced by the evolving organisms. The changing
atmosphere in turn acted on the biota and favour the organisins to adapt to the cver changing new

. environment.

2.5. SPECIES RICHNESS

Species are considered as fundamental biological uxits of Taxonomy as well as of evolution. Up
to 19th century, species were regarded as man made categorics of thought with no stability of characters,
But Linnaeus for the first time said that species have constant characteristics and sharply delimited
against each other. ' '

- 2.5.1. Species Concept

Tao recognise species, different conccpts were proposed . They are as follows :

Morpholegical species concept : According 1o this definition, a population consisting of morphologicaity
distinct organisms would constitute a species. In elaborasion, a morphological or taxonomic species
is defined as a group of individuals that resemble each@n most of their visible or morphological
characters. But morphological species concept is not appls in all cases and very often morphological

differences are scen among individuals of a singf€epulation or between non specific populations
than between related species. Example : scaso ﬁ' morphic forms of Daphnia.

Genetic species concept : Some genetist Losty (1918) defined specics purely on the basis of
genetics. The concepli states that specigg is a Eroup of genetically identical individuals. This definition
is ruled out for the reason that no o gndividuals are genetically similar.

Biclogical species concept : biol®gical species concept was put forth by Dobzhansky in 1937
and Mayer in 1942 The May@Z congept is most complete and practical definition on biological
species. It states that species areiE group of actually or potentially interbreeding natural populations
that are reproductively isolated from other such groups. '

Check Your Progress - 2

Describe the biological species concept.
Note :a) Write your answer in the space provided below. _
b) Compare your answer with the one given at the cnd of this unit.

2.5.2. Species Richness

There are innumerable number of biological species exisling in this world. These species are
- the end products of evolution of about 3.5 billion years. Acoording to an estimate, about 1 million
- species of animals and half a million species of plants have alrcady been described. The number of




still undescribed living species may range from 3 to 10 mil_lion.' The extinct specics as per a moderate -
‘estimate may come to a tune of half a billion. The existing species in their turn would appear in
-numerous different forms such as sex, age, classes, seasanal forms, morphs etc,. 1t is difficull to deal

with this enormous diversity if it were not ordered and classified. Linriaeus classilied the enormous

numbei of biological species in two large kingdoms, namely a) Plant Kingdom and b) Ammal
Kingdom o ' : : o
_ Three Kingdom Approach : Haeckel (1894) proposed three kingdom system, which inclndes Protista
~ Kingdom, animal kingdom and plant kingdom, The Protista includes the prokaryoles (Bacteria.
and bluc-green algae), Algae, Fungi, slime moulds and Protozoa. Protista is further divided into
lower protista or Moencra and higher protista. Lower protista includes only prokaryotes and higher
protisia includes other algae, fungi, slime moulds and Protozoa. : :

Five Kingdom Approach : Whittaker (1969) proposcd 5 kingdom arrangement. In rhis approach
the species were separated into 5 kingdoms on the following criteria. They are © :
1. Complexity of cell structure . '
2. Complexity of the body
3. Mode of nutrition. . : iy
The five kingdoms are Monera, Protista, Plantae, Fungi, and Animalia.

1. Kingdom Monera : This is the kingdom of prokaryotes {Bacteria,
- ' ~ Actinomycetes and Cyangbacteria) .
2. Kingdom Protista = - - This is the kipgdowg of unicellular eukaryotes which
. . S are primarily ic (Protozoa, Algac) :
3 Kingdbm Plantae REE ' This @ ingdom of':mult'icellular producers
: with a Cesalcx body organisation (Algae, Bryophytes

achacophyles). - o

4. Kingdom Fungi g : .'TE‘S is the kingdom of muticelluar
o ' €COMPOSETS. '

5. K_ingdom Animalia : This is the kingdom of multicellulaf
: : ' consumers {Megtazoa).

“2.6. DENSITY AND DISTRIBUTION OF POPULATIONS

The word population is derived from popﬁlas, meaning people. In terms of biology, pepulation
is defined as the organisms, collectively, inhabiting an arca or region. Peari(1937) defined population
as a group of living individuals set in a frame that is limited and defined in respect of both time and
space. : ’

_ A population exhibit characteristics that it shares with an organism as well as characteristics
that are its own unique possession. The former might be called biological attributes and: the later
unique attributes. Al least 5 general attributes arc exhibited by population and organism-alike.
They are: ' ' : :

1. A definite structure and composition is constant for any moment of time, but fluctuates with
age.

2. The population is ontogenetic. It exhibits growth, differcntiation and division of labour,
maintenance,scenescence and death. .

3. The population has a heredity. -




4. The population is integrated by both genetic and ecological factors that operate an mdependent
mechanism.

5. Like the organism, the population is a unit that needs the impact of its environment. This is
reciprocal phenomenon, since the population is altered as a consequence of this impact, and
intime, it alters its environment. Population can be recognized as space relative and time
relative population. : '

Check Your Progress -3 & 4

3. Define population?
4, What are the characteristics of population?
Note : a) Write your answers in the space given below.
b) Compare your answers with these given at the end of this unit.

. 2.6.1. Populations

Space relative populations: This is the number of organisms for unit of space they occupy. This is
commonly called density of population. The special unit varies both with the organism study and
the judgement of the investigator. Thus, in human populations meets such units as square miles,
- meters, cubic feet, beds, etc. The generalized definition of a space relative population is d= T/a or
density = Absolute no. of organisms in an area/no. of special units in that area.

Time relative population: This can be defined in one form as the difference between the number of
a population at a particular day T, and an earlier day T,, relative to the absolute no. at the earher
date, T, and average 1o some appmprlatc figure of time,

2.6.2. Density of Populatmn

Population density is a group phenomenon. Density is a numerical concept and a population product.
The factors affecting population can be distinguished based on the density factor.

Factors affecting density of population : Thompson (1928) distinguished the factors, affecting
population into two categories.

1. Catastrophe "General or independent” : Largely compnsed by the physico-chemical aspects of the
envirpnment. .
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2. Facultative "Individualised dependent”: The creédacious and parasitic organisms.

In 1935 Smith reconsidered this cl assification and proposed the terms 1. Density indcpéndént mortality
factors and 2) Density dependent mortality factors. '

The density independent mortality factors destroy a constant percentage of Organisims in sparse,
‘intermediate or dense population. These faclors are analogous to the catas}rophic or gencral of Thomsen.

The density dependent factors destioy a percentage that increases with density. Thesc factors are
analogous 1o the facultative and individualised factors of Thomson. : '

Allee (1949) statcs that mortality can decrease as well as increase with density.. Accordingly, he .
i proposed that density dependent factors be split into direct and inverse categories. Direct density
dependent factors are the factors whercin mortality increascs with density. Inverse density independent
factors are those ‘Eliminating influences which take a decrcase in percentage of the-indivi_duals_
present as the population increases. Thus the following classification holds good as for the above
explanation, ' ' B S ' '

: 1L Densitf independent mortality factors
2. Density dependent mo_rtaiit_\' factors : a) Directive, b) Indirective _ _
The physical or climatic factors that affect the population densities are summarised by Urarov
and they arc as follows :
1. Temperature as a controlling factor _
' a) Direct injury by high and medium temperatures.

" b) Effcctive of high 1¢mperat11re on the reporduction.

~ <) Winter mortality and general effects of low tempe@,

d) Favourable effects of temperature.

2. Prccip_itation' - ?\
a) Excess precipitation . ' !

b} Deficient precipitation (drought)

¢) Winter precipitation _
d} Effects of rain fall in tropical c@s

- .¢) Rain storms and hail storms

. Wind

. Atmospheric plgcl__ssurc

: -Thlind_er storms

- Temperature and rain fall

- Temperature and Hu_'midity

. Temperature and light

Y= R SRR T

. Food quality and quantity as related to climate;

The chiemical factors that cffect the population in a density independent fashion are classifiable as
chemical factors of the environment. These are of particular significance in aquatic groups. But,
examples can also be found among studies of laboratory and natural tefrestrial populations. These

factors include : _ . _
- 1. Hydrogen ion 'co'ncentrationhz. Salinity 3. Oxygen 4. Carbondioxide
5. Calcium and other macronutrients 6. Pollution 7. Food
Density independent factors : The density independent factors include the biological factors such as
! -1, Parasitism - - ' )
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2. Predators

3. Competition _ -
2.6.3. Types of Distribution of Populations

The distribution of the organisms can be classified as 1) Distribution in space and '(2') Distribution
in time. C ’ : )
Distribution in space .‘"Thé'terrestriél"ar'l;':l.aquat?i.c' ofganisms can be distributed in .-sp;'lcé in the
horizontal direction. Such distribution is governed by the physicochemical and biological parameters.

The horizontal distribution of the populations is distinguished as random and non-random distribution,

The random distribution is primarily governed by the mechanical factors such as wind, water
currents, inflowing and outflowing waters, ¢lc. in aquatic environment. The other physico-chemical
parameters such as light, temperature, dissolved gases, nutrienis are responsible for the random
distribution. The biological parameters such as behavioural aspects, distribution dfthe-plan!s, predators,
etc. also govern the random distribution. The random distribution is-also referred to as patchiness.

The non-random distribution is a rare phenomenon. However, it is realized in aquatic cnvironment
in situations wherein competition and over growth of the populations arc met within the environment.

The populations in aquatic environment can also.be distributed vertically. The organisms having
wide range of tolerance to the environmental conditions are called eurytopic organisms. The organisms
having narrow range of tolerance to the environmental comMjlions are said 1o be  the stenolopic
organisms. The eurytopic organisms get themselves distriby rtically all through the water colurun
whercas. the stenotopic organisms distributc eitherd ic surface layers or in the middie depths or
nearerto the bottom in‘a water body depending onf§ ptimal environmental conditions suitable to
them. The factors such as density, water currgnis, fe ature, light, nutrients, parasites, predators,
prey populations, etc. govern the vertical distrr In aguatic environment the migratory behaviour
of the organisms in the vertical columnuof waler daring 24 hours of the day is referred to as dicl
vertical migration, : . .

Distribution in time : Popljlation mizibulidn with reference to time is known as temporal distribution.

. The temporal distribution of p ns is generally stodied over a period of an year. Hence it is

also been referred to as annual disth#ltion. The distribution pattern of the populations over a period
of an year varics significantly. The peak periodicity of the populations are realized when cavironmental’
factors are favourable for the growth and reproduction of the populalions. The lowest ebb of the

* populations aré known when the environmental paramelers arc antagonistic to the growth and reproduction

ofthe populations. Generally, the factors such as turbidity, temperature, light, nutrients, competition,
parasitism, predation, elc. will govern the temporal distribution of populations.. o

The gcographical distribution of the populations in an area can be distinguished as svmpatric
and allopatric populaticns. The sympatric populations are the overlapping populations in a peographical
region. The allopatric populations are the isolated populations. '

-2.7. SUMMARY

Life originated through bio-chcmical processes on carth manifests different species of plants

and animals. All the species ranging from simpler to the complex forms are formed due 1o organic
evolution, the process of continuity of life with constant medifications. The changes in the life forms
are with the changing environmental conditions. This is called adaptability. This ultimately leads to

the formation of new species. The great-array of species existing today have a common ancestor at |

some time of their evolution. This is called monophyietic geneology. The individual of species migraic
from their place of origin to varied geographical regions and gradually adapt to different sets of
environmental conditions. This results in the formation of several new specics from one ancestral
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specics (divergent evolution). Thus, the specics are the end products of evolution. An innumerable
number of species are existing in this world. This speaks about their richness. These species depending
on their diversily are assigned to different kingdoms which are further classified based on phylogeny
and diversity of species. Biological species forms populations. The population densities are governed
by density dependent and density independcent factors which include physical chemical and biological
factors. The distribution of populations is governed by geographical, physical, ckemical and biclogical
conditions in space and lime. T ' ' o

2.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Evolution is a process in which complex organisms are formed from the simple organisms.
The diffcrent theories on evolution are : 1) Lamarck theary, 2) Darwins theory of natural
selection, 3) Devries theory of mutations and 4) Modern synthetic theory.

2. The biological species concept states that species are the group of potentially interbreeding
natural populations that are reproductively isotated. R :

3. The population is defined as the organisms collectively inhabiting an area o1 region. Population '

can also be defined as a group of living individuals sct in the frame that is limited and defined
in respect of both time and space.

4. The characteristics of a population are a) A definite structure and composition is constant for
any moment of time but fluctuates with age b)The population is ontogenetic. It exhibits growth,
differentiation and division of labour, maintenance, scencscence and death. ¢) The population
has a heridity. d) The population is integrated by both genctic and ecological factors that
operate an independent mechanism. ¢) Like the organigi, e population is a unit that needs

the impact of its cnvironment. This is altered as geggnsequtnce of this impact, and intime, 1t
alters its effective environment. Population can b nised as spacc refative and time relative
population. : S

7.9, MODEL EXAMINATION QWFSTIONS

1. Answer the following questions in'go 0 lines each.

Give an accgunt of the origic_:ies.
What are the various theories owEvolution ? Explain them.

1
2
3. Give an account of the species cencept and add ‘a note on the richness of species.
4

What is population ? Explain in detail the factors influencing the density and distribution of

populattons.
IL. Answer the follo\ving questions in about 10 lines cach.

1 &ive an account of the Modern Synthetic Theory on evolution. -
2. Explain in detail the species richness in the world.
' Describe in detail the factors affecting populations.

3
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UNIT-3: ECOSYSTEMS --
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3.1. OBJECTIVES

After completing this unit, your will be able to : _
*  (define ecology and describe its scope and history, .
*  gelineate the structure and function of an ecosystem,
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*  define various processes like cnergy transfer, material cycling, and factors limiting these processes,
*  describe and analyse population and community, - o e

* . describe how a marine system is organised, and
*  list out various ‘commons’ of the world, and describe how they are threatened.

'3.2. INTRODUCTION

Ecology encompasses so many complexly inter-related concepts and phenomena involving several:
levels of organisation. Alse there is no “ideal outlinc or perfect sequential order for preseritation of
the subject. Thus, the order best suited to the syllabus of unit-3; ecosystems; of block-1: ccology
and ecosystems, is chosen to present here. : : s : : g

As man’s power 1o aller the environment has expanded, the need tohave an intelligent knowledge
of the ecology and environment has become more cssential than ever before. The subject treated in
this unit provides a good- insight into the ficld to any graduate learner, or a beginner of ecology
‘course. For a detailed study, those interested in if, are advised to refer Fundamentals of Ecclogy”
authored by Eugene P.Odum (1971) and published by W.B.Saunders Company, London, which

forms the primary source for the subject presentéd here. _ o

3.3. SCOPE AND HISTORY OF ECOLOGY

‘Ecology” and ‘Environment’ are words frequently encountefgd, usually In association with
humanity and development. More often than not, they dre misu8gd ar misquoted. However, these
two words have assumed increasing importance in the recent ti than ever before. The word -
‘ecology’ was first proposed by the German biclogist, t% eckel in 1869, and has its origin in
Greek Oikos, meaning “place to live”. Literally, ccology Study of organisms "al home". The
term has been variously defined from time to tim ore it atiained the status of a recognised
distinct ficld of science. One of the best and widely us initions describe ecology as the study of |
the relations between organisms and the totalis the physical and biological factors affectinig them-
or influenced by them (Pianka,1983). In brief, study of interrelationships between organisms

and their environment.

Envirenment includes everything fi niight, air, soils, water and rain to other organisms:
For example; the environment of'a tiger consists not only of other plants-and animals encountered
- directly or utilised for food, shelter and range, but also of purely physical processes and inerganic
substances, such as fluctuations in the weather conditions, terrain type, ability to explore and exploit
the resources and so on. Thus, environment of mosl orgasiisms is extremely complex and consequently,
ecology.takes in aspects of many other fields, including mathematics, physical sciences, geosciences,
social sciences, economics, anthropology and many other fields besides various subdisciplines of
biology. : : - :

Although the label “Ecology” was in use from about 1900, studics which were clearly ecological
in nalure appeared from the times of Hippocrates and Aristotle (see Odum, 1971). the concepts of
"Abhayaranyas’ and thier role in the nation’s economy as related by Kautilya, are classic examples
for the theme during the medieval periods. The famous microscopist, Anton van Leeuwenhoek of
the early 1700s pioneered the study of food chains and population régulation which are two important
aspects and areas of modern ecology. . : ' o '

ECOLOGY IS DEFINED AS :

Study of the relations of organisms or groups of organisms to their environment.
The science of interrelations between living organisms and their environment,

*




s

The study of the structure and function of Nature.

The study of distribution and abundance of dr.ganisms,- _

Scientific natural history. o _ .

* * "The study of the relations between ofganisms and the totality of the physical and biological -
factors affecting them or influenced by them,

- The totality of Man and Envifonmcm,

Modern ecology has become more mathematical when compared to early ecology, which wag
basically descriptive and the pioncers of the field spent most of their time describing, itemising and
classifying various ¢cological elements. During this time, ecology primarily dealt with the biclogy
of groups of organisms and with their functional Processes in their cnvironment, Modern ceologists
want to understand and to explain, in general terms, the origin' and mechanisms of interactions of
organisms with one another and with their nonliving world. In this process, .ecologists construct
“models” which closcly resémble the reality and enable the. capacity for testable predictions,

Until 1970s, ecologists mostly restricted themselves to the-natural systems. They began to study
man-made ecosystems or altered ccosystems, such as agro ecosysiems, urban ccosystems and so on.
By the close of century, ecology has become one of the important sciences, the knowledge of which
1s highly esseatial in planning processes from microlevel to macrolevel. With this dévelop_ment,
ecology is now defined as the study of “the totality of man and environmen(”. Consequently, ecology
is rapidly becoming most relevant to the everyday life of every man, woman and child. ' '

3.4. ECOLOGICAL PRINCIPLES

: Eéology 1s a young science. Bric Pianka, an A professor of Ecology, characterized ccology

as a "Soft ’science, as it is not so precise as old @ better established *hard sciences such as
chemistry and physics. Presently, ecology hag few 1 aws, but many hypothéses are to be tested. -

3.4.1. Ecosystem Concepts, | S
Ecology being an exceedingl '. broatiysubject with great complexity and multifaceted physical

environment, students of ecolog 0 QIpt to interweave and correlate varions of its subdisciplines.
Since ccology baiscally deals with (N L ng organisms and their cnvironment, the simple and fundmental
approach'is to proceed from inorganic to organismic levels. This is called Ecosystem approach. An-
ecosystem is a system wherein the biotic community and the abiotic components i their environment

interact with each other so as to function as a unified ‘whole’. The term ‘ecosystem’ was first proposed
by A.G. Tansley in 1935,

3.4.2. Structure and Function of Ecosystems

The various components of an ecosystem cafi be conveniently classificd into two major categories: _
1) Abtotic components and 2) Biotic caomponents. All the non-living elements in all their states constitule

~ the abiotic category, while all living organisms ranging from micro-organisms tn the seil, water and air

to large plants and animalis form the biotic catcgory.

Abiotic Components

Abiotic components can be recognised under three major classcs: -
1) © Inorganic substances (like C,N. Co, H,0 etc ) involved in material cycles; _
it} Organic compounds {proteins, carboliydrates, lipids, humic substances ¢lc., ) that link abiotic

and biotic;




iii) .Climate Regime, which includes temperature, light, humidity, precipitation and all other physical
processes. _ ' : _
All these threc classes of abiotic-components will influence, and be influenced by most of the
other abiotic factors and also by the bigtic faetors as well. However, their relationship and the tmportance

- will vary with he type of ecosysterm and organism at the macrolevel and microlevel respectively.

Light, temperature and water (rainfall) arc ecologically imporiant factors on land; light, temperature
and salinity are important in seas; oxygen i3 of major importance in freshwater systeins. Some of

these abiotic factors may act as ‘limiting factors’ and also as regulatory factors, as will be explained

at a latter section of this unit.

Biotic Components

All living orgainsms form the biotic component of an ecosystem. This component also can be
divided into three major classes: : . '

i)  Producers: Organisms which are able to manufacture food from simple inorganic substances
are called ‘antotrophs’, :

it). Macroconsumers. Organisms, chiefly animals, which ingest other organisms or pa'rl_iculate'

organic matter arc called ‘phagotrophs’. _

iii} Microconsumers: Organisms, mostly bacteria and fungi, which break down the complex compounds
of dead protoplasms, and relcase inorganic nuirients that aredsable by producers; and influence
other biotic components of the ccosyslem, are called ‘sapgotrofhs’ or “osmotrophs’.

Aparl from visnalising the strugture of an ecosystem jao differ€ntl components, ihe structure of
an ecosystem needs to be considered from various ang ¢ are to understand the interplay of
structure and function. The producer-consumer arrangeme other kind of structure called ‘trophic

stractore’, and each “food”levet is known as a tr?cve!.
From the functional stand point, an ecq, m miay be analysed in terms of various mechanisms

of the processes. These include: - '

a) Energy Circuits: explains ho is trappcd initially by the system, and transfer among
different hierarchial levels of th ¢ community. B

b) Food Chains: The linkages between “to eat’ and ‘1o be caten’ processes within the biotic communily: .

¢) Nutrient Cycles: The behaviour of various nutrient elements, mostly inorganic, with regard to
their cyclic movement within and among the different components of the ecosystem.

d) Diversity Patterns in Time and Space: How the composition of the bigtic community and iis
complexity is changing in time and space. '

¢). Pevelopment and Evolution: How the ecosystem (with both the abiotic and biotic components)
is developing and evelving to attain a steady state or 1o lake a new course. '

") Controls: All factors, mostly belonging 10 abiotic, that either limit or regulate various proéesses

and actions that take place in the ecosystem to ensure its stability.

The structure and function of an ecosystem can be beticr understood by examining a typical
ecosystem. Major ecosystems of the world can be classified in different ways. The onc which
is more convenient and basic is given in next page :
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1 3.4.3. Pond-Ecosystém

Consider a _pond ecosystem to examine its structure and function broadly. Since the major medium
of this system is water, .this ecosyslem can be called as an aquatic ecosysiem of lentic type.

Various physico-chemical conditions of water, such as pH, temperature, salinity, turbidity, hardness,
dissolved oxygen, demands for biological and chemical oxygens etc., along with bathymetric conditions
and climatic conditions, form the abiotic compartment %cosy stem.

Phytoplankidn and all other aquatic plants of the pond ¢ te the producers stratum. Zooplankten,

"and all other animals like aquatic insects, molluscs, fig ngs, snakes etc., will form the macroconsumers
@ of other groups which are of saprophytic

stratum while, microorganisms like bacteria, furlg

Producers, by photosynthesis, bring eneBy into the biotic community and initiate the energy
roy flows through different food chains, while somc is lost
Misumption for respiration, metabolic and physical activities.

Also some energy reaches the %‘cons mers from-each of the trophic level through deaths at that

Energy flow in an ecosystem has assumed increasing importance in the recent years and.a

" separate branch, ecological energelics is now drawing the attention of the applied ecologists. A

more detaitcd discussion on the cnergy transfer will be presented in a latter section of this unit.

3.4.4. Biogeochemical Cycles

Unlike the encrgy flow, which is unidirectional, all other transfers that take place between
diffcrent compartments of the ecosystem arc cyclic. These include, material flows of both organic
and inorganic substances. The more or less circular paths of the chemical elements passing back and

" forth between organisms and environrent are known as Biogeochemical cycles. For each cycle, at -

least bwo compartments or pools are recognised:

a) Reservoir Pool : the large, slow moving, gchcrally in the abiotic state;

b  Cycling Pool: a smaller, but more active portion that is exchanging between organisms and
their ¢nvirgnment.
Biogcochemical cycles, generally fall into two types: Gaseous types, and sed1memary tvpes.
The former is the type in which the reservoir is in the atmosphere or hydrosphere Sedumcntary type
is the one in which the reservoir is in the Earth’s crust.
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‘Twi examples will suffice to illustrate the prmc1ple of cyclmg The nitrogen cycle (Fig.3.1) is
an exampleof a complex gaseous type cycle; and the phosphorus cycle (F1g 3. 2} isan example fora

- simple sedlmcntary tyvpe. -
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3.4.5. Limiting Factors

_ Allinteractions between different individuals and groups of organisms in the biotic compartment,
and the flows of energy and material that occurs in an ecosystem are regulated or influenced by .
various environmental factors such as temperature. These factors, thongh are not directly involved .
in biological energy, or material transformations, but determine the “conditions” of existence for
living organisms. Any such factor or condition that tends tc slow down potential growth in an
ecosystem is called a “limiting factor’. Tn other words, any condition that approaches or exceeds the
limit of tolerance for the organism or group in question, may be called a ‘limiting factor’. For
instance, milk that is stored in refrigerator cannot become curds, as the microbes responsible for the
transformation have been limited by the temperature. Thus, temperature acts as a limiting factor in-
this example. This principle has became known as Liebig’s “Law of the minimum”. Similarly, if any
nutrient required by a plant is in short supply or is not available for the plant, the nutrient may
regulate the plant activities such as growth, reproduction, photosynthesis ete., , inspite ofthe fact that
all other resources are present in adequate quantities: :

A closely related concept known as Shelford’s “Law of Tolerance”, extends the concept ofhmltmg
factors to limits of tolerancé where the organism or group condltloned within a definif¢ range of
environmental factors. These factors will have both the upper and lower limits. [f the performdnce
of the organism or group is plotted against these 1mporlanl envuonmental varublcs bell shapcd
curves usually result (Fig.3.3).

~ STENOTHERMAL EURY % AL .STENOTHERMAL
~ (OLIGOTHERMAL) _

O0PT

ACTIVITY CGROWTH) —____,

TEMPERATURE ———3»
. Fig. 3.3. Tolcrance Curves

Check Your Progress-I

Define Ecology and Ecosystem. .
Note : {A) Write your answer 1n the space gwen below
(B) Compare your answer with the one given at the end of this unit.
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3.5. ENERGY TRANSPORT IN ECOSYSTEMS

The overall energy relations of an ccosystem are in accord with the first and sccond laws of
thermodynamics. The firsi law of thermodynamics stales that encrgy may be transformed (rom one
type to another but is never greated or destroyed. Energy is brought into the ccosysiem by Uhe
‘producers (autotrophs) which receive the same from sun light and through a wonderful phenomenon
called photosynthesis convert the solar energy into food encrgy. :

The transfer of food energy from plants to other organisms in the ecosystem occuts through a
series of stages of eating and being eaten, which is known as food chain. For example, ina grassland
ecosystem we find one of the typical {ood chains as shown in Figure 3.4, '

GRASS
Fig 3.4 A typical food chain ( 2 grassland ecosystem)
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In a complex natural community, all organisms whase food is obtained from planis by the same
number of steps are considered to belong 10 the same trophic level. The food cnergy, that has been
converted by plante from the solar encrgy is transferred from one trophic Ievel to another in (he same
direction as in the food chain; from the first trophic level (the producers level) to the second trophic
level (plant eaters or herbivores), to carivores that cat the herbivores, the third trophic level (sccondary

- consumers), and perhaps even to the fourth trophic level (tertiacy consumers).

The second law of thermodynamics may be stated as “all processes of energy transformations
will spontaneously involve degradation of the energy from a concentrated form inlo a dispersed
form™. So is the case with the energy transfer in the ccosystem. At each transfer of encrgy from one
trophic level to another, a large part of the cnergy is degraded into heat. As shown in Fig.3.5 the
encrgy flows are greatly reduced with each successive trophic level.
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~ Because energy transfers are never 100% cfficient; some is lost in converting prey tissue into

~ predator tissue; some pass onto decomposers and reducers; some is expended on the activities of the
self. Thus, the rate of energy flow through a given trophic level decreases with increasing trophic
level. However, at equilibrium, all energy entered into the ecosystem, through priinary producers,
inust exactly balance that leaving the entife system, and musl be expended and dissipated back into
space as heat.

A convenient means of expressing the energetic struciure of a community is the pyramid of
energy, which consists simply of the ralc of encrgy flow between various trophic levels (Fig.3.6).

TERTIARY CONSUMERS

90,000 | SECONDARY CONSUMERS

200,000 PRIMARY CONSUMERS
1.500,000 PRODUCERS
F-N
. DECOMPOSERS -
10

PRODUCERS

a H TERTIARY CONSUMERS

SECONDARY OONSUMERS

8APROTROPHS
5060 l TICE PRIMARY CQONSUMERS
20,810 ' ' PRODUCERS
c

Fig 3.6. Ecological Plyr.amids.

A. Pyramid of numbers. ¢.g.. Temporate forests (individuals per 0.1 hectare). B. Pyramid of Biomass e.g., Tropical forests (peass
dry weight per square moter) C. Pyrarnid of Lncrgy. ¢.g., Silver springs (Energy flow ; K. Cal/M%yeat).

The other types of ecological pyramids are the “pyramid of numbers” and the “pyramid of
biomass” The former consists of a set ol the densitics of individuals in each trophic level; whilc the
latter, is the biomass (usually measured in grams dry weight) per unit arca in each trophic level.




Check Your Progress-2

Describe how energy transfer in an ecosystem is in accord with the second law of thermodynamics.
Note: (A) Write your answer in the space given below.
(B) Compare your answer with the one given at the end of this unit.

................................................................................................................................................

3.6. POPULATION ECOLOGY

The word ‘populatior’ has its origin in Latin, wheMypopulus means people, and is usually
referred in conjunction with man. However, the term isNgow gxtensively used in ecology Lo refer any
“group of individuals of the same species living g parficular time and space”. Here, the same
gpecies is attributed to those which can transm@ genetic material to their offspring through
sexual reproduction. Alternatively, & population ¢ defined as a cluster or individuals with a
high probability of mating with each olhcn?e potentlally able to interbreed.

Population is ofien described a 1f r@gulating systcm with a definite st of characteristics,
irrespective of the spccics, habitat, m and its size. Some of these characteristics are to be
studied in detail if one has to gagcrsiahd the status of the organism in its ecosysteni.

All populations wilk have 15 characteristics which are unique possession of the group and
arc not characteristic of the individuals'in the group. Some of the propertics arc: 1. Size, 2. Density,
3 Natallty (birth rate), 4. Mortallly (death rate), 5. Age distribution, 6. BlOllC Potcntlal 7. Dispersal,
8. Growth form.

Apart from these, populations possess genetic characteristics also which are dircctly related 1o
their ecology, namely adaptiveness, reproductive fitness and persistence. On the whole, population
attributes can be considered in two categories: (1) those dealing with numerical relationships and
structure; and (2) the general genetic properties. :

~'3.6.1. Population Size and Density

Population size is generally expressed as the total number of individuals occupied a particular
space. On the other hand, population density is described as the population size in relation to somie
unit space. Density is a useful measure to understand the magnitude of the population size.

" For example, consider two farmyards, A and B, infested by an insect pest, the populations of
which arc almost similar in sizc at the two farmyards (A:4350 and B:4670). However, their densities
have varied significantly. ‘A’ had a density of 435/ha whilc ‘B’ was with 47/ha. Although the pepulation
sizes are similar {(neatly) at the two farms, the pest problem at *A’ was more intense as the density
was nearly 10 times to that of ‘B’. Thus, in a unit area, the damage caused by the insect pest was 10
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times more at ‘A’ than in ‘B’ Thus, densnly isa useful measurc 1o obtain a fairly good plctun: ol the
populatmn : .

3.6.2. Natality and Mortality

~ ‘Natality’ is the inherent ability of a-population o increase lferugh births. On the other hand,
‘Mortality’ is more or less the antithesis of natality, and rcfers 1o the decrease in the population due .
to deaths. Natality rate is equivalent to birth rate, and mortality ratc 1s equivalent 1o death rate. '

Natality is generally expressed as a ratc determined by dividing the number of new individuals
produced by time: '

N, It B.(Absolute Natality)...._(1)

in this, the rate is not related with the population size and will be of little scope. In the other
way, natality is expressed as the number of individuals born per unit of timc or unit of population:

N /Nt =b (Specific Natility)..... (2)

Wherein N_is production of new individuals in the population, N is the total populatlon or only
the reproductwe part of the populallan tis ime.

Similarly, mortality also is expressed as a rate determined by dividing lhc number of dealhs
occurred during a particular period of time:

N /t=M (Absolutc Mortality) 0
or . | - O
N_/N t = m (Specific- mortality)

This can bc measured in the same way.as nata% is measured.

3.6.3. Age Distribution

The individual members of 4 popatifn can be distributed into different age-classes. The size

of the classes usually vary from onc anofher and with time, sometimes even without any change n

the population size. The distribution of individuals inio different age-classes is called * Ape distnbutidn’

- which influences both natality and mortality. The ratic of various age-groups in the population

reflects the current reproductive status of the population. Usually, an expanding population will

.-contain a large portion of young individuals; a declining population with a large proportion of old
individuals and staticnary population will have a more even distribution of age-classes.

3.6.4. Biotic Potential

When the environment is not exerting a limiting effect, the population prows exponentially.
The rate of growth becomes constant and maximum. If the growth ratc is expressed per individual,
it is cailed specific growth rate. When a population has a stationary and slable age-distribution, the
snecific growth rate is.called the “intrinsic rate of natura! increase” or . The maximum value of
ris called ‘Bietic Potentiai’ or ‘Reproductive Potential’, which is defined as “the inhcrens property
of an organism to reproduce, to survive, and 0 increase in numbers”. This if more or less a theoritical
concept . based on the assumption, that if all factors in the environment supports {(which 15 most
unlikely), the reproduciive power of the population wiil be maximal, and much greater than under
natural conditions. The difference between the biotic potential and the actual raie of increase occured,
is ofien taken as a measure of Environmental Rcsmtance which is the sum total of cnvironmental
hmitmg factors’ effects. :




.3.6.5. Growth Forms

1If the size of a growing population is plotted against tinme, some c'haracteristic patterns of increase
can be recognised which are called populatlon growth forms. Of these, two growth patterns are
. important which mcludc J-shaped growth form and the S- shaped or Sigmoid growth form. '

In the J-shaped form densuy increases rapidly in exponcntlal or compou: 1 interest fashion,
and then stops abruptly as environmental resistance or some other limiting factor becomes operative
suddenly (Fig.3.6 A). In the sigmoid form, the population increases in three phases: In the first
phase, positive acceleration phase, the increase will be slow; during the second phase, logarthmic -
phase, the increase will be rapid; and in the third’ phase negative accelerating level is reached and
maintained. The upper level beyond which no major increase can occur is called “carrying capacity”
which is determined by the environment (Fig. 3 .6.B).

3.6.6. Population Dispersal

Population dispersal is the movement of the individuals or their reproductive products into or
out of the population er population area. Dispersal supplements natality and mortality in shaping
~ the population growth form and.density. Further, dispersal is the means by which new or depopulated
areas are colonised and equilibrium diversity is cstabhshed It is also an important componenl in the
gene flow and the process speciation.

some individuals of the population will leave the pop rea; Immigration, a one-way inward
movement, wherein some individuals of a differe hop n will enter into the population area,
Migration, pertedic departure and return of so Al individuals of a population..

' Population ecology has assumed incregging importance in the management of wildlife and also
in the pest control operations. Modern 'c'co%are now developing population models 1o predict
p .

- the behaviour or various populations 2 espanse to various changes in their environment.

UMIT N

_Three basic forms of dlspersal are recoginsed: ErmgralE a one-way outward movement, wherein
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" Fig. 3.7. Population growth curves
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Check Your Progress 3

Dtstmglnsh between and g shaped populatton growth forms
Note (A) Write your answer 1n the space given below o . _
(B) Compare y0ur answer with the one gwen at the end. of thls umt. '

3 7. COMMUNITY ECOLOGY

unit to the extent that it has characteristics additional to its indjvidils and population components
The community concept is very important to envtronmentaltsts be _often the best way to“control”
a particular organism, whether positivcly or negatively modlfy its community, rather than to

Several interacting populatlons of an ecosystem w1ll mak : mmumty which is an organised -

make a direct “attack”-on the organism. Man'’s welfare phat of any species, depends ultimately

'on the nature of the commumtles and ecosystems S . S o
T A “biotic commumty” is an)r assembla f ulatlons lwmg ina prescrlbed area or. physrcal _

p
habitat, and the term may be used to desi ytural asscmblages of various sizes ranging from
the biota of a small ditch to that of ayast otgan. However wo types of natural commumtles are
- recognised based on their organisati @ : : :

1. Major Communities : Those ¥mmunities which arc sufficiéntly lélrge in size and completeness

of organisation, and are, relatwely mdependent of inputs 1nd outputs
“{rom adiacent eommumtles

2. Minor Communities : Thosc communitics which are more or less dependent on neighbouring

assemblages, yet dlfferentlated from the rnaJor eommumty in one:

N : o - or more ways.

3.7.1. Ecological Dominance

All organisis in the commumt; dlfl"er widely in their 1mportance in determining the nature -
and function of the whole community. Relatively few spec1es or speeles groups are capable of exerc:151ﬁg :

the major controlling influence by virtue of their numbers, size; production, or other activities.

Specics or species groups which largely control-the energy flow and strong ly affect. the env1ronment S

_of all other speeles are known as eeologreal dommants

3. 7 2. Communlty Analysns

No Spemﬁe rules exist for naming thc communities. But commumty names, hke names of anythmg o

'else, should be meaningful and convey a clear picture of it: The important practices in naming and
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' classifying the communities accord 10

1) major structural features such as domrnaut specres 11fe forms 1) 4 mdrcators (e g Sal forest
“Coral reeves etc.); : :

2) the physrcal habitat .of the commuruty (e g, Troptcal Rain Forest; pond co mmumty elc. )

3) functional attributes, such as the type of community metabelism, or trophic leve] clc {cg. I-Ierbwore
. community; Parasitic community). '

Community dnalysrs deals with understanding the structure function and development of a

community with special reference to space and time. Within a given geographical region, two basic
approaches are followed in analysing the communities:

1) Zonal approach - In this approach, discrete (non-overlapping) communities afe
. ' recognised, clasmﬁed and listed in a sort of check-list of comrmunity
typcs.

2) Gradtent Analysm Approach : In this approach the arrangement of populations along a uni-
or multi-dimensional environmental gradient or axis are studied

along with recognising the communities based on their frequency

distribution, similarity coeffecients and other statistical comparisons.

3.7.3. Species Diversity

ts, consists of many thousands of plant
dra communities, supports perhaps
y some communities have more and
Brcatly even at a local level. The number of
ess” or “species density”. '

Since complex communities, such as tropical rain fo

specics in a community is referred to as “species

Community with similar species rtchnc?h- differ in yet another way; the relative importance
of their member species may vary. Sp, n

the concept of species diversity. R cen the number of species and importance values of
individuals are called species dj ISityN dices. The two major components of spccies diversity are
(1) spectes richness, and (2) e dlity. If the first one indicates the variety component, the second
one delineates as to how equita evenly the species dre distributed in the community.

3.7'.4. Pattern in Community

The structure of a community that results from the distribution of organisms, and their interaction
with environment is calied community pattern. Many types of arrangements are known to contribute
to pattern, of which the most important are: ' '

1)  Stratification Patterns: Patterns organist:d vertically;

2)  Zonation Paiterns: Patterns organised with horizontal seggregation;
3)  Aclivity Patterns: Those differentialcd by time of activity;

4)  Food web Pattern: Those with net-work organisation in food chams
5}  Reproduction Pattern: Parent-offspring associations, plant clones etc:,
6} Social Patterns: Those organised in flocks and herds; - . ‘

7} Coactive Patierns: Those resulted from corupctition antibiosis etc.,
-8}  Stochastic Patterns: Thosc resulted from random forces.

To understand the functional aspccts and various factors that govern thc community organisation,
Community pattern is to be understood and thus, it has a vital rolc in the management of the ecological
communities.
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' Check Your Progress- 4

What is species diversity and what does it indicate? . : S : - R

Note: (A) Write your answer in the space given bélow.
- (B) Compare your answer with the one given at the end of this umt. -

3.8. MARINE ECOLOGY

Life has first ongmated in sea. lnsplte of the explorative technologlcal advancements of man, a _
‘great bulk of the scas and oceans still remained largely mysterious. However, because of the key role ‘
of the seas and oceans in controlling the world’s climaies, the atzespherc,. the functioning of major

mineral cycles, and the mountmg evidences in ecology, the st as has become a major concern. ’
for the ecologists. . : .

| ; Biolo gists have long been fascina_ted by the 'amazit_y of life to be found along the shores

| and among coral reeves. Yet, much of the sea ig consi®er€d to be a semi-desért with entirely a
different sct of ecological conditions. The term ‘m scology’ emphasrses thc “totallty or pattern
of interrelationships between organisms andhe m3ine environment™.

3.8.1. Marine Environme

-Seas and-oceans occupy roughly 6 of the total surface of the Earth. Owing to its size and
area, the occan environment support various organisms while Life is much denser around the margins o
of the continents and islands. Unlike the terrestrial environment, oceall environment is continuous,
not separated as land and fresh water habitats. Temperature, salinity and depth are the chief barriers
to free movemenis of marine organisms. The important characteristics of the marine environment
are given below. ' - _ ; _ ' _ : -

Currents: The séa is in continuous circulation. Air temperature differences between poles and
equator, set up strong winds, which together with the rotation of the Earth, create definite currents.
Among the major surfdce currents of the world, neteworthy arc lhe equatorial currents runmning cast
-and west, and coastal currents running north and south :

-Upwelling: An 1mportant process called “upwellmg” occurs where winds consrstentlv move surface

waters away from precipitous coastal slopes, bringing to the surface cold water rich in nutrients
which have begn accumulating in the depths, Thus, the most productive marine atcas are located in
regions of upwelling which occur largely on westcrn coasts, as was evident from the large ﬁshenes
and large populations of sea birds in such regions.

Salinity: Salinity is another important parametcr in marine ecology The average ‘.almrly or salt
content is 33 parts of salts by weight per 1000 parts of water. About 27% is sodiim chloride and
most of the rest consists of magnesium, calcium and potass1um salts. Since the salts dissociates into




. 1ons, the best way 10 picture the chemistry of the sea is as follows:

Positive ions ' ) : Negative ions
(partsfthousand or grams/kilogram) _ .
Sodium 107  Chloride 193
Magnesium - ; 1.3 ~ Sulphate. 27
Calcium 04 ; Bicarbonate = 0.1
Potassium C 04 * Carbonate . 0.007
' o Bromide ©0.07

Organisms of the open ocean are usually ‘Stenchaline’ (i e. have narrow limits of tolerancc [
change in sallmty) whercas organisms of inshore brackish watcrs arc generally “Euryhaline’. Most
marine organisms have an intcrnal salt content, isotonic with sea water, and hence osmoregulation
poses no problem except where salinity is subject to change.

Concentration of Dissolved Nutrients: The concentration of dissolved nutrients is low and constitutes
an important limiting factor in determining the size of marine populations, Whereas the concentration
. of sodium chloride and other salts are measured in parts per thousand, nitrates, phosphates and
other nutrlents are so dllulcd that they are measured in parts per billion.

3.8.2, Marine Biota

The marine biota is s varied, coelcnterales, sporiges, cOginoderms, annelids and various minor
phyla are very important in the ecology of the sea. Thd\pact§ria, algae, crustacea and fish play a
- dominant role in aquatic environments, with diatogasygrect™iagellates and copepods being equally
* . prominant. The variety -of algae (Brown and Re being chiefly marine), crustacea, molluscs

. and fish 15 greater in sea. On the other hand, seed g€ (spermatophytes) are of little importance in

the sea, excepi for eel grass and a few oth cics in coastal waters. Insccts arc nearly absent,
.except in brackish water, and as such the cru§faceans are called” ‘insects of the sea”™. :

Life in the sea environment can cd into various components namely, plankton, nekton
- and the bethos. Plankton are the fAgatingNerganisms whosc movements arc more or less dependent on .
.- currents, swimming organism navigate at will are callcd neklon; an organisms attached or

. resting on the bottom, or living he bottom sediments are called Benthos. An additional term
‘pelagic’ is widely used to include the plankton plus the neklon and the ncuston (orgamsms rcszmg
or swinining on the surface}, or all of the life in the open water.

3.8.3. Zonation

Two types of zonation classification are in wide use in marine ecology. The first one is based on
the bathymetry of the sea, while the chond one is dctcrmmcd by light penetration.

Generally a continental shelf extends for a distance offshore, beyond whlch the bottom drops off
steeply as the continental slope then levels off before dropping down to a deeper plain. The shallow
_ water zone on the continental shelf is neretic zone; the region of the continental slope and rise is the
bathyal zone; and the region of the ocean deep plains is called ‘abyssal zone’, the world’s largest
ecelogical unit, but an incomplete ccosystem.

The important vertical zonation is determined by light penetration into the sea. In this type
also, three distinct zones are recognised. The upper thin ‘Euphotic’ zone (i.e. the preducing zone)
where light penetration is effective; the middlé’ compensation “zone where photosynthesis just balances
the respiration; and a lower, and vastly thicker ‘Aphotic’ zonc where light penetration is meagre
and respiration far exceeds the photosynthesis which is nearly absent with mcresmg depths (Fig

3.8).
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Fig. 3. wtibna Marine Systems
Within these primary zones, well mar secondary zonation of both horizontal and vertical
types is penerally evident from the Jtion of communities. Producer plants of the sea come in
small packages, i.e., the microscopl oplankton, although large sca weeds arc umporiant in

- somc coastal regions. High density of predators is a seemingly inconsistent feature of many ocean
bottom communitics. The highest primary productivity occurs in regions of cold-water upwelling
and the great commercial fisheries of the world are almost entirely located in and around the continendal
shelf. ' '

Check Your Progress - 5 |

How can ecological zonation be made in marine ecosysiems ?

Note - (a) Write your answer in the space given below.

-(b') Compare your answer with the one given at the end of this unit.




3. 9 GLOBAL COMMONS

Resources whlch are c:pen to explmlatlon to all wnthout restrlcllon and are held commomy arc
called “commens”™. The grazing lands around a village is a common to the herdsmen of the village
and to those of the neighbouring villages. Similarly, a fishery, forest, or pond are all commons. We
have such common resources at local regxonal and global levels.

Garrelt Hardin was among the first to articulate the alarmmg slates of the global commons. He
contended that the “commons” today is nothing less than the earth itself. Now, the world has vanously
recognised several commons for the entire planet, which are called “Global Commons’ and mcludcs
the earth s atmosphere, waltcr, outer space oceans and biclogical cycles i o

Hardin pomts oul that *freedom in commons brmgs rum tous all”. The present state of deteriorated -
grazing lands in the Indian countryside can be taken as the best example for this. Village grazing
lands are open Lo exploitation to all herdsmen 1rrespectwe of the number of cattle they own. As long
as the number of cattle did not overburden the regencrating ‘capacity of the pasture, the resource
contained 11s produce. However, the economy of the individual herdsmcn dcpended upon the humber
of cattle they rear and market. Thus, most of the herdsrien tend to increase the size of their herds,
and ultimately the total number of cattle using the pasture is prone to cxceed beyond the carrying
. capacity of the land which results in the decimation of the resource. This forces the herdsmen to buy
foddcr for thelr cattle, or migrate, or to choose another profcssmn

Thc notion that commons’ Wthh are gpen to all w1thou esmcnon wnll ulurnate!y be devastated
in the stampede to expleit it in onc’s own. interest, wil pard to the common goed, has been
called “The Tragedy of Commons®. : :

The Tragedy of Commons : Local tra;,edics' of mmons can have global consequences. The
world is now facing the challenge of devisin crnational rules to govern the global commons. One
of the difficult tasks is defining what paris o%aanet'fall into this catcgory, and will be acceptable
to all the nations. Some of the import obalfcommons include Occanic environment, Biodiversity,
stratospheric Ozone layer and the la " ' ' : .

In oceans, overfishing h shrinking stocks and declining catches. Many developed and -
developing nations are discharg veral types of wastes into the oceans and thereby contammalmg
them to the extent that thev are no longer productwe : :

: Deforestatmn threatens all ecologlcal systems and uhdermmes 1he ferllllty and stabllxty of
~soils. Over the past 50°years, deforestation in the Indian subcontinent has fesulted in -

a). the loss.of soil’s abitity to absorb and hoi'd water,

b) more frequent and more severe flooding; -

¢) decline in the precipitation; and _

_ d) loss of biodiversity. . -

-These in turn have centrrbuted Lo scrious mﬂauon because of

i) ‘high use of fertilizers and pesticides;,
i) °  hecavy investments on flood controls or drought relief;,
_ 'iii') ‘large imports of paper, and so on. - :
In the carly eighties, strong evidence for Ozone depletion at the stratosphere was found. The
environment and life of the earth is protecied fiom the harmful ultraviolet (UV) radiation, by a thin
' gaseous layer made of Ozone and formed at the stmtosphere ‘The existence of this delicate layer is
- now threatened with harmful aerosols released by man. The gaseous emissions involving chlorine- -

and bromine- containing industrial chemicals such as chlorofluorocarbons: {CFCs) and halons, with
 their reactions have depleted the ozone causing holcs iif the l_ay_er through which UV radiation can




?r_e_acil the earth. : T

The UV radiation can cause skin cancer, dafuage marine li.'fe:_._ l_dwer agricultural production,
and damage the genetic quality and vigour. The use of these CFCs and other harmful aerosols though’

varies significantly from one continent to. another, the impact on environment and mankind _al_ik_'é atl
- all places. o : : S . R Fo

Thus, the'common usc of commeon resources, is often associated with some inherent tragedies.

The solution to the tragedy of commons is to limit the collective claim on common resources to
sustainable level, and to find a just and enforceable way 1o judge claims. . '

3.10. SUMMARY

"The term ecology was coined by Earnest Haeckel in 1869, and is defined as “the study. of the

 relations between organi sms and the totality of the physical and biological factors affecting them or
being influenced by them’. As a subject, ccology has a history of around 100 years and evolved from

the 'descriptive’ natural history phase to an analytical and mathcmatical'rhodélling phase.

' Tanslcy, in 1935 has proposed the term ‘Ecosystcm‘ to refer the 'syslém wherein the living

_organisms and their abiotic cnvironmental components interact so as to function as a unificd ‘whole’.

The structure of an ccosystem can be anakysed by classifying and itemising the system’s components.
Fundamentally, all the components of an ecosystem can be recognised under two major categorics:

- abiotic components and biotic components. -

“ The-major functional processes in the ¢cosystem incluge
mechanisms and various changes that take place in thg

‘ene ansfer, material cycling, control
§ture. :

The overall energy relations of an ecosystengare inatcord with the first and second Laws of |
thermodynamics. Energy cnters into the system %rm of radiation energy, which is converted

into food energy by the producers (plants) Mbe fodd energy passes through different levels of the

“trophic, and at each stage significant-amo rgy is expended or lost. At equilibrium all energy -
- entered into the ecosystem must exac o

baldwge with that of leaving the system. .

A group of Iindjviduals with a hiB 46 bbability of rep'roductive poteﬁlial,.pccupying a particular :'_
space in time is called “population”. All fopulations will have various characteristics which are unique .
10 the group and are not-found with the individuals in the group. These group propertics are called

‘population attributes which reflect the state and function of a population in its ecosystem. The total
numbet of individuals in a population is referred to as population “size’ and if this number is cxpressed
in relation to a unit area, it is called "density’. The birth rates and death raies are called natality and
mortality, respectively. The way in which the individuals of a population are distributed into different
age-classes is called ‘age distribution’. ' .

* The population is a dynamic system which changes with time depending upon various conditions -

inwhich it exists. Usually, an exponential form called ‘¥’ ~type and, a logistic called ‘S’-type growth

“forms are prominent. The population growth rate through new births without any énvironmental resistance -

is called ‘biotic potential’.

‘A group of interacting populations of an ecosysiem is called a ‘community”. Communities,

large in sizc and independent of inputs and outputs are called major communities while thosc that

_are partly dependent on the neighbouring communitics are called “minor communities’. The species

- which largely control and coniribute to the encrgy flow and state of environment, are known as .
* ecological dominants. A comiuunity may be analysed following two major approaches :Zonal approach
and Gradient Analysis approach. The ratios between the species densities and their relative importance

indicate the diversity of the species in the community, ‘while the structurc of a comumuinity that
results from the distribution of organisms in relation to environment is called community ‘pattern’.

.
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The study of marine ecosystem is calied ‘marine ecology’. The important characteristics .of
marine environment include, the physical processes like currents, upweiling of materials and nutrients,
and chemical propertics such as, ~salinity, concentration of dissclved nutrients etc. Marine organisms
can be conveniently divided into plankten, nekion and the benthos, while the communities can be -
recognised based on the habitat zones which they occupy. Zonation in ‘marine ecosystem is usually '
madc based on either the biometry or lhe light penetratlon

Resources which are open to exploitation to all without restriction, and are heid commonly are
called ‘commons’. The world has recognised several commons for the entire planet which are called
‘giobal commons’. The notion that commons which are open to all without restriction, will ultimately
be devasiated in the stampede to exploi! it in one’s own interest, without regard to the common
good, has been called the “tragedy of commons® The solution to the tragedy of commons is to limit
the collective ¢laim on the common usc of COMMON resources 1o a sustainable fevel and to find a_lusl
and enforceable way to judge claims,

3.11. CHECK YOUR PROGRESS - MODEL ANSWERS

1. Ecology may be defined as “the study of the relationship between organisms and the totality of
the phvsical and biological factors affecting them or influenced by them”. An ecosystem can be
defined as * a system wherein the biotic community and the abiotic componerits in 'LhCll’ environment
interact with each other'so as to function as a ynified ‘whole’.

2. The second law of thermodynamics may be stated as “all processes of energy transformations
will spontancously involve degradation of the encrgy fgm a concentrated form into a dispersed
form”. So is the case with the energy transfer in thegcos¥stem. At each transfer of energy from
one trophic level to another, a large part of the energWg#xpended or lost. The energy flow rate
through a given trophic level decreascs witl m sing trophic level. .

3. Inthe 'J"-shaped population growth form, pd on increases rapidly in exponential fashion
and then stops abruptly. In the Sigmoi * S’ -shaped population growth form, the population
increases in three phases 1) Positive acdgleration phase, in which the increase will be SIDW;‘Z_) _

4. Species richness and relative i ¢ Have been comb}ﬁed in the concept of specics diversity,
The two major components of the spEcies diversity are species richness and equilablility distribution

of the species. Il the first indicates the variety component, the second one dLllnCﬂtes as to
how equitably or evenly t fes are distributed in the communrty. : :

Based on the bathymetry, the'sca can be divided into three zones ;

i

The shallow water zonc on the continental shelf 1s 'meretic zone', the region of continental
slope and risc is bathyal zone; and the region of occan deep plains is called 'abyssal zone'.

Based on the light penctration into the sea, three distinct zones arc recognised. The upper
'Euphotic’ zone, (i.e., producing zone), where the light penetration is effective; The middle
'compensation’ zone where photosynthesis just balances the respiration; and a lower vastly
thicker 'aphotic’ zone, where the light penetration is meagre and rcsplrallon far exceeds the.
photosynthesm which is nedrlv absent.

3.12. MODEL EXAMINATION QUESTIONS

L Answer the following guestions in about 30 lines cach.

1.  Define Ecosyslefn and delineate its structure and function.
2. Describe varicus population atributes and their role.
3. Give an account of energy transfer in ccosystems.
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1). Answer the following questions in aboat 10 lines cach

1. List out the abiotic compenenis of an ecosystem you have studied.
Write briefly about Shelford's Law of Tolcrance,

Write briefly about Pattcrn in communities.

Broadly classify the marine biota.

[V R N SR W)

What is the "Tragedy of Commons" 7

Dr. K. Kameswara Rao
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UNIT 4 : DEVELOPMEVT AND ENVIRO\IME\IT
INDIAN SCENARIO
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4.1, Objectives
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4.3, Development
4.4. Devclopment Versus Conscrvation
4.5, Environmenlaiists Versus Dcx-'clopmcntalilsls
4.6. Development and Environmental [ssucs
4.6.1. Sprawling Urbanisation '
4.6.2. Controversial Dams
4.6.3. Transport Scctor

4.7 Envirenmental Movements in India -
4.8. Sustainable Development

4.9, Summary _ :
4.10. Check Your Progress - Model Answers

. 4.11. Moedel Examinalions Questions. '

OBJECTIVES

After completing (his unit you will be able u?“
* defing dc\fcIOpl'nent and list out us kfnds ol social and economic developments,

*  explain how development 1s assoMgted and influenced by the wealth of natural resources,
*  list out various cnvironm%sues that may arisc from tll-planned use of resources, and

* describe susiainable develo
and environmentalists.

t and how il resolves the conflicts between developmentalists

4.2. INTRODUCTION

‘Development ' is the key word, more frequently used by every man, women and child, ranging
from a schoo! going kid to a head of the nation. We divide the world nalions into groups based on
their development-the developed, developing and underdeveloped countrics. India, in spile of its
long history, wisdom and resources, is still considered a developing country. On the other hand, the
United States of America, which has a histbry of few hundred years, 1s onc of the most developed
counfries, ruling the order of the day. The rational behind the classification of development is mostly
based on (i) Productivily (ii) Per capita income and (iiiy Standards of living, which in turn depend
upon the technology, resources, population and several other factors.

_ However, for centuries the policy makers, ccononusts and all others concerned with the processes

of development have never tried 10 look at the other side of the coin of the development. For example,
development in the field of health and medicine could elfectively reduce the death rate by more than
a half in less than 40 years, but could not reduce the population growth because of which all efforts
in poverty alleviation have become insignificant. Development resulted from the discovery of nuclear
-energy. has brought many evils of radiation, which effects cven the future generations. Thus, 1t is
high time that we review our concepts of development and discuss the challenges before us.
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'_ 4.3. DEVELOPMENT

Develepment can be defined as the process that transforms a state of a body or a group or a
syslem to a morc advanced state-from good to belter, and better to best. It could be the development
~ ofan individual of a community or a resource or anything that conceras with man and his environment
 are resources. For example, man has developed from a lunterer~food gatherer statc to sophisticated
~agricultural state. A petty shopkeeper developed his business 1o a multimillion company. Likewise
" in every sphere we can envisage development. However, the process of develepment, if not carcd for,

will have devastating effects as we could realise from our recent cxperiences.

Till recently, development ptanners assumed that with rapid growth everyone would be better
off-that mere growth meant more for atl. This appreach to development has not only failed, bui
* widened the gap between the rich and poor; the developed and the developing. This is mainly because
ol the neglect of distribution strategics. The remarkable achicvements in production on on¢ hand not.
been matched by improvements and distribution and on the other, threatening the continuity of
using the tesources base.

‘Technology and development are intimately related. From the age of Exploration until quite
recenily those countries that controlled technology have devcloped fast. The one who has the faster -
vchicle will move fast. The development in the transport systcm [rom a builock cart to a super sonic
jet plane can be cited as a best example. The irony of this development is, higher the mode of
‘transport, greater our dependency on scveral resources.

The ukimate measures of development are : (1) Standards ofWying¥nd (it) Economic independence.
Unfortunately, man with all his scientific and 1echnologjgal a cements, was indiscriminale in
steering the development. Processes could nol meel the an nceds. In our world of more than 3
billien people :

* Onge in three children is malnourished.

drin

*  Some 1.2 billion people lack water saf .
om discascs that could be averted by immunization.

* Abouwt 1 billion adults cannot write. \
*  More than 100 milljon children Imary school age are not in school,

This indicate that the actual development that has taken place in the world did not reach ‘at
least lo two thirds of the peoplc while a few privileged, are consuming a greater part of the production.
Tt is reported that 20% of the population is responsible for consumption of 80% of the resources
utilized. This failure in the equitable distribution exists - among different countries of the world;
-with in a country, among different peop!e

~*  Nearly 3 million children die annually

The second major evil of the so called development is the side effects of the over exploitation in
the name of development. For cxample, it took many ycars of rescarch and thousands of crores of
rupces to bring on the “green revolution”, to nieet the demands of ever growing population. After few
vears since then, now we realised the price we are paying loday. The grain we eat may get poisoned
with pesticides; the milk, contaminated; the soil, is turning barren as chemical fertilizers ravage the
land; the genctic quality of the native varieties is eroded; and many others, of which we are still
ignorant and yct to realise. Similarly the industrial revolution has polluted the atmosphere. the-
hydrosphere, land and soil; initiated rapid consumption of resources to exhaust or endanger them
and so on. A glimpse of the environmental trends undery. ay;

*  The protective ozone shield in heavily populated latitudes of the northern hemispl'lere is thinning
twice as fast as scientists thought a few years ago,

* A minimum of 140 plant and animal species arc condemned to extinction cach day;

*  Atmospheric levels of heat trapping carbon dioxide arc now 26% higher than the preindustrial




concentration, and continue to climb;

* ° The earth’s surface was warmer in 1990s than in any other decade stnce record-keeping began
in the mid-nineteenth century: o

*  Seventeen million hectares of forests arc vanishing cvery year, an area equallant to the sive of
Bihar State.

* World population is growing by 92 million people annually, roughly equal to adding another
Bihar population cvery vear. '

Eliminating these threats to our future requires a fundemenial restruciuring of many ¢lements
. of society and practice of conservational strategies on war {ooting.

Check Your Progress -1

Define development and state the ultimate measures of development.
Note : (a) Writc the answer in the space provided below _
{b) Compare your answer with the one given at the end of this unit.

4.4. DEVELOPMENT YV, CONSERVATION

The earth’s biological systQﬂ)rm e foundations of the global economic system. In additioun

UI\_

to food, biological systems pr irtually all the raw materials for industry, except mineral and
petrolcum-derived synthetics. A CWChull reading of the signals indicates that pressures on the earth’s
principal biological systems and cnergy resources are mounting seriously. Stress is evident in each
of the four principal biological systems - oceanic fisheries, grasslands, forests, and crop lands. Excepl
for croplands, all are essentially natural systems little modified by men.

The rising aspirations of five billion people exert great pressure on these biological systems,
oficn exceeding nature’s long-term carrying capacity. The productivity of scores of oceanic fisheries
is falling as the catch exceeds their regenerative capacity: Forests are shrinking before the'onslaught
of the firewood gatherer, the land hungry farmer, and international timber interests.” As the number
of cattle, water buffalo, sheep, goats and camels increase apace with human populaticns, the carth’s
grasslands are being over taxed. Denudation, soil erosion, and desert encroachment resull. Fallow
cycles in crop lands everywhere are shoricning and farmers seeking land arc being forced to occupy
steeply sloping hillsides and onto less fertile soils.

The detcrioratian of biological systems and their ecology, through human abuse is not new.
What is new today is the scale and speed at which the resources are being impaired and destroved.
The adjustments we must now make in consumption patterns, in population policy, and in the economic
system through adequatc conservational strategies.

Conservation can be defined as wise use. Dr. Sarvepalli Radhakrishnan the former philospher -
President of India, once remarked that ‘man had learnt to fly in air, 1o swim in the water but had not

47




yet learnt to live on the earth. This essentially means Lo live in harmony with nature, to pass on the
natural heritage (o the Tuture generations. These arc the fundemental principles of conservation,
Unfortunately, our appreach to conscrvation is different and can be best illustrated by out approach
to forest conservation. We speak of afforestation. But, ironically, while large scale deforestation
continues unabated in the fbrests,' we celebrate afforestation programmes in towns and cities, In
school and office campuses. '

[n the year 1973, American housewives have boycotied beel protesting the high beel prices. A
TV interviewer made a survey and asked the housewives to explain who caused the high beef prices
that they were protesting. They dida’t have a ciear idea, and what never occuired to these protesters
was Lhat they might somehow be responsible. As parcnts, they had contributed 1o 63% increase in-
the couniry’s population since 1940. As consumcrs, Lhey had more than doubled their per-capita
consumption of beefl from 23 kg/year in 1940 to 52 kg/vear in 1972, Together, these two facters
increased national beef consumption by 342 percent in a gencration. So.isthe case with every item
and resource. The consuwmption patterns of the individuals, (he growth pattern ol their numbers and
the policics of the governments will govern the slate and development of the resources and envirenment.

Thus, the first step in the conservation programmes should be to stabilise the population. This
helps in setting the limits for the utilisation of the rescurces within their carrying capacities. All
development should be planned according Lo the set limits Tor utilisation, and stralegies developed
for equitable distribution of what 1s avilable,

Thus, development and conscrvation should go hand in hand with careful planning by optimising
the needs that arc just. Many developmental activities which have ighgred the aspects of conservation
are now creating ceological stresses and resource scarcities.

Check Your Progfess -2 O

What are the earth’s principal biological systems 7

Note : (a} Wrile the answer in (he space provj bel§w.
(b} Compare your answer with the on at the end of this unit.

4.5. ENVIRONMENTALISTS VERSUS DEVELOPMENTALISTS |

The above title sounds as if environmentalists arc against development. This misconceplion is a
result of the fact that environmentalists oppose overzealous and shorisighicd over exploitation of
resources in the name of developmeni. Overexploitation is “unplanned utilisation of resources beyond
their regenerative capacilies”. For example, consider two persons A and B, provided with a definite
quantum of money (resource). The same resource can be utilised in atleast two different. ways. One
person, say A, may bring comforts and pleasure to him by utilising the entire quantity, with no or
little concern for the next generation, making their sustainancz difficult. On the olher hand, the
other person, B, may use a part of the money for his generation and pass.on a sufficient part to the
nzxt generation (o ensure it's sustainance. The former is a Lypical example of overexploitation where
a generation enjoys comforts af the cost of future generations. Such exploiation of natural resources
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- debilitales the life sustaining environment. Environmentalists welcome judicious use of TEsSources,

- as in the later casc, where the bencfits of development pass on to future generations. Such planned

_use of resources, within the Jimits of regenerative capacily, 1s known as sustainable developement.”
Environmentalists advocate the need for prudent utilisation and conservation of the Earth’s and its
cnvironments natural wealth,

Controversy has surrounded several major developmental and infrastructure projects - whether
they be dams, roads or railway lines. Environmentalists have opposcd such plans, not because they
are against development, but due to the absence of environmental consciousness in the decision-
making processes in the plans. Another kind of environmental confroversy centres around the misuse
of-ecologically fragile arcas like wetlands and mangrove swamps: A retrospection of the perceived
conflict between environmentalists and development will indicatc they are not against development
but oppose only the inhcrent high environmental and social costs. '

4.6. DEVELOPMENT AND ENVIRONMENTAL ISSUES

Pevelopment is essential. Bul not at the cost of the survival. True development is that which
ensurcs the fruits 1o an infinite number of generations to come. Thus, it is essential that we review
some of the major developmental activities and the environmental issues associated with them.

4.6.1. Sprawling Urbanisation

- Urbanisation is said to be a quiet revolution taking@\ developing countries like India. 1t is
estimaled that by 2015A D. 50% of India’s population be living in urban areas compared to
the 27% at present. Urbanisation while having a g g'¢ impact on income levels, employment and
- -production economics has brought with it many |’$ s including shortage of housing, inadequate
water supply, sanitation and waste dispos cilities as well as unsafe social environment. Over
crowding, pollution and discase stretched l%ing point - the classic urban nightmare is already
staring in the face of millions livin Indfan cities. Plans to divert the inevitable flow of rural

migrants from these overstrained i has resulted in the haphazard developinent is because
the cities have reached saturatigaypointSand are unable to cope with the increasing pressure on their .
infrastructure. Environmenta jtisize the lack of foresight and will to usher in changes in plans
which could have obviated the ent ¢risis. They advocate that it is imperative 1o take up city

planning with a rigorous analysis of the assimilative and supportive capacities of the environment,

4.6.2 Controversial Dams

(a) Sardar Sarovar Project (SSP) : The entire project envisages 30 major, 135 medium and 3000
minor dams on the Narmada river which flows through Maharastra, Madhya Pradesh and Gujarat.
It envisages an irrigation component for 187 lakh ha and 1450 MW power. The project has
been opposed by environmentalists tike the Narmada Bachao Andolan (NBA) hecause it will
result in the submergence of 39,134 ha of land of which 13,744 ha is forest and 11,318 ha is
agricultural land. It will also displace 1,50,000 people. At the centre of dispute from the inception
of the project are the lack of master plan for the resettlement and rchabilitation of the environmental
refugees and potential detrimental impacts on the cnvironment. The inadequacy of planning in
the project was evident from the critical comments made by Morse committee which found the
project to be lacking in meeting the cnvironmental considerations. _ .
{0y Tehri dam : The proposed dam construction across the river Bhagirathi, popular as “Tehri
Dam’ envisages to produce 6000 million units of power and to irrigate 2,70,000 ha of land.
Environmentalists have opposed the construction because of the high social and environmental
costs inherent in the project, which once completed would repeatedly displace about 80,000
people and submerge 4,000 ha of land; may cause earthquakes in the Tehri region in particular
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and in North India in general. Some environmentalists suggest that, an effective alternative to this
major dam is to havc a number of miniature dams at various strategic s;:leq thus, the impact could
~ be reduced to the minimai levels.

4.6.3. Transport Sector

(a)

Konkan Railway : The Konkan railway preject (KRP) has been mired in controversy for the
past few years. The project is a rail lime along the West coast covering 760 km strech from Roha in
Maharastra to Mangalore in Karnataka running through Goa. The main dispute is over the route
the track takes between Mavem and Bali, a distance of 54 km. The rail line is to pass through the
Mandovi - Zuari Estuaries Ecesystem, Khazan lands, the Carambolin lake - which is a notified
wetland - and the archacological and herilage sites like old Goa. Environmentalists, taking from
the expericnce of the Wesl coast hghway, which also passes through these tracts, suggested the
realignment of the railway track. The reasons were simple and straight. When the west coast
highway as laid over a decade ago, there was little awarcness of the possible censequences of
development. Now it is realised that the disruption in the tidal circulation, the water stagnation
and the outbreak of Japanese encephalitis in the region are all irrevokable damages done to the
system. Thus, the environmentalists suggest that by laying the railway track along the same route
is not justified and wil! further deteriorate the fragile ecosystems of the region.

Vehicular Pollution : With the increasing urbanisation and commercial activities in the urban
areas, the transport demand has also conscquently increased. the vehicular population in India
has increased from 11 million in 1986 to more than 21 million in 1991. Seveuty percent of
hese were two and three-wheelers. the consumption of gasolipe and diesel by the road transport
sector has increased from 1.5 and 7.2 million tonnes, regpectiyety in 1980-81 10 3.5 and 14.8
million tones in 1994. Because of the relatively low qualifgofffuct, types of engines used. age
of vehicles, congested traffic, poor road condiliog d outdated automotive technology, in
majority of the cilics, the transport sector contribil fhe air pollution, even at levels higher
than the industrial scctor. This, the side effe ield™by the transpert sector develepment are
sericus air pollution and the consequent he oblems. At Visakhapatnam, one in sevcn
suffers from some degree of respirator blefy. : ' '

Check Your ProgreSs -3

{.ist out various cnvironmental probic sociated with urban development.

Note ; (a) Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit,
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4.7 ENVIRONMENTAL MOVEMENTS IN INDIA

The environmental 1mp11cations associated with the developmental actmucs very often arc not
recognised when the activity is started. But once the possible. consequences arc experienced by the
people, they become more awarc and protest. If the planners and proposers oftne act1v1tv lend a deaf
car, the protest will gradually evolve into @ movemenlt.

" One of the bmlogwally richest tropical trainforests of the world existing in Kerala in the name
of Silent Valley, was threatened by a Hydel teservoir and power project. At the intial stages, both the
State and the Central governments have ignored scriously to consider the protests of the people
opposing the activity. Later, scientists from many parts of the country and abroad, have participated
in the postal campaign, 1o convince the governments. .The movement has received wide support
from all quarters. The world’s renowned orh_ilhoogisl, Padmabushan Dr. Salim Ali, has personally
wrilten to the then Prime Minister, Smt. Indira Gandi opposing the activity in silent valley, Finaily,
the project was discontinued by the governments, honouring the public opinion and the movement.

Another movement which India can boast of is "Chipko Andolan” about which the following
was written at onc of the exhibitings organised in conjuction with the World Environment Day at _
Stockholm. “A powerful environmentat movement has grown up on the slopes of mountians of Himalayas.
Villagers have ¢reated an efective non - violent way to stop the devastation by forcst industries when
the axe-man comes, the people from ring (circle) around the trees they embrace the trees. This has
given the movement its name Chipko Andolan - the trec huggmg movement.

Experienced by the sufferings from land slides, erode
resulted from destruction of the forests, the illiterate tri
the tree-felling in December, 1972, at Advani villag _
women faced police firing in the vear 1978, from the movement was intensified under the
leadershop of Shri Sunderial Bahuguna, who says ¢ movetnent is for protection of soil and
water through ban on tree-felting in the Hir as. The chipko’s plan is to plan five Fs viz. Food,
fodder, fuel, fibre and fertilizer producin tre'%make the communitics self-sufficient in all their
basic needs. -

il, high floods and other adversaries
en commenced to unitedly protest
arwal district of Uttar Pradesh. The

As part of this movement a 3000 knMNgnarch from Srinagar (Kashmir) to Siliguri was organised
: to bringout awarcness among t ¢ and the government. Finally, th¢ movement was. successful
~ in protecting the tree cover of thi 1on.

Infected by the success of Chipko-Andolan at Himalayan reglon village belt of salkam of Sirsi
taluk in North Kanara district of Karnataka have initiated “appiko” movement in September, 1983.
Several Yuvak Mardalis of the region earncd sucessfully drew the attention and support from all
quarters and stopped tree felling tn the region. Among cther important Environmental movements
which are still alive and yet to succeed 'Narmada Bachao Andolan’ aganist the Sardar Sarovar
Project, and the one against the Tehri Dam, again initiated by Shri Sunderlal Bahuguna

4.8. SUSTAINABLE DEVELOPMENT

The need for development is never disputed by cnvironinentalists, they have cmphasised that all
developmental projecis should incorporate environmental and social concerns in the process of planning
and design. Carefully guided developinent can sustain for a long time 1han the cony enuonal approaches
which oflen resulted negatwe cﬁ‘ects on other fronts.

Development by building an envu'onmentally sustainable future is called ‘sustainable development’.
It is seeing ousselves as a part of nature rather than apart from nature. It is to ensure the future
~ habitability of the planet by regulating the current distribution of wealth. Above all it is development
without destruction- an economy in which future growth is not compromised by that of the present.




Sustainable development primarily deals with the iAtéraction of economic policies, growth and
environment, besides a plethora of other considerations which include equity, gender, education,
civil rights, culture and other aspects of human development,

Until recentty, economists and development planners were in the view that growth and sustainability
can never go hand in hand. The relationship assumed why “more growth means more pollution and
antipollution objectives imply that growth should be restricted. However, Grossman (1994) found
that economic growth does not always contribute 1o degradation of the environment and argued that
changes in the composition of outputl towards more cnvirenment friendly methods of productions
can morc than compensate for the levels of economic activity. '

The traditional schemes of economic analysis of environmental impacts were principally as soclated
with the adoption of cost-benefit analysis, which captures direct cffects of investments on a defined
population. The concept of sustainable development advocates that the cost-benefit analysis may be
extended to account for environmental externalities by the imaginative integration of non-market
IMIPACtS. )

~ -The concept of sustainable development point out the failure of current aslimates of net nation
product (NNP) to measure and deduct and depreciation of environmemtal resources and suggests the
development of methoadology for the purpose. The recent &xperiences indicates that the private profits
attributed to activities that degrade the environment the higher than the social profits they generate.

Economist and environmentalist all over the world are now carry out different kinds of research .
and investigations to bringout a compromise between growth and sustainability. However, careful
use of resources by the people and the governments is a prerequy ite, Wgfore the sustainable development
bringout another revolution, compared 1o that of Green revoNgigh and industrial revolution. The
pace of this revolution will be for faster than that of iecessers, The Agricultural Revolution

began somc 10,000 years ago and there industrial rev has been underway for two centuries.
But if the sustainability revoiution is to be-a sucggss, it W81 be compressed into a few decades.

Check Your Progress - 4

What is sustainable development ? .
Note - (a) Write the answer in the ovided below.
{b) Compare your answer with 8l one given at the end of this unit.

4.9. SUMMARY

The world nations were divided into three groups, viz., developed, developing ancl underdeveloped,
based on their productivity, percapita income and standards of living. Development is a process that

. transforms a system 0 a more advanced state- from good to better, and better to best. Earlier, planners
assumed that with rapid growth (development) everyone would be better off. This approach has
failed 2nd widened the gap between the rich and the poor; the developed and the developing. A
plethora of facts indicate that the benefits of development did not reach to at least a two thirds of the
world population. It has brought with it major evils like inequitable distribution of resources and
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several side effects such as environmental pollution, deforestation etc.

The pressures on the earth’s principal biological systems- Oceanic fisheries, grass lahds, forests
and croplands are mounting. - '

To eliminate these threats a fundamental restructuring of society and practice of conservational
strategies are essential. Conservation is defined as wise use. The fundamental principle in conservation
1s 10 live in harmony with naterc and 1o pass on the natural heritage to futurc generations. Stabilisation

of population, and developing strategics for equitable distribution of what is available are the two

imporiant steps in conservation programmes.

Environmentalists advocate planned use of resources within the regenerating capacities, which
ensures sustainable development. Urbanisation beyond supportive and assimilative capacitics, has
resulted in shortage of housing, inadequate water supply, air pollution and wastc disposal problems.

Multipurpose dams like the Tehri and Sardar Sarovar projects have submerged large areas of
[orcsts and cultivable lands and have created several thousands of development refugees, KONKAN
railway project which runs through ecologically fragile arcas like Mandovi-Zuari estuary will deteriorate
a chain of ccosystems in the region.

4.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Development can be defined as “the process that trangforms a state of a body, or a group', or a
system to a more advanced state - from good to bejler, Wad better to best”.

2. The four principal biclogical systems of the earth tles . (i) Oceanic fisheries, (i1) grass
lands, (i) forests and (iv) croplands. Ex: oplands all are essentially natural systems
little modified by man.

3. Unplanned urbanisation has attracted i ration and resulicd in overcrowding of the centres.
This has led to scveral problems like %}x of water, over burdening of sanitary facilities,
lack of proper waste disposal m isnk and other shortage of infrastructural facilitics. The
increase in the vehicular popu d industrialisation have contaminated the air, waters

and soils of the urban svsig

4.  Sustainable devclopment Ogif bddefined as the “development through building environmentally
sustainable future™. Tt is to eMure the future habitability of theplanct by regulating the current

distribution of weaith.

4.11. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lincs cach.,

1. Define sustainable development and discuss how the traditional schemes of cconomic analysis
have failed in measuring the envirenmental impacts.

2. Describe the importance of the earth’s biological systems in global economy and discuss why
conservation of natural resources is-essential . :

II. Answer the following questions in about 10 lines each.

1. What is the main stand of cnvironmentalists on development ?
2. Describe “Chipko Movement
3. Provide evidences to prove that the present development has not reached majority.

Dr. K. Kameswara Rao




"UNIT - 5 :DEVELOPMENT AND ENVIRONMENT :
GLOBAL SCENARIO
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5.1. OBJECTIVES

After completing this unit, you will be able to: 0

*  describe the global environmental iS5UCS,

* explain the cconomic and resource divide betwe northern and southern hemisphere,

*  describe and hew the politics of developed @migns play a dictating role in the developing and
underdeveloping countries and also the imp&€i of developed nations to do so, and

*  describe the different international ents made to deal with the environmental problems

on a global basis.

5.2, INTRODUCTION%

Throughout human history struggles over access 1o and control over natural resources like land,
“water, energy and minerals have been the root cause of tensions and armed conflict. Such disputes
further resulted in destruction and degradation of precious natural reousrces. The recent conflict
- between Iraq and Iran and the Gulf War, are contcraporary examples of vast destruction and degradation
of the carth's atmospherc with wide ranging ramifications elsewhere in the world. Such a scenario
should spur instant concern in the minds of the environmentalists across the world 1owards creating
a global scenario that precludes the recurrence of similar holocausts in future.

5.3. GLOBAL ENVIRONMENTAL ISSUES

The oceans, the forests especially the tropical forests and the atmosphere do not belong to any
single nation or territory. The sum total of these factors arc termed the environment which rightly
belong to the whole world. Any depletion or imbalance of these components that make up the global
environment in one part of the world is bound to affect the rest of the world in the long run. Hence,

environmental issues are viewed as global rather than national and regional. Though such a realisation

has dawned on the world community quite late, it is hearteing that efforts are being made inihe right

direction through global cooperation to protect, preserve and augment the natural resources of the -

earth of late. The World Environment Sunmit held at Stockhelm in 1972 was the first among such
efforts. ' '
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Today the depleting ozonc layer, the green housc eﬂ"ecl resultmg i sharp rise in temperatures
oceanic pollution due to frequent fires in oil tankers and oilwell blowouts cannot be controlled at the
national or regional level. Even the rich and advanced industrialised nations are also depending on
international cooperation in so far as the environmental: issues are concerned. Hence, the necessity
to have a global viston on environment. Just as it will be difficult for a housc owner to keep his
premises clcan without developing an awareness about the importance of clean surroundings among
the entire community. On the same analogy the rich nations are totally dependent on the rest for a
sustainable earth and the cooperation of every country is a sine qua non for such a state of affairs.

The global perspective is also relevant in finding solutions in one part of the world based on the
perceptions and experiences of those in other parts. Still another aspect of the global nature of
environment is the sharing of resources which requires all the partics concerned to understand and

“follow sustainable ways of utilising common rcsources. For example, the river Ganges is shared by

India and Bangladesh, while the Mcong river flows through four Statcs : Kampuchia, Laos, Thailand
and Vietnam. Famous Rivers Euphrates and Tigris arc shared by Iraq, Iran, Syria, and Turkey.
Similarly, France, the Netherlands, Switzerland and Germany have a claim on the river Rhine,
Throughout the world there arc so many resources that have common users. The spacc-age scicnce
explorations also have a multinational cooperation, as we often-see, space scientists belonging to
different nations participating in a single exploration. Such a partnership extending over scveral
nations needs a global vision if amicable soluuons are lo be found to the larger enwronmental
issucs.

Check your progress - 1.

Why should we deal with environmental issues ﬁy.

Note : a) Wrile the answer in the space provide V.

5.4. THE NORTH-SOUTH DIVIDE

The north of globe comprises more prosperous nations of the world incidentally or accidentally
as against the sourthern hemisphere which houses the less fortunate part of humanity in general.
The northern countries have in general had set their houses in order in terms of literacy and durablc
living standards as wcll as sustainable life styles. The high literacy, tow population density and the
resultant favourable ratio between people and resources put these countries in a comfortable position.
Density and low personal incomes exposes the south to economic and environmental degradation.
This economic and resources divide between the North and the South has been the major irritant in
International efforts at achieving sustatnablility of global resources. While entering into economic
and commercial agreements the North with their inherent advantages tend to force the nations in
South to agree to terms that are detrimental to their own intcrests at times. Waste matcrials and
hazardous chemicals that are proved to be injurious in their ?wn coufitrics are also being exported to
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poorer south-nations which lag much behind in technology and science.

Check Your Progress -2

What are the differences between Northern and Southern hemisphere ?
Note : a) wrile the answer in the space provided below.

b) compare your answer with the one given at the end of this unit.

5.5. POLITICS OF DEVELOPMENT

On the basis of development, the world nations are again clasi jcd into the developed, developing

and the underdeveloped countries. The last category of natdgns e also termed the third world
nations. The developed and industrial nations constitute the bu sumers of world resources like
power, foods and fuel. While in terms of populations @ prm a fourth of the one inhabiting the
globe, they consume as much as-75% of the global resou 1ting the teeming milions in the other

part of the world in jeopardy. Due to their superi litary power, these powerful countries are in a
position to dictate their terms to the less fortunz%k

and tensions plaguing the smaller najgqps.

The culture of the Multinationaoralions goes against the less developed countries since
these corporations in short called MNCs have started opening their manufacturing sites in under-
developed countries that might pollute and aggravate the environmental imbalance in the surroundings,
leaving the richer countries intact. The trade in timber, pump and newsprint also is heavily loaded
against the interests of the less developed countries due to their economic necessity of procuring
precious Dollars through export of such commodities that depicte their biodiversity and forest cover.
Export of petroleum and the exploration of oil are also subjects that often put the underdeveloped
countries in a loosing bargain due to lack of advanced technology and personncl.

Check Your Progress - 3
What is the reason for the developed countries polit.i(_:ising a relatioship with developing and
underdevcloped countries. S
Noie : 2) Write the answer in the space provided below.
'b) Compare your answer with the one given at the end.

" The United Nations. Organisation (UNO)

has been making many efforts through the d fol to,have an cquitable distribution of the world
resources to the extent possible, But such a is casier said than created, given the imbalances



5.6. DEVELOPING. COUNTRIES

Maost of the nations coming under this classification have a disproportionate resource base as -

compared to the populations they are required to support. Added to this malady are the lack of
literacy dnd social awareness that impinge badly en the capacity of people to nurture and protect the
existing resoource base. Thus the developing countries have a dual disadvantage of depletion of
existing natural resources on one hand and the destruction of long term resources like water bodies,

pastures and mountains which are required to be nurtured with care taking into consideration the
requirement of the future generations. Every nation including the developing ones are in desperate
need of growth in order to meet the basic needs essential for life of the teeming millions. Such
growtls when resorted without proper care for the long term effects on the resource base would
naturally result in alternation of the environmental fabric profoundly with harmful side effects on

the ecosystem, unless the strategy is aimed at protecting the resource base with an cye on sustainability,

As it is often said, beggars are no choosers; a -;ouﬁtry that is in dire need of employment and
foreign exchange to equip its industry and modernising ig agriculture and the tertiary sector will

have to sell or export whatever it has in plenty irrespective oNjts impact on the ecosystem, History is_

replete with such examples of the mismanagement of en ental resources, be it a forest, land or
.coast. Another feature that is peculiar to many dey€TOpjng countries is the proportion of landmass to
people making land the most misused resource, r to the urban and rural dwellings, growing

industry, commerce and entertainment, vasgjtracts Of natural forests are clearcd due to pressure of
- population. While governments in these co continue to encroach more and more on forest
* land for commercial and agriculturalmprpoSgs the illiterate masses destroy the remaining forest
. cover through indiscriminate fellin ingareless handling resnlting in frequent fires decimating

thousands of hectares of the forgst. Thg poaching by the illiterate and the unscrupulous like-wise

result in destruction of wild @’ ack of adequate energy resources leads the people to depend
" entirely on plants for energy. ’ ational and individual greed are at the root of environmental
mismanagement in developing countries: Thus, it is of utmost importance to assess the potential of
the environement for supporting life processes and for providing resources and development. In
ather words exploitation of resources beyond this point would mean depletion and subsequent ecological
imbalance. In essence, it is the quality of life that people aspire to which may beset the environmental
goals. It is of utmost importance to the governments of developing nations to ensuré watching of
populations and their developmental aspirations to the environmental resources without stretching.
them too far, to spell disaster.

Check Your Progress - 4

Why arc the natural resources depleted in developing Countrics 7 How do you rectify ?
Note ; a) Write the answer in the space provided below.

b) Compare your answer with the one given at the end of this unit.




5.7. INTERNATIONAL AGREEMENTS

The environmental era that has dawned for quite some time is distinguished by problems truly
global in scale, Even while countries grapple with the more localised probiems of acid rain, toxic
wastes and soil erosion, global threats of unprecedented proportions throw a challenge to translate a
~ common vision of a world at tisk into the international allianccs and bold actions. :

The atmospheric ozone layer that protects the carthly life from harmful ultraviolet radiation
had begun Lo thin globally and weather conditions'in some parts of the world are worsening due to
the green house cffect raising the temperatures in parts of China soaring high to lethal levels. Crops
in USA and elsewherc are getting affected adversely due to excessive heat and drought changing
whole economies from export surplus to deficit economies, : -

Such global crises are bound to create a king of awareness and bring new pcreeptions the world
‘over on environmental issues. As a result, 2 number of resolutions and covenants have been created
in the international fora like the UN and Confercnces Environment and Development. Such threats
that are becoming common to the world-community of nations rather than to individual nations are
bringing the East and West closer culturally, scientifically and economically. The cold war between
big powers is giving way to cooperation on many fronts,

Most notable among many symbols of international cooperatién is the International Geosphere
Biosphere Program established in 1986 intended to deepen understanding of the physical, chemical
and biological forces that affect the biosphere suing more extensive national monitoring, satellite
reconnajssance and advanced computer madelling. Similarly, thé\guropean Economic Community
also have an environmental cooperation in Europe for monitdgng their waterways. The economic.
barriers are thus torn down giving way to cnvironmental gooperamén. Slowly but surely the world
comunity is moving forward in protecting the atmosph :

by 3 countries of Europe and North America. This ¥ lowed by the Protocol on the Reduction of
. A Similar agreement on the reduction in nitrogen
oxidc emissions was signed in 1988 by 24 n wEhe Montreal Protocol established in 1987 (reczed
production of Chlorofluorocarbons whigh are Mgrmful to the ozone layer to 1986 levels and a gradual
cut up to 30% by 1998 in so far as tk trialised countries are concerned.

In 1979, a UN sponsored Convention on longﬁtr nsboundary. Air Pollutio.n was greed 1o

Sulfur Emissions signéd in 1985 by 21 cou

The world's oceans are another global commons needing international protection; since the
activitics of ode country can endanger the coastal ecosystem of other nations. Water pollution and
ocean durnping of waste materials and overfishing are among the major threats. Asa result of ceaseless
efforts of the United Nations, International Maritime Organisation and the UNEFP spanning over ten
' years, thc Convention on the Law of the seas was sigged on Aprif 30, 1982 by 119 nations declaring
occans as the common heritage of humankind and limiting actions that despotl the seas. It also
provides a framework for future international agrecments to protect this global resource. A 200-mile
exclusive economic zone is created under this Law around cach coastal nation with an international
obligation on managing their respective coastal regions and resources effectively.

" In addition to the efforts made by the UN Environment Programme, the International Council
of Scientific Unions and the World Metcorolagical Organisation arc also coordinating intcrnational
research on climatc change. The World Conference oni the Changing Atmosphere : Implications for
Global Security held in Toronte in 1988 recommended a 20% reduction in the cmission of carbon by
2005. Now, in the recent Earth Summit held in Rio-dejenario in 1992 the accent was on global
warming and funding the host of programmes on ¢nvironmental protection in.the developing countrics
through a Global Environmental facility. Students arc advised to lay their hands on the proceedings
of the confercnce at Rio-degenario for a realistic appreciation of the pivotal rote the environmental
issues have to play of late in international devclopment. : ' '
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All said and done, a strengthening of the UN System providing it with more reliable resources
and clearer line of authority will be essential in {imes to come if the Globe has lo bc proiected from
the greed of man. : :

Check Your Prbgress -5

What is the result of Iniernational Conference and. Summits on Environmental issucs ?

‘Note : a) Write the answer in the space provided below.

b) Compare your answe with the one glven at the end of thlS unit.

R I T T I T T

5.8. SUMMARY

The oceans and forests characterising the global engirorMgent belong to the whole world. Any
degradation of forest cover and alternation of oceanic enW 1ent in a region are bound to affect

" the environment of the rest of the world. The ¢ cntal issues have to be tackled by world
community drawn from different countries: ' : :

The northern part of the globe is mor psperous than the sourthern hemisphere. Because,
high literarcy and low population densiggput I€ss pressure on resources in the northern hemisphere
while the low literacy and high popul: @ density put high pressure on the available natural resoutces
in the southern hemisphere. ' ' :

The developed countries @lc the bulk consumers of the world resources, although they
inhabit 1/ of the globe. These co tes have established the industries which poliute and aggravate
the environmental imbalance locally in underdeveloped countries. The underdeveloped countries

- having been attracted to foreign dollars out of economic necessity, export timber and forest products

heavily by degrading the biodiversity and forcst cover,

In developing countries, there is a shortage of natural resources against high population density.
The shortage of resources has arisen mainly due to misuse and mismanagement and large family
size. This is as a consequence of lack of high llteracy and social awareness agamst nurturing and
protecting the existing resouice base. :

There are several environmental issues that have to be tackled on a global basis. Many countries
have realised these global issues and have entered into treaties and agreements and also made certain
common laws for the sustainable earth and its environment.

5.9. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Theoceansand forests belong to the whole world. Any imbatance or depletion in these components
in one region is bound to affect the environment of the rest of the world. In view of this, it is
realised that all environmental issues should be dcalt with globaily.

2. The northern hemisphere is more prosperous than the southern one in all aspects. Because,
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high literacy and low population density have put the people in a very poor state in the south.

3. The developed nations having riches in their hands, have politicised the issue of relationships _ d
with developing and undcrdeveloped nations. Gertain natural resources which are very :
much necded by the developed are being exported by the developing and underdeveloped
countries oul of economic necessity for precious foreign doliars. .

4. in developing countries, the natural resources arc being depleted because of misuse
and mismanagement. This issue can be set right by developing high literacy rate and
creating social awarcness against non-renewable natural resources. .

5. The cnvironmental issues have been discussed at length at several international confercnces
and summits. As a result, cerlain international agfeements, treaties, laws and statutes applicable

! 10 the whoie world have come up to deal with the environmental problems.

5.10. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in-about 30 lines each.

1. Write an essay on global environmental issucs ? ' : ‘
2. Describe the factors involved in the norih-south-divide.
3. Delineate the different international agreements made on global erivironmental issues.

IT Answer the following questions in about 10 lines Each

‘ "1.  Write briefly the nse and misuse of rcsources in the developgd, developing and underdeveloped
countries. - ; :

‘ 2. What are the international agreements madedﬂ] Mth the pollution of the seas and

0ceans.
?.\ ' Sri. G. Nageshwar Sharma
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UNIT-6 : INDIAN PHILOSOPHY

Contents
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6.3. Indian Philosophy
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6.3.2. Cultural Heritage

6.4, Preservation and protection of Natural Resources
6.4.1. Land

6.4.2. Water
6.4.3. Forests
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6.5, Conflict of Traditionalism and Modernisation

6.6, Summary _ _

6.7. Check Your Progress : Modcl Answers _
6.8, Model Examination Questions. O

6.1. OBJECTIVES % '

After complcting this unit you will 0
*  -explain the essence of I hilosophy,
* differcntiate historical he from cultural heritage,

* describe the natural resources like land, water, forests, wild life and fisheries and how to
preserve and protect them,

*  define traditionalism and modernism and explain the conflict between two in protecting natural
resources, :

6.2. INTRODUCTION

Each country has its own philosophy and thinking for its progress and development and the
type and extent of a country will countribute to its development and culture significantly. The Indian
philosephy right from vedic times believes in the existence of God, Dharma and Ahimsa. India is a
multi-religious, multi-lingual and multi-cultural country, its culture aims at unity in deversity. Our
performance in protecting our environment and natural resources is governed and influenced by our

‘historical and cultural heritage:

Of the different natural resources, the land, water, forests, wildlife and fisheries play an important -
rolc in shaping progress, development and destiny of any country, in that India is very richly prossessed
by all these major resources. The traditional methods are as important as the modern methods because
they are based on scicntific thinking. The rapid depletion of the country’s forests is a matter of great
concern as other Natural sourccs arc dependent upon the extent of forests and 1/3 of land area of any
country musl be a forest-so as to have rain, wildlife and other vital gases Hke oxygen in their normal
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_ amounts. Sometimes a conflict occurs between traditions and modermsm intackling thee¢ nwronmental
issues; the best example for this is the river Ganga and its pullution; In recent:times it is better to
seek for naturally occuring pesticides like products of Neem tice for eliminating the harmful insects
" and their pests. Neem is a symbol for traditionalism and modermsm as 1t is required m curlng_.
number of diseascs. :

6.3. INDIAN PHILOSOPHY

India being a sub-continent is a great country with rich historical and cultural heritege. It is a
land ruled by invaders, emperors and Kings from different foreign countries and a birth place for
many of the great saints, seers, sages, thinkers, scholars and philosophers. The Indian Philosophy
mainly concenirates on the existence of God, Dharma anil Ahimsa whereas the cultural interest aims
at Unity in Diversity and India is a multi-cultural, multi-lingual, multi-ethnic and multi-religious

counlry,

6 3.1. Historical Herltage :

From the time immemorial, India has been called Bharatavarsha or Bhardtakhanda The name
was derived from Bharata, the famous King. The persians proncunced Sindu as Hindu. After the
advent of the Muslims, the term ‘Hindu’ caine into vogue. The same is true with the Greek invaders
to India. They used to call the country ‘India’. Afterwards the Europeans popularised the word

"India. Thus today, both the terms India and Bharat are nsed to degote our mighty motheriand. India
being a sub-continent is separated from the rest of the world by theNimalayas in the North, the Bay
of Bengal in the East and the Indian Ocean in the South and th&\AraBian sea in the West. Since it is
separated from the rest of the world by well defined _bouQs, there appears geographical unity.

India has very old historical background i.¢., bein d by kings. The terms Chakravarti,
Samrat and Sarvabhouma signify the importance af¥hgd to the political unity and political head'in
the olden days. In order to declare their paramount §vercignity over Bharatavarsha, Kings used to
perform sacrifices such as Aswamedha aad @ suyafn. Chandra Guptla Maurya was the first Indian.
Emperor who almost unified India. ThercafteN@llauddin, Akbar the Great, Aurangazeb and Britishers
succeeded in unifying India. There w#®an elehent of protection of Environment ¢ven during the
regime of Shersha, Akbar and other %q Trees were planted on both sides of the road, beautiful
gardens were maintained, trees and aniiMls were protected. ! : '

6.3.2. Cultural Heritage

-India possesses very rich cultural heritage ever from the Vedic ages. The Indus valicy people
worshipped mother earth as Goddess and belicved in a female energy as the source of creation.
Horses unknown to the people of the Indus valley, whereas thcy were domesticated in the vedie
period. The Indus Valley Civilization was an urban civilisation with trade and commerce as the
main occupation. The vedic civilization was rural civlization with agriculturc as the' mainstay. While
the Indus Valley people were idol worshippers, the Aryans were nature worshippers, ie., environment
protection people. In spite of these differences, the synthesis of the two cultures forms the basis of -
the present Indian culture whose cynosure is “Unity in Diversity”. India is a multi-cultural country -
and “the epitome of the world’. Common history and natlondllsm are the agencies which fostcrcd the
fundamental unity of India and Indmn culture,

Indian culture aims at the worship dl'l.d protection of Nature and Environment. Indians worship
earth, moon, occans, rivers, plants and animals. As per Indian philosophy cutting of a freeand .
killing of animials like cow are actions of sin, hence plants and animals are protected from the Vedic
times, this type of faith is useful in protecting and preserving the natural resources. The process of
sedimentation has been observed right from Vedic times for the purification of water, which is one of




the ways and means of purifying polluted water even inl the present times. In India Neem tree has
been given much importance because of its medicinal and environmental value in providing shade
and greenary to our surroundings. Thus, the colour, green appeared through the trees is considered
an important environmental simulus because it is thoughl to create a reléxed mood. Thus our performance
in protecting our environment and natural resources is govcrncd by our cultural and bmloglcal pasi,
thc cavironment in which we lived and we are, :

6.4. PRESERVATION AND PROTECTION OF NATURAL
RESOURCES

Resources arc the result of human culture; the materials of the physical environment become
resources only when they fulfil a human need. Natusal resources, therefore, exist only in conjunction
with human culwure. We know that cultural 53 stem and environmental perception have much 1o do
with the definition of a resource.

The two basic types of resources are renewable and non-renewable resources. A forest is a
renewable resource because most varicties of trees grow rapidly. Fossil fuel and minerals such as
gold, silver or copper, obviously do not renew themselves, thus once extracted from the carth and
consumed, they are not replaced. The followmg are thc Natural resources that have to be preserved
and protected for the future of man.

6.4.1. Land

The basic determinants of what makes land ggsour®®are found in composition of soil and in

-environmental conditions. Soils provide the honge yacteria, fungi, they arc comprised of organic
materials and inorganic components, such as wd rock particles along with water and gases,
mainly oxygen and nitrogen. The organic inorganic elements arc acted upon by sunlight, water,
plant and animal communities and human%es with this Lhc land becomes rich in manure and
becomes fcrulc :

For preservation and protgegjon ofMand, the sanitary land fills are the best solution. In contrast
to open dumping and ocean 11 where waste materials can contribute to further pollution,
sanitary land fills provide a wa urying waste materials daily, so that they untimaiely decompose
without causing pollution. In a sanitary land fill operation, waste is compacted and mixed with soil
to facilitate biodegradation. Well managed sanitary land fills can often be convertcd into parks,
gardens and thus land may be preserved and protected. ,

6.4.2. Water

Water is a renewable resource. Water is principally used by people for industrial activity, irrigation
municipal uses and domestic needs. Every water based city in history describe waste materials being
dumped into water systéms. Water is inexpensive and has traditionally been in such great supply
that conservation has never seemed like a real necessity. But as water is being poliuted and impured
due to environmental. pollution at present and in future, conservation of water may become more
attractive. Generally conservation of water has become an urgent necessity in view of shortage of
water, hence water production and use must be controlled and managed. The polluted water can be
subjected for a series of treatments starting from simple process of sedimentation to the complex
process of electrodialysis for its purification and this purified water can be circulated through the
Municipal taps for drinking purposes also. Purification of polluted water bilogically could be done
by employing fresh water musseis which are capable of absorbing melals inside the body and filter
water 6 to 7 litres per day by a single ammal
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6.4.3. Forests

Forestes are important major resources for wood for homes, furniture, fuel and paper etc. Forests

are regulators of all our basic sources like soil, water and air. Qur faints used to sit for meditation in '

forests for vears together under the shade of the trees with total communion with nature. Fer normat
rainfall and wildlife, 1/3 of the land area of any country must be forcsts, Therefore forests must be
prescrved and protected. Great Eucalyptus was introduced:by Tipu Sultan in Kolar district of Karnataka
in India as early as 1770. Around 3000 B.C., there was 80% of Indian land under plant cover, but
by 1980, only about 21.1% was undcr forest cover. Due to heavy rate of deforestation, planting trees
(afforestation) is essential to restore the ccoological balance required for well being of ali forms of
life especially that of mankind. Due to deforestation, Green House Effect will be resulted i.e, accumulation
of CO, in the atmosphere. This increases the atmospheric temperature, thereby melting the polar ice
caps (he:*tt housc effect) ultimately, results in the increase of sea level which makes the small Islands
10 be drowned. Forest can be preserved and protected by social forestry programmes. The slogan like
one tree for every school going boy and girl and minimum 3 trees for every person in his lilc period
must be implemented in practice. Further intensive forestry practices such as genetic subsidization
which allows trees to grow more rapidly are combined with management practices to reduce the
Jentgh of the growth cycle. Thus more importance should be given for the protection ol forests as
given in our Indian slogan “Vriksho Rakshati Rakshitha” : :

6.4.4. Wild Life

The term Wild Life covers all non-cultivated and non-domcs i
repiiles even fish are treated as wild life animals. Late Prlme -
beatiful to shoot wild life with a camera rather than il a . Forest is the mwost important
natural entity or the envelop for the existence of wildccording to, Wild Life Society of the

- World at Washington, 1/3 of the land area must be a fO%g#lo save wild life in its real sense. The

forest suplies three distinct needs for the wild life!
3) place of adequate food supply. When therg

life mestly birds and mammals,

rbance in the Ecological balance in the forest

- community, wild life is drastically affected fe good example is Hyenas threat in Anantapur
District of A.P. When the favourite food, Mg patridge birds for Hyenas are being climinated by
humans and due to deforestation, th as ate coming out of the forests and cating small slceping
human babies as food in summer, l’@mper measures for preservation and protection must be
taken to save wild life. ' ' '

{ndia has a rich and varied wiid lifc comprising of fish, birds and mammals. More than 500
wild species of mammals are found in India. The Indian bison is the largest of the existing bovincs,
Indian rhinoceros is the biggest of all thinoceros in the world and the one-horned rhinoceros cannot
be found ¢lsewhere in the world cxccpt in India. Indian elephan{ is much more handsome compared
to its African cousin,

The Deer famlly is still richer and some. of the most bcautlful species like Chital, black and
swamp deer are found only in Indla

Wild life can'be preserved and protécted by adopting the following programme.

l)_ Conservation Education - We have to educate people about the facts and prmcrples relallng o

conscrvation, of wild life. A high quality periodical publication is an esscmlal part of the
. conservation education. ' ' . '

2)  Wild Life Tourism - Both Statc and Central Gm ernments have taken steps to prumote wild life
tourism which is a non-consumptive use of the resources. This can earn money and at the same
time educate people about wild life wealth which must be. protccted in Sanctuaries, Nalmnal
parks, Zoos clc.

66

>r Jawaharlal Nehru said “Itis -

ace to breed in safety, 2) place of refuge and-



3)  Grazing is repsonsible for spread of diseases from domestic animals to non-cultivated wild
animals, hence grazing in forests must be stopped.

4)  As collection and utilization of the forest resoruces severely affect the forest and wild life by
' the forest edge population - their socio-economic conditons musl be studied, improved and
_ control measures should be taken for their activitics.

3) Wild Life Prolccuon Act (1972) and Forest Conversation Act (1980) of Government of]ndla i
need 1o be updated and be stricily implemented for the protection of the wild lifc. -

Therefore, there is greater need for the protecnon and preservation of every valuable natural
resource like fisheries. '

6.4.5. Fisheries

-The term Fisheries includes fishes, crabs, prawns, oysters, lobsters etc. From the nutritive point
of view, Fisheries form the most important natural resources. Fish is the most efficient among farm
animals in converting feed into nutritions food. In fish meat the protein content is more than 20%,
highest protein content in animal sources. In terms of conversion of proteins 40 Kgs. of grass =5
Kg. of beef and 5 Kgs of beef = 1 Kg. of fish. Indian major scarps, catfishes, sarlines, mackerel,.
pomfrets, mullets, shrimps and prawns arc good cultivable quantities of aquatic habitat. _Rilg
and protection of useful aquatic organisms mainly fishes and prawns is called aquaculture.

Fisheries production can be enhanced and Fishes can be protected through composite Polyculture
method. In this method with minimum feed maximum fisiNpod can be obtained and variety of fish
-species can be cultured at a time in an economical wayNFor 3.g., the culture of three Indian major
‘corps at a lime in a pond comes under polyculturgaghere catla is surface feeder which feeds on -
~the minute organism present on the surface, the r column feeder which feeds on for plantation
~and larvae and the mrigal is a bottom feeder whic feeds on the boltom debris and séttlements.
“Hence there is no competition for food and val among the three carps. Through the polyculture
method as much as 5,000 Kgs. of fish per hedg@re per year may be produced as aganist only 600 Kgs.

- of fish per hectare per year through ultufe method (mono culture means culture of only one kind
-offish). ' '

. Another way of enhancin ics production is through induced brecding in which the pituitary
~extracts will be injected to ve Ze fish breeders and thus bring aboul the early maturation and
" release of ova and sperm which fertilize and develops into fish seed. Fish yield a number of by
products besides protein content like fish oils having vitamin A in shark liver and vitamin D tn.
codliver. Fish are used as feed to poultry and cattie. Isinglass produced from air bladder fishes is
used in the plastic industries. Some of the larveidal fishes like Pandusia, Chera and barbus eat
larvac of mosquitoes, and ctroplus eating on quinca worm thus malaria and elephantasis could be
controlled biologically. Recent rescarchers have shown that more fish in the diet keeps the heart
healtheir, i.¢., the poly unsaturated fatty acids present in fish meat reduce the cholesterol level in the
blood and inhibits the formation of thromboxine which is responsiblc for blood clot. A survey in
India also revealed that people mostly cating fish tend to have a high intelligent quotient (1.Q.) duc
to more phosphorus content in fish meat. Further fish is a cheaper and easily digestible diet. It has
" been reported that in Scandinavian countries from smal} marsh fish, oil is prepared and this is used
as substitute for petrol. Therefore there is greater need for the preservation and protection of very
vatuable natural resources like fisheries.

Check Your Progress 1 & 2

1. What are the Natural Resources ?
2. How do you solve the malnutrition ?
Note (a) Write the answer in the space provided below.




* (b) Compare your answer with the one given at the end of this vnit...

6.5. | CONFLICT OF TRADITIONALISM AND MODERNIZATION

Indla is vexy anc1ent country with full of traditions and beliefs with very rich historical and
cultural heritage and above all with unique and great philosophy of its own which centres on the
existence f God, Dharma and Ahimsa, Eventhough, India is abide by its traditional values and’
customs it is kecpmg pace with the developments in the arena of scicnce and technology If we take -
_few concrete examples of struggle between tradition and medcrnization, birth control by artificial
means i$ considered a great sin, however this superstlttous belief is slowly dlsappearmg and very
quickly people are giving much importance to a small and limited family, because of the necessity of
tmsem day conditions. Take for example, even the ofd traditions and beliefs of Indians are found _
¥ ighly useful in modern times also, in that from the vedic times Indians worship naiure, plants, ’ .
animals and their surroundings and preserve and protect them. Killing of animals and cutting of ' :
. trees are also acts of sins. This tradition is actually helpful even in.the modern times for the protection
- of natural resources and environment: Cow is worshipped in ndifNgnd snakes can control the rodent
papulation (rats etc.) which destroy the commercial crops. '

Regarding water pollution, Gan_ga'is an example g m ict between traditions and modernism.
For ages there has been the belief among Hindus that b3kiah in the Ganga particularly at Varanasi

1s a good religious custom and that after bathin ins wil] dlsdppear but modern view is that
when most of the people take bath, they pollute t anga by contributing their wastes of the body-'
into the waters'and aiso by washing their ci AddRd to this tot of silt is carried down in suspenston

which gives her turbidity, so bathing in s cofltaminated waters is unhygenic. So is the case of
 disposal of dead bodies at the Bank » § Ganga. Due to superstitious belicf some people throw the = |

enttre dead body, partially burat one J @ es in the holy rivers which are subslanli:illv contaminating

the waters. Further a British scientis®Nfas once shocked when he learnt of dn Indian colleague

suddenly taking a dip in the Ganga on an auspicious evening. He wondered how superstition had _
‘prevailed over science. In the Ganga Action plan which was formulated in 1984 by Department of . '
Environment angd the same was promoted and given top priority by Late Prime Minisier Rajiv Gandhi - ‘
for the control of pollution for the River Ganga. As. per this plan Electro crematories. were constructed

at number of places on the bank of River Ganga for.scientific dlsposal of the dead w1lhout comr:butmg -
the polution in the river waters. Thus the old tradition has been changcd intoa sc;en’uf ic and modern
thought: Thus no river evokes such [eclmgs in the human mind as the Gangd doe__ '

_ Take for example, our Neem (ree which is conmdercd as village Doctor for the:many medlcmal
values it possesses and for the cure of share and greenary for the area. Tradltlonally alsc Indians

- worship Neam tree as vlllagc God because of its involvement in so many rituals. What has been
traditionally coming with respect Lo Neem is also found to be rightly useful in the-modern times in-
the sense that a number of Neem products (natural pesticides) are- available in lhc» market which_
when employsd are found (o kill harmful insects and pests in low concentration witivout any harmful :
-effects oni the non-target organisms. Thus, most of the Indian tradlllonal customs.and. beliefs are
explained on SC.].BIltlflC lines- and proved to cause good to the’ society and coublry, bul very few,
traditions without scicntific validity are slowly ‘on the verge of d:sapperance and sl not comiing in. -

- our way of preserving and protecting the Natural rcsources Therefore we can say that both traditionalism -

- and modernism in the Indian society aims at ihe preservation, conservation'and protection of natiiral. - S
resources and enviropment and aliimately, centres at Nalmnal Dcvelc)pment by contrclm g pc)pulatlon “_ e
povcrty and pollution. : : B




Cheék Your Progress - 3

How does the conflict arisc between traditions and modranism in India?. "~ -
‘Note (a) Write the answer. in the space given below. _
{(b) Compare your answer with the one 'given at the end of this unit.

6.6. SUMMARY

India has unique phitosophy which is very much different from rest of the world. It-has a culture
"Unity in Diversity" and a very rich historical past. India has-very, Ir'iCh inmajor natural resources
like tand, water, forests, wild life and fishcries. Land can be preserved and protected and pollution
of land may be ayoided through the sanitary land fills. Water is a very valyable' commodity for
almiost all activities of man and polluted waltcr can be purified by subjecting it to a series of treatments.
Forests are regulators of all our basic resources like soil, water and air and only 21% of the lanid area
in India 1s forcst as against the minimum requirement of 33%."Hence, afforestation should be increased.
- India has rich varied wild life which will be existed and protected by forests. Wild Life may be

protected by creating natural habitats in the form of sanciuariesgNational Parks and through conservation
* education and Wild life tourism, fisherics forms the -bagt naWral resource for the requirement of
protein in controlling mainutrition. Fisheries can be enhang ugh induced breeding and composite
fish culture. In an ancient country like India there ig# cogflict between traditionalism and modernism
and this struggle is slowly disappearing in view @ & ndeus progress in science and technology.

6.7. CHECK YOUR PROGRENSY MODEL ANSWERS

Natural resources include land, ™Porests, wild life and fisheries.

2, Fisheries can solve the pr
to meet the food problem.

1n Mialnutrition in suplying p_roteinaeous diet al cheaper costs ™

© 3.. Inmulti-cultural and multi-re 1gio'us country like India the traditions play an important role in
' combination with modcrnism most of the time and in few cascs work aganist modernisim. Hence
a conflict arises between the two. :

6.8. MODEL EXAMINATION QUESTIONS

I Answer the followmg guestions in about 30 lines cach.

1. Give an account on the historical and cultural heritage of lndla

2. What are natural resources ? And how are they prescrved and pmtected w1th referencc to
- forests, wild life and fisheries : - :

3. Enumcrate about the management of land and water' in lndia‘
iL.- Answer the followmg questlonq in about 10 lines each

Wnte briefly about Unity in DWC]‘SI[}'
2. Write a brief account on Ganga Action Plan.
3.  Briefly write about Indian Wild Life.

Prof. Md. Basha Mohiuddin
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UNIT-7 POST INDEPENDENCE'
| INDUSTRIALISATION

Contents

“ 71 Objectives
7.2. Introduction o
7.3, Pre-independence Industrialisation
7.4. Economic Transition in India - A Resume
_ 7.5. Consequences of Various Forms of Explmtauon
7.6, Post-Independence Industrial Policies '
7.7. Industrial Policy Resloution, 1956 .
7.8. Effects of State Controls and Regulatory Mechamsms
7.9. Review of New Economic Policy
7.10. Summary '
7.11. Check Your Progress : Model Answers
7.12. Model Examinations Questions

7.1. OBJECTIVES _ e \ >

After gioing through this unit, you will be able to : | '
* trace out the preindependence industrialisation,

* discuss thé post independence industrial devel§py ,
* apalysé the state controls and regulatory, chafjsms and
¥ describe the economic policy of India. Q o

7.2. INTRODUCTION Q} |

Development has meant, and will continue to’ mean, many thlngs to many people To the economists
‘who made the first big noise about it in recent years, it is another name for their eternal favourite,

growth, To liberals, it is the twenticth century version of the ‘progress’ their tradition initiated in

the nineteenth century. For the religions, it is the new name [or peace. And for planners and policy
makers, it represents their attempt to open to our people opportumtles fora neher and more’ varlcd
life. : :

The above comment, which comés from the first five year plan document, may appear somewhat

uncharacteristic of the precision that it expected of planners. It is, however, very characieristic of

_policy makers who know that the promises they made must mean all things to all people. Thus
defined, development becomes one of the easiest things to promise - it is meant for all, and something
of it will always be fulfilled. As for the planners, at the end of the day they can always make the
honest confession that there are promises to keep and miles to go.

The classic ob_]ectwes of our Five Year Plans were “development along socialist lmes 10 scoure
rapid economic growth and expansion of employment, reduction of disparities in income and weatth,
prevention of concentration of economic power and creation of values and attitudes of a free and
equal society”. In order to achleve these objectwes the planners formulated a strategy of planned
economlc development. :
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7.3. PRE-INDEPENDENCE INDUST'RIALISATION

Government policy towards indigenous industry was on the whole unhelpful at times and hostile,

- during the greater part of the British rule 1n India. The first ceuntury of British rule, viz., the period

of the East India Company, saw the decline of nearly all indigenous industries. There were maty _ '

reasons-economic, technological and political. The most important reason was the conscious policy
adopted by the imperialist authorities on the one hand of direct prohibition of Indian cotton and sitk
goods entering Europe thereby destroying India’s existing export market and secondly on the adverse
of forcing an open-door policy in India for goods produced in Britain. Another key factor was the
release of new technological forces in Britain by the Industrial Revolution and the compeltitive efficiency
they gave to the industry there. The effects of this policy were compounded by the opening up of the
Suez Canal, improvements in the mode of ocean transport, construction of railways in India and the

introduction of uniform currency. With the political unification of India, and abolition of internal .

. transit duties by 1856, the foundation of a national market was laid, and the sub-continent was
opened upto unrestricted fiow of goods of all variety made in Britain.

The general theme of the economic cxplonatlon of the Indian pcople by the British and their
mounting impoverishment was brought into sharp focus by a galaxy of writers like R C. Dutt, Dadabhai
Naoroji, Ranade and also Mahatma Gandhi.

Dadabhat Naoroji, a distinguished Indlan economist, in hlS classic paper on the Poveriy of
India’ (1876), emphasised that the drain of wealth and the capital from the country which started .

after 1757 was responsible for absence of development of Igdia.

The economic drain of wealth prevented the proces ital creation in India but the British

The government protected their interests and thu British could secure almost a monopoly of all
trade and principal industrics. The British,compd¥ht of industries established in India further
‘drained of Indian wealth in the form of re es of profits and interest. Morever, the British
firms dominated the Indian industrial Ene d shifted the growth of Indian enterprise in industry.

brought back the drained out capital and setup indoncerns in India owned by British nationals.

Thus, the economic drain which co right from the inception of the British rule acted as a

drag on econotnic development gk 19

Bipin Chandra has exa @ ¢ impaet of colomal rule in modermsmg India. The British
economists have always upheld thahe backwardness of the Indian economy and jts failure to modernise
itself was largely due to the value system, i.e., Spll’ltuall sm, asceticism, the caste system, joint family,
. etc. Similarly, the British economists have always argued that Indian capital was proverbially shy, it

- always sought safe avenues of investment and thus lacked the basic quality of adventure, which is an.

essential condition for dynamic enterprenuership. Blpll‘l Chandra rejects both these arguments for
absence of modernisation as mere shibboleths. He writes: “It is a historical fallacy to assume that
India under British rule did not undergo a fundamental transformation, or that it remained basically
traditional. But the modernisation of India was brought within the political parameters of a colonial
economy. Thus, the colonial links between India and Britain resulted in the progress of the Industrial
Revolution in Britain while it meant the modernisation of those sectors of the Indian economy which
strengthened the process of integration of the Indian economy with British capitalism. It was,
therefore, not an accident nor was it historically, exceptional that India was integrated into world
capitalism without enjoying any of the benefits of capitalism, without taking part in the industrial
revolution. It was modernised and underdeveloped at the same time.
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The brief survey of the economic COnsequences -of the: Bnush connection: mlmlla bnngs ol
that the impaci of Industnal Rcvolphon on:the, Indlan .economy under the: Bnu | ule wag in sharp
contrast to its influence on the British ¢cono In-Ean_aﬂd, t_he Indu; rial Revolution did’cau
unemployment in the rural areas, but the inemployed labour was soonabsorbedby the new industries.. - e
The peniod of suffering was short. ‘Morcover, the destruction of the old order was being: compensatcd BIRTETR
by the growth of new order of efficient and large scalc production.: But in India,. thg impact.of ~ .~ -
Industrial Revolution meant the destruction of Indian handicrafts, but there: was no subsiantial growth e

of modern factory mdustry Consequumly, a process of progrcsswe rurahsaﬂon ur demdusmallsatmn S
set in. : : o

7.4, ECONOMIC TRANSITIONINTE

Sccondly, the new land systq’m th¢ cbmmérma{ pgnculture and the economtc dr in.: of Indla al]
workcd smmltaneously in weakemn g ‘the Indran ecanomy In Englan&ﬂhechaﬂges mtmduced durmg

.;;‘b) Cmﬁpare 'ynur _ansmr él-ﬂ? the :




'-’1’ 5 CGNSEQUENCES OF- VARIOUS FORMS OF EXPLOITATION

(1) Indra remamcd prrmarrly arn agrlcultural counlry and s agncullure became commermalrscd

D " 'foserve the interests of great Britain by exporting tea, poffce splces oil seeds, sugarcane and other
- - foodstuffs; besides other raw materlals

(11) ]ndra whlch was an mdustnally advanced country during the 16th and 17th centuries was
not permltted to modernise its industrial sturcture during the 18th and 19th centuries. Her handicrafis
ere-destr -_she became am importe of manufactpred goods

: (ii1) The Brmsh employed the policy of dlscrrmmatmg protectlon along w1th imperial preference
.:1ohave. complcle control over.the Indran market. Tlus a!so helped to provide Sdfe and secure avenues
i for the Brmsh investors. m India: -7, 0 o R

_ (w) The Brmsh developed the LCOHOII‘IIC 1nfrastructure m the form of railways and irrigation
- .'and eleclrrcny works with a view, to promotc forergn trade. angd cxplort India’s natural resources to
N _"lhelr advantage DerCt Brmsh inyestment - was made in consumer, goods industries like tea, coffee,
' ____:,and rubbcr plantauons but no effort was madc lo develop hedvy and basic industries.

L) The Managlng Agency Svslem did help 10 promotc consumer goods industries in the intial

":‘-'phase but' becanie explouauvc in character Iqter lt approprlated nearly 50 percent of the gross
o proﬁts as managerlal remuneratron

in' via home charges. India was also
5. This was indicative of the highly

o (vlj The Bntlsh explolted Indra thrbugh the eco&o c
forced to- pay for several wars Jike Afghan and Burmese
e_;{p_lortquve_chera_cte_r_ of the _I?;_rr__trsh e,

v '-_:-'.=. o

r s 1t has\bee charactensed by 2 constant mterplay
_factors n the ( i

ovement. Ev lually the polloy makers setiled
] nany that would combine both pubhc and prrvate
terprises, There alsp] bea dommant quhc seetor, by

by lhe Indlan Consmu‘uon The :
£ {he pnvate sector was to be a
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(1) need for multiple approvals of a single specific business activity, under different laws and

C policies; ) ' :

“(2) multiplicity of ministrics, agencies and other government agencies involved in the approval

: procedure; _ ‘ ’ _

(3) . vertical structuring of the decision - making authority along a Jone line of hierarchy in every
ministry or government agency;, o '

(4) assumption of a large number of line functions by the central secretarial in pretere.ce io state
agencies or locally based central authorities;

(5) -prevalence of direct discretionary administrative controls in preference to legislation type of
controls through budgetary, fiscal or monetary means; and o

(6) inevitably, a certain degree of political overlordship (through minisiries, cabinet bodics aricl-_

parliament) over the process of decision making in respect of industrial projects.

Discussion in parliament and at various other levels, as also in the press on specific projects
and the need for political approval, introduce factors which further complicatc the process. The
interface between corporate growth programme and the governments regulatory role casts on industrialists

and managers newer responsibilities and obligations unknown in industrialised count ries..Indecision

or delayed decision, dilatory procedures, conflict of objects, the system’s inability to subordinétc
minor objects to an overall major object and thic rejection of good industrial schemes arc the inevitable
outcomes. '

Compared to the level of industrial development at thk@f attaining independence there:

have been tremendous advances. But at the same time, one can t conclude that there could have
been much more advance but for the backward push giyén By pelicy and procedural constraints. The
inner core of policy and legal instruments consisted of JIndustrial Policy Resolution, 1956, the
basic policy documents (ii) the Industries (Dev ment and Regulation) Act, 1951, the central

tegal instrument, (iii) the Industrial Licensing f 1973 and (iv) at last yet another policy )
document, namely the Industrial Policy St ent ($hose of 1978,1980, [982 and 1984). Apart from .

this inner core of four direct controls, the o an outer circle of several.indirect but imporiant,

instruments of control, the more impgrtant\ynong them being (1) the MRTP Act, (i1) the capital .

" Goods Impori Control, (iii) Governm with regard to foreign investment and forcign collaborations
" (iv) the companies Act with a large ber of controls over the joint stock companies, (v) the
_ capital issues control Act, and (vi) the role played by the government term-lending institutions led
. by the apex Industrial Development Bank of India in apprising projects and sanctioning and disbursing
_ long-term loans for them. Belween 1970 and 1991 companies covered by the provisions of the MRTP

Act dealing with concentration of economic power, were required 10 obtain: the Central Government’s

special approval under that Act to start new projects over and above the industrial licence. If any

project involved in the import of capital equipment or machinery, a capital goods clearance (for
which there is a separate procedure) becemes necessary. Forcign equity investment or technical
collaboration required a company to have yet another separate approval for its project froman official
body, the Foreign Investment Board. Even after all these clearances have been rcceived, the financial
institutions need to be approached on a long term basis. Incvitably, they assume a role which is
strictly promotional, but nontheless acquire features of regulation and control.

All _thcsé policies and procedures have an important bearing on the formulation and implementation
of new industrial projects or schemes for expanding an cnterprise. We would first discuss the industrial
policy Resolution, 1956 the magna carta for Indian Industry - and then discuss the cumulative effect

of all the instruments of control and finally the latest Industrial Policy Statement of the Indtan -

* Government dated 22 July 1991.




7 7. INDUSTRIAL POLICY RESOLUTION 1956

_ India had her somewhat tentatwc First Industnal Policy Resolutlon in 1948 By 1956 the need
for further amplification of this policy and for cxtending the scope and coverage of the public sector |
were felt. The Directive Principles of Statc Policy of the Constitution adopted in January 1950 indicated
the socio-economic goals towards which the efforts of the State were to be oriented. In the light of
these principles, planning for economic development assumed special importance. A national planning
comimission was accordingly set up in March 1950 and the nation’s First five-Year Plan was under
- implementation, the pursuit of a socialist pattern of society was accepted by parliament in 1954 as

the principal objective of the nation s social and economic policy. Towards the end of the first five
vear plan, however, an urgent need was felt for an accelerated pace of development through the
expansion, among other ihings, of heavy industrics. This persuaded the government 1o reformulate
- its industrial policy in April, 1956. ' '

The Rcsoluti.onl of 1956 declared:

“The adoption of the socialist pattern of socicty as a national objective, as well as the need for
planned and rapid development, requires that all industries of basic and stratcgic importance, or in
- the nature of public utility services, should be in the public sector. Other industries, which are
essential and require investment on a scalc which only the state in the present circumstances could
provide, have also to be in the public scctor. The State has, Ihcrefore to assume direct respon51b1111v
for the future development of industries over a wider area. 4

On this basis the new Industrial Policy Resolution Wassfied industries into three categories
having regard to the part which the State would in eaCh of them. In the first category were
placed the industries the future development. of w @ as to be the exclusive responsibility of the
State (Schedule “A’).- The second catcgory consistedsOl industries which would be progressively

State owncd and in which the statc would th generally take the initiative in establishing new
undertakings but in which private enterprise Would also be expected to supplement the effort of the -
-State (Schedule °B”). The third catego ed all the remaining industries where future development

-would generally be left to the initiativ 1d enterprise in the private sector,

The Resolution made it cl@ “the division of 1ndustr1es into scparate categories does not
imply that they are being placed MwRater-fight compartinents. Inevitably, there will be an area of
overlapping between industries in the privatc and ihe public sectors. It will be open to the state to
‘start any industry not included in schedule *A’ and schedule "B’ when the needs of planning so
require or there are other important reasons for it”. The growth of private enterprisc in Schedule
"B’ industries” with State participation” is also envisaged. Thus the genesis of the joint sector or
even of what T.A. Pai has called the national sector. long afterwards, can be said to lie in the 1956
Industrial Policy Resolution.

Stressing further the complementary role of both the sectors, the Resolution declared “further,
heaw industries in the public sector may obtain some of their requirement of light components from
the private sectof, while the private sector, in turn, would rely for many of its necds on the public
sector. The same priciple would apply with cvcn grcatcr forcc to the relanonshlp belween large scale
and small scale mdustrles :

QOther principles emphasmed in the Rcsolullon were:

1) reduction of disparities in income and weallh and to. prcv ent monopollcs and the concentration
of economic power in different fields in the hand of small number of individuals: ’

2) - fair and nondiscriminatory treatment to public and private sector. units where they co- cxist" '

3 cncouragemcnt to cottage and village small scale mdustnes and modemlsmg them so as to E
* improve their competitive efficiency; ' :
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4)  progressive reduction of disparities in levels of development between diffe_rent regions;
5) the maintenance of industrial peace, ' '

6y improvement of living and working cenditions of workers and raising the standared of their
efficiency, :

7}  developing the country’s resource of technical and’ managerlal personnel;
8) participation of workers, technicians and professwnals in management;

9)  responsibility of public cnterprises to augment the revenue of the state and prov:de resources
for further development in fresh fields.

The sumr up, the Industrial Policy Resolution of 1956 gives the broad policy framcework of industrial -
development, in India, Inspite of considerable changes in emphasis among various sectors which
have taken place from time to time, this Resolution still remains the magna carta of Indian Industry
and should be studied by all industrialists, managers and corporate planners in erder to understand:
the broad national policy frame for industrial development.

Check Your Progress - 2

What is the central idea of 1956 Industrial Policy Resolution?
Note  a) Write the answer in the spacc provided below -

h) Compare your answer with the one given at the end of 1hls unit. -

7.8. EFFECTS OF STATE CONTROLS AND REGULATORY
MECHANISMS | |

The industrial policy regime in India developed the strategy of promoting public sector in heavy
and basic industries combining with it a process of import substitution. The State provided infrastructure
and a leadership role of industrial growth. The private sector was expected to play a complementary
role within the broad framework of a “mixed economy and this promoted the government to have a -
regulatory framework for the private sector. The purpose of this regulatory mechanism was to influence
the patiern of investment down to the product level, decide the choice of technology, location, direct
import content, foreign collaboration etc. This required a sysiem of industrial licensing under the
Industries (Development and Regulation) Act. 1951, Though the small scale industries are exempted
from taking a licence, any firm with the original value of plant and machinery below Rs 5 crores was
required to obtain a licence. The firm was then expected to get foreign exchange clearance subsequently,
the case was referred for MRTP clearance. The sequential procedure of obtaining clearance from a
number of authorities created under IDR Act, MRTP Act, FERA Licence for capital goods imports
and controller of capital issues for equity shares etc., all resulted in the excessive delays in the
sanctioning of projects. The system of controls which was deliberately perpetuated by the burcacracy -
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resulted.in corruption on enormous scale. Thus, the tardy and inefficent working of a regime of
controls operated in a manner which had no regard for efficiency. The socialist rhetoric that private
sector needs to be controlleéd against proliferation in banned or restrictive areas provided the ideological
base for the continuance of thesc controls. This resulted in the slowing down of the pace of investment
which had a growth choking effect’. ‘It is, therefore, argued by several economists notably Bhagwati
and Desai, Isher J. Ahluwalia who belicve that industrial policy regime was directed towards “regulation”
tather than “development” of industry. The process of administrative regulation resulted in slowing
down the process of investment decisions. It also encouraged the process of taking recourse to
illegal creation of capacities with the administrative mechanism failed to control, but only legitimised
at some later stage. Besides this, the private sector did not find enough channeéls of investment in .
the seclor earmarked for it to invest the accumulated surpluses, it, therefore, pushed resounrces either
into speculative activity to earn short term profit maximisation or into indusirial activity commonly
described as ‘parallel economy’. In the words of Isher J. Ahluwalia, the administrative limitations
of the system created strong incentives for ‘rent-seeking’. Thus, the system compelled the entrepreneurs
to turn towards speculation and short-term maximisation rather than creative productive activity.
Alternatively as the private sector tried to circumvent the system of controls, the result was to push
industrial activity increasingly into the ‘parallel’ or the ‘underground” sector.

 Whereas it could be legitimately argued that bureaucratic allocation mechanisms, wherever
they became shackless on the growth of industry, need to be dismantled and instead of a regulatory
regime, development oriented regimes need to be strengthened yct ong cannot fail to observe the
positive aspects of these controls in promoting tmport substitution and encouraging skill formation.
Pranab Bardhan rightly obscrves: “while clearly, such a regime in [ndia has sheltered many white
elements in the Industrial sector and lincd many pockets My the corridors of power, the over-all
dynamic impact of import substitutions in fostering skill yaiion and learning by doing in a whole-
range of sophisticated manufacturing industrics (predpcing engineering machinery, chemical and
. other products) may not havc been negligible, altl @ il a very high immediate cost to consumers

and industrial users of domestic intermediatg and Chp#al goods’, :

However, in the second phase, the Indian §de regimes have been moving towards liberalisation.
Since 1975, a large number of capital go d industrial ouiputs were put on Open General Licence(OGL)
and ‘free’ licence lists. Similarly, the'W@veriiment continued tc open more and more areas higher to
reserved for public sector to the cc r. It stopped making any reference to the MRTP commission.

In otherwords, the State, thoug¥ a socialist rheteric, it continued to more generally and more
. surely towards the private sector. esplte this tilt in favour of prwatc sector, relaxation of controls
and restrictions, industrial stagnation continued in the second period. Obviously, restrictive policies
cannot be considered a good cxplanation for slow industrial growth in the second period. Pranab
. Bardhan concludes: “In any case, the Indian trade regime has not by and large being more restrictive
in the second period under consideration than in the first (if anything, the trend has been towards
gredter liberalisation in recent years) and hence this may not be a good explanatmn of the industrial
declaration in-the second period”..

7. 9 REVIEW OF NEW ECONOMIC POLICY

The perlod from: 1989 91 was one of Kaleldoscoplc pohtlcal changes that mcluded three general
elections and four governments being in office at the centre. Economic conditions sharply deteriorated
particularly on the cxternal balance of payment front and to a lesser extent on the inflationary front.
But on the whole industry continued to perform well, thanks largely to the gradual deregulation that
was set in motion under Rajiv Gandhi. - Also this policy dictated by non-political compulsions and
the national and international cconomic realities, continued unabated despite the changes in the
political composmon of the various governmcnts at the Centreé.«

It remamed for the Congress Governmem under Prime Minister, B.V. Narasunha Rao that came
to power in June 1991 to restart the engine of economic growth with a serics of breath taking industrial
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and cconomic policy changes on 22 July 1991. The new measures announced in the statément are:

1)

2)

3)

4)

5).

6)

7

8)

9)°
1)

11)

- compulsory licensing. Industries other than those of noy

Industrial licensing will be abelished except for a short list of industries (18 in number) related
to security and stratcgic concerns, social reasons, hazardous chemicals aﬁ_d overriding cnviron'r_ncntal
reasons and items of clitist consumption. Industries reserved for the small scale sector will
continue to be so reserved.

The areas reserved for the public sector has been reduced from earlier 17 (schedule A of 1956
policy) to 8. These are areas where security and strategic concerns predominalge.

. Automatic clearance will be given by the Reserve Bank of [ndia to projccts in 34 groups of

industries with direct foreign investment upto 51% of cquity. This list is given in Annexure of
the policy. .

_ Also there will be automatic clearance for proposals for capital gocds imports:

a) Tncrease where foreign exchange availability is secured through forcign cquity participation,
and

b) If the CIF value of imported capital goods required is less than 25% of total value (net of
taxes) of plant and equipment, upto a maximum valuc of Rs 2 crore. ‘This scheme will however
come itto force from Aprill 1992 in view of current difficult forcign exchange situation. In
other cases, import of capital goods will be required clearance from the Secretariat of Industrial
Approvals {(SIA) in the Department of Industrial Developmeni accordmg to the av allablllty of
foreign exchange resources.

- There will be no requirement of obtaining industrial approvals from the Central Government

ting nature such as electronics,
compulcr software and printing will be located outside ol the periphery of such town
however be flexible location policy in respect of (with population greater than million)
which require industrial re-generation. ' :

in locations other than cities of more than 1 million popul::‘on except for industries subject to
po

- The system of a phascd manufacturing prog% run on an administrative casc by case basis,

will not be applicable to new prq]ects Existi
be governed by them. :

All existing units will be provided n3§ broadbanding facility to enable them to produce any
article without any additional j tmerit.- Y

The exemption from licensing ply to all substantial expansions of existing units.

The mandatory convertibility clause will no longer be applicable for term loans from the financial

institutions for new projects.
Foreign direct investment unto 51% will be allowed to trading companies primarily engaged in

. export activities.

Foreign technology agreements upto payments not exceeding Rs. 10 million and royalities upto

- 5% on domestic sales and 8% on export sales will now get automatic clearance.
1

Units on the assets in respect of Indian MRTP Co. and Dominant Co. in India have been
removed. The Monoplies and Restrictive Trade Practices Act of India, 1969 (MRTP):iregulated
the economic activities of enterprises that were classified either controlled substantial expansions,

There would now be no need for prior approval from the government for new undertakings,

expansions, mergers, amalgamations, takeover, appointment of directors ete. This was legalised
by a recent amendment of lhc MRTP Act, 1969 which among other thmgs repealed the controversm]
chapter I1L

Also significant are the following hlghhghts of the small scale 1nduslry pohcv announced in

August 1991:

To Provide access to the capital market and to encovrage modernisation and technological

upgradation in the small scale industry sector, equity participation not exceeding 24% of the-

8

rojects with such programmes will continue to -



total sharehaolding will be allowed in the SSI by other industrial undertakmg 1nclud1ng forolgn
participation. : :

" - No licenses or approvals needed from the Government of India for the smdll scale industry

sector only with a few cxceptions.

- Investment limits of the tiny enterpnses in India will be 1ncreased form the present limit of Rs
' 2 lakh to Rs. 5 lakh

- The rulés and procedurcs perldmmg to 1he SSI sector handloom and handicrafts and agro-

processing will be further simplified within a specified time-frame of three months. There will

also be special promotional efforts and enterpreneurshl p development programmes

- Single window Loan Schemes for the SSI sector have been enlarged to cover projeots upto Rs.
20 lakh with working capital margin upto Rs. 10 lakh,

13) Small Industries Development Organisation (SIDO) of India will sct up a Technology Developiment
Cell (TDC) and an Export Development Cell (EDC) to provide technology inputs to boost
exports of the small scale industry sector. TDC will interact. w1t11 other industrial research-&
development organisatons in India and abread. :

The new industrial policy should also be viewed with several other measures by the new government
such as the policy announcements in the Central budget of the same date and the trade policy annouced
on 4 July, 1991. The opening up of atleast 9 industries in Schedule ‘A’ of the 1956 Resolution and all
the 12 industries in Schedule ‘B’ to private ¢nterprises opened up new horizons for private seclor
industry. This will go a long way in enlarging the role of the private sector and in making the public
sector more efficient. In retrospect, it is easy to understang that industrial production has shown a
pronounced tempo of increase during the 1980s largolgponse to the policics of deregulation
including delicensing of several industries and increasing. broad-banding successful promotional

efforts and good supportive performance of som key infrastructure sectors.
7.10. SUMMARY S
In terms of growth, diversificat] nd &)dernisation, Indian industry has a more impressive

record than does agriculture. This is gerycredible record, cspecially when one recalls the limited
industrial base of pre-independ day®and the country’s dependence on the rest of the world even
for basic consumer goods. No% India is often proclaimed to be the ninth or tenth mdusmal
-power in the world-although whiw€xactly this means is far from clear. :

Once again, however, we need to examine the character of this industrial growth. Although
manufactured products are now available throughout the country, the market for industrial products

is a very limited one confined primarily to urban areas, and to a small segment of the population, .

Industrial goods may be there for every one to see, but access to them is severely restricted - not
through any formal control but through the system’s own restrictive features. Perhaps more Indians
today wear chappals or use watches than ever before; in this sense industrial goods have spread. But
the National Sample Survey’s study of consumption patterns in the mid-1970s estimated that the
average rural Indian spent just Rs. 12 per month on manufactured goeds (including oil and sugar)
This indicates that industrial goods, if spreéad, have been very thinly spread.

There is a related phenomenon we need to remember. As consumer goods become increasingly
available in the economy (indicating in one sense the country’s industrial progress), they remain
inaccessible to a growing proposition of the population. Such goods, infact, stand little chance of
becoming available to any but a small minority for a long time to come. Colour television sets,
~widely available to the upper sections of society, appear to have no chance of reaching even 10% of
population in the foreseable future. In short India’s 1ndustr1al growth is meant for dnd enjoyed by
an extremely small, affluent section. :

~ This is somewhat ironical, for industrial growth, more than agricultural growth, was supposed
to be informed by public purposé and guided by public policy. The public sector was specifically
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assigned the responsibility for making the pattern of 1ndustr1al growth eonforrn 1o socml goals Even

the efficiency of the public sector was condoned of its alleged social purpose

~In pracn_ce, however, the public sector has proved (in the words of a former Deputy Chairman
of the Planning Cominissien)’ an appendix to the private sector meant to ensire its smooth running
. by providing the needed infrastructure and the basic production facilities’. :

7.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The British rule was a long story of the systcmatic exploitation by an imperialistic government of
a people whom they had enslaved by their policy of devide and rule. The benefits.of British rule were
only in¢idental, if any. The main motive of all British policies was to serve the intercsts.of England.
Thus, in 1947 when the British transferred power to Indla we inherited a cripled ec cononty with a
stagnant agriculture and an underdeveloped industry. : :

2. The adoption of the socialist patiern of society as a nanonal objective, as well as the need for
planned and rapid development, requires that all'industries of basic and strategic importance, or in
the nature of public utility service, should be in the public sector: Other industries, which are éssential
and require imvestment on a, scale which only the state in the present circumstances could provide,
have also fo be in the public Sector. The state has, therefore, to assume direct rcspons1bll11y for the
future develepment of industries over a wider arca. : : :

7.12. MODEL EXAM-I_NATIONS_QUESI”{IO.NS |

L Answer the following questions in about 30 lines each. Q .
11 <

1.  How the pre-independence industrial policies have | d i ngthening the British Economy
: and resulted in the progress of the Industrial Revd in Britain ? _ -

2. What are the Post-independence industrial pglicies dia? . . _
3. 'What are the effects of State Controls and Reg@?y Mechanisms of the industrial development
of India ? . : '
1L Answer the fnllowmg questions in ab Mines each .
I.- ~What are the consequences of vapfus forlns of exploitation by the colomdl rulers-? -

2. Write a short-note on the Indus l:cy Resolution of 1956.

3. Do you think that the ‘New Economic Policy’ of 1991 will help in the industrial development
in India 7. : : : :

4: . What is. thc pohcy of government on the dev elopmcnt of small scale 1ndustry ?

-+ Dr. K. Venkataiah
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UNIT - 8 : AGRICULTURE AND ENVIRONMENT _

Contents
8.1 Objecﬁvés _
82. ]nlroduclmn S
8.3. Environmental hnphcanons of Agrlculture
- 83.1. Fertilizers, their use and Environment

8.3.2. Phosphatic Fertilizers and Heavy Metals
8.3.3; Ecology of Green Revolution ~
8.3.4. Salinitry

8.4 Envlronmental Imphcauons of Pcst1c1dc Usc
8.5, Desertification/Land Managemcnt

8.6. Podu Cultivation

8.7. Biodiversity and Agriculture

8.8, Summary | '

8.9. Check Your Progress Model Answers N
8.10. Model Examination Questions.. - _
8.1. OBJECTIVES O S

After completing this unit you will be able to?'\' B '
¥ assess the needs of our country r as Yood production is concerned,

*  describe the meihod of fulfilme se needs and

* . cxplain the ill effects of revolution.: . ..

- 8.2. INTRODUCTIO

It is belleved that what we now call agriculture or settied down cultivation began over 10,000
wcars ago when women and men domesticated plants. The then population of our planet earth was -
about 10 million, now it is over 5. 5. billion. Moreover, agricultural man learned to domesticate a
number of animals, which inturn require pasture land and other foraging zones, an area that in total
grew to the equivalent of twice the amount of crop land. Today we share the planet earth wuh at
icast three billion heads of live stock and at the rate that cattle, sheep, goats and so on are increasing
their numbers at the end of the cenlury may see almosl as many domesticated creaturcs as human
beings. : : o

Under ideal conditions, the annual global food producl:on is adequate for feed:ng, 6 bllllon.'
individuals - the populations expected by the end of the century, a balancéd varied diet. When considered
on a regional basis, however, the crop yields in different regions of the world vary widely due to
differences i in cllmauc and cnwronmcntal condmons and human endeavour technolog& lnputs and'_

anagcmcnl -

In India, ev en aftcr nearly ﬁfty years of Indepcndence agncullure remains the dommant sector
of economic activily, with 80% of the population residing in the rural areas and 72% of the work:
force depending on agriculture. The adoption of new technology, based on proper comb:natlons of
high vielding and hybrid seeds, water, fertilizers.and pesticides led to a breakthrough in the supply
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of foed grains, ushering in the green revolutlon It also effected mdustry raising mgmflcanﬂy the

demand for fertilizers, pestu:ides agricultural machmery and energy.

Indian Agriculture has made significant progress in faod pl’OdllCthIl. In the year 1994?95, the -

crop production has reached 183 million tonnes. It is estimated that by 2000 AD, the food requirement

would be 225 to 250 million tonaes to fecd an expected population of one billion. To meet this:.

challenge, we must produce 45 to 70 million tonnes of additiona) food grains. Since available cultivable
land is likely 1o remain constant, we require to raise our productivity to the level of 2 t/ha by 2000
AD compared to the present productivity level of 1.4 t/ha. This might be possible by the dpp]lcallon
of modern technologies using good seeds, fertilizers, irrigation and suitable plant protection measnres.

The principal objectives of agricultural policies during the past 20 years were to achieve self-
sufficiency in food and 1o increase farm income equitably. The increase in gross cropped area (12%)

has been marginal while the area under irrigation has doubled. There has been a 20 -fold increase in

pesticide and fertiliser consumption.

The estimated demand for 2000 AD cannot be met any further by increasing the area under crop.

land (143 M ha) without irreversible damage to forest cover. The solution therefore lies in closing
the gap between actual and potential yiclds and thus go vertical rather than horizontal in agriculture.
The steep hike in fertilizer consumption during the period 1965-1984 was mainiy atiributed to the
infrodution of High Yielding Varieties and bringing more area under cultivation. The per hectare
consumption of NPK increased from the meagre 0.6 kg in 1950 to more than 50 kg by 1989-90. It is

now cstimated that the fertilizer consumption is expected to ris¢ about 20 million tonnes. by 2000

AD.

Pesticide consumption in [ndia has risen from 2000 onnesNwear in the fifties to about |1.20
lakh tonnes in 1989-90. At the same time, the Cmppe A under plant protection coverage has
increased from 6.4 million hectares in 1960-61 to over' ‘l ghillion hectares in 1988-89. Pesticides
are used in about 25% of our total cultivated land )

8.3. ENVIRONMENTAL I TIONS OF AGRICULTURE
Intensification of agricultyre h': act brought about many concerns such as ; Soil'erosion
desertification, water logging, sahmf ' surface and ground water contamination from fertilizers

- and pesticides, resistance in weeds, pt,su de resistance of insects and other pathogens loss of gcnetlc

diversity, disruption of ecosystem etc.

Even if we ignore the potential Igng term problems of climatic change, sea level rise and enhanced
ultra violet - beta radiation, there are several constraints which, if not addressed immediately, could
result in serious famines. These constraints relate to ccological foundations essential for sustainable
advances in crop and animal productivity. Four of these foundations - land, watcr biological diversity
and cnergy are parllcularly important.

Nitrogen of nitrogenous fertilizers may get immobilised in the soil or get volatalised as ammonia.
It may escape into atmosphere as products of denitrification (N, and N,O), or get leached to ground
water as nitrate or mitrite. The atmospheric burden of: N,O is 1500 T;:, (Terra grams) i.c., 1500
million tonnes and is increasing at the rate of 0.2% per annum of which agricultural land conmbules
0.8 Tg/annum. After 100 years, nitrogen oxide accumulation is likely to assume alarming prcportion.
If this trend continucs, environmentalists feel that N O along with chlorofluorocarbons (CFC’s)
accumulated in the stratosphere will progressively deplete ozone layer. As a result, the effectiveness
of the ozone layer as a protective shield for the carth against UV radiation will substantially decrease.

8.3.1. Fert'ilizer.s, their use and Environment

Fertilizer has plaved a vital role it increasing food grain production. From 0 13-million tonnes
in 1955-56, its use has increased to 12.2 million tonnes in 1992-93.
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Unrelenting population pressure and the need to produce more per hectare land has put great
pressure on the nutrient balance of sotls. Whatever fertilizer is used it is rapidly removed by crops
and the indicators arc clearly showing that the soil fertility is being depleted. At this stage the vast
-resources of organic and inorganic nutrients available can be used in an intcgrated manner to supply
soil nutrients. The use of chemical fertilizers can be supplemented by bulky organic manures, green
‘manuvres, crop residues, human and industrial wastes, composts and bioflertilizers, :

8.3.2. Phosphatic Fertilizers and Heavy Metals

The impact of heavy metals on human beings has been nf great concern for more thar three
decades. The most striking incidence was Minimata discase in which hundreds of Japanese werc
seriously affected and many died through mercury contaminated fish. Similarly, excessive dietary
intake of cadmium (Cd} by human beings led to itai-itai discasc. Health hazards associated with
intake of cadmium included renal damage, anacmia, hypertension and liver damage. Other heavy
metals such as Pb, _Cr, Cu and Zn when discharged inlo the water streams can enter the food chain
and threaten man, It has been reported that cadmium is always present in trace quantity with phosphatic
fertilizers. Thus continuous usc of this fertilizer may build up Cd both in soil and crops.

8.3.3. Ecology of Green Revolution

Green revolution brought with it environmental probiems also. When apparently fertile virgin
land was brought under the plough, it might become more vulnerable to climate. This happened in
the low rainfall regions of Oklahama and Virgin lands of Russian Steppes. When the surface vegetation
was ploughed up, no roots remained to bind the soil. It dritg in the hot summers, and the sieppe
winds carried it away, creating dust bowl conditons. In Sych dhses the (ertility of the sotl declines
and the land may eventually be abandoned.

In the tropics, heavy rainfall may wash away ne ivated soil, carrying with it, *;eed fertilizers -
and the nutrients which made the soil fertilei the first place. :
f

A more subtle danger of high techa fArming i ¢, vulnerability of altack by pests or diseases
- 1§ associated with monoculture, th widesprcad cultivation of a particular crop variety.
Arcas with a large number of farms gr@ging many different variéties of a single crop have an in- !

. buill immunily to large-scale d@on by pests or discases. _
Another problem is increased tffate levels created by run-off into rivers from nitrogen fertilizers.

It is not recommended for drinking water to contain more than 10 to 12 mg of nitrate per litre- yet
concentrations of this order can now be found for instance, in rivers in the United Kingdom. Thirty
years ago this was not so. Nitrate, in itself, is not harmful to human beings. But it can be converted
10 nitrite by the action of intestinal bacteria, especially in young children. Nitrite is poisonous, and
prevents the transportalion of oxygen in the blood; infants affected turn blue and are in serious
danger of death by asphyxiation. '

8.3.4. Salinity

The supply of water has caused problems. Primitively irrigated areas can later on become water-
logged or salty, so that plants cannot grow. It is estlmatcd now that the arca brought undcr irrigation
each year roughly equal 1o the area lost through water -logging dnd Sdll]‘ll?dll()n caused by mcfﬁcwnl
irrigation. ’ . . . .

The remedy is cxpensive. Crops may be grown that wlerale the conditions until, in time water
table falls and the rains wash the salts from the soil. More usually drainage must be provided to
remove the surplus water, more irrigation water must be poured onto the land and 1]10 salts must be
leached away usmg valuable water that is reallv nceded elsewhere.
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- Another disturbing feature is the massive shift of irrigation from surface water to ground water.
The proportion of cultivated area irrigated by ground water has risen from about one third in 1965 -
66 to over 50 percent now. The waler table is going down steadily and in many areas the static
~ component of ground water is being tapped. Sea water intrusion into the acquifer is already widespread.
© in parts of Gujarat and is likely 1o beecome widespread in Coastal Tamil Nadu. Further, croded soils
loose from 10 to 300 mm/ha/year of water. Fortunately there is a growing interest in vermiculture.
Earthworms and other soil biota can help increase water infiltration. By increasing infiltration rates
~ from 6 to 21 times, earthworms su’nu]taneously decrease surfaec water run-off and reduce soil erosion
loss.
I
|

Contour-bunding on degraded land can prevent water run-off-and- soil erosion thereby helping
to increase. food preduction for growing population. Check dams and underground dykes hold back
water run-off and increase groundwater. Watershed management increases the agrlcultural productlvny

- and ground water level. : : . ‘

The Green Revolution has brought other problems also. The use of artificial fertilizers and
| pesticides has caused widespread poisoning of land, water, wildlife and ultimately humans. India
, has one of the world’s highest rates of pesticide poisoning and pesticide residues far in excess of .
_ health} limits have been found in food stuffs being sold in sevcral cities.

Check your Progress 1,2,3 & 4

1 What are the Componds which deplete azone layer ? _
2. What are the supplements to chemical fertilizers ? 0
3 What is the reason for itai-itai disease T

._ 4. Nitrite is poisonous to ehlldren How ? O .
Note (a) Write the answers 1n the space given below

(b} Compare your answers with those giv e end of this unit.

' 8.4. ENVIRONMENTAL IMPLICATIONS OF PESTICIDE USE

1.  Development of resistance in insect pests : The indiscriminate use of pesticides has led to the -
emergence of more virulent pests that have developed a built in resistance 1o some of the frequéntly
used chemicals. This problem has culminated in an outbreak of several secondary pests to the
extent that several minor pests have assumed the status of major pests.

2. Harmful effects of pesticides ; Pesticides are inherently poisonous chemlcals One has to take
. pTopeT care clurmg their use. Farmers in our country are not educated and properly trained
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regarding safe handling and use of pesticides. Accidental casualities from misuse of pesticides -
arc often reported from several places in India. Contamination of food cornmoditics with insecticides
like parathion, DDT, BHC, endrin etc. are matter of serious concern..

The continued search for new pest control chemicals resulted in the discovery of many unknown
pesticides of plant origin. Few which have shown good potential as pesllcmlc include natural
pyrethrins, rotenoids and niconolids etc.

The neem tree (Azadrrach!a indica) contains some bislegically active chemicals called hmonmds
- Scientists have isolated several limonoids [rom seeds, bark and leaves of neem. These limonoids
have different modes of action. It has been possible for ncem products to contre! more than 200
species of insects, mites and nématodes. Neem based preducts have insecticidal properties against
phytophagous insects, flics, mosquito larvae, beetles, moths, grasshoppers, butterflies and
cockroaches. Several companies in India are marketing neem based pesticides viz., necmark,
neemguard, Rimbicidin achook ¢lc. More extension work is needed to popularise neem products.

Check Your Progress-5 & 6

5. What are the bilogically active chemicals in Neem trec ?
6 Name the pesticides of plant origin.

Note : (a) Wrilc the answers in the space proiﬁided below .

(b) Compare your answers with those given at the end of this unit.

8.5, DESERTIFICATIONAAND MANAGEMENT

Attempts to increase food productionfrom marginal land in semi-arid areas is a [urther cause of

: desertification. Where expandi lations of people and animals lead 10 over-grazing, the striped

soil is vulnerable to erosion. Mo methods of agriculture - planting single crops instcad of more

‘traditional and varied cropping cycles and cutting down or eliminating fallow perioeds - Icave the
soil drained of nutrients and also at risk of soil erosion.

~ lrrigation schemes in areas withont adequate drainage arc another impertant cause of desertification,

They can have two effects; they may raise the watcr-table and hence cause water-logging of the soil;
or they may bring salts and minerals to the surface, leaving the land saline and infertile. The effect
of overgrazing, overcropping, poor 1rr1gat10n schemes and deforestation arc some of the causes for
desertification.

Globally about ong-third of agricultural land is devoted te crops and the remaining two-lhirds
_is devoted to pasture for live stock grazing. In India pastures and grazing lands hardly occupy 40%
of agricultural land, although we have 20% of werld cattle, buffalo, sheep and goat population.
Over&razmg of all community lands has converted them into barren lands.

8.6. PODU CULTIVATION

The Slash-and-burn type of primitive farming has been practiced for centuries. Much of the
Europe’s forest was cleared in this way. It is also known as Shifting cultivation. In Andhra Pradesh-
it is known as Podu cultivation while in the North-East India 1t is known as JThum. cultivation.
Usually the farmers choose a hillside where they then fell selected trecs in such a way as to make
them bring down others as they fall. Having removed such timber as they need, they wait for foliage .
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to wilt, then fire the area. After it is cooled they plant their crops in the spaces they have cleared.
The soil is temporarily fertile, but in time fis fertility drops and the forest begins to regencrate.
- Eventually the arca is abandoned and a new area is cleared. A group of such farmers works in a kind
~ of rotation, returning to each site every eight to twelve years, depending on the region, and the
© systcm can be continued for long periods. Because of the incrcase in population sites are visited
* more frequently, soil fertility is not restored fuily after each visit, so the cycle accelerates, and in
~ lime the area is reduccd virtually to a desert. That drives the farmers deeper into previcusly untouched
- land. Slash and burn farming is one of the major causes of tropical forest clearance today.

" Check your progress - 7

What is meant by podu cultivation ? -
Note (a) Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit.

8.7. BIODIVERSITY AND AGRICULTURE

Planet carth is endowed with a rich variety of life forms a@fcming millions of these living .

organisms have been well knit by laws of naturc. Biodiversity\ is assemblage of life forms is
referred to, has now been acknowledged as the foundatiogffoNgustainable livelihood and food security.
Biological diversity includes (1) Specics diversity, (2) t& diversity and {3} Ecosystem diversity.

India 1s regarded as a mega-diversity arca e point of view of richness of biological
diversity, two of the 16 most threatened biodiversi hot spot locations are present in our country.
These are the Eastern Himalayan region ¢ g Western Ghats. Both are paradiscs for valuable
genes and are fast getiing to the stage of Pa¥lise lost. : ' :

The Indian region alone has gihe world nearly 167 cconomical plants whose centre of
origin/diversity lies in India, along withW€ir 320 species of wild relatives and land races, for example
rice, sugar cane, minor millets, brassicas, rice-bean, asiatic vignas, e¢gg plant, banana, citrus, mango,
cardamom, jack fruit, jute, cdible dioscorea, black pepper, seed amaranthus, turmeric, ginger, several
~ umbellifers and cucurbits, colocasia, Jasmine, some orchids, bamboos and betelnui. Further, the
. opportunitigs and scope provided by genetic enginecring, which allows the transfer of genes among
the species, will increase the opportunities which the genetic diversity provides for enha ncing agricultural
productivity. ' : ' o

‘Broadly speaking biological diversity satisfies human needs in two different ways - direct and
indirect. Biediversity will help not only in increasing agricultural preductivity but also in developing
disease-resistant and pest-resistant varietics. It was evident in the early 1970s when an iepidemic
called grassy stunt virus destroyed more than 1,60,000 hectares of rice in Asia. It could be controlled
from a single samplc of wild rice Oryza nivare from Central India, which was found to be the only
known genetic source of resistance to the grassy stunt virus. Besides 20 major genes from wild rice
for discase and pest resistance are used in rice improvement programme. : -

Much of the spectacular success in the development of plant variety in the rich industrialised
countries in the North arc attributed to the richness of genetic diversity at the centres of origin and
primary diversity of cconomic species located in poorer developing countrics of the south. Modern
agriculture focussed almost cxclusively on monocultures and on maximising grain productivity and
. marketable surpluscs from every square centimetre of land. Starting with the inroduciton of the
Green Revolution in the 1960s, Indian farmers have iiicreasingly been tempted into accepting a
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handful of so-called high-yielding varieties (HY Vs) of seeds: Being widely adaptable and cconomically )
remunerative given appropriatc inputs (irrigation, fertilizers, pesticides) these seeds have displaced
_ the indigenous varieties over vast areas in India. It is estimated, for instance, that a handful of
- HYVs of rice are now grown over 70 per cent of the paddy land in the country, in the case of wheat,

. 11 is 90 per cent. How much of the traditional diversily has been lost is anyone’s guess; in the
: Godavari district of Andhra Pradesh, it was found that the loss of rice varieties was 95 per cent.

* Similar bas been the fatc of dozens of other crops minor millets, pulses, sugar cane, cotlon This -
- has also been the fatc of livestock.

Green Revolution has helped to greatly increase our food grains production; and we have to
.continue to feed a growing population. The problem is the very HYVs on which this increase in
output has been achicved are dependent on genes obtained from ¢xisting crop varieties or from the
wild. By their very nature, the viability of these HYVs drops within a few years necessiating the
infusion of new genetic material. By destroying the very genetic diversity on which such replenishment
is based modern agriculture proves 1lself to be su1c1dal '

Biological diversity can be preserved for posterity in two ways - in situ and ex situ. Fx situ
maintenance of species is provided by Botanical gardens, Zoos and Aquaria, and ol gene pools by
germ plasm banks (seed stores, in vitro collections and field gene banks) and grass roots, collections
of plant cultivars and animal breeds. /n situ conservation is done by protecting areas rich in biodiversity.
These include biosphere reserves, national parks, sanctuaries etc. '

To achieve leadership in agriculture scctor, the egerg areas thal need 1o be given urgent
considerations are (1)} Environmental Engineering and PolWtigh Control, (2) Efficient water resource
management, (3) Integrated Nutrient Managemcnt MNncreaséd use of bio-fertilizers, (5) Intergrated
pest management, (6) Biodegradabic pest conlroicals, (7) Botanical and bio-pesticides, {8)
Development of sircss resistant crop varieties, (9) F ng new High Yielding Varieties and Hybrid
sceds through somatic cell fusion or proloplas , and (10) Muktiplication of genetically engineered
" transgenic plants. : :

8.8. SUMMARY

Agriculture began over ]@ars, when the earth's human population was about 10 millions.
--In India 72% of work force depend on agriculture. Indian Agriculture has made significant
" progress in food production. The crop production in 94-95 reached 183 billion tonnes. There

has been a 20 fold increase in pesticide and fertiliser consumption. Intensification of agriculture

has brought many undesirable things such as soil erosion, desertification watcr logging, salinification

.surface and ground water contamination. Mono culture, shift of irrigation from surface water
_ 1o ground water, outbreak of secondary pests and contamination of food stuffs with pesticides

are some of the associated problems. Biological diversity is required to be preserved for posterity .

by in situ and ex-situ methods. Environmental engineering, pollution control, integrated nutrition

management and multiplication of genetically enginecred transgemc plants are some lssues to
be concentrated upon.

8.9. CHECK YOUR PROGRESS MODEL ANSWERS

1. - The Environmentalists arc ol‘ the oplmon thal the N ,0 along with chlorﬂuorocarbons accumulated
in siratosphere will progressively deplete ozone laycr

2. The supplements to chemical fertlizers are bulky organic manures, green manures and crop remdues

' human and industrial wastes, composts and biofertilisers.

3.  Excessive diclary intake of cadmium by human beings cause ltdl-llal dlscase

4. Nitrates consumcd by children are converted to nitrites by bacteria in the intestine and these
nitrites prevent transportation of oxygen in biood resulting in death by asphyx1auon

'
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3.

7.

The bilogically active chemicals in neem tree are called limonoids.

The pesticides of plant origin are pyrclhrms relenoids and niconoids. .
The Slash-and-burn. lype of prmutlve farming is Cdlled podu cultivation in Andhra Pradesh

8.10. MODEL EXAMINATION QUESTIONS

L

L

4,

Answer the following quemons in about 30 lines each.

Discuss the status of agncullural protection bcforc and after independence in India. Assign the
reasons. . .

How is green resoluuon achieved in India ? what are its ddvantagcs and dlsadvantages

" What are the environmental effects carried by intensive agricultural practices.

Write about desertification, salination, monocullure and land management.

11. Answer the following questions in about 10 lines each,

e B R T R A A

What is the status regarding agriculture in the post independent time?
How is large food demand met within India in the post independent period.

~ What are the adverse effects of green revolution ?
Briefly describe the environmental implications of pesticide use.

Write a note on desertification and land management .
What is Podu cultivation, '

Discuss the relation between Biodiversity and Agri ,
How should biodiverty be maintained ?

Q 2 ' " Prof. T. Pullaiah
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9.1. OBJIECTIVES

After going through this unit, you will be able to :

* list out the principles of genetics,

* distinguish and differentiate the traditidnal and modern methods of breeding,
* list out the measures to be taken for the production of quality wholesome mcat,
* describe the characters of good meat,

* describe the meat preservatton and conservation methods,

* explain the methods of poultry ma'nag_ement,

* list out the terms associated with poultry,

* explain the diseases caused to poultry,

* list out the fish fauna in various rivers and reservoirs in India and

* describe the pond and tank fisheries.




9.2. INTRODUCTION

The over growing human populations have necessitated the need to produce more quantum of
food, a fundamental factor required for the maintenance of life. The food required for human consumption
should be a balanced diet with rich source of profeins. Several techniques and methods have been
employed to improve the preduction of the animal based proteins in the form of milk, ngs and meat.

‘This has substantlally increascd the milk, egg and mcat production,

9.3. GENETIC RESOURCES

Genetics could be Cdlled a science of po(cntldls since it deals with the transfer of mformdtlon
from parcnts Lo offsprmg and between generations. Various basic concepts have been established by
observation and cxperimentation as principles of genetics. Some of these principles are : 1. The gene
is the unit of inheritance. 2. Genes are arranged in lincar order on chromosomes. 3. Chromosomes
are generally single units in reproductive cells (egg and sperm) but they are paired in fertilized eggs
and in body cells. 4. Members of a pair of genes and chromosomes segregate to different reproductive
cells. 5. Members of different gene pairs arc assorted independently with respect to those of other
gene pairs in the formation of eggs and sperm. 6. Genes are units of DNA (Deoxyribonucieic acid)
and are capable of replication. They carry coded messages that can be transcribed and translated
mto polypeptides,' which may be either enzymes or structuraf proteins. 7. Changes (mutations) occur

_ in genes and in chromosomes. Although genes are extremely stable, they are susceptible to occasional

change or mutation which provides new alleles. 8. Multiple genes control the inheritance of quantitative
traits (e.g., siz¢, pigmentation). 9. Genes in population cstablisiégn cquilibrium, the fevel of which -
can be changed by such factors as mutation, migration and @n, phenomena that provide the
basis for race and species formation. 10. Inheritance pattgrns a socialed with different systems

«of mating such as inbreeding and outbreeding,

Traditional Vs Modern Methods | - |
. Modern high yiclding varieties of plants and%ls are derived from ‘wild’ stocks bul their

productivity has been enormously incrcase

combination of genetic and llusbandl.’y methods. In
*#wmated with a bull during its heat period. This can
y artifictally injecting the cow with the semen of a
tion. Similarly, improved breeds of pouitry have developed
reeding the indigenous ones with Ligh vieldirng exotic

the traditional method of breeding, e g
now be accomplished with greater reji
buil. This method is called artificial i
which give more eggs and meal by ¢
ones.

- Genctic selection can be very effective to improve the performance characteristics such as growth
rate, food conversion efficiency, discasc resistance, fecundity, etc. The fundamental concept of selection
is that like begets like but there is always some variation within a group of individuals, from which
preferred progenitors can be selected to derive the domesticated line of animals or plants towards:

- that combination of characteristics which are considered deSJrable Thus, selective 1mpr0vcmenl is .

achieved by choosing the 1dcal or;_.,dmsms as parents

Hybridization betwcen dlffe_renl specics rather than between different strains of same species
has been of limited value in agriculture but may have more potential in aquaculture. Sterility is often
associated with interspecific hybrids but the valuable characteristics of sterility and monescxuality
can also be produced by other methods. The artificial modification of the chromeosome sct of an
organism (chromosomal enynccrmg‘; also permits the production of monosex and sterile individuals.

Inbreeding and outbreeding (crossbreeding) of inbred lines is antoher potentially valuable génetic

technique. Inbrecding refers to the production of offspring by closcly rclated parents, while outbreeding

means the production of offspring by unrelated parents. Inbreeding is helpful 10 develop a desirable
genotype by selecting certain traits. This can be achieved by restricting the animals mating in'a




small circle, and preventing the introduction of alleles from outsiders. This iends to decrcase variation
within the group and to stabilize the typc. Inbreeding combined with selection over periods of time

has produced many valuable bréeds of domestic animals. Intense inbreeding may lead to an unfortunate -

situation in certain brecds of cattle. Recessive genes for undesirable characteristics have become
concentrated in the descendants of certain commen ancestors. The most valuable resull of outbreeding
is increased vigor of the hybrids as compared with iribreeds. This heterosis is now providing greater
efficiency 1n the preduction of meat, milk and eggs. Qutbreeding results in less constancy in the
popuIdtlon but with an increasc in vigor Orllld}\’ldllals '

Gamete manipulation and storage is another improvemenl in genetics. Genetic improvement of

organisms is facilitated by the relaiive ease with which in vitro fertilization can be achieved. A
variety of techniques have been developed for the manipulation of gametes and for their short and
long term storage outside the parent’s body. Cryopreservation of spermatozoa has been relatively
successful and provides valuable long term storage which permits crosses between strains or species
whose spawning is geographically or temporall)r sep‘xraled It can also provide a bank of valuable
- genetic variation or a source of unselected material with Wthh it is possible to compare the performdnce
oflmproved strains.

Much of the knowledge currently available for laboratory animals is being extrapolated to
higher animals, with a view to transfer todays gene splicing and recombinant DNA technology (o
domestic animals. In these atiempts, it is desirable to integrate the exotic genes with the endemic
genome especially with the gencs which influence the cconomic traits. :

\
9.4, MEAT COND
Meat and meat food products are important sfnourishmcnt for mankind. The term meat
is used not only to the striated muscles but also 1o alNgagik of the body suitable for human consumption.

The most commonly consumed anirmal mc?horse, beef, pork, sheep, goat and pouliry. The

human body requircs water, proleins, fats, ca\fohvdrates, mincrals and vitamins to produce energy,
to build tissues and to regulate the lif . Meat being a highly cfficient source of multifarious
proteins, has an important place in tRgfhumian dict. The value of food stuffs depends mainly on the
calories that it can supply. :

Meat is a good source of pr s and [ats, which have a very high biological value. The meat
proteins (97% absorbable) contain alf the essential aminpacids which arc very valuable in replacing

and maintaining the body proteins and in building up the body cells. Fats (95% absorbable) provide _

- necessary heat and energy. Meat contains negligible amount of carbohydrates. It is rich in phosphorus,

. iron, copper and other minerals. Howevcer, it is poor in calcium. Meat is one of the richest sources of
A and B vitamins (particularly of thiamine, riboflavine and niacin). Animal liver, especially that of
sheep, 1s an cxcellcnt source of A vitamin.

9. 4 1. Productlon of Wh(llesome Meat

For the prodiction of quality wholesome meat, the following mcasures are to.be taken.
“1. Animals should be givcn sufficient rest, drinking water and very littic food before slaughter.
2 Weﬁk debilitated and diseasedanimals should be eiimiﬁalcd |
Slaughlcrmg and bleedmg of the animal should be done’ wnhout causing cxcnement

4. The carcass should be exdmmed and all dlseased or unflt mdtcrm[ should be dcstr()} ed for
: human consumptlon :

* 5. Great care should be taken not to contaminate the edible portions of the carcass while removing
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the stomachs, guis and other such operations.

G. Strict environmential sanitation conirol should be adopted against the contamination of meat
during transportation from the slaughter house 1o the market and its sale to the public.

7. For long time preservation or transportation, refrigeralion' facilities should be provided.

9.4.2._ Characters of Good Meat

Meat should neither be of a pale pink ¢olour nor should it have a deep purple tint. 1t should emit
tittle or no oduor and the odour should not be offensive. It shoukd be firm and elastic to touch and
should hardly moisten the fingers. The bonc-marrow should be firm, solid and light rosy-red.

9.4.3. Meat-Borne Diseases

The flesh of sick animals when consumed can cause serious discases. Meat-borne diseases can
be discussed under the following heads. '

A. Meat-borne diseases of chemical er toxicological origin - It would be bclter to condemn
the meat of animals with a histery of repeated and cxcessive consumption of poisonous plants. Cerlain
visceral organs, especially the liver, act as a detoxifier and the storchouse of specific toxic substances
may prove to be injurious to human health on consumption. Excessive use of chemical preservatives,
antibiolics and c¢xposure to insecticides will upsel the healih o::le consumer,

B. Animal discases transmissible to man through mea noses): The infection fTom meat
to man can be transmitted through consumption or thfbugh direct contact with the abraded skin or
even through the unbroken skin or through rcspiraloq The important meat-borne disecases are
the Anthrax, Tubercufosis, Bruccllosis, Salmon is, Botulism, Staphylococcal meat intoxication,
Taeniasts and Trichinosis. Hence, the meat of ani hich are affected with the above said diseases
should be condemned and destroved after -mo¥tem examination before slaughter.

- 9.4.4, Preservation and servation of Meat

The condition of the animals amM#fthe treatment they reccive before slaughter determine the

keeping gqualily of meal. As such, the animals should be in good body condition and have adequate

rest and food. In pigs particularly, it is a good practice to give feed rich in carbohydrates before
slaughter, so that the quantity of muscle glycogen is increased, lavouring the formation of lactic
acid. Meat from such animals 15 especially suitable for preservation, as formatlon of lactic acid
mcrcases the kccplng properties of meat.

Character of rigor morlis is a good criterion 1o judge the qualily of the meat. [n ‘rigor mortis’ or
‘setting’ or ‘firming’, muscles become hardencd, rigid and stiffcncd. They lose their normal elasticity
and extensibility and become somewhat opaque. It probably occurs due to formation of lactic acid in
the muscies resulting in coagulation of the myosin. The muscles of the head are affected first and
then it spreads backwards over the body. Rapid development of rigor mortis is an indication that the
meat is unsuitable for making preserved preparations as it will not keep well.

~ The method of slaughtér also plays an important role in determining the keeping quality of
meat. Any method which 1) does not excite or exhaust the animal ii) renders blceding easy i)

prevents muscular bleeding and iv) doé¢s not bring about too great 2 change in the pH due to muscular

cramps, will increase the keeping quality of the meat. Methods of slaughter practiced in various
parts of the world include - cutting the throat, stabbing the throat or breast or the neck or napeneck

or pitching. In India, the most common methods of staughter are ‘halal’ and ‘jhatka’, which are
performed according to the dictates of religion. Healthy animals which sustain mechanical injuries -

92 .




or died due to accident can be used for immediate consumption.

Meth ods of preservation of meat: Spoilage of meat is brought about by the actlon of putrefacuve
micro-grganisms and cnzymes. Inorder to conserve 1he meat, such actions should be prevented by
the following methods.

A. Physical conserving method: Conservation by extraction of water and drying the meat quickly
in the air. In this method, the meat gets so hard and tough and does not become soft even after
soaking or coooking. Meat powdér and meat extract fall in this category.

B. Conservation into tight containers: Muscles of the meat are cut into smail pieces and put inio
tightly soldered tin cans either in fresh, pickled or boiled condition. The cans are boiled for 3 to 4
hours under steam pressure and extract the air by makmg a small hole, The hole is again soldered
and heated.

C. Freezmg_,*By freezing the meat, the baelerial aCtiVil}’ can be ceased compietely. Accelerated
freeze-drying (AFD) is one of the latest methods of dehydrating the meat. Meat produced in this
manner is porous and easy to rehydrate. :

D. Sterage in cold rooms: In cold rooms, the meat is stored between 0°C and 3°C. However,
several precautions should be taken in cold rooms to make the storage effective.

E. Chemical methods: Prescrvation with salt (salting or pickling) is one of the oldest methods of
prescrving meat.  Several preservatives containing borax, geidic calcium or potassium or sodinm
sulphites, salicylic acid. ammonium acetate, sodium acglateNprmaldehyde, lactic acid, glycerine
have been tried for the conservation. Some of the impor bstances approved as preservatives
are Ascorbic and iso-ascorbic acids and their sal(’lated hydroxyaisole (BHA), ammonium

hydroxide, hydrochloric, lactic, phosphoric and tartari ktearyl chlorotetracycline and oxyletracycline.

Ozone and carbondioxide are also used for this purpd

F. Other methods include smoking, irradistiol painling with film forming solutions around the
meat, dipping in metallic pectinate, i ion'in purified cotton-seed cil, coaling with oat flour,
ete. ' : -

Check Your P.ro'gress-@

What 1s meat? What are the characters of good meat?

Note : a) Write your answer in the space given below.
b) Compare your answer with the onc given at the end of this unit.

.................................................................................................................................................
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9.5. POULTRY

Centuries ago, man has domesticated chicken descended from wild foWls widcly found in Central
India. Superior breeds of chickens with high production are used now-a-days all over the world in

poultry.

Four principal breeds are commonly used in poultry. They are american, asiatic, english and

mediterrancan breeds. The popular american varieties are Plymouth Rock, Rhode Istand Red, New

Hampshire, etc.. The asiatic breeds are Brahma, Cochin and Langshan. The english breeds are

- Sussex, Orphington, Australop and Cornish. The mediterranean, breeds are Leghorn, Ancona and
Minorca. : : ' : : : '

Commercial chicken available in India for egg production are Arbor acres, Hyline, Dexlab XL
Link, Bobcok (B.V.300), Shaver starcross 288, H.H. 260 Hisex white, Ross tint, Nick chick (H & N),
Keystone, Tatum T.173 and Tatum. For meat purpose, the most suitable chicken varieties arc Shaver
Starbo, Pikh, Arbor acres, Anak, Cobb Vencob, Ross, Hybro, Kegg-bro, Samrat and Hubbard.

In India, Andhra Pradesh occupies the first position in poultry farming with an estimate of 10.8
million layers and with an annual cgg production of 2450 millions. ‘Punjab'and Mahardshira occupy
the next position with an annual production of 1320 and 1300 millions respectively.

The 'jmp_ortant aspects 10 be studied in poultry arc :
1. Housing and Equipment : 0 '
2. Management of chicks; growers and layers ' '
3. Poultry diseascs ' ' O
4. Poultry products : .
5. Marketing and Economics.
In villages the birds are allowed to 1@{;{:; in open places. They move around by picking

* the stray and natural food available at di aces. Bulin this process, they loose much energy
for foood collection. These chicks lgma fowNsumber of eges, which is unecononuical to the poultry
farmer. Hence, an altcrnative to t ity farming is i.” iated, where the movement of the bird
is restricted. This type of poultry 1 ng may be semi-intensive or intensive. In the intensive
systems, birds arc housed on deep litter or in cages arranged in ticrs. Two types of birds arc grown
in poultry, I. Layers for eggs and 2. Broilers for flesh. ' : '

9.5.1. Poultry Housing

Housing provides ideal conditions for the chikens so as to realisc maximum production. The
following are to be considered in selecting the locatien for a poullry house.

1. Poultry farms and houses are to be located in non-residential areas.

2. They should be elevated from the ground. _ .

3. They should be constructed in cast-west direction along their fength for betler ventilation.
4. They should be close to transport facilities.

5. The ideal temperature to be maintained in a farm is 30° C and the relative humidity in the air
should be 50 to 60%.

The poultry house flooring is to be laid either with cement or napa slabs. Its roof should be

constructed with cement sheets or Palmyrah leaves.

In the deep litter system, the farm floor should be covered with a layer of saw dust, paddy husk
. or straw as a litter with a thickness of 4 inches. This litter may be raised to about 7 inches in
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_ summer. Care should be taken to keep the litter dry usmg lime. Litter should be changed once ina.

year. In litter type of farming, gcnf:rally 2,300 to 2,800 sq.cm. space is required for a bird (llght

_breeds).

In cage system, 23 chicks can be hoﬁ_sed in 36" X 48" cage and these cages are arfanged in. 2to
3 tiers in poultry houses. The cage system has advantages over deep litier system in
.‘minimi'_zing the wastage of space and food. | '
. easy identification of cannibalistic birds and culling
. the involvement of LeSs labour -
. easy collection of cggs
. less mortality '

* 6. having clean and heavy eggs.

9.5.2. Poultry Eqipment

. These include cquipment for brooder, grower and layer houscs.

Brooder house equipment :  Hover typb brooders, feeders, debeakers
~and chick guard.
Grower house equipment o Fe_e_deré and waterers
Layer house cquipment - v Feeders, wate@ying nesis, layer
: . - cages.

9.5.3. Methods of Poultry Ma_nag@nt
Brooding: One day old chicks brought from%ries are grown in the brooders. Brooding is the

process in which care and managemengef the §aby chicks are taken upto 40 to-60 days from the time
of hatching. 10' X 12'or 12' X 12 e accommodates 250 chicks. 90 to 95° F temperaturc is

maintained with the hclp of a hi:\»er alg bulb. Iron mesh used to cover the brooder is called chick

guard

Initially broods are fed withWfCat or corn granules or broken grains. Food_given to Lhe'm from
the 3rd day is called ‘chick mash’ which contains 20% proteins with high calorific value. At the end
of brooding, temperaturc in the brooders decrease gradually from 75 to 80° F. '

_ The chicks grown from 7th week to 20th week are called growers. Theese arc transferred to
grower rooms from the brooders in the 7th week. The mash gwen to them is called gmwer mash’
which contains 18% of proteins.

The chicken at the age of 18 10 22 weeks lay the eggs and are called fayers. Mash given to Lhem '
al this stage 15 called ‘layer mash Al this stage, these are transferred to cages.

Broilers : The chicken used for fiesh are called broilers: One square foot space is rcqulred for the
maintenance of a broiler. Equipment required is similar to that of layers. The baby chicks brought

from hatcheries are kept in brooder for 2 to 4 weeks. The food given to them is called broiler starter - .
 mash which contains 25% proteins. At the 7th week, cach bird. weighs about 1 to 1.5 kg, The food

given from 7th week is called broiler finish mash which contains more carbohydrates and less proteins.

9.5.4. Terms Associat'ed with Poultry

Cannibalism or picking : Habit of one- chlck plcklng at or eating another animal is called
cannibalism. Causes of canmbahsm are .
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- 1. Nut'ritional_ deficiencies
2. High energy-diet
3. Over crowding

.-Pellet' feeding

4
5. Insufficient feeding and water supply -
6. Excessive light or inadequate aeration
7. Hcredltary factors. :
proper debeaking is the effective way of: prc\»cntmg canmbahsm

Debeaking : Trimming of beak is called debeaking. It is carried out twice, first in 15-20 days age
chicks and the second in 12 or 18 week old birds. Electronic debeakers will be used for this purpose.
Debeaking minimizes the food wastage by birds and alsa prevents cannibalism.

- Dubbing ; The removal of comb and walllcs is called dubbmg Dubbmg enhances the egg production
by 2%. .

Culling : Removing the sick, unproductive birds from the poultry farm is ‘called culling.

- Broodyness : It is due Yo hormones and ectoparasites. Estrogens are injected to convert broody hens
into egg laymg hens.
in the dlet

9.5.5. Poultry Diseases Q o o
Diseases in poultry are generally'duc to ect asite¥ like lice, ticks, mites, [lcas, etc. and

ras
endoparasites like bacteria; virus, protozoans, fun&nematodes,

Prolapse : The egestion of ov1duct in female birds is called prolas’l“hls is duo o high fal content

The common bacterial diseases enco in poultry are Fowl cholera, Pullorum discase,
Coryza, Chronic respiratory disorder (C nd Spirochaetosis .or tick fever. The most familiar
viral discases in poultry are Ranik isease, Fowlpox, Marck’s disease, Infectious bronchitis,
Laryngotracheitis, Lymphoid ieukosis, oro disease and Viral arthritis. Fungal dlseasos frcquomly
noticed in poultry are Thrush, Brooder pifturionia and aflatoxicosis. Protozoan disease is coccidiosis
- by Eimeria. For the redressal of ectoparasites DDT is used and for the removal of nematode parasites,
carbon tetrachloride or turpentine can be used. Nutritional deficiency diseases arc prevemed by
giving supplementary nutrients like vltamms and minerals along with water or food

9.5.6. Management Metho_ds

' The following management methods should be followed for profitable poultry.”

. Good breeds are to be sélected for farming

. Pooltry housing should bé constructed scientifically

. Good fecd is to be supplied ' '

. Hygienic conditions are to be maintained

. Care should be taken to maintain poultry housing in all aspects
. Incurable and heavily discased birds should be romovcd

. Treatment should be given 1mmedlately to the dlseased blrds .
. Proper accounts must be mai ntamed ' ' -
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) Marketmg of the poultry products should be taken up




10. The recent advances in poultry farming should be studied regularly to put them in praclice. '

Check Your Progress - 2

Name the common bacterial, viral, fungal and protozoan poultry diseases. -
Note : a) Write your answer in the space given below.
b) Compare your answer with the one given at the end of this unit.

9.6. INDLAND FISHERIES N\

stai fisheries of commerical importance.

The term inalnd fisheries is generally used to inc % only freshwater but brackishwater fisheries

also. The principal types of Inland water bodieS\arg/rivers, reservoirs, irrigation canals, ponds,

tanks, lakes, estuarics, backwalers and mars_)%?a;nps. In India. the five major river systems. naturally
d

India has extensive inalnd water bodies with

formed lakes and man-made reservoirs consti eat potential capture fishery resources. In addition,
. there are a large number of tanks a nds%which constitute the country’s most valuable culture
- fishery assets. Excepting for a few l%mh are exclusively constructed for fish culture, the rest
~ are meant mainly to serve the Q ds oMagriculture, drinking watcr, catite or dhobit tanks and to a

~lesser extent for fish cuiture. ponds exclusively under private management, (ish and prawn
- are cultured. At present, India’s Ygfand fish production is 1.4 million tonnes,

9.6.1. Riverine F-isheries of India

The riverine fishery resources of India comprise five major river systems with diverse geographical
and climatic conditions. They also vary in the distribution and abundance of their fish fauna. While
the principal rivers and their main tributaries have a total length of about 27,359 km, the canals and
irrigation channels having a length of 112,654 km, form a network throughout the country.

I. Ganga River System

It has the total length of about 8:047 km. [t is onc of the largest river systems in the world,
drains from the southern slopes of the Central Himalaya and traverse through the States of Haryana,
Delhi, Uttar Pradesh, Bihar, West Bengal part of Rajasthan and Madhya Pradesh. Main rivers are
the Ganga and the Yamuna.

A. Fishires: 1t has the richest freshwater fish fauna of India. Important groups are the Indian major
carps (Catla catla, Labeo rohita, 1. fimbriatus and Cirrhinus mrigala), mahseers (Zor spp.), hilsa
(Hilsa ilisha), cat fishes (Mystus spp., Wallago attu, etc), clupeoids, prawns etc. The avcrage
annual fish landings from the Ganga river system is about 680 tonnes. '

B. Fish Seed Resources : The collection of seed (Eggs, spawn, fry a_nd_ fingerlings) on a commercial

97




scale is prevalent in Bihar, Madhya Pradesh, West Bengal and Uttar Pradesh, with Bihar alone
contributing 52% of country’s total production. In the Ganga sysiem, the major carp spawn is
avatlable from May to Septémber. For spawn collection, shooting nets and for fry and fingerlings,
cast and drag ncls are commonly used. -

IL Bramhaputra River system

It has a length of 4,023 km. It drains from the northern s'lop'es of the Central and E_astérn :
Himalayas. Assam, Nagaland, Tripura, Bhutan, Sikkim and parts of North-West Bengal.

A. Fishiries : Therc are about 126 species of fish belonging to 26 famities, of which 41 species form

the fisheries of commercial importance. Cat fishes predominate the carches, followed by major .

© carps, minor carps, hilsa, prawns and others. The total annual fish landings from the river Brahmaputra
vary from 200 to 300 tonnes. The principal nets uscd for fishing are gill nets, drag nels, bag nets,
cast nets, dip nets, long lines, traps and clap ncts. : : '

B. Fish Seed Resources : The major carp spawn is available in the Jower Brahmaputra. Fingerlings
are collected at a few centres in the Darrang and Goalpara districts of Assam.

III. Indus River System

Only a small segment of Indus river system lics in the present India where the important rivers
arc the Beas and the Sutlej covering the States of Himachal Pradesh, Punjab and Haryana.

and a varicty of carps and catfishes in their lower sector, The troWt streams of Kashmir constitute

A. Fishceries: The rivers harbour the exotic rainbow trout and &gown trout in their uppear reaches
one of the worlds’s richest sport fishing waters, attracting a

s and tourists from all over the

world. Q

B. Fish sced resources : Two good spawn collection cene#were located on the river Sutlej whereas
the river Beas was found unsuitable for spawn jon. Fry and fingerling collections in these
rivers are the only sources of fish seed for (he Punfeb state. :

IV. East Coast River System

The main rivers of this syste @ ¢ Mahanandi, the Godavari, the Kri.shna and the Cavery.
They have a combined length of abo_ 7 km. S

A. Fishcries: The principal fish groups which support the fishery of the river Godavari are carps,
catfishes, hilsa, murrels, prawns, etc. The total anhual fish landings of the river Godavari varies
from about 200 to 350 tonnes. The fishing gears used 1n river Godavari-are the gill nets, seines,
drag nets and cast nets. Seventy eight specics of fish from the river Krishna {catfish dominant) and
cighty species from the river Cauvery have been reported. Tributarics of the Cauvery from-the Nilgiris
have coldwater fish like trout and tench. - - '

B. Fish seed resources: In the Godavari at Rajahmundry, the percentage of major carp spawn is
only about 20%. At Nanded on Godavari, Cat/a catla was found to be the only major carp available
in spawn in small quantities. Fry and fingerlings of major carps as well as juveniles are collected
during the post monsoon months from the paddy ficlds in deltaic Godavari, Kolleru lake and the
inundated low banks at Eturunagaram. These are collected by using basket traps.

In the Cauvery at Hogenakal and Kulithlai, both the cggs and spawn collections are usually of -
minor carps (Cirrhinus reba and Labeo kontius). Tn the deltaic paddy fields of Thanjavur district,
the Indian major carps are available as fry and fingerlings. Dip nets and ‘baskei nets are used for
* their collection. ' 3 -

V. West Coast River System

In the south, thc west coast river system drains the Pen'insul_ar India west of Western Ghats but
“further north, it includes the basins of the Narmada and the Tapti (the longest rivers with rich fauna)
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and the drainage of Gujarat. The length of the rivers of Yhis region is about 3,380 km.

A. Fisheries : There arc about 23 species of fishes, the major groups being the bdrps catfishes,
murrels, spiny eels.and feathérbacks. the average annual fish laridings is aboul 42 tonmes. The gears
‘commonly operated are cast nets, gill nets and long lines.

B. Fish seed resources : The Indian major carps constitute about 20-25% ol the total spawn collections
from the Narmada in Madhya Pradesh. The percentage of Catia catia seed is high in Gujarat statc.
Narmada is the only river in India which is presently exploited for its mahseer sced regularly during
October-January cvery year. In the river Tapti, at Bodhan and Kathor centres in the Surat district of
Gujarat, Catla can’a Labeo rohiia and high pcrcentage of MINor carp spawn are avallable

- 9.6.2. _R_eservmr Fisheries

A reservoir can be defined as a farge expanse of impounded water artifically created by putting
~ across a stream an earthen, stone masonry or concrete bundh or dam. Reservoirs are formed for
purpose of agriculture, irrigation, hydroelectric power, navigation, recreation, fishery development,
preventive measure against floods aid any other catastrophlc event. '

_ The different terms dam, weir, anicut, barra;,e etc. ‘take their origin varledly ThCy bear slu1ce
openings l"or dlschargmg waler. :

Reservoirs of India : Reservoirs are located both in h1lly regions as well as in plains. The total
number of reservoirs in India is 2365 (Large 38 with > 50004, medium 152 with 1000-5000 ha and
small 2155 with <1000 ha), covering a total arca of 2 r@hectams, The average annual fish
production per hectare from these waters is very low, beil 2 kg. Somc of the most important
reservoirs arc given in the following table. : ' '

River  River Reservoir ' _ State - Area
System S ?\ . (ha)

Ganga Chambal - (Ga ar © Madhya Pradesh ~ 64,750,000

Rend = Rihah - Uttar Pradesh 46,620.000

Ganga 0 gsabati West Bengal 11,396.000

Indus Sutlej ndsagdr Punjab 16,838.720
East Coast Mahanadi  Hirakud Orissa ?5,5'92,0_00 )
Krlshna Nagarjunasagar Andhra Pradesh 30,303.000 -

"~ Tungabhadra Karnataka E 37.814.000

Cauvery = Stanley Tamilnadu - 15,343.730
Periyar Periyar Kerala 606.000

West Coast Tapti © Ukai Gujarat : - 51,282.000

The fish contributing to the major [isheries of the reservoirs located in the northera river systems
(Ganga, BrahmaputraandIndus) include Tor putitora, T tor, Acrossocheilus sp., Schizothorax plagiosiomus,
Labeo dero, L. pangusia, L. vohita, L. boga, L. clabasu, L. bata, L. gonius, Catla catla, Cirrhinus
mrigala, Puntius sarana, Bagarius bagarius, Wallago attu, Silonia silondia, Pangasius pangasius,
Rita rita, Mystus spp., Ompak bimaculatus, Clupiosoma garua, ﬁutropuchrhys‘ vacha, Mastacembelus
armatus, Garra gotyla, etc. In the reservoirs of southern East-coast river systems (Mahanadi, Godavart,
Krishna and Cauvery) the important fishery includes Catla catla, Labeo rohita, L. fimbriatus, L.
catbasu, L. bata, L. boga, L. boggut, L. pangusia, L. gonius, L. porcelius, L. kontius, Puntius,
sarana, P kolus, P pulchellus, P. dobsoni, P. curmuca, P.-dubius, P. carnaticus, P..pulchellus, P.
dobsoni,. P micropogon, Cirrhinus mrigala, C. reba, C. horai, Osteobrama spp., Thynnichthys
- sandkhoi, Rita pavimentata, Mystus cavasius, M. seenghala, M. aor, M. punctatus, Tor khudree, T
© mussulah, T neiili, I mosal, Bagarius bagarius, Pangasius pangasius, Wallago attu, Silonia childrent,
Etroplichthys goongwaree, Pseudotropis taakree, Ompak bimaculatus, Osphmnemus goramy, Etroplus




spp etc.

In the Teservoirs of the west-coast river system (Narmada-Tapti river system} both Gangetlc

and Penmsular fish fauna are intermingled. In addition, the.important economic species are Labeo

. nigrescens, Puntius thomassi, P. jerdoni, P. filamentosus, P. curmuca, P. pulchella, Ompak malabaricus,
-ete. ' ' ' : '

Sevcral morpho-ecological changes oceur in the productvity of Feservoir whcn the riverine enwronment .
is transformed to lacustrine environment by damming the waters.

.])evelopment of Reservoir Fisheries :In_order to develop the fisheries of the Indi'z_m' 1CSErvVoirs
the following measures are suggestiable for adaptation. :

i) Survey of the fish fauna of the river before irﬁpdund_ment’ of the rescrvoir. '

i) Clearance of submerged obstructions like tree trunks, buxldmgs weeds cic. to permlt gasy - .
exploitation of fish.

iii) Establishmcni of fish farms at dam sites for effeétive stocking of fish in reservoirs. .

iv) * Dense stocking of commercially important species of fish.to gel a maxiraum yleld on an
: “economically sound basis.

v) . Survey of fish sced resources to demde the necessny and intensity of stockmg from extraneous
' SQUIrces. ’

vi) = Rehabilitation of fishermen and organisation of co’o@e societies on the periphery of

* . the reservoir.
vii) . Topographical survey of the reservoir subst_raO

viii)  Experimetal fishing to determine the rat tch and efficiency of nets.

ix)  Coimmercial exploitation by eith é) Hepartmental fishing b) lease by auctioning ¢} issuing
licenses to cooperative societics oN{ishe men and d) flshmg on royalty b351s to limit the

cxtend of capture. ; o .
X) ~ Provision of transport and mageeting fatiliﬁeg at fish catching centres.

1) Conservalion and proper managemem of fish stocks.

Merits in. the Cnnstructlons of Reservoirs
1.  The production and catch rate of fish can be mcreased by taklng good measures and lechmqucs

2, Alteration or manipulation of hydrobiological regunes increase ﬁsh growth rate so that hlgher
‘sustainable yields can be achieved. : :

3. Transplantation and acclimatization increases the yield of reservoir.

" Reservoirs are the means or measures of control of floods and other catastrophic events, recover
man’s living rate, preventing famine conditions.

5. Increases production through the culture of exotics and genetically vmble species thcreby ﬁllmg
unoccupied eclolog:cal niches through polyculture techmques

6. Prowsmn for recreatlon navigation, irrigation, agrlculture and hydroelectrlc power generation..

Demerlts in the Constructmn of Reservoirs

1. Loss of teplenishing stocks -of andromous food ﬁshes because the dam constructmn leads to
blocking.of migratory runs of fish adversely.

' 2. ' Reducnon of productvnv and fertility during trophic depressnon phase after initial filling of the
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reservoir,

- Overpopulation and forage leads to competition and finally mortality of some species.

Hydroelectric installations are hazardous to the movement of both migratory fishes of feeding
and breeding. ' '

5. Oxygen depletion at times of straficication Jeads to mortality and lack of nutrients thercby
lessening the productvity. '

6.  Chemical treatments and pollution through various ways leads to the death of fishes of commercial
impgrtance. ) '

7. Presence of unwanted fish and predatory fish compete and limit the availability of nutrients
and food organisms to commercially viable food fishes. :

8. Submerged vegelation, tree trunks, boats, etc. cause obstructions in the movement of fishes as
well as for netting operations. " - '

9.6.3. Pond and Tank Fisheries

Ponds and tanks constitute the most valuable culture fishery assets. culture of fish in ponds in
India is an age old practice. As a source of food production; fish culture in ponds is gaining importance
extensively all over the country both in private and public sectors. In India, culture of fish in freshwatcr
ponds is carried out by adopting the polyculture system using the Indian major carps, viz., Catla
catla (catla), Labeo rohita (rohu), L. fimbriatus (fimbriatus) and Cirrhinus mrigala (mrigal), etc.
under semi-intensive and intensive culture system. The egotic carps such as Ctenopharyngodon
idella (grass carp) and Hypophthalmichthys molitrix (silger c3¥p) are also cultured along with Indian
major carps in some parts of India. The common carp, Cggj#us carpio 1s the most popular fish in
some parts of India, which is cultured singly or in g6ifhjnation with Indian major carps. The culture .~
of commercially important air-breathing fishes s- Clarias batrachus (magur), Heferoneustes

" fossilis (singhi), Channa spp. (murrels) an nabd¥estudineuws (koi) are also practiced in a few
ponds of India. Recently, freshwater prawn ;;%Mmostly with Macrobrachium rosenbergii and M.
“malcolmsonity and brackish water shrymy cultyre (mostly with Penaeus monodor and £ indicus) in
- ponds has taking rapid strides owih@&‘ster growth rate, high demand and lucrative price in
“foreign market. S ) S '

~ In freshwater culture, the of Indian major carps is extensive and very popular in India
since these fish have higher growth rate and fetch a good price in Calcutta market. Generally, the
' fish culture ponds ranges in size from 0.2 to 20 ha. The fish yield ranges from 2 to 15 tonnes/ha/year
~ depending on the management practices adopted by the farmer. g '

The primary requisite for fish culture in ponds is the availability of water. A pond with one
meter depth of water for atleast a period of 6 to 9 months availability is considered as a potential
area for fish culture. Alkaline soils and waters have a high productivity than the acidic oncs. Clayey
soils have least loss of water due to seepage and are considered suitable. All soils and waters could
be manipulated and used for fish culture provided there is encugh water for a considerable time.

Major carps do not breed in pond waters hence fish seed is one of the major inputs in culture
ponds. Initially, the fish spawn or fry are stocked in nursery ponds which are collected cither from
- natural riverine sources or from hatcheries where the seed production is carried out by thetechnique
of ‘induced breeding’. For getting higher realization and yields, farmers prefer hatchery seed since
riverine collections often contain a mixed lot resulting in lower yields. Generally, spawn at the rate
of 20 to 50 lakh/ha aré stocked in nuisery ponds. For a maximum realization or survivability, the
nursery ponds should bg pre-preparcd by following several steps such as ploughing, liming, controlling -
the predatory and weed fishes, aquatic weeds and insects, producing sufficient fish food organisms
such as plankton through pond fertilization using both drganic and inorganic fertilizers at required
- doses. Sometime after stocking the spawn, when plankton density decreases; supplementary feeds
(rice bran, oil cakes, fish meal, mincrals, vitamins, etc.) ar¢ {0 be provided until they grow to the
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- size of a fry of about 1 02 inches. At this size, they are to be transerred to the rearing ponds and
made to grow to the size of a fingerling. Thon they are used for stocking.in the stocking ponds to
~grow to the table sized fish. Generally the fingerlings of catla, rohu and mrigal are stocked at the
rate of 3000 to 9000./ha. For proper growth and ‘maxmimum sustained yigld of carp, the ponds
shoutd be regularly monitored by maintaining optimal’ water quality parameters and plankton, the
natural food of fishes.- These can be achieved by using lime and fertilizers at required doscs at
‘regular fortnight intervals in the pond In-addition, supplementary feeds arc to be provided @ to -
-10% body weiglht of fish to- increase the carr\fmg capdolty ol" the ponds and to get maxlmum final

- veilds.

- In poorly managed ponds, low growth ratc or mortality of fish occurs due to’several reasons.
Some of the reasons are the detereoration of water quality (mostly dissclved oxygén depletion, incrcase
of toxic gases such as ammonia, hydrogen sulphide, cf¢.. -and formations: of algal blooms due to
indiscriminate use of fertilizers and feeds), poor quality and. improperly. stored feed; addition of

toxicants, predafors, diseases due to tnfections and parasitic orgamsms The carly detection and " B

treatment for the above deleterious causes:is often crucial for saving the crop from decimination.
Among diseases, bacterial, fungal and protozoan infections cause heavy loss to the farmers, Lower
- vields-and sometimes heavy moriality of fish are due o monogenenc trematode parasnos (Dac ryz%y; us
- and Gyrodac!y!us) as well as copepod parasnes (Arguim Lemaea and Ergas:!m) '

Harveting of fish is camod out either once or t\vlce or thrlce during the grow-out pcnod Hanested
-fish are packed in bambeo baskets or plastic eraters- ‘with equal quanmy of i ice and transportod_ R
mainly to HDW]."dh market ancl also tono rtheastern stalos of Ind . : :

In bracklsh water ponds whlch extend all dlong, the coddgal Bhlt of Indla shrxmp cnlture has
been Qevolopl_n_g at a tremendous pace. Brackish water ultuTC is also pracllced in several parts -
of India. The important cultivated Indian b_rackishwalc are Elops spp., Megalaps cyprinoides,
Chanos chanos, Mugil spp., Rhinomugil corsula, PolynemWeafp. . Etroplus suratensis, Lares calcarifer,
etc. Pond shrimp culture is practiced mostly by C i tho tiger shriinp, Penaeus monodan, white
shrimp, P indicus, P. semisulcatus and MetaggnaedX spp. Generally the cuiture period lasts for about - .
3 to 5 months. Initially the nursery ponds e ed with-sced (PL 20) either collected form natural-. . |
source or from hatcheries. After one montB{they are transferred to stocking ponds. Regular water
quality management by momtormg 6 alved _oxyge'n, salinity, pH, nuirients, etc. is very important -
. in shrimp culture since these are ve @ '

and immediate remedigl measuresto cotfirol the diseases$ is an important aspect for profitable culture.
Ponds are to-be fertilized in order to develop natural food in the pond. In addition, supplementary

feed pellcts rich in proteins arc 1o be provided for getting better yields. Dopendmg on the management.
_ practices adopled, the yield varies from 500 to 1000 Kg/ha/crop i in cxtensive and improved extensive
culture systems In semumenswe culturo methods tho yield varies from 2 oo tonnos!ha;orop

 Culture of fish or prawn in ponds or seed product:on is very remunerative and could be taken up' .
as a full time profession or as a part time job. It not only solves the employment probelm by self— -
employment but each such venture also prowde employ ment for few others :

Check Your- Progress 3

What is composntc fish farming ? Name the flsh spemos oommonly employed in flSh ouIture

Note : a) Write your answer in the space given below.- -
'b) Comipare your answcr with the one given attheend.

: 1.02_.._ :

itive to rapid changes of water quality: Disease diagnosis - '



9.7. OCEAN FISHING

The marine fisheries of India are of utmost importance in augmenting the country’s food resources

and fetching in considerable amount of foreign exchange through the expori of frozen and processed

marine products to several countries. Thc fisheries harvested at present arc constituted by pelagic
and decp sea components, rich in varicics of fin fish species, crustaceans, molluscs, etc. Besides,
the major capture fisheries which hold abi, 1. place in the country’s fisheries production, a breakthrough
has been effected in quite recent years to+n+i:ue the culture of sclected species of fin fish; crustaceans
and molluscs. The present level of manne :3: ileries production in India is abou: 1.8 million tonnes
which shows more than 50% increase over no production in the late fifties of the century.

India occupies a central position in the northern portion of the Indian Ocean with the Bay of
Bengal on the east and the Arabian sea on the twest. The fishyield from the Indian Qcean region has
been much lower than from the other oceans. The sea 8gvir ment is very comple=. . The physical
features of the land bordering the ocean, fluctuations.in fah#nd sea temperaturcs, the influence of

. wind and water currents, variations in the salinif haters, upwelling, nutrients, intensity in the
production of phytoplankton and zooplanktdn, oNggef saturation levels and a number of related

factors have a great bearing on the scope fo ries exploitation. India with a long coastline (6090 -

km) and a wide continental shelf in certainyg€gions has good pelagic fishery resources supported
chiefly by sardines and mackerels a an dbundanse of demersal fishery resourccs censisting of
benthic fishes, shrimps and other criéacedns in fair quantities. About 75% of the 1otal fish yields

a higher magnitude than those in the east coast. The fisheries of east coast are conspicuous by
" the virtual absence of mackerel ¥id sardine shoals, being constituted by less valuable clupeoids,
' horse mackerels and silver bellies. o

come from the west coast rcgi%au of a relatively broader continental shelf with upwellings of

Indian marine fisheries arc primarily exploited by a variety of indigenous traditional gear (nets)

and non-machanized craft (boats), operating in shallow coastal waters less than 20 m deep. During
the last two decades, significant progress has been made in machanising fish boats and introducing
modern gear such as shrimp trawls and purse seines, etc. which cnable the fishermen to exploit the
‘fishery in deeper off-shore waters. ' : -

Fishing gears used are rampani, shore écine, nylon gill net, bottom set gill net, gill net, drift
net, bagnet, purse scine, frawl net, boat seine, excircling net, hooks and lines, €lC. '

The Gujarat coast is well known for the fisheries like Bombay duck, (Horpodon nehereus),
pomfrets (Parastromateus niger and Pampus spp.) and elasmobranchs (Scoliodon, Carcharhinus,
Sphyrn and Galeocerdo). Prawns are also abundant here. Principal fish of the Maharastra state are
Bombay duck, sciaenids (Pseudosciaena, Otolithoides and Sciaena spp). and other clupeoids (Sardinella
spp., Thrissocles spp., Anchoviella spp., Dussumeiria spp., Kowala, etc.) Pomfrets and mackerel

" (Rastrelliger kanagurta). Othier important fishes arc catfishes (Tachysurus spp., osteogeneiosus and

Plotosus spp.), elasmobranchs, ribbon fishes (Trichiurus spp., Lepturacanthus spp., etc.); cels, polynemids,
Carnax spp. and seer fish (Scomberomorous spp.). Maharashtra ranks second in marine fish landings

in India.

]
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The Konkan coast (Goa) is famous for its large shoals for mackerel, Rastrelliger kanagurta, _
which continue to dominate the coasts of Karnataka and Kerala. Karnataka and Kerala coasts are
equally welt known for oil sardine, Sardinella longiceps and its related species and anchovies. |

In the Kcrala coast, in addition to oil sardines and Indian mackerel, several carangids, sharks -
and rays, sole, catfishes, small scianeids, pomfrets and others contribute to the fishery. Extensive
beds of sea prawns also occur adjoining the coast of Kerala.

- In the Kanya Kumari area, demersal and littoral perches such as rudder fish and rock perches -
ocur in abundance. Other 1rnportant fishes are white fish, silver bclhes small sardines and anchowcs

Tamtlnadu and Pondicherry ranks third in marine catches in India. The major fls_hcrtcs_of this .
region are the seer fish (the most lucrative fishery around Madras), sardines, elasmobranchs, ribbon
fishes, caranglds sciaenids, perches, catfishes and prawns. The palk bay is one of the best flshmg
grounds fcr smaller sardines, silver bellies, common white fish and half beaks.

. Andhra Pridesh ranks fifth in marine fish landings. Andhra Pradesh and Orissa coastal fisherics
. con51st of miscellaneous groups of sardines, percoids, sharks, etc. Along the West Bengal coast, the
maost 1mportant fishes landed comprise various sardines, anchovies and clupeoids.

- 9.8. SOCIAL IMPLICA’]‘IONS

Fishing is one of the traditional occupations. It provides sugfenance directly and without much
time-lag between. the effort and its results as is the case in aggicullyre. In clden days, fishing is one
of the occupations of the poorest stratum of the society. Becau ¢ nature of the activity, fishing

_has largely remained a non-commercialized occupatim’“! ccount of lack of adequate possibilities’

of storage and preservation, selling remains confined local markets. Most of the fishermen
being socially and economically backward, live igypatheti®Conditions in their old hutments without
" basic civic amenities. Eventhough fisheriés cnga izeable population and provide a source of
income to lakhs of rural coastal household longjng essentially to poor fishermen communities,

relatively very little effort has been éxerci ¢ upgradation and uplift of ihe industry. In a view
to develop the weaker sections like fishgrmenWhe co-operative organizations are started. Co-operative
institutions play a significant role i cio-economic devclopment of fishermen in the follow:ng
ways. = - ' ' '

. a) organization of fishcrmcn at dispcrscd centres or Iocations :

'b) providing them with short and long term capital for 1 1eeting their wcrkmg capltal rcquircments '
and for investments 111 mechanization of crafts respec lvely

¢) purchasing the costly 1nputs like 11shmg nets and other equlpment
d) preservation of flSh catch by setting up: cold storage processing plants on a large scalc and .
e) ensurmg hlgher and stable lcvels of income to member flshcrmen

_ Till the mlddlc of the present ccntury, fishing in the sea was by comcntlonal artesenal craft
viz., the catamaran, navas, ‘etc., operating in shallow coastal waters with taditional nets. During the -
sixties and afterwards, significant progress has been madé in machanizing fish boats and improving
the modern gears such as shrimp trawl, pursc seines, etc. By the'end of 1977, the number of mechanized
boats in the country were estimated to be. 8,086 Bigger vessels are equipped with frozen storage
facilities and efficient gear that enable the craft to be on thie sea for about 24 days and to exploit the
" fishery in deeper offshore waters. With this progress as well as by the {ormation of co-operative
societies, the socio-economic condition of the fishermen was improved and many entepreneurs also
entered this field and exploited the seas. Upto 1980 capture fisheries both from sea and rivers were
catering to the nutritional needs of the nation, Thereafter, as the capture fishery production becamc
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steady, increased attention was paid towards culture fisheries.

Culture fisheries is one of the major income generating activities. It brings about integrated

rural development. Along with crop production and animal husbandry, agriculture improves the
quality of the life of rural poor. The profits realized in fish culture attracted many people to convert
their agricultural lands into myriads of fish ponds. Even professionals like doctors, engineers, lawyers
as well as many private companies are coming forward to take up aquacuiture asa full time occupation.
In Andhra Pradesh, especially in lake Kolleru area, the low-lying agricultural fields were frequently
inundated by the flood waters damaging the paddy crop. The uncertain paddy production in tliese
flood prone areas prompted the farmers to change their main avocation from agriculture to aquaculture.
The successful fish culture has influenced the tremendous expansion of freshwater aquaculturc in
the country which inturn provide impetus to the development of brackish water aquaculture, another
Tecent revolutionary change taking place in the country. Some of the farmers not aware of the scientific
‘culture practices are indiscriminately using the fertilizers, feeds and pesticides in the ponds. It is
.ultimately leading to an environmental problem resulting poor yields of culture organisms and heavy
Joss to the farmer. ' ' '

Aquaculture is providing regular employment to the people and indirectly it is supporting people

~ involved in various supplementary activities such as fish feed supply, fish harvest, ice manufacture,

pagking, transportation, etc. in the region.Essential infrastructure and communication facilities such

} as toads and telecommnication net works are also improved along with the growing aquacultural.
activities, '

such an cxtent that even landless farmers are now taki ¢ tanks and ponds on lease basis to
start fish/shrimp farming for their livelihood. Through iMidustry is still suffering from major
constraints like fluctuating market prices, increas cost of inputs, additional taxes and disease
problems to the fish, the industry is still flouris cause fish farmérs are finding solution to
most of these problcms and it is profitable vlcu ture especially in low-lying arcas.

Potentiality of aquaculture has transformed and pr%@lf—cmﬁidence to the rural people to
up

9.9. SUMMARY
The food requied for hum@m ion should be a balanced diet with rich source of proteins.

Animal based food, viz,, thee at, fish, etc. form a batanced diet. To improve the production
of these animal resources, genetic s#fection, hybridization, inbreeding, outbreeding, cryopreservation,
etc. are often employed. : E : :

Among the animal based foods, meat and meat products are the important resources for manking.
The most commonly consumed animal meats are - horse, beef, pork, sheep, goat and poultry. While
producing the quality meat, care should be taken to choose healthy animals and environmental
sanitation control should be adopted. The meat chosen for consumption should neither be a pale
pink colour nor a deep purple tint. It should not emit bad odours and it shoud be firm and elastic.
The flesh of sick animals when consumed can cause diseases of a) chemical or toxicological orgin b)
animal diseases transmissible to man through meat and:environmental contamination of meat. The
meat produced from different animals should be properly preserved by employing scientific methods.

In polutry two types of birds are grown. They are layers (for production of cggs) and broilers
(for production of flesh). These chiks are grown in semi-intensive or intensive methods by employing
deep litter methods or cage culture method. The diseases in poultry are due to ecto-or endoparasites,
bacterial and viral infections or nutritional disorders. Proper management methods are to be employed
in poultry farming to get good yields. - ' o '

The term fisheries include the finfishes (fishes) and shell fishes (shrimps, molluscs, etc.). The
inland fisheries include riverine fisherics, reservoir fisheries and tank/pond fisheries. In riverine
and reservoir fishery, capture fishery is resorted to, whereas in tank and pond fishery, culture fishery




A _ molitrix (silver carp) are also cultured along yvith

is practiced. Norrnally, the three major ¢arps namely Catla catla, Labeo rohita and Cirrhinus mrigala
arc-cultured by enriching the natural food (plankton) by the fertilizers or by giving supplementary .
food like deoiled rice bran, groundnut oilcake, sunflower cake, soybean cake, etc. In bracklsh water
. ponds culturc of shrimps (Penaeus monodon and P md.'cus) is taken up.

The capture to culture ﬁshery has cnormously changed the lrfe sty]c of:the fishermen communities.

_ In the recént years ﬁsh culture has attracted the attention of people from all walks of life. Even

doctors, engineers, lawyers étc, are entring into the frshf shrimp cuiture on a large scale. Fish culture

also helped in raising subsidiary units like processing plants, ice mdustry, transport, éic. Due to ° '

culture fishery, in areas like Kolleru, thc mfrastructural facilities hke Toads, electrrcrty, tclocommunlcattons_ .
are. developed ' : : :

9, 10 CHECK YOUR PROGRESS MODEL ANSWERS

1 The term. meat is commonly used for the striated muscles of horse, beef pork sheep, goat and- -
poultry But all parlS of the body Stlltable for human consumptrort is also referred to as meat. '

2. The common bacterial dlscascs are Fowl-cholcra Pullorum disease, Coryza Chromc respiratory
disorder (CRD) and Sprrochaetosrs or tick-fever, The well known viral diseases in poultry are Rankhet
‘diséase, Fowl-pox, Marek’s disease, Infectious bronchitis, Laryngotrachertrs Lymphoid leucosis,
* Gumbora disease and viral arthritis. The fungal diseases encountered in poultry are Thrush, Brooder
peneumonia and Aflatoxicosis. The protozoan disease known in poultry 18 Cocc1dtosrs

3 'Compositc fish culture is the culture practice in which han one specres is ernplo) cd for
culturc 50 as to tap the total resources in thc cntrrc water colu . .

Commonly culturablé fishes in ponds are the Ind @: jor carps such ‘as the surface _fccder,
Cat!a catla (catla), the column feeder, Labeo rohita (roh d the bottom feeder, Cirrhinus mrigala

(mrigal). The exotic carps like Ctenopharyngo ella (grass carp) and Hypophtha!mrchrhys' _
major carps. . . :

9.10. MODEL EXAMrw;;;;rg5 UESTIONS
I Answer the followrng questrons t 30 lines cach.

1. What are the meat borne- diseases ? Add a note on the preservatron and conservation ot meat,

2. What is poultry housmg ? Whal are the ideal conditions requlcd for the Sclcctron of a poultry
house :

3. Give an account of the rwcrrne ﬁshcrlcs of Indla
4 Explarn 111 brief the tank fisheries of our regton

I Answer the followmg questlons in about 10 llneS cach

1. Grve an account of the ‘measures taken for the productron of wholesome meat.”
2. Give an account of the methods of poultry management.

3. Bneﬂy explain the reservotr fisheries of India.’

4. Grvc an account of thc marine flsh resourccs of Gu;arat coast

' Prof. MK. Durga Prasad.
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UNIT - 10 : CONVENTIONAL ENERGY SOURCES

(jbntents

10.1.  Objectivies
102, Introduction
. 103. Conventional Encrgy Sources
10.3.1. Firewood
10:3.2. Coal
" 10.3.3. Hydrocarbons .
10.3.4. Hydro Electric Power Plants
10.3.5. Thermal Power Plants '
10.4. Tssues and Challenges
10.5. Summary _
10.6. Check Your Progress : Model Answers
10.7. Model Examination Questions '

10.1. OBJECTIVES | KN >
After completing this unil you will be able to : Q -
* - define and classify differeit forms of cogventi energy Sources.

~ - % explain the principles involved in ener ction. -
*  describe merits and demirits of ntiofal energy sources
*  describe the issucs and chalieges ¥elated 10 these sources.
10.2. lNTRODUCTI@

Encrgy 1s the basic force responsible for running the machine of life. Infact encrgy is the capacity
to do work and all living things must work. All organisms like a virus, a bacterium, small or tall
trees, animals or human beings need energy. The sun is the source of all energy forms. Encrgy plays
a vital role in the economic development of a country and welfarc of the human beings. Indeed, a
direct correllation cxists between the Ievel of energy consumption and cconomic development. The -
standard of living is found to rise with increase in per capita energy consumption. Enérgy is some or
the other form which is cssential for cvery type of economic activity likc domestic, agriculture,
transportation, industrial or commercial. About 60% of the total primary cnergy supply in India
comes from commercial energy sources like coal, oil, gas. hydro and nuclear sources. The balance 185
met for non-commercial sources like fire wood, animal and agricultural wastes. Energy can be derived
from a variety of natural sources which can be classified into conventional energy soures and non-
conventional energy sources. S ' '

10.3. CONVENTIONAL ENERGY SOURCES'

Conventional energy source are also caile_d finite or exhaustible sources of energy in which
fossil fuels like coal, oil, natural gas and nuclear fuels are used. Non-conventional sources of energy
are those from which there is a continuous flow of energy in our envirenment which can be tapped.

‘These are renewable and non exhaustible which includeés solar energy, wind energy etc.
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10.3.1. Fire Wood

It is naturai solid fucl. It can be kindled easily and gives maximum intensity of heat very quickly.
+ It is obtatned from forest. Freshly cut wood contain 25 to 50% of moisture which on air drying
reduced to about 15%. Ii consists of carbon (C), Hydrogen (H), Oxygen (0) etc. The average composition
of wood on dry moisture free basis (percentage basis) is C=55,0=43. H=6, N=0.5, ash = 1. The.
calorific value of air dried wood is about 3,500 to 4,000 Kcal/kg. fire wood burns readily producmg
a long and non-smoking flame producing a very litle quantity of ash. Wood largely uscd as 4 domestic
fuel. Its industrial uses like boiler fuel etc are limited due to rapid ignition, hlgh mlensm of ﬂame
and quick burmn;, Gcncrall; wood prepared for fucl is calied as firc wood.

10.3.2. Coal

Coal is hard opaque blackish mmcral mainly carbonized plant matter found in strata bclow
carth’s surface. It is highly carbanaccous matter which has becn resluted from alteration of vegetable
matter like plants by a process called as biogeochemical process. It consists mainly of carbon, hy: drogen,
nitrogen and exygen besides non-combustible i 1norgaruc matter like ash. The process of coal formation
is not a rapid one but is enormouly lengthy, spread over millions of years. Under the effecis of high
pressure, moderate tempareture, heavy rain fafl and micro-organisms like bactcria. the plants got:
transformed into coal over a long span of time of millions of years. Coal is called fossil fuel because of
its eccurrcnce and storage in earth’s crust.

Classification of Coal : Formalion of coal is based on the decayNgf plants buried in carth’s crust in
. the absence of oxygen some millions of years ago. Based on ifgocc¥yrence and physical state coal is
classificd as a natural solid fuel. But based on coalification o™€gree of alteration or rank from
parent plant material, the wood, there are various type @ al as follows . :

: (a) Peat Sub-bitaminous
2 [—— ey E— (b) Li g?_\ Bituminous
{gpitunRnous Semi-bituminous
' ' ~> whracite
Anthracite is the purest form which results in the progressive transformation of wood -
with the decrease in hyvdrogen, nitro xygen, sulphur and volatile matter with a corresponding

increase in carbon Contcnt hardness and calorific value.

Peaf is the brown fibrous jelly like mass and rcgdrded as flrst state of coalification of wood. It
containg more mms[ure of about 80 to 90%.

Lignite which is also called as brown coal is soft and compact textured coal. Its moisture content
is also more about 66%. Bituminous coal is called as common coal which is pitch black to dark grey
coloured consists of laminated structure of altcrnate very bright and dull layers. It is of thrée types:
sub-bituminous; bituminous and semi-bituminous. Anthracite is highly carbanaceous and highest
- rank coal. It is hardest, dense and ustrous burns without smoke.

Coal Reserves . The total global.coal reserves are estimated about 6,000 billion tonnes. China,
Russia and U.S.A are the major producers of coal. India is the fourth largest coal producing nation
in the world. Therc are about 125 billion tonnes of coal inclusive of proved and indicated rescrves
upto to the depth of 1200 meters in India. Andhra Pradesh is endowed with rich coal rescrves and il
1s one of the few coal producing states in India. The Singareni Collieries Company Limited undertakes
the management and opcration of coal fields with a Siretch of 320 kms and the total reserves of A_P.

- are bout 8,500 million tonnes upto a depth of 600 meters. The coal reserves are said to last for about
anether 130 years based on the present Tate of consumption.

Coal Mining : I decals with the excavation in carth for extracting coal upto a depth of 1200 melers. .
Before the advancement of technology, coal mining was carried oul by many labourcrs manually
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under dangerous circumstances, Coal mining has now become free of all sorts of risks due to the.

advances in mining technology. Mining methods like open cast mining, underground mining efc.
arc on use globally. Mining by open cast involves the remaoval ol top carth surface of the coal field

and removal of coal by mechanical llfts Undcr ‘ground mining 1nvolves 1unnel1ng of lh(v ficld and

subsequent removal by trolleys.

Coal E\plm ation : [n order to expedite the exploration work n coal ficld the fol]owmg new technolog,lcs
are contemplated.

A} Extensive non-core drilling coupled with 'géophj;sig:al logging to expedite the investigations.
B) Use of remote sensing techniques
C)  Computer apphcatwns in devising models for qualitative and quantltame aspccts of the arca.

Apphcatmn_s of Coal : Coal is the main source of energy, it satisfies about 30 to 60% of our energy

needs. Tt is not only primary seurce of cncrgy but also secondary. Its uses arc vast both direct and

indirect fike power generation through thermal power plants, usc in steel industry, stcam-based’

industries, apart from its domestic use for cooking, spacc-heating and other purposcs.

Guality of Coal : Selection of coal 15 based on high calorific value, low meisture content, low ash
content and uniform size. Coal is analysed by proximate and ultimate analyses to find out the content
of moisture, volatilc matter, ash, carbon, nitrogen, sulphur and oxygen en pcreentage basis, A good
quality coal shoild have less moisture, volatile matter, ash, low content of hydrogen, nitrogen and

value and better is thc qualily.

Table 10.1. Important features of Coal Q/
Coal Rank Carbon (%) Calo alue  Occurrence in India

oxygen with high content of carbon. Higher the percenu@arbon in coal, greater is its calorific

{Kcal/kg)
Peat ' '55-57Q~ 4200-5400  Niligiri Hills (TN)
Lignite 60-70 . .6,500-7.100 Neyveli (TN), Assam, Bihar,
Sub-Bituminous ‘ o VK 7,100 - 7,500 Bengal, Bihar, Orissa
Bituminous ' _ - 8000-8500 - - do-
Semi-bituminous 90-95 8,500 - 8,600 - do-
Anthracite 92-98 8,650 - 8,700 Kashmir cic

10.3.2. Hydreocarbens

Hydrocabons aré compounds consisting of hydrogen and carbon with small amounts usually hot
more than 5% of substances containing other clements. Crude petroicum, commonly known as crude
ail, when extracted from the ground, varies in appearance from a light, straw-coloured mobile liquid

1o a black viscous fuid and some times semi-solid product. It consist mainly of gaseous and liquid

hydrocorbons dissolved or dispersed in it. In petroleum chemistry, the chief interst lies in the hydrocarbons,
the componds containing, hydrogen and carbon. These may occur as chains of carbon atoms or
rings. The chain types are known as cyclic componds consisting of aromatics and naphthenes.

Aliphatic hydrocarbons'a're those which can considered to be derived from parent hydrocarbon,
‘methane, (CH,), Aliphatic hydrocarbons may be sub divided into three serics.

A) Paraffins . . Meaning unreactive compounds in which the carbon atoms have
formed chains and all the spare valencies are saturated with hydrogen
atoms ¢.g. methane, cthane, elc.

B) Olefins " . These arc reactive'than paraffins and consit of double bond between
- :
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two carbon atoms ¢.g., E:thylene

C) Acetylerics . These are also respective and consist of tnplc bond between two
carbon atoms. e. g., acetylene. '

Of the aliphatic hydrocarbons. the paraffins arc of the greater intcrest in petrolenm technology.

Geography of petroleum: Petroleum and natural gas are generally called oil and gas. Important -
hydrocarbons are the sources of conventional encrgy. Petroleum products have been known For many
thousands of years , e.g, Bitumen was known in Biblical times, scepages of oil from the ground
have often been reporied, but it was only 150 vears ago that the first well was driiled for oil in
pennsylvania, U.S.A. [t was not until the begining of the present century, with the advent of motor
car that phenomenal expansion of the industry occurred. Although oil has been found, and produced.
in over 50 different countries. Large-Scale production has tended to be concentrated in a small
number of areas. Thus at the present time, over $0% of world production is from lhe US A, Cdnbbean
Russia and the Middic East.

Petroleum which means rock oil is the source for mos_t of the liquid fuels like petrol, diesel of
present day usc. It is composed of paraffins, olcfins, napthenes and aromatics with small amounts of
inorganic compounds containing oxygen, nitrogen, sulphur. The average composition of petroleum

is C=79.5 to 87% H=11.5to 14 8% ; S=0.1 10 3.5% with traces of oxygen and nitrogen’

“Classficiation of petroleum

). Paraffinic-type which consists mainly of para(fins from C@ H_, and a little of naphthenes.

2y  Asphaltic-type which consists of mainly cycloparaffins 8g nagthenes with a litile of paraflins
: and aromattc hydrocarbons. :

3) - Mixed-typc which consists o both paraffin and a type hydrocarbons,

Mining of Petroleum : Petroleum, usually floats a laycr of salt water and occurs at different
places varying from 500 feet to 15000 feel. It is b ght 1o earth’s surface by drilling holes in the
earth’s ¢crust and enveloped by natural gas 4 es ¥ery rapidly through'th'c pipcs by pressure, later
‘1t is pumped through ordinary lift pumps. mrag of petroleum can be transformed mnto various
useful products by a process called pfiging. Petrolcum as such cannot be used for any purposc. so
refining is necessary which gives v: reducts like petrol, diesel kerosenc cic.

Pctroleum products like petrol, di®el oil are the important sources of conventional forms of
“cnergy. Many industrics and almost the whole transportation sector depends on the accessability and
availability of thesc products. Price hike of these products has atways had an 1mmcdnlc impact on '
economy of the world. :

Petroleum rescrves onr global scalé are estimated to be about 2000 X 10" bhamrels. Based on
present trend of global con‘;umpllon of petroleum producl the reserves will last upto another 25 to
30 vears only.

Natuml Gas : [t mostly occurs in close proximily with crude oil. There are huge reserves of natural
gas globally. U.S A is the major producer. Indian reserves of natural gas are estimated 1o be about
230 billion cubic meters. It is exhaustible and non-renewable source of energy consisting of lower
hydrocarbons like mcthane. Its use docs not produce ash or smoke, it is non-polluting. Its huge
quantity is wasted by Mare up. Due 10 the advances in lechnology now a days its uses arc on the rise
like clectricity gencration, use in automobiles in the compressed form etc.

India though rich in coal reserves has to look for petroleum, which is @ belter type of fucl
between the two for the easy transporation, storage and handling. To use coal as 4 fuel, we nced to
make i1 smokeless, also we have to provide bigger and isolated SpdCC for its storage with frequent
cleaning arrangements.
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In the case of petroleum there is no problem of'dispééal of ash like in coal. The petroleum.
whether it is gas or liquid is-not.only a neater fuel to use bul also has many ad\fdnlagcs even for
industries w;th rcg,ard 1o its cfficiency, feedlng o burners and clcanlmess over coal.

.

* Petreleun oils contain a very hlgh amount of energy in rtelation 1o their weights, Duc to its high
_energy in oil, it is considered as the best source of energy for the world. Automabiles. Acrop]dncs
Trucks, Busses, Tractors are run mostly on pctroleum producls only. These days most of the ships on
highseas consume mainly oil for their encrgy or power. "An- 011 driven ship.can cover three times
distance without refuclling as comparcd to a ship using coal.

Railways are switching morc and more to dicsclisation of locomomcs all over the world because
of the lower cost of running per kilometer. : :

Various types of agricultural machines consuming oil are used in farms. They have reduced the

" demand for labourers in agrlcultura] fields. More over the output per acre has also increased many

times on account of power driven equipment. Oil products arc used to spray the agricultural ficlds

‘and thus save the crops from the growth of the weed and bugs. Oil fuels provide energy to run the -

machine in many factories. Fuel oil is burned in gencrating stations to produce steam which causes

£enerators to move and producc electric power to be used for various purposes. For the above mentioned
reasons petroleum is preferred te coal all over the world as a fuel for energy.

The principal petroleum products consuined in india arc LPG, kerosenc, diesel oil and fucl oil. .
Kecrosene is used mostly for lighting and cooking purposesgdicscl oil for running pumpsets, motor -
transport and trains; furnace fuel oil is largely uscd as boilgr fu There does not appear 1o be any large -
scope for cutting down the consumption ofkcrosenc and dr l. Indeed consumption of these items

arcat the bdre rmmmum now. - - .

Check Your Progress -1,2 & 3?“

1. What is convenuonal source of

2. Whatis coalificqlioh ?

3. Whatis refining ? @ _ ' o
Nolc = (1) Write the answers in thMpace provided below.

(b) Compare your answers with thosc given at the end of this unit.
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10.3. 4 Hydro-Electric Power Plants

Water is a great pOlCIltla] source of energy. The generating stations or plants “hICh obtatn

energy from water arc called hydroelectfic power plants. Walcr possess two types of cnergy. The
Mowing water may possess only kinetic energy. The flowing stream of water may have both kinetic

‘and potential cnergy or simply potential encrgy at some elevation with respect to low datum level .

like water falls, water stored in reservoir, water stored at the back.of a dam. Hydro-electric power is
electrical power obtained from conversion of potential and kinctic energy of water. The potential
energy of a volume of water is the product of its weight and the vertical distancé it can fall.

Ep=WZ
Where Ep = potential energy, W = total weight of water; Z= vertical distance of water fall.

The water stored in-reservoir is allowed to [all on the blades of a turbine placed at the lowest
level of the dam. The initial cost of harnessing water and converting the potential energy into clectircal

energy is quite high but operational expenses are quitc less. Hydro-electric plants are quite economical.

Types of Hyd ro Electric Powcr'Plants (HEPP) : Tl1ése are based on reservoir capacily. -

1. Run-of-river plant” - - This 1ypc of plant has no storage fac11111es Power gCI’hCI‘dIlOII is
o ' : tolally dependent on the flow of the river. This type is usually built
for purposes like navigation, recreation, irrigation ctc. Power g g;enerallon

bemg only incidental.

© 2. Bascload HEPP - - It is also without sturage but Wis Jocated on the river thal provides
' S a minimum flow capg¥Meof scrving the power demand withbut
supplementary stcam ’mg facilities. This type of plant l.lllll/CS

only a smrall proportio he river ﬂow

3. Run-of-river plant A small amouni daily weakly, or sedwnal cw:lc of slordgc cah
: greatly 1 s¢ the reliable capacity of a hydro plant. The water

not requinfl for generation during low power demand periods can

be %m ame can be used during high periods of power demands.
P

4: Peak load planis » De ng on the size of the utility, peak dcmands may be scverdl

times the magnitude of the low demarids at night. These fluctuations

“in demand necessitate generation facilities whosc fall capacity is
used only a few hours a day during periods of peak power-demand.

Ln

. Pumped storage HEPP . This plant deals with storing of large quantitics of cucrgy generated

during periods when excess gencrating capacity is available, tobe -
used later. Water is pumped from a low reservoir 10 a higher onc by

steam power or base load hydro cnergy when power demand is low.
When power required. the water generates power by ﬂowmg through
a turbine back into the low reservoir

Micro /Mini/Small hydro electric powcr plants : Water power. mostly in the form of large scale
plants alrcady produces about a quarier of the world's electricity. Smaller installations acquire special

significance because they offer shorter construction times, less environmental impact and evér renewable

source of energy. The micro level plant produce less than 100 KW (Kilo Watt)
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"Table 10.2. Generation capacity of Hydroelectric plants :. _

Plant size Generation capacity {in kilo watt. KW)
1. MICRO . < 100

2. MINI | ‘ <1000

3. SMALL <5000

The smaller the size, the lesser the technical complexlclty, lower the mvestmcnl and easier for
installation and execuators.

Countries like China, France, Germany, Thailand etc. have commissioned these small scale
hydro -electric power plants (S HE. PP) in large numbers. The total capacily of mcga watts (MW) is
given in Table 10.3.

10.3. The total generation capacity of SHEPP in other countrics.

Country Total power generalion capacity
by SHEPF in mega walts

China - o S . 6300

Sweeden o _ I 1050

France ' _ 0 _ 390
Power generation by small hydro clectric power plantSie#”a {fery petential source of cncrgy.

As per lalest cstimates 500{} 6000 MW po ntlal i5s available through s_mal[ and - mini

hydro-electric plants in India.

10.3.5. Thermal Power Qg T.P.P) L
The generating stations whigh usdsolid fuels like coal are called Thermal Power Plants /

stations and plants using liqudi 5 are called diesel power stations. Thermal power constitules
about 62% of the total installe acity. The important components of T.P.P are Boiler Turbmc
Condenser, Alternator. TPP. emplt)} steam turbines.

The steam is obtained from hlgh pressure boilcr producing steam from water. Boiler needs solid
fuel like powdercd bituminous coal which gives off less ash

In the boiler the fucl is burnt and the water is convertcd into high pressurc stcam which is
further superheated in super heater. The super heated steam is passed in the turbine to rotate its
. blades, thus it converts heat encrgy into mechanical energy. This steam is further rensed. The turbine
acts as a prime mover of the alternator which converts mechanical energy into electrical cncrgy The
over all efficiency of TPP varies from 20 to 26%.

Coal _ . : ) T AAAAAAAAAAN
d
" Water : B Steam
'—.9 rd LY —ﬁ
(n @ (3) ™

Fig. 10,1. Thermal Power Generation System.l', Boiler. 2. Super Heater. 3 Turbine. 4. Allernator. -
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- Suitable alternatrve sources to tackle thls problem are essential.

.-

Boiler : It is one of the essential elements in TPP: It consists of a closed véssel in which water is -

-heated to steam at the required pressure. Botlers are of various types like fire-tube type, water-tube

type Bent fube etc.

Steam turbrne It is a machine whrch converts heat energy of steam into mechameal energy by -

expanding steam from higher pressure to lower pressure The important types of turbines are 1mpulse L

type or reaction type, blend of both the types.

Condenser It handles large volumes of water vapour at low pressure with the help of cool

- water and rnalntarns high vaccum at the stearn mlet The 1mportam types of turbines are J et condenser

and surface condenser

Major Air pollutants from T.P.P include partlculate matter (fly ash) oxldes of sulphur, nitrogen,
carbon emissionis. The control of partrculate as well as’ gaseous emission is very much ésscatial.

Techn1ques for controlling partlculate malter & emissions from a TPP are available which rcmoves
the particulate cmission released into the atomosphere. The important controlling equipme nt are-

. mechanical eol]ector wet coltector; fabri¢ filters, electro static precipitators etc.

The gaseous emission like sulphur droxrde is removed b; blue gas desulphunsatlon or by

desulphurlsauon of coal before use.

Treatrnent of blue gases is essential otherwise it creates air & water pollutron Though TPP
supply power continuously, their adverse impacts include coal epletlon and deposmon of ﬂy ash.

Major share of the addmonal power generation Clll ure will also be able to contribute

by 1nstalla‘uon of thermal power plants using coal as

CheckYour Progress 4 ?\

What is a turbrne 7 ' ' % SR
Note : {a) Write the answer in _the 5 ed below

p o
- (b) Compare your answer wit%&ne given at lhe end of th1s unit.

'10.4. ISSUES AND CHALLENGES

Coal is one of the major polluter of our environment, It pollutes the envrronment at various

stages right from its extraction form the earth. Its purification, transportation and usage cause environrmental
" pollution. Coal processing methodologies like coal gasification and coal liquification causc environmental

pollution. About 60% of coal is used in thermal power planis where combustion of ceal creates
gascous and parti¢ulate pollution affecting plants, animals, human beings and materials with short-
term and long-term effects. But the use of low ash coal and proper poHution control devices may
control coal-based pollutron of the environment. The challenging task lies not only in coal production .
but also coal-conservation which can be achieved by more scientific minin g. methods like open cast.
mmrng, long wall mining, shield mining etc. :

Extraction and refining of petroleum, tranSportatron storage and usage of petroleurn products

_llke petrol diesel eic. are assoc1ated with envrronmental 1mpaets like gaseous emission of hydrogen



-sulphide, carbon monoxide and unburnt hydrocarbons which cause bad effects on human beings. Oil
spills which frequently occur disturb precious aquatic environment of seas and oceans. Automobile -
exhaust gases also cause an alarming effect on human health. These are the major issues related
with the use of petroleum products. ‘But a majority of these bad effects can be controlled using

~ appropriate technologies like installing catalytic converiors to the automobile exhaust pipes to control
undesirable exhaust gases like carbon monoxide etc. ’

As already mentioned, petroleum is non-renewable source of energy. H it exhausts 1otally, the
petro-based lifestyles, industrics, tansportation sector will come to a halt. As petroleum proq-ﬁcts are
used in transportation, power generation, space heating, domestic cooking etc, its depletion is the
major concern facing the global scenario. The challenging task is to devise efficient technologies
which can conserve petro-products and development of alternative energy sources and technologies
to replace or partly substitute petro-technologies. Need based suitable and sustainable technologies
are most essential in cvery part of the globe to face the possible depletion of petroleum sourcc of
cnergy. ' o . e

Large scale multi-purpose project based hydro-electric power plants affect the environment in
terms of ecological imbalance, displacement of human. settlements, flooding of forests, agricultural
lands, soil erosion and seismic effects etc. At the same time there are beneficial effects such as’
irrgigation, fishing and drinking water supply. Environmental impact assessment study is the suitable -
- tool to assess the adverse effects and beneficial effects. Feasibility of the project depends only on the
quantitative beneficial cffects. Otherwise the proposed project has to be withdrawn,

In the continuing scarch for new energy slratcgies d Mernatives to fossil fuels like coal and -
petroleum products, and in the context of high and everNgg asing costs of fossil fules, and their
dwindling reserves, one trend unremarked - the s rise of activily of small scale hydro electric
power plants.. They do not cause ecological imbatarl ocation of flora, fauna & human settlement,
deforestation etc unlike large hydro clectri flants. Smaller plants acquire special merits
because they offer less environmental impact - st important factor for its approval and execution.
These plants are best suited for rural rifidation as well as irrigation. ' '

K
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| _Fig 10:2; Ooeugance of Petroleum or Crude Qil:* *«
T -ngl(]?Hydheleclnc Powc;(_}nnemﬁnn.sjrsie'm':l e \
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Indlan cnergy scenario Duc to the llmlted availability of fossﬂ foel reserves and as india can not -

alwavs afford to import oil spending considerable amount of valuable forcign exchange; it 1s impertative
for India to look for new and renewable energy sources like solar, bio-mass; bio-gas, tidal, geothermal
elc. to sustain and improve its developmental activities. The participation of our planners, political
leaders, scientists and technologists is very much essential to dewse innovative methods to solve the
energy problems facing the countr) today. :

10.5. SUMMARY

Harnessing energy from various conventional sources is an essential aspect of power generation
which is technologically most viable and at the same (ime it is ¢ssential to asscss the environmental

impacts 1o take up the follow up action. Thisunit explains in detail various gases, pclrolcum products,
their reserves, mining, different types ofcxtractlon techniques and refining processes: In the light of -

ecological, social and cultural impacts by large scale hydro electirc power plants, an aitenative
model of small scale hydroelectric power plant also dealt with in this umt Workmg of thermal
power plants also explained. :

10 6. CHECK YOUR PROGRESS "MODEL AN‘;WERS

1. A conventional energy source which consists of fossil fuel sources like Loal and petroleum
products such as pclrol kerosene, L.P.G. (llqulfled petroleum gas).-These are non-renewable.

2. Coalification is the process in whl_ch plants and other matigr o gclatlon are com«erted inlo coal
under favourable conditions in earth's crust. It is an extr ' length} proccss takmg several
millions of years. '

3.  Refining is a process in which crude oil or petrolel Q biecled to high tcmpc, ature to obtain .

various important products like petrol, dws%msenc LPG etc.

4. " Turbine is'a device which converts polential ef¢tgy of water into mechamcal encrgy [0 produce
electncny ' )

10.7. MODEL EXAMI@O QUESTIONS

L Ans“e: the following qcustmns in aBout 30 lines each

1. What are the imporiant sourccs of convenuonal energv ? Explain the merits and demerlls of
each source. . :

2. What is mini-hydro clectric power plant ? E\(plam 1ts slgmﬁcance
3. Explain the. workmg of a thermal power plant.
4. Discuss the energy related 1ssues facmg the world and thc:lr altemdlwcs

iL Answer the following questlons in ‘about 10 lines each.

Explain the coal reserves in Andhra Pradesh.

Explain the applications of coal.

What are the gualities of good coal ? : .
. What are hydrocarbons, ? Explain the threc series of:éliphatic hydrocarbons.

What is hydmeleclric'p'ower plant 7 Explain any one type of hydroelectric power plant.

voE W N e

"Prof. M. Ayub Hussain Khan
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"UNIT - 11 : ALTERNATIVE ENERGY SOURCES

Contents

‘11.1. Objectives
11.2. Indroduction _
11.3. Renewable and Non-renewable Energy Sources
11.4. Biogas '
11.5. Solar Energy
11.6. Wind Energy
~11.7. Tidal Energy
11.8. Geothermal Energy R _
' 11.9. Environmental Impact - Options and Challenges
11.10. Summary ' . a
11.11 Check Your Progress . Model Answers
“11.12 Model Examination Questions.

11.1. OBJECTIVES N

~ After going through this unit you will be able to : \)
% define and differentiatc renewable and non-reg RQic sources of energy,
*  indentify and describe different sources of rcn encrgy, )
* d'e.scribe the availability, disiribution, pri of extraction and conversion of renewable energy

and

*  describe the advantages and lirnil 1ssues and challenges rclated to these energy sources.

' 11.2. INTRODUCTIGY

The demand for ¢nergy consumption will continue throughout the world, fossil fuels will fail to

. meet this ever increasing demand before 2020 A.D. Oil dominated world economy must change now

with the development of alternatives to conventional [uels. The miserable state of present and future

global encrgy scenario in general and our country in particular clearly shows the urgent need to

explore allernative energy sources with cnergy cost progressively being pushed up due to depicting

fossil fuel reserves, alternative encrgy sources are being examined seriously which only forms the
basis for sustainable energy development and also the answer for coal based technology. -

113, RENEWABLE AND NON-RENEWABLE ENERGY SOURCES

. Renewable Sources are the major sources for .alternative cnergy siructure. These are non-
conventional and called as rencwable because they are, infinite, ingxhaustible and supply encrgy
continuously. Important renewable ¢nergy sources are Biogas, solar cnergy, Wind energy , Tidal
cnergy, Geothcrmal energy etc. Encrgy generation from these sources and its applications in various
fields are increasing day by day threughout the world. These sources are non-polluting and environment-
friendly. '

Non- Renewable Sources are conventional sources of energy which are limited and took millions .
of years to form under earth’s crust like fossi! fuels such as coal, oil, natural gas and nuclear fuels
like Uranium, Thorium ctc.. These sources are totally exhaustible, once consumed cannot be recurred.
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Check Your."Progrees -1 _ | |

What is the dlffcrence between renewable and non- renewable sources of energy 7

“Note : (a) erte the answer in the space provided below |

(b) Compare your answer with the one given at the end of!hls unit.

11.4. BIOGAS

The basis for the formation of biogas is biomass which consists of organic matter produced by
all types of plants like trecs, shrubs, grasses, algae, domostic and industrial waste, wood waste,
bagasse, human and animal excreta. The energy stored in the biomass can be convenicntly converted
into lhiguid and gaseous fiels by various methods. Biogas is one of the derived fuels which can be
easily handlcd and burnt than raw biomass. Biogas possesses many advantages over other conventional
solid fuels that it can be produced at a cen(ral point and drstsmd over a wrde area and its use

produces no smoke and ash.

The productron of bicgas from ammal dung, humyf™ ast¢ known as gassification is the most -
sought after technology 1n many developing countries! % gradable ccllulosic material like agro
waste, forest waste, sugarcane-waste (bagasse), wgfcr hyatfih, kitchen waste, garbage waste arethe
" other raw materials for bio- -gas production. Blo-%roﬁuced in bio-gas plant and it consists of .

digestor and gas hol_der. .. :
) Biogas plants are classifed into two igrtant classes

1. Conrinuo'us Type. 1t consist le and small d1gestor which produces g*ls conllnuously
with Jesser period of digestion amgAleast operational problems.

2. Bateh Type : It consists of several dlgestors which produce gas 1nterm1ttenth« Thrs plant 1s
expensive with more operational problems ' :

Othcr types of plants avarlable are c[ome type and drum 1vpe

. Biogas is produced by Thermo- ohemlcal convcrsmn (pyrolysrs) or Bio~chemical conversion.
Pyrolysis method produces low or medium calorific (heating) value gas comprising of carbon monoxide
- {CQO) and Hydrogen (H,) gases. ‘Biochemical method carried either by fermentation or anaerobic
digestion. Fermentation involves the decomposmon of complex organic compounds by the action of
micro-organisms like yeast, bacteria, enzymes clc. to produce ethanol liquid which may further be
. converted into high heating value gas. This method require more energy and cost. Anacrobic digestion
“involves the microbial decomposition of biodegradabile -organic matier in the absence of oxygen
(anaerobic process) in an underground massonry tank called anaerobic digestor at a temperature
range of 35-70° C and at ambient biomass are first broken to sugar, alcohals; organic acids etc. by acid -
. producing bacteria. These products then finally converted to Methane (CH ) Carbon dlox1de (CO ), .
and other trace gasses by Hydrogen e :




- COMPOSITION B
CH '=50-60% I
—CcO . =30-45% O
tH =5-10% |G
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Fig. 11.1. Bio-gas Production Processes

Amnother important feature of anaerobic dige_sti'on is '._' e utNization of residual matter or byproduct
as manure which consists of higher composition of soil nutriehgs Pke potassium, oxygen and phosphorous

necessary for agricultural purposes. Q
. _ Biogas production is technoeconomically viab its conversion to electricity is cost effective.
‘Biogas is cheap, non-polluting and environ Jriendly renewable source of energy.
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‘Fig. 11.2 A typical single stage conventional Biogas plant.
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Advantages Biogas is uscful for domcstlc cooklng, space hcatmg, small scale power gcneratmn'
Irrigation, lighting, operating small IC engines. Now a days biogas is also considered for various
high teritperature industrial operations. In india the domestic type biogas plants popularly known as
gobar gas plants being supplicd by the khadi and village industries commission (KVIC). Under the
_ national non-conventional energy project hundreds of communily-biogas plants have been commissioned
with heavy subsidies from the government in rural areas to control dcforestatmn and encourage -
people to become self—reluam in encrgy aspect. :

Check Your Pro_gress _2&3

2, 'What are the uses of Biogas ?
3. What is the composmon of Bmgas ?
‘Note : (a) erte the answers in Lhe space provided below.

(b) Compare your answers with those given at the end of this unit.

_11 5. SOLAR ENERGY _
. ‘ pyyhich acts asa furnac.c where nuclear re- arrang.ement

An Exceedmgly high temperature in
‘reactions like transmutation of hydrogen #oms into helium atoms (fusion) are taking place. This -
process relcases extremely high a -@ of energy which radiates out in all directions in the form of
electromagnetic waves called solar @ - Solar cnergy travelling in the form of radiation is called
radiant energy, a part of this in wave’ engths between 400 u to 760 u is called light encrgy which
~can be readily converted into heat energy as can be experienced in the open sun when sunlight
striking the ground is partly converted-into heat which warms ‘the soil or any other objects. It is the
most appropriate form of energy for'many applications: It is sustainable, cost effective, cheaper and
cleaner than fossil fuels. Its cost is independent of world wide price rise and demand of conventional
fuels. Its production is reliable, easier and non polluting. It is renewable source of energy and it also
generates other renewable energy sources like boigas, wind energy indirectly. It is one of the most
promising alternative energy source for the future-and ideal solution for present and future energy
_‘crisis. It 1s present every whiere in abundance. India being a tropical country receives ample sunlight
in all the scasons in most of its parts. Solar energy equwalent to 75,000 million kilo watt hours .
(KWH) hits the earth every day and a mere 0. 1% of this is sufficient to meet the energy needs..

. Harnessing solar encrgy has been a challengmg task and dream of scientists and technologists.
* Over the years many stystems have been diviced (o trap, store and use solar energy by two 1rnport.1nt
conversion methods which are dlscussed here. : : :

Solar Thermal Conversion. Thls mothiod deal§ w1th dlrect conversion of solar energy’into heat or
thcrmal energy. In this process sun’s radiant energy is converted into heat energy ranging in temperatuses. .
from 100° C- 1700° €. This heat’ energy used for vartous purposcs like water heating, solar cooking,
water distillation and desaliniation (removal of salts). This heat energy can also be used for producing .
chermcals fuels from biomass and generatmg elecmclt) ‘The. system for converting solar thermal -



energy into electricity consists of solar rays collector, fuel combustor, fluid flow distributor, storage
device, heat engine, electric gencrator and a control sysicm. This whole assembly converts solar
encrgy inlo clectrical energy efficiently and effectively. '

LILIdididd Solar radiation

ey Receiver

l
----- (2) : Concentrator
=
| @ ‘Converter

‘ Solar Thermal Conversion : It consists of direct con of sun-rays into electricity which
iscalled solar electricity or photovoltoic encrgy. Thig#eson-polluting, clean, reliable and renewable
source of encrgy. This system based on a cell Calledovoltoic cell (PV cell} made from silicon
and cach cell produces half volt of D.C electricity Lafme#assembly of PV cells produce more amount

| of clectrical energy. The important PV cells ar wiigle cell (b) Poly crystallineg cell {(3) Amorphons
cell. The potential for PV power is enggmous¥ India is producing PV modules of 1 mega walt
capacily. PV power is uscful in street 1i - water lifting, telecommunications, Railway signalling,
calculator and watch modules, Defence pifgoses, Radio & TV sets ctc. Onc of the greatest importances
of PV svstem is generation of ele%wit out turbines, without all sorts of poliution and the system

can even be monitored by remote with cheap maintenance cost.

Utilization of Solar Energy - Various Methods : Various methods of Solar energy uiilisation are given

below,
SOLAR ENERGY
' |
1) {
DIRECT METHOD INDIRECT METHOD
——> SOLAR - THERMAL "~ |—> WIND
L PHOTO- VOLTOIC ——> BIOMASS

——> TIDE

—3 - OCEAN-THERMAL

11.6. WIND ENERGY

Wind is the air in motion. Although it is a motion in three dimensions, usually the horizontal

component is considered in terms of direction and speed. It 15 one of the carliest natural energies

“available to mankind. The oldest metbod of capturing the wind was the sail used [irst on ships and
“then on land. Wind mill, the device to capture wind appears to have originated in Persia (now lran)
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some twe thousand years ago and used for lifting water and grinding grain, later Holland and Denmark
mastered in this technology. A renewed interest in wind energy use came after the 1973 energy
crisis. Wind energy generation depends on wind speed .’

Wind power varics with the cube of the wind speed. As per theorctical calculations a wind

' ~ device can generate 1 kilo watt (kw) of energy by intercepting one squre metre of the air curreni with

‘ awind speed of 9 metzrs/scc, but it can produce 35 watts only with a wind specd of 3m./sec. Wind

| results from air in motion which arises from a pressure gradient. Winds are basically causcd by the

solar energy irradialing the earth. Wind has an annual statistical energy disiribution. The energy

‘ content of the wind in any particular location depends on height of the wind mill, focal landscape,

climalte etc. Conversion of the energy of motion (Kinetic energy) of the wind into mechanical energy

can be utilised 1o generale electricity. Most wind machines located al least 6 meters above the
ground converts wind energy into mechanical energy consist of a number of blades radiating fram a -

central axis which may be vertical or horizontal. : ‘

When the wind blows against the blades they rotate around the axis and produce rotational -
motion which can be utilised to generate electricity. ‘

The wind forms and parks producing mega watt range power have become common in USA. In _ ‘
India also wind energy-forms are generating power in Gujarat, Tamil Nadu and Orissa. Largest :
wind farm in Asia with 10 MW capacily has been commissioned in Lamba, Gujaral.

'11.331'X 10° mega watt hours per annum as per the theoretical esgmation. Areas like Vishakapatnam.

Based on the present data available the total wind power potential in Andhra Pradesh is around,,
Sri Kakolam, Machilipatnam, Nellore, Tirupathi, Ananth d Dindigal near Hyderabad arc

Fig. 11.4. Wind to electrical power generation systemt. 1. Wind generator. 2. Electric genarator
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Considering all the aspects of commissioning, operation and maintenance the cost of wind
power generation has been estimmated as Rs. 1 18 Per kilo-watf hour which is more competitive to
dicsel, thermal, hydro-electric power, '

Advantages : Wind encrgy systems are non polluting, cost effective and renewable resource of
EIeIEY. :

Limitations : Wind energy availability is dilute and fluctuate in nature. Wind cnergy systems
are noisy in operation, requires large areas and high rise structures. Proper design and development
may make wind energy systems cost effective and troubfe free. :

11.7. TIDAL ENERGY

Tide is a periodic rise and fall of the water level of the sea which is caused by the gravitational
influence of the moon {and to a lesser extent the sun) on the water covering the earth. About 70% of
the tide producing force is due to moon and the rest is due to the sun. The average tide in the open
sea is less than one metre high. In some areas of globe, (France & Russia) tidal ranges are uplo 16
metres. Depending on relative heights tides are called Low Tides and High Tides. Tidal energy is
one of the important forms of renewable energies. In the eleventh century the first attempt made in
Great Britain to utilizc tidal energy was in the form of “Tidal Mills”, Later France and Spain followed
it. After the advent of cheap coal and steam early use of tidal encrgy declined gradually. Following
the energy crisis in the 1970°s, the tidal encrgy received renewed attention,

Tides represent an unlimited source of encrgy. If a pagt of Wis wast energy can be converted into
clectrical energy it would be an important source of powerNEMe important fact of the tidal cycle is
the difference in water surface elevations at the hifp de & the low tide. I this differential head
could be used in rotating a hydraulic turbine, the tirgy can be converted into electrical cnergy
by means of a generator. This principle is_ba%t ¢ fact that water at the timc of high tide, is at

" high level there. The same water can be disc back into the sca through the low tide through

the turbines, thus producing power. T inciple appears to be simple, but operational difficulties
involved are many, like varying time: ges of tides.

The world’s first tidal po t was commissioned in France at La Rance in 1966 with the
average tidal range of 8 4m. Lat sia and some other countries like Canada, Korea followed it.
In India, techno-economically feasible Projects are in Gulf of Kuich and Cambay. Andhra Pradesh
being second largest among the maring states with 960 kms long coastline may wcll play an important
roie in tidal energy extraction. '

The three basic components of a tidal powér plant are :

. The power house which consists of the turbines, clectric generators and ether anciflary equipment.
2. The dam or barrage whose function is to form a barrier between the sea and the basin.

The sluicc-ways which are used to fill the basin during high tide or vacate the basin during the
low tide as per operational necessity. '

Check Your Progress - 4

The worlds first tidal power plant was commissioned iN.................... .. at....... SO
inthe vear ...l o
Note : (a) Write the answer in the space provided above. _

(b) Compare four answer with the ong given at the end of this unit.

Advantages : Tidal encrgy is rencwable and totally independent ol rain or dry speli for any length of



e _d

tine. [t is environment-friendly, obtained by clean process technology without any unhealthy wastc
discharges like gases, ash etc. Tidal energy plants conserve valuable land, forest and do not affect
cultural, social, geographical fabric of any region as they are exclusively executed on the seashore
_only. '

Limitations : Tidal Power Generation depends on certain range of tidal cycle. Turbine machinery
may gel corroded with sea water, high chromium stainless steel proved to be good corrosion resistant.
To generate power with variable tidal range, bulb-turbinc technology needs a lot of improvement.
Cost is not favourable compared to othgr sources of enetgy.

11.8. GEOTHERMAL ENERGY

‘The earth is a hot plastic mass of rock covered by a thin cover of cooled rigid crust. Ingide the
carth's crust is an enormous amount of hot springs and geysers. Geothermal energy is defined as all
of the heat stored in the earth’s crust above 15°C. It forms when the enormous heat cnergy at about
4000° C in the core of earth riscs closer to the surface of the earth due to cracks of faults as per plate
techtonics theory. The heat from carth’s corc is dispersed through the surface al a small rate compared
to sunlight and produces a thermal gradient whose average is less (han 30° C per KM. There are
some areas around the globe which are geothermal most sensitive with a thermal gradient ranging
from 100 10 300° C / km. These geothermal spots or hot spots can be liquid dominated, vapour or
steam dominated, and hydrological factors. Geothermal sources are of three basic types which are
(1) Hydrothermal ; (2) Geo-pressured and (3) petrothermal. Depending on the nature of Geothermal
lclds it 1s convenient to classify earth’s surface into three brogd areas '

Non-Thermal areas with a temperature gradient of 107 er km depth.

2. Semi-Thermal arcas with a temperature gradiel $80°C per km depth. These are capabic of
producing hot water above 100°C_ :

ieng ol more than 80°C per KM depih.

‘more than 100°C.

3. Hyper-Thermal arcas with a lemperature

a) Wet fields, where the water is pressutiz

b) Dry fields where dry saturated rodiiced above atmospheric pressure.

Historically, the first application of g8gthermal energy dates back to 1300 in Teeland for space
heating, cooking and -medicinal p . In 1800 it was uscd on large scale to recover bong acid. In
1897 geothermal steam was used ¢ a small steam:engine al Larderallo, Italy and at the same

place in 1904 it was converted into clectrical energy. Singe then much progress has been made to
cxtract natural heat and loday there is thriving geothermal Indusiry. It is gradually being used as
non-conventional source in view of the ever increasing demand for power and the limited potential
of the conventional sources. At present, worldwide geothermal electrical power capacity stands at
5828 MW representing a 59% increase in the past five years. Most parts of the globe are known as
thermal reservoirs like Himalayan territory, Japan, Malaysia, Korea, Phillippincs, China and costal
. region of USA. In India a 7.5 tonne capacity cold storage pilot plant was instalied at Manikavan,
Himachal Pradesh by GSI-IIT, Delhi. Geotherinal energy has highest energy densiy and it is
technocconomically [casible. It is classificd as renewable because the energy from the mn It’s interior
is aimost in-exhaustible as Solar or Wind energy. oo :

Advantages . Geothermal energy production is the cheapest when compared with conventional
energy sources and needs least investment. Geothcrmal power produclion is pollullon free with
negligible toxic waste. : :

In the long term, geothermal encrgy must rank as one of the world’s major altetnative fuel
resources. There are about 340 known thermal areas in lndia, 46 of these arc above 150° C which
could generate about 2000 MW of electricity for a period of 30 years.

Limitations : Pipes, turbine blades gets corroded with hot ground water containing dissolved

126



‘substances and-to overcome.this stziinless pipes and blades should be used. Hot water and steam
loses heat when brought above grounds. So for effective use of geothermal energy, it should be used
at the source, : : _

11.9. _ENVIRONMANT_AL_ IMPACT : OPTIONS & CHALLENGES

The renewable energy sources like solar radiation, wind, biogas, tidal energy etc. are available
in all parts of our country ¢ven though there ara_varia_tioiis in volume/quantity at different regions.
The vital factor for cnergy extraction are the availability of source in abundance, easy accessability
to tap the source, uninterrupted and countinuous supply of raw material or source and cost cf! fectiveness
of the power praduced. Different regions have varied climatic conditions and natural resources depending
upon the geographical location of the particular region. Out of all the sources available, onc has to
choose the favourable and suitable technologies for maximum harnessing the energy at low cost.

_ Before the selection of technologies for extracting non-conventional cnergy from natural resources,

a gualitative & quantitative study has to be conducted. While conducting the study, attention has to
be paid not only to renewable cnergy sources but dlso to the non-encwable or conventional or
commercial energy sources available in plenty. This exercisc is essential as the current technologies
in some arcas, specially in solar are more efficient and cost effectivg when a mixed technology or
hybrid technology of conventional and non-conventional seurces are utilized. - '

Energy generation form renewable encrgy sources will not cause any adverse environmenial
impact. Power production from these Soﬂrce_s is virtuallyNgollution free and will not produce any
significant waste, toxic substances as in conventional éagrgygeneration like Thermal Power Plants,
Atomic power plants, Commissioning of hydroeleciric powef projects cause a lot of cultural, social
and environmental dislocations, disptacements % urbances, whereas installation of renewable
energy production devices like solar power plant d milis ctc. Cause no threat to the human -
being in particular and 1he environment in al. So the encrgy generation from renewable sources
is environmentally safe and its developmenmes little investment cornpared to other conventional -

Energy Sources.

_ The only chalienging task iglo develpp large scale energy producing systems (0 harness rencwable
energy from the biomass, su tide and from the earth, continuously at'a cheaper cost and its
_availability to the rural, urban emote areas without any difficulties.

- India is well endowed with solar and water resources which can be exploited for power gencration.

" The country should adopt a two fold approach. Firstly to use the renewable encrgy sources in an

- optunum and integrated way to energisé villages and secondly to generatc power from these sources n
megawatt range to feed the same into the grid system.

11.10. SUMMARY

This Unit covers various alternative energy sources which are casily available and rencwable in
naturc. These sources are bio -mass, solar energy, wind energy; tidal energy, geothermal energy ctc.
These sources are the only solution to conventional sources like coal, oil, natural gas ctc. This unit
briefly explains the principles of extraciion and conversion of energy into desirable forms and applications
in domestic and industrial sectors. Environmental impact of each alternative energy source also has
been discussed. Their advantages like purity, cost- effectiveness, environmental compatability also
cxplained in this unit. This unit dictates the need and solution for present day energy crisis and
emphasizes on energy generation which should be techno-economically feasible, rurally avatlable,
non polluting, culturally and socially refreshing.
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11.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1" Renewable sources are those which are inexhaustible and infinite like solar encrgy. They recur :
once used and do not deplete with time. Non-renewable sources are those whose avalilability is
lime bound. limited and depends on utilization. they exhaust once used ¢.g. Fossil Fuels like coal,
oil clc. '

2. Bio-gas is mainly used for cooking purposes in rural arcas, it is also used for space heating, lifl
: trrigation and high temp industriaf application. '

3. Bio gas contains mcthane (CH,) Carbondioxide (CO,), H}’drogen (H,), and the rest consists of
trace gases. : C )

4. France, La Rance, 1966

11.12. MODEL EXAMINATION QUESTIONS

L. - Answcr the following questions in about 30 lines each

Explain the rencwable and non-rencwable sources of Energy.
Explain the process of conversion of energy from sunlight.
How do you capture wind inlo energy 7

- U R N -

How do you produce geo-thcrmal encrgy 7 What arc the advantages and limitations of it ?
IL Answer the following questions in about 14 lines each '

Explain the two important types of biogas plants.
What is wind encrgy ? Explain its advantages antions.

- Explain the thrce basic components of a tid wer plant.
What arc the advantages & limitations_of gedfhermal energy.
‘What are the advantages and limitati idal energy.

o

[ N

. Dr. M. Ayub Hussain Khan.
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UNIT-12:NUCLEAR ENERGY

Contents

12.1. Objectives

12.2. Introducticn

12.3, Frinciples of Nuclear Energy Production

12.4. Nuclear Power Generation

12.5. Commercial Nuclear Power Giencration

12.6. Indian Nuclear Power Programme

12.7. Limitations and Hazards of Nuclear and Other Power Plants
12.8. Options and Challenges Regarding Power Generation
12.9. Summary

12.10. Check Your Progress : Model Answers -

12.11. Model Examination Questions.

12.1. OBJECTIVES

Afier going through this unit you will be able to :
¥, explain the principle and sources of nuclear ener

*  describe the working of a nuclear power pla

*  describe the present status of the nuclear p
*  describe the Indian nclear power prog € :
*  list out the limitations and hazards of lear power plants

* compare nuclear and other po ts.

12.2, INTRODUCT

Energy is the ability to do work and it is in different forms as heat, light, sound, clectricity,
chemical, mechanical energy and matter too. Energy nol money, is the real “currency” of the world.
It is an important input for development, and is used for household, agriculture, transport and
industrial complexes, and thereforc its demand is increasing with the changing civilization, Per
capita energy consumption of man at different stages of development is given in table 12.1. Table
12.2 gives information about the energy consumption of industrialized countries. The rapid increase
of the world’s production and the limited resources of energy call {for a new order with great emphasis
on the need for not only finding new forms of energy but also ic conserve the available resources of
encrgy. It is also important to recognise that the desire of eiféry nation is to improve iis standard of
living by demanding an ever increasing share of the energy available in the world. Therefore, a
better utilization of the known resources of energy is quite nccessary to meet the world’s future
demand.

All the energy we use in our daily activilies comes from various conventional sources distributed
* by commertial and- state institutions. About 88% of the world’s present energy production comes
from coal (27.3%), vil (38.6%) and natural gas (21.0%) and burning of biomass (115) for cooking
" and other uses. The coal and oil deposits are to exhaust one day, and so therc is an urgent need to
minimise their utilization and develop other sources of energy. One of the future promising cnergy.
- sources is nuclear energy,
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+ Table - 12.1. Energy Consumption ( Per capita) for different Stages of the Development of Man |

Stages of : _ Daily per capita consumption (Megajoules)
Development food Home &  Industrial & Tran sporl
Commercial Agnculture '

Primitive Man ' g . - _ - -
Hunting Man C 12 | 8 o
Primitive Agricultural Man 16 16 16 o -
Advanced Agricultural Man. 24 i8 28 4
Industrial Man ' 28 128 9% 56 |
Technological Man 40 164 - 364 254I'

(Source : Ambio, Fcb., 1992)

Table - 12.2. Energy Consumpuon by Industrialized and less Developed Countries. (1‘)80)

Population  Enmergy Consumption Total Energy
{billions) per capita, GI/Y consumption {Quad/Y) -

Industrial countries L1 ' 19Q 221
Less dévéluped countries 3.3 Q | Cs7
. Total 44 ' 17g@@"

2

(Source %@, Fcb., 1992)
GJ = Gigajoule = 10° Joules ; Quad = Qﬁ = 10 ** Joules
@ = Excludes 14 GJ/Y per capi on-demmercial energy,

tamd n
[, Excludés 47 Quad/y of nmerc1a1 CNCIgy.

12.3. PRlNCIPLES OF NUCLEAR ENERGY PRODUCTION

Nuclear energy can be produced by ﬁssmn and fusien reactions.

Nuclear Fission :-The controlled relcase of energy from nuclear fission reaction, led to the
development of this energy source in the post war pcrlod for generatlon of clecu ical power,

In terms of Einstein’s mass energy relatlonshlp, one gram of uranium rcicascs on fission; 8.1 X

_ 10 Joules of energy, the same quantlty released by the combusllon of 2.7 tonne*, of coal or 14

barrels of oil. .
Nuclear fission is a nuclcar change in which nuclci of ccrmin isotopes With largc mass numbr:rs

such as uranium - 233 and 235 and plutonium - 239, are spllt into lighter nuclei when struck’by
neutrons (Flg 12 1) :

Actually, neutrons are present in thc mass of these elemems what is needed is to asscmble the

material 10 a critical level: In addition to the splitting of atoms and release-of energy, fission of each
atom results in the release of onc or more neutrons for eagh atom split; on the average 2.5 neutrons:
are produced. for each uranium-235 undergoing fission. Some of these neutrons can,:in turn; bembard-
and be capturcd by other f{issionable atoms releasing more energy, producing more neutrons and

creating a contimuously sustained reaction, which is very fast indeed, called nuclear chain reaction
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C"‘ ® Fission "agillc‘“
o at-€ .

i

~h

Liranmwm-235 Lnstabla nucleus
nuclheus

Fig. 12.1 Fission of uranivm - 235 @ a slow moving neutron

Fig. 12..2. Anuclear chain reaction initiated by one neutron triggering fission in.a single uranium- 235 nucleus
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The flSSlDl'l reaction for uranium - 235 can be reprcsentcd as

B, + ‘n—>X+Y+25 n+47X109K cals

From the above reaction, it can be inferred that 235 gms of uraninm-2335 releases 4,7 X 10 Kilo
calories of energy, whereas 235 gms of carbon (cdal) on combustion releases only 1.84 X 10} Kilo
calories. In the above equation, X and Y are atoms of clements with masses 85-110 for X and 125-

150 for Y, most of them are highly radioactive and spontaneously dlSl ntegrate emitting highly enc rgeuc '
w-and B- particles and X - rays.

Of the three atoms that can undergo fission, only uranium-235 occurs in nature tmmprising _
~about 0.7% of naturally cccurring uranium. The abundant component of uranium is uwranium * 238 .-
which does not undergo fission with neutrons directly, but it can be converted into plutonium - 239
which is fissionable, by bombardmcnt with neutrons according to the reaction.

.238U + 1 > 2397 mi.d_} LSNP _I}-Z}B]}d_> 239].)
w0l T S2decay 9 decay. - F s

(NP = Neptunium) (Pu= Plutonium)
‘to plutonium-239. Some of the plutonium will react by fissjon Md some will be left in the reactor

fuel. This unreacted plutoninm represents the future supply of fuel, 1t is radioactive, chemically

In any nuclear reaction using ratural uranium as a fuel, a Ertion of uranium - 238 is converted
very reactive and can be used not only as a reactor fue@r making the highly destructive nuclear

weapons.

b) Nuclear Fusion : Niclear fusion is a very ial source of encrgy. This. involves the fusion
of two nuclei of a light element to proguce niclei of a heavier element. For example isotopes of

hydrogen with mass numbers 2 or 3 o give a nucleus of helium - 3 or h_elmm_ 4.

tH+ 3]H 100 milliib * He + 'n +erergy
PH+2H 1billion°C '
e e e

3 1
2H¢ + oM +energy.

Fugl +=————— Reaction Condkians - Frodut:s

————G8Y . @ * -
- hlglium-d N e N

Iwrl;of_:'en Tor \

- deulerium nucites e

© hydrogen oo ’ B
IHlibm nocteys - 100 millnn -

— . 0 I3
" hetum.3 -

nucleus K .'I_.

T
Juslan

mgleys

" hydrogen-2 or ol
dewerivm nucleus
f

fuzion e’ //

. hydrogen-2 or . a .
devterivm mutleus 1 billion*C

o p'clon . naulron
Flg 12 3. the deuterium-tritium (D-T) and denterium- deuterium (D D)
nucles r fusion reactions-which take place at extremely high tn.mpc;ratures




These reactions release tremendous quantltles of energy. But they'can occur only at temperamres
of the order of 50 to 100 nulllon degrees celcrus For thxs reason, these ractions are called therrnonuclear _
fusion reactions. : : :

Hydrogen 1sotope w1th mass number 2 (called heavy hydrogen or deuterlum) is present to the
extent of only one atom in 5000 atoms of ordinary hydrogen, as water which'is available in unlimited
quantities. The energy that could bé released from the small amount of heavy hydrogen present ina
_ gallon {4,546 litres) of ordinary water would be equwalem to the heat energy produced by burning -
300 gallons (about 1400 litres) of oil. Consequently, the thermo-nuclear energy, theoretically available
~ from fusion reactions using heavy hydrogen, is fantastically high.

. The sun converts 650 million tonnes of hydrogen into hefinm every second, releasing the energy
- equivalent to four million tonnes of mass per second in the form of radiant energy. The earth receives
just a minute fraction of this energy which sustains all its actwmes '

Scientists beheve that the extraction of energy from controlled thermonuclear fusion reaction
will be possible in a few decades time. When this happens, the world energy problem will be solved
‘for hundreds of thousands of years because oceans contain enough heavy hydrogen to provide all the
-energy people may ever need. But it is very difficult to harness this. energy without any negative
impacts on earth. Scientists are developing technologies to harness this energy for the beneficial
uses of mankind without any negative unpacts i

Check Your Progre'ss -1 |
What is meant by nuclear fission and nuclear fusien 7 :
" Notg (aj Write your answer in the space provided .
. (b) Compare your answer with the one q’ven at™fe end of this unit. - -

12.4. NUCLEAR POWER GENERATION

The greatest peaceful use of nuclear energy is the generation of electric power. The intense hcat
. produced in a nuclear reactor is used in the same way that coal or oil is used for power generation. A
nuclear power station will differ from an ordinary coal burning power plaat only in the fuel burned
and i in the furnace in which it 1s burned Wthh 1s depicted in figure 12.4.

A nuclear reactor is a pressure vessel designed to contain and provided for flssmn fissile
material (fuel) in a self-sustained and controlled manner. The heat produced by fission is extracted
- and used for converting to water into. steam which drives the turbine which in turn operates the
generator to produce electric power. There are essentially five main components in nuclear reactor.
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~ Fig. 12.4. Electric power plants. A C_oaI-bascdth\rer plani. B. Nuclear power plants

i} The fissile material or fuel like uranium ?&s usally in the form of rods or slugs. '
ii} A moderator which slows down the tron® to the required speeds. :

meTRISUTION

iii) Control mechanism for the contro M reactor, which consists of rods of a materiz! like
cadmium or boron, which are ble ol¥mopping up excess neutrons. Through suitable positioning
of these control rods, the ¢ ction can be allowed to occur at the desired level. If the

chain rcactions were 1o build udfn the reactor it could lead to the relcasc of enormous énergy
and burn up and melt down the reactor with grave consequences.

iv) A coolant for extracting the heat from the rcactor : The coolant keeps the rcaclor at .suffidiently
low temperatures to avoid heat damage 1o the fuel and the materials of constructipn and also
extracts the heat from the reactor for the production of stcam for the operation of the jurbo-
generator. The coolant can be air, carbon dioxide, water (ordinary or heavy) or a liquid metal

. ) for example, sodium depending upon the type of the reactor. :

v}  Ashield which completely encloses the reactor providing protccllon from the ha: 7ard0us radlallon
from the reaction.

Three fourths of the world’s commercial reactors use ordi'nar_v water, called light! walc_r as a
moderator. Key parts of sun light water rcaction (LWR) arc the core, fuel assemblics, fuell rods,
control rods, moderator and coolant (Fig. 12.5). The core of an LWR typically contains about 40,000
long, thin fuel rods bundled in 180 fucl assemblies of around 200 rods each. :

Conirol mds arc made of maierials such as boron or cadmium that absorb nentrons. Th:. rods
are moved in and out of the reactor core to regulate the rate of flSSlOIl and the amount of pow &r the
reactor produces.

Moderator circulatcs round the fuel rods and the fuel assemblics and slow down the neutrons
emitted by the fission process-so that the chain reaction can be kept going,
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A coolant circulates through the rcactorﬂcofe and removes heat 10 keep fuel rods and other
materials, from melting and to produce steam that spins generators to produce electricity. Most of

the reactors use water as coolant. A few gas cooled reactors use unreactive gas like helium or argon
as coolant. ' ' '

) Fip. 12.5. Light water moderated and cooled nucl rer plant with a pressurised water reactor. 1. Uranium fuel input
{Reactor core). 2. Smuall amounts of radivactive gases. metgency core cooting system. 4. Control rods. 5. Steam. 6. Heat

" exchanger. 7. lot coolant. 8. Pump. 9. coolant,

After the reactor 's operated for a c&%ain period, the fissionable uranium- 235 in the fucl decreascs '
and can no longer be used @5 wale electricity. These spent fuel rods which contain the new
element plutonium, which is usd *ﬂ or fission and high level radio-active wasles, are removed froim
the reactor core and are stored in pools of water that absorb the heat thai is released by the decaying
radio-active wastes called the fission products. Most of the fission producis decay over a period of
~ one to five years. But the activity of some fissien preducts persists for a long time. Notable among
them are strontium-90 and Cacsium-137 with half lives of 28.9 years and 30.2 ycars respectively.
The gascous lission product lodine-131 with a half life of 8.1 days is also a hazard in the cvent of its
leakage during the reactor operation. : '

Half life of an element is defined as the length of the time during which one half of the’atoms of
a radio-active clement disintegrates. The longer the half life, the longer the activity persists. Plutonium
which is highly toxic, is radio-active decaying with a half life of 24100 years. For example the
radioactivity of fission products in a nuclear reactor operated at 1000 kilo-watl power for one year
has the following values at different intervals after the reactor is shut-down.

Time Activitiy {in curies)
0 693573

100 days 144130

1 year : ~ 36964

3 years 6527

{one curic is the activity associated with one gram of radium})
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After some time the fuel rods are reprocessed to extract the small quantity of the fissionabie
plutonium and the fission products from uranium. This is highly complex process involving !‘CIT:l_OtE:
control operation. The Department of Atomic Exiérgy, Governent of India, has installed a nuclear
fuel reprocessing plant at Tarapur. The safe disposal of the nuclear waste is presently a matter of great
concern all the world over, '

Check Your Prog_i'ess -2

What is meant by half life ?
Note : (a) Wrile the answer in the space provided below,

‘ (b) Compare your answer with the one given at the end of this unit, ‘

‘ 12.5. COMMERCIAL NUCLEAR POWER GENERATION.

The first commercial nuclear power plant began power generation at Calder Hall, UK in 19%7.-
By 1991, a total of 420 nuclear power plants were operating or being built around the world. Nuclear
- power’s share of electricity production remained high in 1991 in the following countries.

France - 72.7% Czcchos[ov% - 28.6%
Belgium - 59.3% Finland - 33.3%
Sweden .- 51.6% Ger - 27.6% !
Hungary - 48.4% ~ Japan ' - 23.8%
North Korea - 47.5% ? ' - 35.9% i
Chipa - 37.8% SWitzerland - 40.06% ‘

UK ' - 20.6% QTIS (USSR) 12.6%
USA - 21.7% India - 1.8%
-Canada - 16. '

12.6. INDIAN NUCLEAR POWER PROGRAMME )

. |
India’s nuclear power generation is only 1 8% of the total. There is an urgent need to imprdve

the neclear power as the demands for power are inctasing fastly whereas the totai production {rom
hydro-electric and thermal (coal) arc not increasing at the same pace. '

The first nuclear plant came up in 1969 at Tarapur which consists of two boiling light water
units with enriched uranium as the fuel cach with 160 MWe gross capacity. The units buili subsequently
arc of the pressurised heavy water type using natural uranium as the fuel and heavy waler as the
moderator. The information on the entire programme by Department of Atomic Enerpy till the end
of the centrury is presented in Table 12.3.

Table - 12.3. India’s Nuclear Power Programme. ‘

Units Reactor type  Gross Capacity (MWe)  Year of Commissioning

1. Units.in Operation - . ‘

L. Tarapur Units 1 & 2 . BWR - 2X 160 1969
2. Ranapratapsagar -1 _ PHWR =~ 220 . Y2 \
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. Ranapratapsagar - 2 " - 220 1980

3

4. Kalpakkam -1 : " - 235 ' 1983

5 Kaipakkam -2 " 235 - 1985

6. Narora -1 e 235 | 1991

7. Narora -2 i 235 1992

8. Kakrapara -1 " 235 | 1992
11. Units under construction

1. Kakrapara -2 PHWR - 235 1993

2 Kaiga -l &2 " 2 X 235 1996 -

3. Ranapratapnagar -3 & 4 ' " 2X 235 1996-97
1. Units planned '

1. Kaiga PHWR 4 X 235

2. Tarapur " 2 X 500

3. Ranapratapsagar " 4 X 500

4. Koodamkulam v 2 X 1000

BWR = Boiling light water type reactor
PHWR = Pressurised Heavy Water type reactor.

Actually plans were drawn for generation of 10,0t by the end of this century. But these
targets were reduced to $700 MWe due (o financi uncl

The programme ultimately aims at utilizing t resources of thorium, the fertile material.
available in the country to the extent of 3.6@QO0 tonnes as against the uranium rescrves of 70.004
fonnes. The uranium reserves can support stage programme of 10,000 MWe and will also

“yield plutonium. In the second stage of plutonium in fast breeder rcactors with thorium as the
blanket material will not enly cnabl craiion of power bul will yield uranium-233 which can

be usced as fuel in thz third sta

Valuable experience for th zn and consturction of breeder rcactor is being gained by the
Indian Scientists ané Engineers through the construclion and operation of a fast breeder reaclor at the
Indita Gandhi Centre for Atomic Research at Kalpakkam in Tamil Nadu. A spent fue! reprocessing plant
mearnt for the extraction of plutonium is located at Tarapur.

Several heavy water plants have been located all over the country for the manufacture of heavy
waler for the pressurized heavy water nuclear power plants.

Check Your Progress - 3.

What arc the places of eccurrence of nuclear power plants in India which arc under operation?
Note : {a) Write the answer in the space provided below.
(b) Compare your answer with the one given at the end of this unit.
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12.7. LIMITATIONS AND HAZARDS OF NUCLEAR AND OTHER
POWER PLANTS

Nuclear power plants are not associated with any significant quantities of primary pollutants
such as carbon monoxide, sulphurdicxide, nitrogen dioxide, etc. The carbon-dioxide emissions from
nuclcar plants amount only to 1% of the amount of emissions form a coal-fired plant. Conscqucntly,
there is no contribution fo the greenhouse effect or acid rain from this source. To quote Alvin M. Wembe Ig,
a member of the group of scientists that developed the [irst experimental fission reactors at ‘the
University of Chicago in 1941, “a properly opcrating nuclear reactor and its subsystems arc environmenially
a very benign energy source”. The words “properly operating” implies much responsibility on our
. future generations to exercise the vigilance and discipline necessary to keep our nuclear fires well

‘behaved.

The amount of waste heat transferred from the steam to the condenser is of the same order as
the heat transferred from a thermal power plant. A 1000 MWe of thermal {coal) power plant may
require about 400 hectares of land only fora cooling water pond. The land requirements for setting
up nuclear power plants are much smaller compared Lo hydro-electric power projects.

Under normal operating conditions nuclear plants release only minute quantities of radioactivity -
into the environment through the cooling water and into atmosphere. That quantity of radic-activity
is almost of the same order as the quantity of radioactivity released by thc thermal plants in the
shape of uranium and its decay products present in the solid waste, fly ash. The additional exposure
of radiation to which people in the vacinity of nuclear reactor areSgbjected to, represents only 2% of
the unaveidable exposure form the natural background radiao '

Unlike the other power generation systems, nuclear § generation calls for stringent mcasures
for the management of radioactive material cmissions§nd astcs at every stage of fucl handling,
mining of uranium, preparation of fuel, reactor operatipn, spent fuel reprocessing and decommissioning -
of the reactor after it has served its wtility which ly ranges from 25 years to 40 years.

Here is a comparison of the fuel reqs and wastes produced in power plants of 1000

M.We operating at 75% load factor.
Requirements

i) Nuclear power plants : A pressurised light water nuclear plant would requirc 27 tonnes of
enriched uranium which corresponds to a few lruck loads. The correspondmg quantity of natural
uraninm is 160 tonnes. :

ity Thermal power plants : a) A coal fircd power plant would need 2.6 mjllion' tonnes of (::oal
cach year which corresponds to-the load carried by S trains each transporting 1400 tonnes evew-day.

b) A ovil-fired plant would requlre 2 million tonnes of fucl per year whlch is about l[) super (anker
loads. :
Wastes .
L. Nuclear Power Plants : (i) a) High level “astes 27 tonnes of spent fuel, whcn reprocessed and
the fission products are verilied as glass, these wastes occupy a volume of 3 cu m. b) Intermediate
level wastes - 310 tonnes. ¢) Low level wastes - 460 tonncs d) Some low level radio-active gascs
from the stacks without any public hcalth mgmﬂcance ¢) Tailings from uranium mines and’ere-
processing plants are smaller in volume than the corresponding coal tailing per unit of clcclnu ity -
produced. : :
10y Coal fired plant

a) Aur pollutants -

1) Carbon dioxide - 6.5 million tonnes.
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2) Sulphuf dioxide - 110,000 tonnes (assumiﬁg 1%'S in the coal)

3) Oxides of nitrogen - 22,000 tonnes. B

b) Solid Waste | | |

1} Ash - 320,000 tonnes containing 400 tonncs of toxic heavy metals.

1IT) Oil fired plant
a) The air pollutants emitted from oil fired plants are

1) Carbon dioxide - 5.7 million tonnes
" 2) Sulphur dioxide - 37,000 tonnes
3) Oxides of nitrogen - 24,800 tonnes

Handling of Radioactive Wastcs from Nuclear Power Plants :Low and intermediate level
~ radio-active wastes are produced in the course of the operations of the nuclear ‘power plant. The
radio-active pollutants are separated by different methods such as filtration, ion-exchange, reversc
osmosis, chemical treatment, evaporation, etc. These are immobilized in matrices like cement, bitumen
and polymer, sealed in contatners and burried in engincered shallow-reinforced cement structures in
the piant area itself. The burrial area is regularly monitored.

High levet radio-active wastes are produced during the reprocessing of the spent nuclear fucl.
Their volume is very small but they are hazardous for very long periods extending to hundreds of
years. These wastes are immobilized in highly inert matxices such as glass and put in thick corrosion-
resistant steel containers and buried in stable deep geological granite repositories choosen after
careful study, corrosion and degradation processes as well asWglubility and transport arc limited by
the low availability of water in these structures.

A comparison of detriments of Coal and Nucle @ electricity per giga watt year is presented
©intable 12.4. : : '

Table 12.4 Comparative Detriments of Coal %cléar based Electricity per gigawatt-Year

>

Detriment Coal _ Nuclear
Radioactive effluents - B . 1047 Bq
and emissions stly as uraniwm (mainly as Kripton-83
nd thorium and decay gas, Global emission of
products) radon-222 gas from natural

sources is out at greater
than 10 Bq/y) '
Sulphur dioxide : 45,000 tons ' 200 tons
' ' {Due to use of carbon-based
power for fuel processing etc)
Carbon dioxide 10 million tons 5 X 10° tons _ '
_ ' (Same as just above)
Carbon monoxide 750 tons 30 tons
' _ ' {Same as just above)
Hydrocarbons _ 260 tons o 10 tons -~
Crude ore or coal mine 2 million tons 0.5 million tons
: ' ' ' (According to grade of ore)
Final fuel "Burnup” . 3 million tons . . 500 tons

Typical land disturbance = 50 hectares .- 10 hectares
for initial mining etc. '
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Typical power station 10O hectares ' 60 hectarcs
sitc area. '

All occupational and 10-200 1-3 -
non occupational deaths

assoctated with full fuel

cycle,

All occupational 1.5-300 .0- 0.09
fataliscrs '

Note : Bq = chu:,rrel which corresponds to one radicactive disintegration per second.
. (One Curie = 3.7 X 10 disintegrations per sccond)
- {Source - Endeavour, Vol. 12, P. 163 {1988))

Over the past 35 years since nuclear reactors came into existence, considerable cxperiencg has
been gained by the scientists in evolving decommissioning methods for old reactors and their connected
facilities. Scientists are confident that it is possible to carry out the decommissioning operations
while protecting the environment, the workers and the public.

The costs are insignificant in comparison with the value of enérgy produced and work out in the
range of 10 to 153% of the total capital cost taken at the same reference year as the basic. In [ndia,
this value is put at 1.25 per watt. In the light of the experience gained so far, the most advantageous
- method of decommissioning is to remove the fuel from the ggactdfand mothball (he plant for about
50 years before undertaking total dismantling, ;

The greatest risk from nuclear energy scurces aris accidents due to malfunctioning of the
rcaclor, defective materials of construction and poor mahegCment. Nuclear energy was considered as
the best resart for the world energy problem till t jor reactor accidents at the Three Mile 1sland
(US. 1979) and Chernobyl (U SSR, 1986) haye sh¥ken the confidence of [he'public, Of the two, the
accident at Chernobyl was more serious, ore than 30 people immediately and subjecting an
‘unknown number of people in several counMigs in USSR and Europe to radiation exposure which will
have long term cffects. About 7000 “& crams of highty radio-active material containing Ioding-131, -
Strontium - 90, and Caesium - 137 F pam and several other radio-active nucleides with an estimated
total activity of 50 to 100 million curic¥ was rclcased in the accident te the reactor and got dispersed
over vast areas in Europe. The accident was reported only to be due to human error or poor management
of the reactor and this has been agreed by several nuclear scicntists throughout the world after carcfully -
" analysing Lhe situation. -

In the weeks following the mishap, fresh vegetables in many couniries showed activity much -
above Lhe safety levels. Large populations in the arca around the reactor were evacuated. They still
conlinue 1o live outside the restricted zone. Somc forccasts suggest thal as many as 40,000 diaths
could occur due to cancer in the surrounding countrics, mainly in Europe, due to the radm aclmly
rcleased,

About 800 dumps of radio-aclive waslc threaten lo contaminate the ground water solrces. 1t is
estimated that the financial losses from the accident through clean up, health care for viclims, relocations
of residents, replacement cost of the reactor, cost of agricultural output and lost export earning for
USSR alonc would amount to 5000 million dollars. The incurred by oiher countries due tothe-effects
‘of fall out of radio-activity was also substantial. Of lale, somg scicntists arc expressing anxicty about
the safety-of the cement concrete built (o cover the d*unagcd reactor which has been showing cracks
due to the heal generated in the entembed core: :
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12.8. OPTIONS AND CHALLENGES REGARDING POWER
GENERATION

The cost of nuclear energy per KWh {Kilo Watt hour) compares approximately with that of coal
even though it is slightly higher and hydro-energy is the cheapest (Table 12.5 and 12.6). But we
have to depend on rains Tor hydro-energy which have been ¢rratic and it will be possible to meet the
increasing demand from the Hydro source at all. There is little possibility to increase power from
hydroelectric source due to various problems. In the case of thermal, the coal deposiis arc depleting
and thére are environmental pollution and solid wasle (ash) management problems. So. there is a necd
to strike a balance tn optimising the use of all forms of energy-hdyro, thermal and nuclear. The projects
covering all these sources should be improved so thal we can bcqt use the advantages of power
generation and minimise disadvantages,

Table 12.5. Cost of Energy from Conventional Sources.

Source : Unit Capital cost  Operation Fuel Cost of Interest
: per Unit and : Cost Energy anﬂ)eprc-
{Rs) Maintenance  Per Per ciation
Nuclear KW 35,000 0.5% 079 0551708 . 17%
| of capital costs : S of capitai
: _ : - . costs
Hydro KW 32.500 25% NIL. 050 15%
Coal | KW 30,000 25 0.50  0.57-1.20¢ 17%
Gas _ KW 25,000 2_@ 0.92 I8-20 18%

{Couttesy : Tata Energy Research Institute, hi)
@ : Economic Times, September 6, 199 _

Table 12.6. Cost of energy from renewa

C S0UrcCces.

Source Centralized - Capital  Total Useful Cost of

or nit Cost annual life Energy

decentralised KWH costs Rs./year (years) = PerRs. Per KWH
Windfarm - Centralized KW . 30,000 3,516 20 3.15
Solar thermal " _ KW . 80,000 to “13,110 to 20 17.49
125,000 19,235 _

Solar Pheto-  Decentralized KW 110,000 18,245 25 ~ 1170
Voltaic : ' _ '
Small hydel Centralized KW 30,000 4,324 30 “1.65

(Sourcc : Natural Resources Forum, November, pp.303-314 (1992)}))

Eventhough hydro.encrgy and coal energy will continue to reccive preference. nuclear encrey,
though currently under cloud, will plav an increasing role in power gencration, till non-conventional
encrgy sources- like Sotar and Wind energy become significant through lechnologlcal brcak through.

Al the dawn of independence, the rated capacity of the power generation which was essemmll\«
‘hydro was 1360 MW. By 1992 this rose to 70000 MW including thermal and nucicar along with
hydro-energy. India is expected to achicve lower middle income status by 2015, If this expectation
were to materialisc, the per capita power production, which is the Chief index of economic growth
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has o record a three fold rise from the current level of 253 KWh per capita to a record 750 KWh per.

capita. So, India has to develop the conventional (coal, hydro and nuclear) and non-conventional
. energy sources.

While developing nuclear energy, it is 1mp0rianl to perfect technology and management: such

that lhere are no accidents in nuclear reactors.

-12 9. SUMMARY

One of the future promising energy sources is nuclear energy. Nuclear energy can be produced
by fission and fusion reactions. :

Nuclear fission is a nuclcar reaction in which the nuclei of certain isotopes of heavy elements
are split into lighter nuclei, when bombarded with neutrons. Nuclear fusien involves the fusmn of
two muclei of a light clement to produce neclei of heavier element.

A nuclear reactor is a pressure \»cssel designed to produce cncrgv through a fission rea:,tlon
which Mused for converting watcr into steam which spins the generator to produce electrical energv

Unlike other power generation systems nuclear power plants require stringent mcasures for the
management of radio-active materials and wastes at every stage. '

12.10: CHECK YOUR PROGRESS : MODE]L. ANSWERS

1. Nuclear fission is a nuclear change in which nucleig
such as uranium 235 are split into lighter nucle

struck by neuirons.
€8, o Ut ‘n—>X+Y +2.5' n+4.7 0® K Cals.

Nuclear fusion is a nuclcar change ja whigh two nuclei of a light element fuse to produce

nuclei of heavier element. For ex ¢ isotopes of hydrogen with mass numbers 2 and 3 .

fuse to give nuclei of helium - 4,
* H+? H 100 million°C +1.n + energy

2. The length of time during which one half of the atoms of a radioactive element disintegrates is
called half life of that element. : :

3. The nuclear power plants which arc under operation inindia arc located at Tarapur, Ranapratapsagar,

Kalpakkam, Narora and Kakrapara.

12.11, MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines cach.

1. Explain the principle of nuclear reactions with suitable examples.
2. Describe the working of a nuclear power plant, '
3. What are the limitations and Hazards of nuclear power plant ?

IT Answer the folowing questions in about 10 lines each.

1. Why is nuclear fusion called a thermo nuclear reaction ?
2. What is the role of moderator and coolant in a nuclear power plant ?
3. Compare the wastes generated by a nuclear power plant and coal based thermal power plant.

Prof. N. Someswara Rao

f cMsolopes with large mass numbers,
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UNIT - 13 : AIR AND NOISE POLUTION
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13.1. OBJECTIVES Q~

~ After completing this unit yo able to :
*  explain the meaning of air utien,

list out the sources of air pollution,

describe the nature of air potlution, ) : _

list out the ¢flects of air pollution on human, animal and plant health,
explain the principles of air quality monitoring, °

describe the role of transporiation systems in air pollution,

cxplaih the meaning of noise pellution,

list out the sources of noise pollution and

assess the eflfects of noise pollution on life systems. .

13.2. INTRODUCTION

Air pollution may be defincd as any atmospheric condition in which certain substances arc
present in-the ambient air at concentrations and for duration harmful to man and his cnv1r01_1menl,
However, there are many other similar definitions for air pollution and the Indian standards Institution

gives the following definition (IS-4167, 1966).

“Air'pollution is the presence in ambient atmosphere of substances, gencrally resulling from
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the activity of man, in sufficient concentration, present for a sufficient {ime and under circiumstances
which interfere significantly with the comfort, health or welfare of persons or with the full use, or
enjoyment of property”. The substances satisfying the above descriptions may be treated as the air
pollutions. The pollutants may be gaseous substances like sulphir dioxide, hydrogen sulphide, carbon-
monoxide and oxides of nitrogen or particulates like smoke, dust, fumes, aerosols and many others.

Air pollutant emissions may be cither due to natural phenomena or due to human activitics fike
industrialisation. The pollutants arising out of industrial activity are often by-products of external
combustion while they are byproducis of internal combustion in transportatlon system.

Noisc is unwanted sound. It is an crrallc, intermittent or random oscillation. Physically noise is
defined as complex sound having little or no periodicity. Physiologically, acoustically and electronically
it is defined as a signal that bears no information. Psychologically, noise is any sound which is
unpleasant or unwanted. The sound of stcam cscaping from the safety value of a steam locomotive,
the sound of surf breaking on a bcaa,h and the sound coming from a stone crushing opetation are
some of the examples of noise.

Noise pollution is nothing but dumping o.fftle undesirable sound into the environment and-like
any other pollution it adversely affects the humans. However, a particular sound may be musical 1o
one but noise to another, pleasent when soft, but noisy when leud, acceptablc for a short time but
disurbing when prolonged. '

13.3. AIR POLLUTION

The source of Air Pollution, nature of Air p'oilulion, Eﬂ@ir pollution on life systems-and
transportation systems are described in detail in this sectjon. .

' 1_3.3.1. Sources of Air Pollut_ion.

&

The sources of air pollution are numerous. T 1 be grouped in various ways basing on the -
type of the sources, number and spatial distrj#®gion 0 the sources and type of emissions. For instance,

they can be grouped into two major typ rces (1) Natural sourccs and (2) Anthropogénic
- sources. : : :
Natural Sources include volcanic 1ons, Torest fires, dust atoms, cosmic dust, extra-ferresirial

bodies, sea spray, forest terpenes, naturdl decay of matter, natural gas emission, pollcn grains from
flowers, microbial sporcs and electrical discharge during storms. The natural sources have a major
share in the rclease of aerosols, sulphur compounds and oxidcs of nitrogen into the air compared to
that of anthropogenic sources; the latter sources overwhelm the former in the release of oxidcs of
‘carbon.

_ However, the man made pollutant emissions are of great consequence as they arc pronc 1o accurmlate

under certatn atmospheric sonditions. Some of the contributors to the anthropogenic sources of air -
pollution are : (1) Transportation, (2) Industrial fuel burning and process wastes, (3) Domestic
heating, (4) Electrlc Powcr generation, (5) Deforestation, (6) Refuse burning, (7) Agriculture and
(8) Wars.

In addition to these there are a number of minor sources such as particulate.matter from rubber
tyres and asbestos brake linings of vehicles: erganic compounds in perfumes, afler-shave lotions,
aerosol sprays etc. The transportation accounts for more than 46% of the total pollutants produced
per vear and hence, remains the principal source of air pollution. The automobiles such as cars, -
scooters and trucks; locomotives, boats, and aeroplanes releasc huge amounts of CO, NOx, and
hydrocarbons in addition to leaded gas and particulatc Iead (in petrol driven vehicles). Eventhough
the industrial sector is often blamed as the main culprit of the problems of air pollution it is not the
ajor contributor, with about 30% share. A large number of industries such as chemical industries,
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paper and pulp mills, cotton mills, metallurgical plantsﬁand smelters, petroleum refineries, mining:
and synthetic rubber industries together contribute to this burden. ‘The common pollutants from
these industries include various types of inerganic and organic gases and particulites. The most
common among them arc : CO,, CO, SO, H 8, NOx, particles of dust, carbon, mctals and other :
solids and liquids. ' S ' o o

The various sources can also be broadly groupcd as stationary sources and mobile sources with
further subdivisions as point and area sources, and line and area sources respectively. Point sources
- are large stationary sonrces such as power plants, oil refinerics and pulp and paper miils. Line
sources are mobile sources with definite routes, eg., highway vehicles and channel vessels. Finally,
area sources are small stationary sources and mobile sources with indefinite routes e.g., open burning,
port vessesl, evaporatlve losses etc.

13.3.2. Nature of Air Pollution

Air Pollution canbe classified as primary pollutants and secondary pollutants. Primary pollutants -
are those that are emitted directly from the sources. Typical primaty pollutants include particulate
~ matter such as ash, smoke, dust, fumes, mist and spray; inorganic gases such as sulphur dioxide,
hydrogen sulphide, oxides of nitrogen, ammonta, carbon monoxeide, carbon dioxide and hydrogcn
Muoride; olefinic and aromatic hydro-carbons; and radioactive compounds. Of the large number of
primary pollutants emitted into the atmosphere only a few are present in suflicicnt concentration to
be of immediate concern. These are sulphur d10x1de oxides ofmtrogcn carbon monoxide, hydrocarbons

and particulate matter. _ :

The sccondary a:r pollutants arc those that are forme atmosphere by interactions among
two or more primary pollutants, or by reaction wj rmal atmospheric constitugnts. Pollutants
such as sulphur trioxide, ozone, aldehydes; ketones, ,-'acelyl nitrate (PAN), and various sulphate
and nitrate saits come under this category. Sgegndary pollutants are usually formed [rom chemical
or photochemical reactions in the atimosphere? - :

* Air pollutants are also grouped atural contaminants, c\g ‘natural fog, pollen gx'dins
bacteria, and products of volcanic erup A{2) Acrosols (Particulates), e.g., dust smoke, mists and
[umes; and (3) Gases and vapo%tam of these terms arc cxphmed below.”

Particulate Matter : The term ‘Padiculates’ refer te all atmospheric substances that arc not gases.
They can be suspended droplets or solid particles or mixtures of the two. Particulates can be composed
of inert or extremely reactive materials, ranging in size from 100 um down t0 0.} um and less.

Dusi : It contains solid particles of the size ranging for_rr;i 1—200 pm. These particles are formed by
natural disintegration of rock and soil or by mechanical process of grinding and spraying. Fine dust
particles act as centres of catalysis for many of the chemical rezictions taking place in thé atmosphere.

Smoke It contains fine liguid or solld pdrtlcles of the size ranging from 0.01 to 1 um and JS
formed by uombuslmn or other chemical proucsses

Fumes : These are solid particles of the size ranging from 0.1 to Ipm and are normall} released
from chemlcal or metallurglcal processes. ' '

Mist : Tt 1s made up of liquid droplc_ts genérally smaller than 10 um which-are formed by condensation
in the atmosphere or are released from industrial operations. - -

" Fog: [t is the mist in which the liquid is water and is sufficiently dense to obscure vision.

Aerosols : Aerosols refer 1o the dispersion of solid or liquid particlcs of microscopic size, such as
dust, smoke or mist in gaseous media. An aerosol can also be defined as a colloidal system in which
‘the dispersion medium is a gas and the dlspersed phase is solid or liquid.
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EVapours "Vapours are gaseous forms of substance which. are normally in the solid or llqmd state -
under ambient- cnndltlons : :

13.3. 3 Effects of Air Pollutlon on Life System

‘Pure air is one of the basn: needs for most of the orgamsrns and man can survwc only for a very
few minutes without it. To support life ait should not be contaminated. Further, air is a medium’
through which toxic substances cnter and affect liviiig systems. When the pollutants are discharged
into the atmosphere in such high concentrations as to overwhelm the natural scavenging ability of
the atmosphere, they persist at high concentration and cause harmful effects on the life system, The
effects can be acule or chronic. Further, the extent of damage depends upon the nature of the pellutant
as well as that of the other pollutants present along with it. There are also cases of synergistic effects
~ known. Some pollutants can cause great damage even in Lrace concentrations whereas others can do

so when present in higher concentrations only. Moreover, air poliunon can affect all the three- 1mpcartant
living systecms namely, human, animal, and plant systems : : '

Effccts on Human Health : The health hazards caused by air-pollutidn depend on (1) Nature of the
pollutants, (2) Concentration of the pollutants, (3) Duration of exposure, (4) State of héalth of the .
receptor. and (5) Age group of the receptor. In general susccptiblllty 15 grcaler the effects of air
pollutmn on human health are the worst in the winter season. :

“Much of the knowledge of the effects of air pollution is ba
disasters 'of Meuse Valley in Belgium; Donora in USA, Pgza Ryca in Mexico, London' (smog) in
England, Los Angels (smog) in USA, Seveso in Italy and theNgorsP ever Bhopal disaster in India are
- examples of manifcstations of acute effects. The chronts, originating from continued exposure

ed on acute effects. The air pollution

1o low conccntratlons have far reaching implicatio ling to mutagenesis, teratogenesis and
_ carcmogcncsm : I '

The air pollution directly affccts the humar?mnhalation and bodily contact. Therefore, the
skin, mucus membranes and the respirat stenPare the first receptors. The general health effectb

include: eye, nose, throat and respirato tritation; increase in -mortalify and morbidityi rate; -
severe aggravation of chronic pulm y dis
brain damage; 5111c051s, asbestosis, 1let1c damage

Pl

Many people are'exposed to common air pollutants in their occupations. The traffic policeman,
. the autombile mechanic and the truck dirver in a big city may all have substantial exposures to CO;

NOx and lead in association with their occupations. Therefore,’ such individuals have an unusuall}
high risk from exposuze to communm air pollntion, . - :

Effects on Animals - In addition to being subjected to Suffermg the ill-effects of breathing polluted
© air, animals become ill by cating fodder contaminated with air pollutants. However, in certain:cases
humans and animals differ in the cffects produced by pollutants.In farm animals especmllv, the -
danger obviously is not in inhaling the polluted air, but in the ingestion of forage which has been
contaminated with pollutants from the air. The ultimate poisoing in these cases is a two slep process
involving (1) accumulation of the air-borne contaminant in the vegetation and forage and (2) subsejuent '
poeisoning vegetatmn The pollutanls responsible for most livestock damage are fluorime, arsemc
and lead.

Cattle and sheep are most susceptible to fluorine. Symptoms and effects of acute poisoning
include loss of appetite, rapid loss of weight, decline in health, lameness, diarrhoea, muscular weakness
and death. Fluorine is a.cumulative protoplasmic poison and leads to animal fluorosis. Arsetic in
dusts or sprays on plants can lead to poisoning of cattle. [n acute arsenic-poisoning the symptoms are
severe salivation, thirst, vomiting, feeble and irregular pulse and respiration. ‘The animals become
restless and develop diarrhoea. Death may succeed after the development of high temperature and

_convulsions. In casg of chromc poisoing dcpressmn of the central nervous system as well'as sterlllty
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- may develop; paralysis and dcath are the ultimate manifestations. Chronic lead poisoning has been
obscrved frequently in horses that have been grazing on forage near smelters, lead mines, and in
-orchards that have been sprayed with insecticides containing lead. Paralysis of muscleas of the larynx
and difficulty in breathing are the main sysmptoms observed. The acute effects of lead pmsomn&, are
similar to those of arsenic. It is also reported that the life expectancy of pets like dogs lwmg in smog
. affected c1llc<; has come down

Effects om Plants : Plant responsc Lo pollutants varies among species ol' a given genus and among
varieties within a given species. In other words, plants differ in their susceptibilities to a pollutani.
For example, some plants are sensitive to [luoride but resistant to sulphur dioxide. Further, the
- resposc of vegetation-to air pollution also depends upon climatic factors like duration of light, wavelength
and intensity of light, temiperature and humidity. '_ '
The gaseous pollutatants arc important phytotoxicants and they include sulphur dioxide, fluoride,
" orone, PAN (Peroxy-Acetyl Nitrate), methanc, chlorine, hydrogen chloride, oxides of nitregen and
hydrogen sulphide. The gaseous pollutants enter the leaf along with the air via the stomata during
the normal plant respiration cycle. The pollutants destroy plant chlorophyll, disrupt the photosynthetic
process, and consequently reduce food production. Particulates reduce the amount of light reaching
the leal and may also clog the stomata and lower carbon dl(}xlde mlakc to some exlent and thus
interfere with the photosynthesis.

The air pO[lll[l()n may lead to (l) Necrosis (Klllmg or collapse of tissue), (2) Chlor051s {loss or
reduction of chlorophyll}, (3) Abscission (droppmg) and (4) Epinasty (down\nard curvature of thc

leaf due te higher rate of growth on the upper surface) oﬁ_

_ The effects of some of the pellutants on plants are sumMgrised 1n table - 13.1,

Table 13.1. Effects of Pollutanis on Plants .

Pollutant ~ . . Dose € ' Effect
(1) {2) : (3)
: \J
S0, ¥ Interveinal chlorotic bleaching or leaves' .
8¢ Necrosis in mtcrvcmal areas and skeictonised leaves

o, @Mild' ) Flecks on upper surfaces, Premature aging

and suppressed growth.

Sc?ere Collapse of leaf, necrosis and bleaching,

F .' _ Cumulative Necrosis at lcaf.'l‘ip_ '
‘NG, Mild Su_ppres_sed growth, lcaf bleaching.
CH, _ Milﬂ Epinasty, leaf abscission.
PAN | Mild Bro_nzihg of lower leaf surfacé, suppressed growth;

. Young leaves more susceplible.

Check Your progress - 1 & 2

1. Define air pullullon
2. What are secondary pollutants ? Gl\e lhrcc examples.
Nole (d) Wrile your answers in the space give below _
(b) Compare vour answers with thosc given at the end of this univ.
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13.3.4. -A‘Iir i’ollUtibn'Mbnitorihg

Sampling and measurement of concentration of air pollutants is genérally-known as air qu;llitya’
-polhition monitoring. Monitoring facilitates ¢valuation of current trends in air quality with respect _
‘to prescribed standards. Assessment of ambient air quality as well.as stack emissions are Impaortant-

in the control of air pollution. Further monitoring is essential to have bascline data on air qualfty of
industrial and densely populated cities. Air potlution can be cégtrolled only through an integrated
‘approach and such'an approach involves three important stegph){sicofchcmiczd monitoriing of
atr, (2) Biological monitoring and effect of pollutants on ve

eta arm animals dnd human systems.
and.(3) correlation between physico-chemical inonito '

d biological rhonitoring.

Physico-Chemical Monitering : Physico-chemica onitoring involves : (i) Investigation of
micrometeorology of the area and location of su number of study and sampling sites, basing
~on the meteorologicatl data. (ii) - ChemicalgharaQterisation of pollutants and regular periodic .
determination of their co_ncentrations at ling sites, and iii) Preparation of an inventory of
pollution sources.and their emissions, ( iv)- Fit8{ quantification and-determination of overall congentrations-

~of pollutants at sites far away fromiutmg sources. - .- L ' .

The physico-chemical monitoring 1 two Stag_e process involving sampling and chemical analysis. N
The sampling strategies adopted depend upon the nature of the pollutant, its concentration, envi:ronme:nta[
conditions, etc. Four different techniques are employed in collecting a gaseous pollutant. They are -
absorption sampling, adsorption sampling, freeze out or condensation sampling and grab sampling,
In the absorption sampling the gaseous pollutant is collected by absorbing it in a liquid to form a B
nongaseous substance while it is retained on a solid surface in adsorption sampling. The coridensation
sampling implies condensation of the gaseous poliutant from the air stream. I the grab sampling
_ the air sample is collected and allowed 1o come into equilibrium with a suitable absorbing solution

* in the collecting device. : o - . . o

For particulates three different collection techniques arc used and the selection among them

~depends upon the nature of the particulates. The three techniques are gravity technique, filtration
technique and precipitation technique. The gravity technique is used to collect settleable particulates
that settle out of the atmosphere as a result of gravitational pull. The filtration technique is employed
. tocollect suspended particulates that do not settle out of the air readily, In this technique the suspended
particulate matter is forced to deposit on a porous filter by drawing air through it using a suction
-pump. The High volume sampler utilises this principle and it is frequentlyused to sample the suspended
particulatc Matter (SPM). Thermal precipitation and electrostatic precipitation come under the pregipitation
techniques. If air containing particles in suspension is brought into contact with a heated surfacs, a
.dust free space develops bet@wéen the surface and the particles, owing to the aclion of thermal potential
that causes the particles to migrate from a zone of higher temperature to one of lower 'témperattﬁr_e. i
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This is the principle involved inthe thermal prectpita.tion technique. The electrostatic precipitation
uscs an applied high voltage to produce clectrostatically charged particles from particulatc matter. -
and to force the so- -formed charged particles to migrate out of the air stream into a collcclmg clecirode
- surface. '

The sampled pollutans are finally subjected to chemical analysis and their quantities determined.
Depending upon the concentration of the pollutani cither volumetric, gravimetric or instrumental
methods of analysis is cmployed for the cstimations. However, the present trend, cspecially in the
developed countrics, is towards the use of automatic 'instrumcntal methods (Continuous automatic
analysers). In thuse methods the sample cellection, processing and analytical determnation arc -
carried oul continously in the proper sequence. Table - 13.2 summariscs some oflhc chemical andlvsm
tcchniques used in monitoring of specific air pollutants. '

Table 13.2. Chemicai Analy'sis Techniques.

4

Pollutant 3 _ o Andlytical technique used
-850, Spectrophotometry - West Gaeke's methods; Conductometry
in continuous SO, analyscrs; Amperometry.
CO o Nen-dispersive infra-red specirophotometry: Gas
' chromatography. :
NOx ' o Chemiluminescenc®y Spectrophotomeiry - Griess - Sallz

- man techniqu

H.8 o . Spectrop 1ry - Mcthylene blue method;, UV molecular
.. L . absorptio - ' ' '

Hydrocarbons, Volatile Pesticides Gas atography in conjunctson with.mass spectrometry
' ' C-MS) : :
Particulate matter - Gravimetry - High velume sampler; chemical microscopy

for characterisation of particles; Atomic absorption

spectrophotometry, neutron aclivation analysis, X-ray
~ fluorcscence, Inductively coupled plasma emission-

spectroscopy, ctc.,’in metal particulates; o

A Yourier Transform Infrared spectrometer with Gas Chromatographic interface and soupled to a Mass Spectrometer  (GC/FTIR/
M%)} provides a very rapid and precise tdentification and characterisation of certain inorpanic and organic compounds,

Biological Monitoring : Vegetation when affected by pollution, develops symptoms which arc characteristic
of the pollutant. Hence, such symptoms wmay help in identifying the causative pollutant. In fact,
observations of injury on scnsitive plant species have not only provided a means of monitoring
pollutant emission from a source but also’scrved as valuable tools in determining the geographical
distribution of, a pollutant over large areas. The biological monitoring involves : :

i) Listing of growing planis on substratewise on bark | soil, wall, etc., as well as prcparauon of an
inventory of plants present at each site. :

1)  Study of growih behaviour and fertility of pldms

jif) Scientific and periodic evaluation of branching pattern, canopy-size and canop\ g,eomury of
each (rec species,

1) Periodic microscopic iny esngatlons of plant samples to decipher extcrnal and internal changes.
v) Evaluation of producllvlty patterns, '

vi) Detérmination ¢f concentration of persistant pollutants in soil and plant samples and of certain
biomolecules in plant samples, and -
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vii) Detailed evaluation of acute and chronic posienings supposedly caused by pollutants on farm

ammal and human systems.

Correlanon of Physico-chemical Memtormg and. Bleloglcal Monitoring 1nvolves

1) The study of relatlonshlp between the pollutant levels in the air and as detected in the plants. -
ii)  Delineation of the industrial/urban areas into dlfferent pollutmn zones based on pollutant_ :

_concentrations in aiz, soil and plant samples, and . :
I
iii) - Selection of plants for creatmg shelter belts in highly polluled areas, etc.

Finally monitoring helps in deciding proper locations for industries, preparation of pothltlon

-maps for cities, suggesting suitable guidelines and control methods and thus in the abatement of

pollution.-

. In many countries the lcgat standards for ambient air quality are prescribed b'y the governments

* with an aim to keep the pollatant concentrations at safe levels. However the standards may vary

slightly from country te country depending upon the1r meteorologlcal and geographical featyres,
and the population density. '

Table - 13.3 shows the primary standards set for certain pollutants by the Governement of USA
Table - 13.3. Prirnary Air Quality Standards of USA (Ambient Air) '

Pollutant _ _ Alr quality Standard Microgram/
' e _ Cubic meter, pg/m?
Sulphur dioxide . 80, annual@;na’tic mean; 365, max. 24 hrs.
. ' value may o nce each year. _
Oxides of Nitrogen o - 100, arithmatic mean 10 mg/m* max. 8-
' ’ hrva ay occur once ¢ach year; 24 mg/m® max.

|
may occur once cach year :

© Carbon monoxide _ ?alue may occur once each year.
Particulate matter - - Q~ , annual geometric mear; 260, max, 24 hr vatue .

Hydrocarbons ' 160, max: level that may occuré -9 AM. once
N : ' each year. .

About 80% of India’s industrial production is concentraled in 8 to 10 large industrial centres

leading to severe local air pollution problems. Some data on the air quality of some of the Indian -

cities are shown in Table - 13 .4 for the sake of information in the Indian context.

Table 13.4. Mean and Maximum Pollution levels reported in short term survey of Indian cities
(Yanna War PK. et al,, 1970, Ind. J. Envntl. Health, 12, 255-383).

Air Quality, micrograms per cubic meter -

City - s0, _NO, | SPM

S ' ean Max. Mean  Max - Mecan  Max
‘Bombay © - 63 372 . 42 297 329, 2900
Calcutta - - 38 54 - . 365 507 :
Ahmedabad 13 25 20 . 23 598 704
Kanpur 8 288 75 245 . 488 550 |
‘Delhi 41 236 21 . 66 924 1031

The Indian ambient air quality standards for residential and rural areas for 80,, NO, and §PM

in terms of pg/m® are 80, 80 and 200 respectively.,
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13.3.5. Transportation Systems

-Transportation systems can be broadly divided into two types viz., surface transportation systems
and Ailr transportation systems. - - o A '

The former type can be further divided as land transportation systems (Road and Railways) and
water transportation systems (Ilnland Water and sea transportation). The air pollution arising out of
waler transportation systems is less significant compared to that due to land and air transportation
systems. The air traffic leads to scrious implications as the pollutions are being directly released into
the troposhere and lower stratosphere. The air-craft emissions are also implicated in the depletion of
stratospheric ozone.. ' '

The main contributors to air pollution among the surface transport systems are petrol powered
and diescl powered vehicles. The petrol powercd cars. motor cycles, scooters, autorickshaws. etc.,
are the emitters of considerable quantities of carbon monoxide, oxides of nitrogen, lead and hydrocarbons
while the diesel powered cars, buses, trucks and trains emit large quantities of smoke. CO and
hydrocarbons. The emissions from the gasoline (petrel) powered vehicles are generally grouped as
- (a) exhaust emissions, (b) crank-casc emissions and (c) evaporative ermissions. The amount of pollutants
that an automobile emits depends on a number of factors such as the design and operation. The
exhaust emissions vary with the air-fugl ratio, spark {imings and the engine operating conditions.
Hydrocarbons are the main components of ¢crank - case and evaporative cmissions. The automobile
emissions besides being poisonous also lead to the formation of photochemical smog in the presence
of strong sunlight because of their very composition, ' ' :

Carben monoxide results from incomplete combustio uel. If there is not enough aiv in the
air-fuel mixture to completely burn the fuel or insufficioN time in the cycleof combustien 1o complele.
all the carbon in the fuel cannot be burnt to carbo Jide and some of it stops al carbon monoxide.

stage. At the high temperatures in the engingeglinders during the combustion process, nitrogen and
oxvgen in the air combine to form nitric Q%ilric oxidc-when exhausted into the atmospherc
gets oxidised to mitrogen dioxide. 59 1isstons in the exhaust result from the decomposition of
hydrocarbon fuel, nuclcation of carbo es in the flame, growth of soot nuclei, agglomeration of
particles and finally soot oxidatiag. Lei particles originate from the tetracthyl lead added as anli-
knock agent to petrol while hy on emissions are due 10 ¢vaporation Trom crank case and fuel
tank. '

In many developed countries, the hazards from automobile pollution were recognised well in
time and preventive measurcs were taken to check them. The prosperity of these countries is leading
‘10 the increased use of personal transport vehicles, thus aggravating the pollution problem.

Though the total number of automobiles used in India is small compared to USA, the pollution
is significant here due to (a) poor maintenance of vehicles and roads, (b) concentration ol the automobiles
in industralised metropolitan citics with poor planning and (c) Badly planncd roads and traffic flow,
The main approaches available in the context of control of this form of air poltution .are :

a) Engine design modification,

b)  Fuel modification,

¢) Treatment ofexhaﬁst gases,

'd) Exhaust gas recirculation, _

‘¢) - Proper traffic and road planning i.ric:luding'good maintenance,

f Adoption of community transport in preference (o personal {ransporl vehicles,

g) Prevention of over loading and over speeding. o
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Check Your Progress 3 & 4
3. What is meant by air pollution monitoring ? What is the other name givento it ?
4. Mention the important air péllutqnts normally present in the auto-exhaust.

Note : a) Write your answers in the space given below. *
" b) Compare your answers with those given at the end of this unit,

13.4. NOISE POLLUTION

Sources of noise pollution, nature of noise pollution, the effects on life forms, noise pollytion .
transportation systems are described in detail in this seclion0 N . i

13.4.1. Source of Noise Pollution - |
Natural sources of noise are less important cmn b man made sources. Noise oreateld by .
waves in the sea, thunder storms, gale-and wind, may be treated as of natural origin while|that -
produced by buses, trucks, cars, horns, automiatic %ion diggers, bulldozers, vibrating foundaries
and lathes, loudspeakers, aeroplanes, ctc., cgfMs under man made type. There has been a considemable
increase in neise due to increasing humaQﬂy during the past century. T .

13.4.2. Nature of Noise tio’n
“Sound is a mechanical distrubance, propagated in an elastic med‘i'um-and of such a character as

to be capable of exciting the sensation of hearing”. Alternatively, “sound is the sensation of hearing -

excited by mechanical disturbance.” These statements hold good for noisc as well, bacause noise is

- also a form of sound. Sound is defined in terms of its direction, frequency, and the magnitute of

disturbance in the air. The frequency is usually expressed in hertz (cycles per second) while the

magnitude is measured as sound pressure. Sound intensity, under certain conditions, can be derived
directly form sound pressure and it-is proportional to the square of the latter, ' :

The noise is usually measured cither by (1) S.oun_d pressure or by (2) sound intensity. The sound.
intensity is measured in decibel (dB). Decibel is a ratio expressed as the logarithmic scale relative -
to a reference sound pressure level. The dB is cxpressed as _ '

‘Sound Intensity-level = 10 log,,  Intensity Measured (I) .

' - Reference inténsity (Io or dB = 10 log 10, I

The level of noise is usually cxpressed in terms of Sound Pres_,.sure' Level (SPL) in dB.

SPL =201og 10 P/P, Where P is pressure variation measured in Newtons per square meter [N/

m?) and Po is the standard -reference pressure equal to 2 X107 N/m* o
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Human ear can detect the sound frcqucncws ranging from l(] to. 20 ,000 Hertz and this range is
called sonic or audible range of frequencies. :

Loudness’ is an observers audilory impression of the strenth of the sound. The loudncss of a
multifrequency (Normal) sound is not linearly rclated to its intensity. Human beings perceive sounds
that have the same intensity but different frequencies as different loudness since the car is a non-
untform transducer whose sensitivity varies from ear to ear.

A Tist of typical nature of noise and the corresponding intensities is given in Table - 13.5

Tablc 13.5. Noise sources and their éound pressure levels.

Nature of Sound : SPL
dB (decibels)

Breathing | ' 10
Soft whisper - : _ o 15-20
Male speach (at 3 meters) . 60
Normal conversation 535 -60
Normal trafic ' 50- 90
" Heavy trucks o _ 90
Silencerless molorbikes ' : 100 - 110
Stereos - 110817
Commercial jet aircraft (at 30 meters) 3 179 1
Space rocket at Launching : - 70 - 180

13.4.3. Effects of Noise Pollut'?gn ife Sysfems

{ 1) Audiological level, interfering wit isfactory performance of the hearing mechanisms, (2) '
Biological level, interfering with bi ogic unctions of the body, and (3) Behavioural level, affecting
the sociological behaviour of th ts.

Noise disturbes human peace and t%uili , Tt interferes with human activities at three levels

Audiological Effects : Noise induces hearing loss. Individuals differ in their noise induced hearing
loss. Brief noise exposure may cause temporary loss of haring while long duration exposurc may
result in permanent hearing loss. Short intense exposures to noise cause acute accoustic trauma, the
damagc being caused by excessive vibration of the organ of corti. Temporary dcalness occurs at
4000-6000 Hz. and this cffect is known as Temporary Threshold Shift (TTS). In longer exposures
the organ of corti will be totally damaged and permancat 1oss of hearing occurs at 100 dB. In addition
to loss of hearing duc to excessive noise; impulsive noise alse causes psychological and pathological
. disorders.

Bilogical Effects : Noise affccts the concentration and efficiency of man. This is especially true in
the case of activities which demand special vigilance and thinking. Noise at relatively low levels .
causes the tiny blood vessels in the fingers, tocs and skin to contract, cutting down the blood suppiy
there. Noise can be lethal to heart patients and aggravate the condition of pcople suffering from
cardiovascular discases by causing aggregate of red blood cells in the blood vesscls to contract in
spasm under noise, thus resulting in the cloting of blood. There may also be endocrine and glandular
stress responses to environmental noise. The respiratory system is affected in the 40-60 HZ range
‘because of resonant characteristics of the chest. Noisc also causes muscles io contract leading to
nervous break down, tenston and even, insanity. In brief; the gencral effects of noise on the body
occur through sympathetic division of the automatic nervous system. Noisc 1s also reporied to cause
eosinophilia, hyperglvcaemia, h}poka!aemla and hypoglyc,aemla by a Lhange in body 10 fluids.
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Behavioural Effects : Noise causes anxiety, insomnia, fright, and emotional stress. There are
reported cases of outrageous behaviour induced by noise, some times leading to murders. Noise also -

causes dissatisfaction, disinterest and affects work performance. Noise can either increase or decrease
work efficiency, depending on its intensity, duratios and frequency distribution etc. Table 13.6 iEhows
some of the sound pressure levels against the effects they cause. !

Table 13.6. Important sound pressure levels (SPL)

SPL dB “Nature of effect

0 Threshold of audibility

85 Deafness initiation

90 _ Permanent deafness

120 : pain

140 Extreme limit of human tolerance; prolonged exposure causes
insanity '

150 prolonged cxpossurc causes burning of skin.

13.4.4. Noise Pollution Monitoring

o

As already mentioned the noisc level is expressed in terms of sound pressure level (SPL).in
decibels (dB). Sound level meters are used to measure sound pressure levels. The noisc level at ja site
depends upon many factors. For instance noise levels aleng roadways depend iipon numereus factors
such as the distance from the roadway to the observation pdWat, the total volume of {raffic, the
average speed of traffic, percentage of trucks in the total trafic volpme, slepe of the road, 'the type of
road surface, the surrounding terrain and the iocation of natur: d artificial barriers. The complex
dependence of the noise level on all such variables %s taken care of by adopting a suitable
computer program and the overall noise Ievel monitored is the ideal way of assessment. However,

experience but a knowledge only of the distanc the road way to the receiver, the numb!-er of

vehicles passing per hour and their aver peed Another simple test for revaluating noise uses
specch interference criteria to rate the n of proposed housing sites. The only requirements
are a measuring tape and two persgiag OndNperson reads aloud from a book and the other moves
away until he can only caich a scatt d or two in ten seconds period. If difliculty in understarding
occurs at a distance of two meters or Mgd] the site is unacceptable for housing. The site is considered
normally acceptabie if hearing becomes difficult at 8 to 21 meters.

there are some simplified versions of assessmcm%b]e, One such version requires no accouktical -

Inthe industrial context, a long-term programume should be drawn up involving workers participation
to keep noise and- vibration risks under control. Measurements made in places of work should be
repeated at suitable intervals and a record of the readings maintained properly. These measurements
should be repeated wherever there is a change in premises, cquipments or production which might
affect noise and vibration. Likewise, they should be repeated with a view 1o assess the effectivencss
of the preventive action being taken, An inspection programme should be drawn out to check the
effectiveness of preventive measures. Special attention should be paid to inspection check list to
reduce noise or vibration or both, as well as personal profective equipment and its use. '

_ Statistics should be derived from the data obtained by medical examinations, so as to ascertain

whether the preventive action taken is statisfactory. The medical records should also be uscd for
rescarch purposes, and for epidemiological studics intended 1o help in defining more precisely maxjrlnum
permissible levels as well as to collect data on individnal sensitivity. The data on noise and vibralticn

measurements should be correlated with health monitoring data. - !

The menace of noise pollution is growing day by day in the cities of the world. The noise level
in Bangkok streets is one of the worst in the world. The noise level was found to be over 90 dB in
1972. Delhi is next to only a few cities in the world in noise pollation, Table 13.7 summarisesj_ the
acceptable levels for outdoor and indoor noise. : '
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Table 13.7. Acceplable sound pressure [evels.
Location SFL, dB
Rural ' : ' _ 25-3%
Suburban 30-40
Residential {Urban) 35-45
Urban {Residential; Busmess) 40-50
City. ' . 45-35
Industrial area ' _ 50-60
Music rooms ~30-35
Hosprtals, class rooms, Audnorlum |
Apartments, Hotels, Homes, 35-40 ' |
Large public offices, Banks, Stores etc., 45-50
Restaurants 50-55

The optimum international levels preseribed by WHC are 45 dB in day time and 35 dB during night.

13.4.5. Transportation Systems

Among the transportation systems, the road and air transportation systems contribute considcrably
to the notse pollution. The people living around air-ports are being punished, for no fault of them,
by being subjected to unbearable levels of noise pollution created by air-crafi. Besides the noise
created by running engines of automobiles, the noise of horng, especially the air horns, is enhancing
the overall noise pollution. The explosion in the use of person®| transport vehicles is increasing the
noisc load of cities tremendously

Aircraft noise is causing much more discom@n that from road transport. Loud noise *
produced by high speed jet aircraft is continously 1 sing in proportion to their deployment in

| various national and. international airlines. vic boom generated by supersonic aircraft’ like
concorde is adding another dimension to_the mgfse pollution; sonic boom is a type of noise (sheck
waves) produced by supersonic aircraf ich cRuses annoyance, damage to property and fright as
well as mental anguish to animals. TheWfipact of aircraft noise can be understood from the fact that

aircraft noise is a sensitive issu@rel ed countries.

Check Your Progress - 5,6, & 7

5. What is noise pollution ?
6. What is meant by sonic range ?
~ 7. What do you understand by the term ‘Audlologlcal effect’?

Naote ; a) Write your answers in the space given below
b) Compare your answers with thosc given at the end of th1s unit.
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13.5. POLLUTION IMPACT ANALYSIS

Until recently, all the developmental activities of man  have almost ignored cnvironmental
considerations. With the realisation of the problems of pollution associated with the so called dévelopment,
attempts are now being targeted for susiainable development. A proper sustainable developmental

_ strategy analyscs the changes or impacts of an impending action on the totat environment. In other
" words, Environmental Impact Analysis (E1A). “ a study of the probable changes in the various -
socioeconomic and biophysical characteristics of the environment which may result from a proposed
orimpending action “, is an essential component of sustainable development.

A complete undevstanding of the proposed action and the cnvironment constitute sl.cfps onc and
two of the EIA, in that order. The third step deals with the projection of the proposed action into the
futurc and determinaiion of the possible impacts on the environmental characteristics, quantifying
the changes wherever possible. The final step incorporates Lhe results of the analysis in such a
manner that the analysis of probable environmental consequences can be utilised in thie decision
making process. :

The environment of both natural and man-made factors besides ma ay attributes (elements/variables).
Further, there are complex interrelationships among these altributes rendering the characterisation
of the environment difficult. Changes in the attributes of the environment and their interrelationships
arc defined as impacts and changes in environmental attributes provide indicators ol changes in the
environment. According to one system of gencral listing there age 49 different atiributes spread over
scven different categories encompassing the biophysical andgociO8gonomic environment: The seven
calcgories arc | air, water, land, ¢eology, sound, human aspectsNeg@homics and resources. Of the fwo
categories discussed in this unit, viz., air and noise, ain@ulcs are factors that indicate the quality

of the atr, .

Basically two kinds of environmehital facto
_elements of the environment ang 2) Inputs tg.or er
the former are stability, temperature, mixi

ale to air quality. They relate to - 1) Structure
ssions from human activitics. Factors relating to -
vind speed and dircetion, humidity, precipitation,

pressurc and tepography; while dust, fu , flyash, smoke, soot etc., arc the faciors felating to
inputs [rom humanr activity. The [oi@®ne nife attributes are utilised in describing impact on the air
covironemnt ; 1) Diffusion facior, iculates, 3) Sulphur oxides 4) Hydrocarbons, 3) Nitrogen

.oxides, 6} Carbon monoxide, 7) PhotoCMemical oxidants, 8) Hazardous loxicanl_s and 9) Odours. The
first attribute, the diffusion factor, is related {o the structure and elements of the environment ‘whilc
the remaing eight to the emissions from human activities. : '

_ Thelevel of sound (noise) is an important indicator of the quality of the environment. Rarhifications
of various sound levels and tvpes may be reflected in heaith and/or in aesthetic appreciation of an -
area. The noise in an environment is indicated by many attributes, but the sclected ones are :
Physiological effects, psychelegical effects, communication cffects, perfomance effects and social
behaviour effects. : ' ' ' : : :

The remaining 35 atiributes relate to the other five categories mentioned earlicr, Eventhough
all this appears to be so complex, generalised procedures for conducting environmental impact analysis
in the manner indicated by the four sicps mentioned previously have been developed and the methods
include : 1) Adhoc approach, 2) Overlay method, 3) Checkilists methods, 4) Matrix method, 5)
Network method, 6) Evaluatton systems, and 7) Compuler aided EIA. A discussion of thesg methods.
is well beyond the scope of this sub-unit. :

13.6. POLLUTION AND COMMUNITY ACTION - =

Community awareness is an essential prerequisite for any community action meant 1o fight the
menace of pollution. Therefore the community must be well informed on the various aspects of
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pollution, be51dcs 1he ng,hts dutles and obligations of the cmzens by a]l possible ways and means.
In the present context of air and noise pollution, the inadvertent countribution-of communily to
pollution is very significant and informed citizens can control the pollution from their side to a
considerable extent. Further, the community can form forums such as environmental protection celis
to fight pollution. The forums may get organised into different committees like study committee,
legal action committee, publicity and communication committee ¢tc., each one attending to achieve
specific objectives. These forums should also insist on the public participation in decision making
processes and this approach goes a long way in Conlmlling pollution. All the available brain power
of the community should be mobitised to organise mass movements, if required. The community
should also insist the Government for an open dlscusswn on decisions which are taken in a haste or
under pressure from vested interests. It should also propagate the message of population conirol
among the masses bccause pepulation explosion is one of the major conmbulors to pollution of all

types.

13.7. SUMMARY

Alr pollutien is an atmespheric condition in which certain substances are present in the ambicnt
air at concentrations and for durations harmful to man and his environment, while noise pollution
means dumping of the unwanted and hazardous sound into the environment. Even though both the
types of poliution originate from natural as well as anthropogenic sources the contribution from man
made sources is the only significant one in the case of noise pellution. However, man made and
~ natural sources contribute significantly to the air pollutiotN\Intcrestingly, transportation is a VY

important contribution for air and noise pollutions. : ' :

The major types of air poliutants are SOx, NOx ivdrocarbons, particulates and photochemical
oxidants. These pollutants are execedingly detri Pto-the health of man, animals and plants.
The health effects can be acute or chronic in re and they include eye, nose, throat and respiratory

tract irritation and damage; increase in morl% morbidity rute; severe aggravalion of bronchitis
- and asthma; heart and brain damage; -

The effects of noisc on the human M8glth are no less important. Noise causes audiological elfects

like temporary or permanent log @ garing and biological effects like cardiovascular and pulmonary:

" diseases, hypoglycacmn, hypertef§loy, etc. Noisg is also known (o cause anxiely, annayvance, insomnia,.
fright and emotional distress. : : -

Community action backed by awareness programme has a vital role to play in fighting the
means of pollutlon in general, and air and nmse pollution in particular.

13 8. CHECK YOUR PROGRESS MODEL ANSWERS

1. Air lelutmn may be dlflned as any atmospherlc condition in which certain subsiances are -
present in the ambient air at con¢entrations and for durations harm#ful to man and his environment.

2. Secondary air pollutants are those subs’ta:ﬁ{:es that are formed in the atmosphere by interactions
among two or more primary pollutants, or by reaction with normal atmospheric constituents.
Sulphate salts, ozone and peroxyacetyl nitrate (PAN) are the gxamples.

3. Sampling and measurement of concentration of air pollutants is known as air pollution monitoring.
It 15 also catled air quality monitoring.

4. - Carbon monox;de oxides of nitrogen, parllculales and hydrocarbons are the pollutants normatly
present in the autoexhaust.

5. Noise pollution is dumping ofthe undesirable sound into the environment.
. Sound in the frequency range of 10 to 20,000 He is called sonic rdnge of sound.
Loss of hearmg due to nofse is called audiological effect.
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'13.9. MODEL EXAMINATION QUESTIONS

'L Answer the following questions in about 30 lines each.

1

2

wn

What are primary and secondary air pollutants ? Discuss their sources in detail.

. Whét are particulates.? Give a brief account of their types and charactcristic"

. Dlscuss the prmmples 1nvolv-,d in the Sdmplmg tcchniques used in gaseous and partxculated

pollutants.

. What are the effects of polluted air on life systerﬁs ? _
. Discuss the role of transportation systems in air and noise pollution.

. How does noise affect human helath ?

- IL Answer the following questions in ahout 16 lmes each

I,

2.
3
4.
5.

Write short notes on Bilogical monitoring of alr polluuon

‘Describe the role of automobiles in pollution.

. What is sound ? What are its charactenstlcs ? How is it usually expressed ?

Write a short note on impact analysis. o
Discuss the role of commumty action in pollution contro T

AN
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14.1. OBJECTIVES

After completing this unit you will be able to ..

*

*

*

*

¥

*

*

define pollution,
list out the sources of water,
describe the water quality,
describe the sources of water pollution,
~flescribe the chemical and microbial contamination of ground water
explain different aspects of pollution of surface water,
describe the effects of various pollufanl_s on health.
describe the defence mechanism to control pollution.

Water is more critical than energy. We have alternate sources of energy. But with water
" there is no other alternative - EUGENL ODUM

161



14.2. INTRODUCTION

Man ts making use of great strides in science and technotogy to exploit thé natural rcsources in
order to provide himself with better comforts. In the process he is tampering with the ecosystem,;
which ofcourse includes hirself '

Environment has becn defined as-“the sum total of all conditions and influences that affect the
development and life of organisms”. Our covironment can be broadly divided into three components
- air, water and land. A group of individuals of one’kind of organisms is called population and all the
populations living in a given area form a community. The community and the non-living environment
with which it interacts is considered as an ccosystem. Disturbances in the ecosystem gencrally results
in poliution problems. ' )

Pollution can be broadly defined as “the unfavourable alteration of the surrou ncings Wholly or

largely as a byproduct of man’s action, through direct or indirect effects of change in energy patiern,
radiation levels, chemical and physical constitution and abundance of organisms”. A polluiant is. -

any maicrial or set of conditions that imposes a stress on or unfavourably alters an individual
organtsm, population, community or ecosystems beyond normal environmental limits,

Human beings realised the problem of air pollution due (o smoke and soot since the beginning
of the ulilisation of fire. In the recent years, air pollution and its possible global consequénces like

greenhouse effect and ozone depletion have been drawing serious attention.

Human beings were also-aware of the water pollution prgblen¥g which might have forced them
to move their settlements frequently. '

In 1941, for the first time it was recognised that 3§ is a vector for virus caused discases
during an epidemic of poliomyelitis. Later, the route for Mesfread of hepatitis and other alimenlary
diseases was also established as drinking water po ith viruses or bacteria. Incidents of various
epidemics like pelioyelitis, cholera, typhoid, ggstroc¥eritis, hepatitis cic., killing thousands:of people
througout the world were reported and ar z reported even in the present days of I.cchnologfic_a]
development. In tropical countries, these IMdents gencrally occur during raiiy scason probably
because of improper drainage, slagf scwage and sullage and resulting seepage through the

td

soul thus pelluting the ground wate to the contamination of drinking water by the sewags
through leaks in pipelines cic.

One of the serious chemical pollution problems experienced by mankind is that of mecrcury
pollution in River Minamata of Japan and Wabigoon-English river of canada wherc thousands of
people suffered from chronic dicseases. The next well known chemical pollution is due to cadmium
which is the root cause for a chronic discase known as Itai-Itai. :

Even though there might have been scveral waler pollution problems expericnced by people in 3

several parts of India in the past yecars, the first reported episode of hazardous wasle relfaase was
noticed in 1986 when the river Ganges was set a [lame near Monghyr, Bihar Staic. Discharge of
crudg oil and other petrelevm products along with the refinery effluents into the river and subscquent

fire resulted in the suspension of drinking. water supply to the town of Monghyr (or (ew days. In
Madhya Pradcsh, sertous environmental pellution hazards hangs over vast tracis of rich fdrest and -

agricultural lands. Situated along the 32 km long course of river Sankini, which carries huge quantities
of fine iron ore dust wash out from the prestigous Bailadila Iron Ore Project. The pollution threat
has assumed such serious proportions over the past few vears that ihe entire river has been furped
red thus seriously hampering the drinking water needs of the people in villages on the banks of the
river.

[t 1s recognised that Ganges, Lhe l'argcst river in India which serves the domestic and agricullural
water needs of the largest population of the country is highly polluted not only due to the discharge
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of e[fluents from a variety of sources such as chemical, tanning, distilleries, sugar and paper industries
but also from discharge of municipal and rural sewage and sullage, agricultural farms, cattle pens
etc. throughout the river basin. The Indian Government initiated a major action plan called “Ganga
Cleaning Programme” the major objectives of which is to make the municipalitics and industrics
cffectively treat their effluenis before discharging them into the river. Several other action plans are
also under implementation wherein the discharges of wastes of any kind into the river arc being
checked. The government is spending a few thousand crores of rupees for these programmes fo
achieve its objective of keeping the Ganges and other river waters clcan so that it can be used for
drinking and oiher purposcs. '

14.3. WORLD WATER RESOURCES

Water is our most abundant resource, covering about 71% of the earth’s surface. This precious
film of water helps maintain the earth’s climate, dilutes pollutants and is cssential lo all life.

However about 97% of the carth’s volume of water is found in the oceans and is too saity for
drinking, growing crops and most industrial uses cxcept cooling. '

The remaining 3% is fresh water and is in the form of ice caps, glaciers. lakes, rivers and
ground water (table-14.1)

These ligures about water resources may be put in a different manner. If the world total watce-
supply were only 100 titres, the supply of fresh water is abdwg 0.5 litres and only 0.003 litre (Just
onc-half tea spoon } is our usable supply of fresh water. (g, 1$.1)

Total water 100 litres . Freshwater Available Fresh water Usable Fresh water
Cfioo%) 1 litres’ (3%] 0.5 litres (0.5%) 0.0003 litres .
: {1/2 tea spoon)

10.0003%)

Fig. 14.1. The fraction of usable fresh water in the worlds total water supply.
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Fortunately this fresh water supply is continually collected, purified and distributed in the hydrologic
(water) cycle (Figure 14.2). This natural recycling and purification process works as long-as we
don’t pellutc water faster than it is replenished, aver load it with slowly degradable and non-degradable
wastes, or withdraw it from slowly renewable underground deposits faster than it 1s replenished.
Unforturately we are disrupting the water cycle by deing all of these things. .
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Figl 14.2, Hydr‘che.

14.4. SURFACE WATER ANB GROUND WATER

The fresh water we use comes ) twksources - surface and ground water. .

Precipitation that does not infi nto the ground or rcturn to the atmosphere by evapor{?ltion :
or transpiration is called surface wateY. It is fresh water that is on the earth’s surface in sireams,
lakes, wet lands and reservoirs. S R S

Some precipitation seeps into the ground and fills pores i.e. spaces or cracks in soil and rock in
the earth’s crust. The area where all available pores arc filled by water is called the Z8ne of saturation -
and the water in thesc pores is called ground water. The water table is the upper suriice of the zone
of saturation. (Figure 14.3). There is 50 times as much ground water below the earth’s surface as
there is in all the world’s streams and lakes. - i

Table 14.1. The Distribution of the Pl'anetar)I Water Balance

Source % of Total

Oceans 972

Ice caps, glaciers 2.2
Ground Water down to 400¢' m 0.67
Fresh water lakes S 0.0089
Saline lakes or inland scas 4.0079
Soil moisture and Vadose water 0.00279
Atmosphere (.00092
Rivers ' © 0.00009

Total 100.0
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A geologic unit saturated with water and sufficie porous and permeable to yicld economically

significant amount of water is called an aq he ‘aquifers are of two types - unconfined and’

confined or perched.

Unconfined aquifers are relatively che to the surface and thus reccive recharge from the downward

seepage of water through the ovgffing uifsaturated zone. Hence this easily contaminated locally by
-lmporpcr waste disposal. ' ' : _

Confmed aquifers are overldld by a confmmg layer havmg httlc oI No hydraulic couducuvu} _

‘and are outcrop of the aguifer.

-In an’ unconfined aquifer the elevation of the water surface inside the well will be that of the
water table, while in a confined aquifer the water level in the well may rise under pressure (o an
elevation for above the top of the aquifer. ' :

Check Your Progress - 1

What is an aquifer ¢
Note : a) Write your answer in the space provided below, o
b) Comparc your answer with lhe one gwen at 1he end of l]llS unit. © o
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14.5. URBAN AND RURAL SCENE OF WATER SUPPLY

Most of the cities in India depend on cither natural or man-made watcr lakes for the water
supply. Marni-made water lakes and reservoirs vary in size from small basins of a few hectares to
- valley impoundments where the water area is vast and gencrally these are filled by the river waters,

Howcever some reservoirs arc designed to retain water in rainy seasons for usc afterwards.

For cities and towns the water stored thus is generally clarificd, filtered, chlorinated and then
supplied to the people through public distribution system using pipe lincs. The water is distributed
gencrally without assessing the water quality, though the quality is assessed at the water treatment
stations in a few major cities.

The peopic in rural areas mostly depend on rivers, lakes and open wells and borewells for their
water supply. The quality of water is assessed by themsclves only by its physwal appearance and

. taste.

In many rural arcas people have to spend a good part of thmr time fetching water, often from
-polluted streams. Many women and \,hlldren walk 10 1o 20 kilometres a day carrying hcavy, water-
filled jars and pots.

14.6. CONCEPT OF WATER QUALITY

Often it is tempting to view quality in the context of d@ hierarchy based on purity, where
water with the lowest concentration of constitucnts is viewed ¢ best. This may seem logical but,
unfortunately, meaningful evaluation of water qualityg that simple as many other factors are to
be taken into consideration. This point can be establ % rough a simple example,

If one uses a scale based on purity, sea wa Id be classificd as relativelv poor because il
contains high concentrations of salts and digkilled ®ater as good because it contains low concentration
of salts. It is well known that varicty nd other organisms can survive in sea but not In
distilted walter because they require salts, Mgce metals and nutrients. Thus distilled waler is of poor

quality for the survaval of fish an%aqualic OTganisms. :
_ Sccondly, water used in boilers suld not contain any salts as they form scales and reduce their
efficiency and tause the problems of corrosion. So, in this context, distilled water is of cxcellent
quality wheras sea water is of poor quatity. :

On the other hand either sca water or distilled water arc not Iil for human consumptlon as
drmkmg water must be of different quality.

These examplcs, illustrate that water quality can niot be evaluated meaningfully regardless of
the purposc for which the water is being considered. While evaluating the quality of water onc must
consider both (a) concentration of various constituents in the water. (b) uses that the resource will
be called on 1o satisfy.

Quality can be judged accurately only by comparing concentrations of various constitucnts in
water with those optimum, for the intended uses. Thus water quality is not absolute, Tt has practical
meaning only when related to some specific purpose of water. :

14.7. WATER QUALITY AND ITS IMPORTANCE

Generally the term water quality refers to characteristics or attributes of water, good or bad, that
relate its acceptability for certain purpose or uses. From a technological point of view, water quality
characteristics are usuatly defined in terms of appropriate physical, chemical and biological parameters,
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preferably those which can be measured quantltatlvcly and reproducibly to avoid ambiguity in reportmg
or discussing them. .

The period during 1890-1925 marks the beginning of major concern regarding water quality,
especially drining water. This concern led to rapid advances in the development and application of
water treatment technology apart from extensive evaluation of the resulting impact of these tmprovements
in human health. During this course the key processes of filtration and chlorination were applied
broadly to drinking water supplies, resultmg in dramatic reduction in the incidence of walerborne
diseases.

Simultaneously, the waste water freatment was first recognised as an important adjunct to the
water supply. Thus, the rapid progress. in water quality and its control was fuelied by concern about
public health. In recent years, new €oncerns about potential health impact of toxic substances have
arisen from the indentification of potential carcinogens and teratogens in drinking water sources
and foods derived from aquatic life. : '

Table 14.2 summarises common water uses and classifies them as to whether they involve
1) its withdrawl from: the water course

11) 1ts use in place without removal

iii} the realisation of benefits by using the flow characteristics 6fa stream,

 Table - 14.2. Major Beneficial uses of Water \ _

Typesofuse = - withdrab\ﬂ’place . Flow use
1. Water Supply L "

2) Domestic and Municipal v Q

b) Industrial

¢) Irrigation v : _ )
d) Stock and wild life @ v

IL

a) Fish
b) Sheel fish _
¢) Others ' -

TII. Recreation and water sports

TV, Commercial navigation

N N SR N

V. Aecsthetic values
V1. Hydoelectric power production : o _ v

VII. Waste disposal ' ' | v

“
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14.8. SYSTEMS FOR MEASURING WATER QUALITY

Water quality usually is a dynamic sub}ect to major changcs with or without human irerverition.
~Various parameters are uscd to describe and specify quality characteristics Therefore, decisions on
the type of parameters to be measured, on the mclhodology and time of sample collection, samplc
preservation and selection ofappropnate mclhods for the analysis involve an extraordinarily complex
matrix of variables.

The systems used for determining water quality can be c};xéeified into five groups.
1) . Analysis based on mcasurmg concentrations of specific constltucnts of water in Whlch lhcy are
reported directly and quantitatively.

i) Aml} sis based on direct and quantitative measurement of quality characlerlstlcs The parameters
may be experessed. on predetermined arbitrary scales, ‘which actually may not be retated Lo the
concentrations of any Spcuflc constltuents

111)  Mcasurements of specific constituents or qualily characteristics that are different from those of
principal intercst but are associated with them.

iv) Measurement of the-effects of constituents as conlrdqted with their concenlratlons in wata
V) .Descr:puon or SpClelCElll()n of water characteristics in qualitative ternss.

14.9. WATER QUALITY CRITERIA

Table 14.3 summarises several watcr quality criteria _
Agency (EPA), United States of America for various ¢fibsthnces in drinking waters to be used for
selected purpescs. It must be emphasised that they should ng#fbe viewed as valid and absolute llrmls

but only as guidelines that can be used for preliu?‘]u gements.

Simiiarly, the Government of India, thrgmgh th§ Department of Environment, Central Pollution

Control Board (CPCB) and Bureau of T indards specified standards for water quality for
drinking purposcs which arc presented in e 144,
The values presented in the 1ab 3 and 14.4 may be viewed as concentrations that usually

assure safety across a wide range of cirMimstances found in practice. Lower concentrations may be

safe whereas slightly higher concentrations might not prectude the specified use of the water but
might represent only a reduction in the margin of safety.

The criteria summarised in Tables 14.3 and 14.4 should be used with caution because they have .

been abstracted from a document of several hundr&d pages. There is always a risk of how, whenand
by whom they were compiled. [nformation is being dexeloped contmuously in this arca and e'lch
criterion con‘illtuents on beneficial USES. i

No pubhshed criteria cver should be considercd as fmal but they are valuable and could be
taken principally as the guidelines. Unfortunately this limitaiton is not always recognised by regulatory
agencics and other conccrned sections of the society.

~ Table - 14.3. Standards of Physical and Chemical Qualny for Drinking Watcr
(American Standards -EPA)

S1No. Characteristics Acceptable Limit Allowable Limit
PHYSICAL - o o

1. Turbidity =~ . 5 _ 25

2. Colour o 5 50

3. Taste and odour o Un-objectionable ~ Un-objectiondble
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CHEMICAL
4.  pH Value

3 Total solids

6. Total Hardness (as CaCO,)
7. Calcium (as CaCQ,)

8 Magnesium (as MgCO,)
9. Iron (as Fc¢)

10.  Manganese (as Mn )

11.  Copper ( as Cu}

12, Zinc (as Zn)

13. Chlorides (as C)

14, Sulphates (as 50,)
Magnesium sulphate and
sodium sulphate

16. Fluorides {as F)

17 Nitrates (as NO,)

18.  Arscoic (a5 As)

19,  Chromium {as Cr*")

20, Leuad (as Pb)

21, Cadmium (as Cd*)

22 'Mercury (as Hg*")

7.0-85
500

75
50
0.3
1.0
1.0
50
200
200

500

L 6.5-92
1500

200 -

150
1.0

0.5

1.5
15
600
400

106G

15

45

0.05
0.05 -
0.10
0.01

. Note :

1. The limits in column first designated (accep

" acceptable to the consumcrs,

2. Valucs in column second in excess of th
the potability of the water supply hen

as a public supply for domestic g

N

pply io watcr that would generally be

eslgnated as ‘allowable’ would considerably impair
would constitule grounds for rejection of the water

~ Table - 14.4. Essential Charac@ of Drinking Water (Indian Standards-CPCB) :

Sl No. Substance or chardGleristic

Requirement/
Desirable Limit

_ Permissible limit
_in the absence of .
alternative source

Essential Characteristics
Colour ‘

Odour

Taste

pH value

Hardness (as CaCO,) -

Iron (as Fe)

Chlerides (as Cl)

Residual free chlorine (és CL)

Dissolved solids
Desirziblc Characteristics

10, Calcium (as Ca) -

3
' _'Unobjection_able
Agreeable
651085
300
03
250
- 0.2
500

No relaxation

600
1.0
1000

No relaxation

2000

200




11. Copper (as Cu) 0.05 15

12. Manganese (as Mn) : 0.1 _ 0.3
13, Magnesiun {as Mg) 30 o100
‘14. Sulphate (as 50,%) _ 200 400
15. Nitrate (as NO,") 45 ' 100
16. Fluoride (as F) 1.0 o : 1.5
17. Mercury (as Hg) 0.001 No relaxation
18. Cadmium (as Cd) _ .01 No relaxation
19. Arsenic (as As). ' 0.05 No relaxation
20. Lead (as Pb) _ 0.05 - No relaxation
21. Zinc (as Zn) 3 15
22. Anionic detergents (as MBAS) 02 1.0
23. Chromium {as Cr) : 0.05 No relaxation

Note : All values arc expressed in mg/! unless othérwise mentioned.

14.10. WATER QUALITY STANDARDS

Waler quality standards are different from objectives and cNgeria. Water quality standards are
the means by which regulatory agencies define their requirem®ys fowaler sources. The development
of standards must include careful atiention to pmgrb ves and quality criteria for the

designated uses but they must also consider scveral addi aclors of the matter including economic
aspects, public needs and desires, public and political Rggibns and practical feisibility.

As contrasted with criteria, standards are re%ﬁy rigid reflections of laws and regulations
and usually are viewed as absolute. Water, lity $tandards may not always relate directly to the
specific quality criteria for uses to be pro ' '

The standards used in water q%ontrol are broadly divided into :

i) Design Standards
ii)  Performance Standards
iil} - Procedural Standards

_ Design standards specify certain characterstics that are required in water supply or waste water
disposal facilities. '

Performance standards specify the final result that must be produced and the type of facilities
used. For example they indicate the maximum concentrations of some constituents in the water
supplied. '

Procedural standards define various approaches and methods that must be followed in water
quality control activities.

The different types of standards, although mutually exclusive, often prove most effective when
applied simultancously to regulate various aspects- of water quality control. However each has an
important role to play and offers advantages and disadvantages in specific applications that should
be understood and carefully considered.

The development of background data that can be used as a foundation for decisions, must have
a high priority in pollution control programme. The broad calcgories of information required for
that purpose include :
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i) Physical characteristics (type, size, flow elc.) ii) Present uses of the resource, 1) Present

physical, chemical and biological quality of water, iv) Local needs and desires concerning

future uses of the water course, v) Quality characteristics necessary 1o protect 1t for those

selected uses, vi) Social and economic aspects of the matler. o

Among others, information on physical, chemical and bilogical quality of watce is very important
to previde an accurate base line data that define present conditions. These data are especially important
in cstablishing reasonable uses of water sources and identifying the petential pollutants that probably
require control, '

The standard levels for domestic water supply incorporatc available data for human health
protection. Such values may be diffcrent from the criteria levels necessary for protection of aguatic -
life. The health risk due to toxic chemicals in drinking water differs from that caused by discase
causing microbes. The problems associated with chemical constituents arisc primarily from their
ability to cause adversc cffects after prolonged periods of exposure. Of particular concern are curnulative
poisons and carcinogens. : '

The guideline values indicate tolerable concentrations, but they must not be interpreted as standards
for water quality. Several inorganic elements for which guidelines have been recommended arc recognised
{0 be essential elements in human nutrition. No atterupt has been made here to define a minimum
desirable concentration of such substances in drinking water. The guideline values for these substances
are concentrations that should not be exceeded over long period of lime because of the potential
hazards of ingesting excessive amounts of these substances. None of the organic substances have any
known beneficial properties. Synergistic and antagonistic readgons among many qualily constiluents
in water also are recognised even though the precisc defihjlioyof such reactions and their relative
effects have not been identified with scientific prccﬁ ' '

14.11. SOURCE OF WATER BQLIYTIO

The major sources of water pollugieg arcyol two types- point sources and non-point sources

{figure 14.4).

biats al specific locations through pipes, dilches, or sewers into
WInghude factories, scwage treatment plants, active and abandoned
underground coal mines, off shore%il wells, and oil tankers. Because point sources are at specific
places they are fairly easy to identily, moniter and regulate. .

Point Sources discharge pg

ractory

Fig. 144, Point and Non-point Svurces of Water Pollution.
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Non point sources are big land arcas that discharges pollutant into surface and underground
, water over a larger arca and parts of the atmosphere where pollutants are deposited on surface
waters. Examples include run off into surface waler and seepage into the ground from agrlulltural
ficlds, live stock feedlots, logged forests, rmd ways, houecq septic tanks and construction areas.

Check Your Progress - 2

Name the important sources of water pollution:
Note : a) Write the answer in the space provided below.
b) Compare your answer with the onc¢ given at the end of this unit.

14.12, CHEMICAL POLLUTION UND WATER

Greund water is the source of drinking water (O large population through out the world,
Except for chlorination in few instances, groun isTarely treated, presuming it 1o be a nalurally
protected and free of impurities,-compare thegurface waters, because it comes from deep within
the earth. Various activities ik intensc ure, power generalion units such as hydel, thermal,
nuclear, chemical and other industries ha% produced numerous potential sources of ground jwater
contamination (Figure 14.5) Ind ation of these sources is very important to monitor gnd to
adopt suitable control measures. '

Wasta limoon,

sond, @ bosia

" Sewagadproading,
poabicldes ang Lerigeslun

Minleg wiee | Fealdenzlnl colony

Tomil 111

Fig. 145, Major Sovrees of Ground Water Pollution
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The most inportant types of ground water contamination arc :
a) Urban pollution - due to land 1ills of municipal wastes, seepage of septic 1anks and drainage
. waslc walers, - _ : . '
b) Tndustrial pollution- duc to scepage of chemicals from industiral effluents and other wastes.
¢)  Agricultural pollution - dug to excessive use of fertilisers and pesticides.
Various sources and the potential contaminats that enter the ground walter are listed in table
14.5. '
Table - 14.5. Sources of Groud Water Contaminants

Source . Potential of contaminant
Accidental spills ‘Inorganic and organic chemicals
Deep well injection - Imorganic and organic compounds, radioactive ialerials

and radionuclides

Hazardous waste disposal siles Inorganic compounds (especially materials cleaning
solvents and degreasing compounds

Industrial liquid waste storage ponds Inorganic compounds (heavy metals)
and lagoons cleaming solvents and degreasing
compounds
L.and {ills, industrial o Inorganic a rganic compounds
Land disposal of liquid and semi- - 0 ompounds, heavy metals, cleaning solvents -
solid industrial wastes and d¥ercascrs.
Land disposal of municipal waste Organic and inorganic compounds, heavy metals and
water and waste sludges microbiological contaminants,
Municipal land fills Organic and inorganic compounds
Intense agricullture Fertilizers, organic and inorganic compounds and
pesticides
Huge storage tanks "~ Organic cleaning and degreasing compounds,

petrolenin products and various other hazardous wastes.

In several countries through out the world, the lack of monitoring at an ample number of places
whercver there is a potential for contamination, besides the lack of comprchensive analysis of water
quality of large areas through out the country, tule out the possibility for a reliable determination of
the extent and severity of ground water degradation and associated health risks. Scgments of important
aquifers in big cities are known to be degraded and may perish forever as sources of drinking water.

Some porlion' of our population might have been exposed to chemical contamination for an
unknown period of time. Most ground water contamiantion incidents are local and elfect generally
the upper most aquifers. The area below which ground water quality is significantly degraded 1s
typically less than a kilometer long and half of kilometer wide with pollutants moving al an average
rate of less than 1/2 meter/day. - '

On the other hand the resource itself is huge. At any chosen location, there can be a sufficienl
supply of ground watcr 1o single family for its use besides at other places many aquifers yielding
much more quantity of water to an individual well. Although the specilic volume ol contaminated
ground water may be only a small percentage of the nations ground water resources, the impact of
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this contamination can be very large. There is a critical nced to identify and manage the source of
contamination not only for protecting public health but also in preserving the resource,

14.13. MICROBIOL CONTAMINATION OIF GROUND WATER

Many of the problems associated with water quality are duc to the presence of organic matler
from natural sources and waste water discharges, i.e., domestic waste and wasle waler from cess
poels. This organic matter is normally stabilised bIlOgICH]]} with the help of microorganisms \ix hich
utilise either acrobic or anacrobic oxidation system to produce new cells of organisms. So domcstlc
sewage or waste water [rom seplic tanks always contains bacleria, viruses, protozoa and helmmths
which are pathogenic to man.

The most common bacterial species associated with sewage are Saimrme!l’a species (the Fausc
of typhoid), Shigella species and Vibrio species (both associated with severe gastroenterilis). Over
100 different types of pathogenic viruses have been isolated from faecal material, including poliovirus,
coxsackievirus, norwalk agents, adenovirus, rotavirus and hepatitis - a virus, These wruscs(ha\e
been associated with a wide variety of diseases in man, including paralysis, gastrocnterilis, hepatitis,
nieningitis and eyc infections.

In general, parasitic protozoa and helminths arc not a problem associated with ground water
contaminalion, because their large size results in highly cfficient removal by filtration through soil.
Bacterial and viral contamination of ground water is a serious problem that can resulf in large out
breaks of water borne discases throughout the world. BecauscNg{ limitations in surveillane :, Lhe
number of reported water borne dizcase oul breaks is belidyed b be only a [raction of theltotal
number that can occur ¢very year.

The fate of pathogenic bacteria and virases in th urface are determined by their survival
and.their retention by soil particles which depen n the climate (temperature and rainfall}, nature
of soil and nature of microorganisms.

The survival of microorganisms is rolonged at low lemperatures. Below 4° C they can
survive for months or cven years, ALkicherNgmperature they die off fairly rapidly. Adsorbed viruscs
arc protected 10 some degree agai mal cffects, so their survival is prolonged even at higher
temperaturcs. Soil properties thal co the survival of bacierta and viruses in the soil are lis({lcd i1

Tablc 14.6.

TABLE 14.6. Factors Effecting Virus Survival. - : \

Factor _ Remarks '
Moisture content Greater suryival time in moist soils and during times of
"~ high rain Fali.
Moisture-holding capacity Survival time is less in sandy-soils with lesser water-
helding capacity 1
Temperaturc Longer survival at low temperatures, longer survi le in

winter than in summer,

pH ' Short survival lime in acid soil than in alkaline soils
Sunlight ' Shorter survival timg—_;_ at so1l surface
Organic matter Increased survivakiand possible regrowth when suﬂ‘ernt

amounts of org,amc matler are present

Antagonism from soil microflora  Increased survival time in sterile soil.
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Adsorption of viruses onto soil particles offers prol'cclion apainst [actors responsible for viral
inactivation in the soil. Soil pH, cxchangeable aluminium and resin extractable phosphorous can be
correlated with virus survival and the details are presented in Table - 14.7. :

Table 14.7. Factors Effecting Virus Survival

S.No. : : Factors

1 Asvirus adsorption to soil increases, virus survival increascs.

2. Virus survival increase with in(ffcasing levels of exchangcable aluminium,

3 Virus survival decrcascs with increasing pH and resin extractable phosphorous.

4, As lemperature increascs, the survival decreascs. ' '

3. Acrobic soil micro-organisms adversely affect virus survival while anacrobic
micre-organism have no effect. _ '

& In general, virus survival is less at bower moisiure levels.

7. Fulvic and humic acids may mask virus ineffectively.

In summary, survival of thosc enteric microorganisms retained near the soil surface would be
expected to die off at a fairly rapid rate due to the combined effects of sunlight antagonism and
drying. On the other hand, thosc organisms that pencirale the acrobic zone could be expected 10
survive for a more prolonged period of time. Scveral surveys indicate that rainfall and well depth are
related to the microbial quality of ground water, Studies ifgicate that shallow drinking wells have
high median coliforin values (MPN/10¢ ml ) while deepgvellyhave low MPN count.

14.14. POLLUTION OF SURFA@VATER

There are iwo possible sources of pollu f surface walers ; a) Natural sources b) Man-made
SOUrCes
a)  Pollution by natural sources: ination of water rcsources by natural sources are mostly

s caMied by the water from the forest regions, dissolution ol salts
along the river path. tur 1¢ to soil crosion etc. The turbidity is high during mansoon and
a few days aller but slowly gg#ffes down to almost clear water. Contaminalion with bacteria is a
gencral fealure due to wasles of plants and animals carried by water and their subscquent
exposure to atmosphere continuously.

- due to plant and animal wgs

b}  Pollution by man-made sources : The rivers, canals and lakes not only provide waler for
industrial  domcstic and other purposcs. but also serve as best sinks to discharge 1ndustrial
effluents, sewage [rom cities and towns and agricultural run off. This endanger the rivers with
organic, inorganic chemicals and bacteria and viruscs.

Thrﬁughout the world most of the rivers and lakes are cilher atready poliuted to alarming levels
or gelting polluted due to discharge of untreated or partially treated wastes from industrics, mines,
agricultural runoff, sewage of municipalitics elc. Almost atl the major rivers in India, such as the
Ganges, Narmada, Mahanadhi, Tapati, Godavart, Krishna, Cauveri and even several small ones are
highly polluted or have been getting  polluted due to indiscriminate discharge of effluents from a
variety of industries such as chemical, tanning, distilleries, textilc, paper mills, ceramic and also
mine-discharge, sewage and sullage. - ' '

in this connection, it is worth mentioning that the Government of india has initiated major
action 1o clean and controf the pollution in some of the rivers in India. This is planned mainly by
insisting the industries, municipalities and corporations fo treat their wastes and effluents thoroughly
beforc discharging them into the rivers. This is further checked by monitoring the discharges into
the rivers at all places. ' '
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There are reports about the presence of virus in well water contaminated from the septic tanks
and their existence even in chlorinated water, in the absence of cvidence of bacterial contamination,
This raises concern about the efficacy of chlorine disinfection of contaminated ground water,

The movement of viruses and bacteria in soil is influenced by factors like rainfall. pH. isoil
composition, flow ratc, soluble organics. cations, adserption characteristics of the virus and bacileria
and degree of saturation. Coliform bacteria have been observed to be trasported in loomy sand aquifers
for several kilometers, Viruses have been shown to travel up to 0.5 km horizonatally in the ground
water through sewage infiltration basins.

14.15. HEALTH EFFECTS

Impact of Various chemical, physical and biological parameters on health and hygienc are given
below. :

The physical parameters arc colour, trbidity and tasie and odour

(i)  Colour : Although colloidal forms of iron and manganese occasionally are the cause for colour
ol water, the most common causes arc complex organic compounds originating form the decompasi"l.ion
of naturally occurring organic maiter such as tannins, humic acid and humates. C()l(!llll’ in
water is an important parameter in terms of aesthetic consideration. therefore, water shoul(h be
virtually free from substances producing objectionable coloug The mast common causes for the
colour of water are coruplex organic componnds originating f the decomposition of natural
organic matter like tannins, humic acid and humates. ColloidaWN nd mangancsc also occasionally

cause colour 10 water. -

orgamic and inorganic colloids, plankion other microscopic organisms. [t renders |the
potable water unattractive to the consumer. It cas ave a significant effect on the microbiological
quality of drinking water because the jeniswbsorbed on the surfaces of the particles cnable
bacteria to grow more effectively com hosg in frec suspension. Thus excessive turbidity
exerts a significant chlorine deagand [Mdisinfecting the water.

ity Tarbidity : Turbidity in water 1s caused by the pr I suspended mattersuch as clay. j!;ilt,

iii) Taste and Odour : In the assess rinking water quality taste and odour are complementary.
- the farmer is most useful in detec inorganic constituents of drinking water, and the latter
organic constituents. The presence of objectionable tastes in a public water supply may calise
consumers to seek alternative sources of potabie water. Therefore, the water meant for drinking
must be frec of objectionable taste and odour for the large majority of the population.

The Chemical parameters are Aluminium, Arsenic, Cadmium, Chromium, Mereury, Lead. _ -
hardness, chlorides and residual chlorine, nitrates | fllorides elc,

I

i) Aluminium : Atuminium compounds are abundant in'nature and are often found in water. ’Ilhc
salts of aluminium are used extensively in water treatment for the removal of colour and turbidity
(levels of aluminium in treated water : 0.01 to 2 mg/L). Compared to aluminium intake through
food, that of water is small. Aluminium does not appear 1o be an essential nutrient to man. [lts
salts are gencrally complexed with phosphate and excreted in the lseces. The chronic use'l of
large quantities of aluminium hydroxide in the form of antacids can icad to cxcessive loss of
phosphate from the system. Ingested aluminium accimulates: (o some extent in the skeleton, -
testis, heart muscles and bones whereas inhaled aluminium accumulates in the form of dust in
the Iungs and lymph nodes. Aluminium has been found to be neurotoxic. [L causes neuro-
gibrillary degeneration, neuronal loss, dialysis dementia and Alzneimer’s diseascs. | '

il Arsenic : Many arsenic compounds are-water soluble and thus arsenic contamination of w;;jcr
© may occur. Arsenic exists in trivalent and pentavalent states and its compounds may b cit er
organic or inorganic in nature, all of which arc known to be absorbed in the system, Following
exposure to arsenic, it enters the blood and subsequently the liver, muscles, kidneys, spletn
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iv)

and skin whereas smaller concentrations are also found in the brain, uterus, heart, thyroid,
pancreas, hair and nails. The inorganic forms of arsenic.-arc known to get transformed to mono
and dimethyl compounds in humans. Surface and ground waters may contain soluble arsenic
upto 10 ug/L.

Trivalent arsenic may inhibit the activity of many enzymes by redctlng with sulphvdryl groups,
reactions involving such groups are considered (o be re%ponsmle for the l0x1c action of arsenic
compounds

There i5 no f1rm evdence that arsenic in any form is essential to man. Sub-acutc and chronic
arsenic poisoning may be insidicus and pernicious. The symptoms of mild chronic poisoning
(0.05-5 mg) arc Tatigue and loss of energy. In more scvere intoxication (5-50 mg), the symptoms

~ observed are gastrointestinal catarrh {inflammation in mucous mcmbane and related effects),

kidney degeneration, tendency to edema, poly-neurities, cirrhesis, bone marrow injury, exfotiate
dermatitis, altered skin plf,mentdllon and skin cancer. :

Acute poisoning by arsenic (70-180 mg,) involves the central nervous system lcadmg to coma
and death.

Cadmium : Drinking water may contain 1 mg/L ol cadmium under normal circumstances.

" The solubility of cadmium in water is influcnced by the nature of the source of cadmium and

the acidity of the water. Surface waters that contain more than 5-10 micrograms of cadmium
per litre have probably been contaminated by dishcarges of industrial wastes or by leaching
from areas of land fill. It may also be from soils to which sewage sludge has bcen added, in tap

walcr it may enter through piping and other [littings. )

_ Cadmium is fairly readily absorbed through ingestion or thgough the lungs. Alimentary absorption

is affected by a number of factors such as age, conceNgagons of calcium, zine, iron and protein -
deficiency. Absorbed cadmium will enter the ] and become concentrated in ¢ertain parts of -

the human body. The cadmium to a large e ‘bound to a protcin of low molecular mass,
known as metallothionine. This metal-binditgfotein is belived to be invelved in cadmium
transport and absorption since cadml ,-a long biological hatf life in the body, and it
accumulates with age. ' :

Diseases such as bronchitis, enf . anaemia and renal stones may be causcd by cadmium
pollution. The renal cortex iggenerdly accepted Lo be the critical organ for cadminm accumulation
in human body. The cl enal cffects of cadimium in human body are associaled with
proteinuria, glucesuria an noaciduria. As was the case in Japan in the outbreak of Itai-Itai
disease, irreversible renal injury occurred in those most severely exposed, especially in elderty
women.

Chromium : Because of thelow solubility of chromium, generally the le\« els found in water are
usually low (less than 5 pg/L). However, contamination due to industrial effluents may result -
in high values upto 20-40 pg/l.. The chromium may be in trivalent or hexavalent oxidation
states depending on acidity either as soluble sall, complex or insoluble hydroxide pElI"LlC]C
Chromium is absorbed through both gastrointestinal and respiratory tracts. Chromium is distributed
in human tissues, skin, muscle and fat. A homoeostatic mechanism involving hepatic or
intestinal transporl mechanisms prevents accumulation of excess trivalent chromium.
Trivalent chromium appears to be necessary for glucose and liquid metabolism and for utilisation
of amino acids in several systems. It also appears to be important in the preventmn of mild
diabetes and atherosclerosis in humans. -

Hexavalent chromium at 10 mg/kg of body weight of a human being, will res'u]t in liver necrosis,

_nephritis and dcath whereas lower doses will caude irritation of the gastrointestinal mucosa. '

Hexavalent chromium in high doses has been implicated as the cause of digestive tract cancer

" and lung cancer, cutancous and nasal mucous membrane ulcers i in workers of industries processing -

hexavalent chromlum

Mercury - The levels of mercury in fresh water bodies are less than . 0002 mg/L. wherecas
levels up to 0.03 mg/L have been reported in polluted rivers and lakes.
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_converted into methyl mercury.

Mercury serves no beneficial physiclogical function in human beings. Each of the chemical
states (metal itsclf, inorganic compounds, and organomercurial compounds) has intrinsic properties
that dictate independent toxicological assessment.

Inorganic form of mercury accumulates in kidney whereas organic forms are found in blood,

El

‘bound to red cells. Organic forms of mercury (methy! mercury) is highly toxic due to its lipid

solubility which permits it to pass through biological membranes, more easily than inorganic
form of mercury, especially into brain, spinal cord and peripheral nerves and across the placenta.
In natural water, under nermal conditions of temperature and pH, inorganic mercury can be

Mercury intoxication may be acute or chronic, and toxic effects vary with the form of mercury
and its modc of entry into the organism for human beings, the fatal oral dose of mercury Salts
range from 20 pg to 3.0 mg. Symptoms of acute inorganic mercury poisoning include pharyngitis,
gastroenteritism, vomiting fellowed by ufcerative hacmorrhagic colitis, nephritis, hcpatitij‘:and
circulator collapse. Chronic mercury poisoning resulls lrom exposure to small amounts of mercury
over extended time period. Dramatic instances of toxicos is in human beings oc Cured in Japan
(the Minamata disease), Iraq, Pakistan and Guatemala.

Thé major effects of mercury poisoning take the form of neurological and renal dlSIllrb'lerE:S

~ Mercury also causes gonadotoxic and mutagemic effcets and disturbs the cholesterol metaboldism.

vi)

vii)

e

- Lead passes through the placenta easi ctal blood has almost the same lead concentration

Lead : In general, the levels of lead in drinking water are low, 10-20 pg/L. In places where
watcr is extremely soft, has acidic pil and, lead plumbing and lead-lined storage tanks are -
commenly used, the concentrations of lead can be as high as 300 pg/L. Lead levels as high as
2000 ug/L due to industrial discharges are also reported. L&d pipes alse contribute dissolved
Icad to the water flowing through them, Lead in the envifbgmght exists almost in the inerganic
form except small amounts of organic lead whic lts from the use of leaded gasoline|and
from natural alkylation process that produce met compounds.

In humzi_n beings, lead is absorbed from conggmed Wfer, enters blood and is disiributed to|soft
lissues and bones, which reaches 1o an equili allcr prolonged exposure. Lead accumulates
in bones with time. ' '

as maternal blood. Lead also pass he blBed brain barricr, although the brain does not accumujlate
lead. ' :

Lead has no bcncficial or desir;lb utritional effects. Lead in high doses has been rc':cogn-'sed :
as a cumulative metabolic poison, Seme of the symptoms of acutc poisoning are 'tiredl'{less,

severe intestinal cramps, paralysis of nerves, loss of appetite and fatigue, slight abdominal
discomfort, irritability, anaemia and in ¢asc ol ¢children behavioural changes. These symptoms

" usually dcvclop slowly.

Lead at low levels can reduce the activily of the enzyme porphobilinogen-synthase, which is.
invelved in the normal haeme synthesis at the stage of conversion of aminelevulinic acids to
porphobilinogen. Lead also has a tendency to bind to mitochondria, leading to interference in
the regulation of oxygen transport and energy generation. In some instances, high blood lead
Ievels have been found in mentally retarded children. :

Hardness : Water hardness is the tradional mcasure of the ability of water to rcact with soap;.
hard water requiring a considerable amount of soap to produce lather. Hardness is mainly|due -
to calcium and magnesium salls whereas strontium, iron, zinc, barium and manganese sals .
aiso contribute to some extent. It is expressed as temporary hardncss (carbonate hardngss)
which can be removed by boiling, and permanent hardness (non -carbonate hardness) which
can not be removed by boiling.

The principal natural sources of hardness in waler are sedimentary rocks, seepage and run-off
from soils. Hard water normally originatces in areas with thick Lop soil and lime stone formation.
Ground water is generally harder than sutface water. EMluents discharged from chem icai {Imorganic)
and mining industries also contribute to hardness of surface and grouad waters.

178 .




There is a tendency for soft water areas 1o show higher mortality rates than hard water areas.

It is generally agreed that the association between water hardness and mortality is strongest
with mortality from cardio-vascular disease, although other causes of death may be involved.
Diseases like nervous system defects, anencephaly, perinatal mortality and varous types of
cancer have also been correlated with hardness of water.

* viii) Chloride afid Residual chlorine : The presence of chloride in natural waters (ground or surface)

ix)

can be attributed to the dissolution of salts in soil, discharges of effluents from chemical industrics,
sewage discharges, contamination from fuses, leachates and sea water intrusion in coastal areas.
Chloride is present in concenirations around 10-50 pg/L in surface waters and 50-200 mg/L in
ground waters.

Chloride is the most abundant anion in the human body and contributes significantly along

with its associated cations io the osmotic activity of the extracellular fluid. Absorption of chloride
is almost complete in the normal individuals. The taste threshold for chleride in drinking
water is dependent upon the associated cation, but it is usually within the range 200-300 mg of
chloride per litre,
when chlorine dissolves in walter, it hydrolyses dccordmg to the reaction :

Cl, + H,0 —> HOCl +H" + CI

Unless the concentration of chiorine solution is above 1000 mg/L, all chlorine will be in thc
form of HOCI or its dissociate tons H* and OCI~.

The ratio between HOCI and OC! is a function of the pH with 96% HOCI remaining at pH 6,
75% at pH 7, 22% at pH 8, and 3% at pH 9. The relationship of HOCI with pH is significant as

Current chlorination practice of potable water vari
‘L. This variation is directly relatcd to the qug

sage from 1.0 mg/L to about 16 mg/
ity:o raw water supply, i.e. the degree of

. the undissociated form appears 1o be the baétericida@n the use of chlorine for disinfection.

pollution, concentration of nutrients, tempe
or hypochloriies to water containing nitrogeng material, rapidly forms chloramincs. Both
residual chlorine and chloramines are 1 to be toxic to human beings. So it is important {0
control the concentration of residual chi%o reduce the formation of chloramines. In general,
mg/L of residual chlorine at the tap ends.

it is advisable to maintain 0.5 1

Nitrates and Nitrites : Nitrates a
occurs castly in the eénvir {.-
nitrite in the body.

nitrites are considered together becausc their inter conversion
¢ health effects of nitrate arc due to its ready conversion to

The sources of nitrate for ground and surface waters are fertilizer run off from agricultural
fields, decaycd vegetable and animal matter (conversion of organic nitrogen by the bacteria
present in soils and in water with sufficient oxygen), domestic effluents sewage, sullage, sludge
disposals on land, industrial discharges, leachates from refuse dumps etc. Nilrate contamination
of water sources may result from a direct or indirect discharge. It may be due to the percolation
(seepage) over a period of time, some times few years.

The concentrations of nitrates in natural waters are generally in the range of 10-50 mg nitrate
-N/L. In the case of nitritc the levels are often less than dctection limits i.e., 0.005 mg/L.
(nitrite-N per litre) but relatively high levels (20 mg/L nitrite-N per litre) are also reported.
Chlorination of water reduces the concentrations of nitrite to almost negligible levels.

It is well known that nitrate is absorbed in the upper gastroiniestinal tract and concentrated
into saliva by the salivary glands, may enter the stomach etc. and can readily, be converted to
nitrite. The nitrite formed is hazardous. Nitrite oxidises hacmoglobin to methaemoglobm and
thus adversely affects the oxygen supply through blood. It may react in the human body with
secondary and tertiary amines and amides to form nitroso amines which are carcinogenic.

Normally 1-2% of the body’s haecmoglobin is in the methaemoglobin form but when the proportion -

is more than 10%, clinical effects are detectable. This causes Cyanosis and the wholc body
gradually becomes blue leading to the discase, known as mecthaesmoglobinemia, which may
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ultimately result in death.

Studies have been carried out reporting high levels of nitrite being tesponsible for calses of
infatile methaemoglobmaemm According to some suggestions pregnant women are also ata

- .greater risk than a normal adull.

In China and Srilanka, the highest mortality from gastric cancer is reportéd 10 be in the area

where both nitrate and nitrite are high in drinking water compared to those in other
where the nilrate and nitrite concentrations are low. Water with nitrite concentrations

areas
ver |

mg/L should not be used for infant feeding. Water with significant nitrite conccntrallons usually

would be heavily polluted and probably bacteriologically unacceptable. _
x)  Fluoride : In most surface and ground waters, fluoride concentrations are in the range

£0.5

- 1.5 mg/L. But in areas with rich fluoride containing minerals, well waters may contain upto

about 10 mg/L of fluoride. There are some rivers and lakes when the concentrations of Tl
arc high due to contributions through soil and some times through industrial discharges,

Flueride ingested with water s almost cbmplctcl) absorbed, rapidly distributed lhrouglf

oride

1t the

body, retained mamly in the skeleton and (o some ektent in the teeth. The amount of fluorzde in

bones increases upto age of 55 years.
Fluoride in low concentrations is esential to human beings. Fluoride reduces the solubi

ity of

the enamel of tecth under acidic. conditions and thereby provides protection against dental

caries. The incidence of caries decrcases as the concentration of fluoride increase to ab
mg/L.

Bone tissue constantly undergoss remodc!lmg by a procesg that is initiated by r¢sorption
bone and subsequent formation of ncw bone as a repjacch
which the process of new bone formation does not keep Phg
ol'bene becomes less than normal. This deficit ir ]
bones and increascs (heir tendency towards frad
not well understood, appearts to be the only
directly, i.e., a treatmenl for osleoporosm
arthralgies - pain tn joints, and gastg

al disturbances.

At high doses, fluoride can interf arbohydrates, lipids, proteins, vitamins, ¢n:

out 1

f old

ent. Osteoporosis 1s a diseascs in
ith resorption, so the total athount
weakens the mechanical strength pf the
3 Fluoride, through mechanisms that are
availdw¥€ agent that can stimulate bone formation
hough there may be some side effects such as .

/YINES

and mineral metabolism. Many,gf the Sgmptoms of acute fluoride intoxication are the results of
" its binding effect with calci pletal sequestration and renal excretion are the two major
ways by which the body preve ¢ accumulatior’ of toxic amounts of the fluoride ions

‘Long term consumption of water containing 1.5-2.0 mg/L ofﬂuoridd may lead to mottli
patients with long standing renal diseasc or polvdlpsm generally in children. Skeletal flu

ngin
T051s

has been observed in persons when water contains more than 3 - 6 mg/L of fluoride. Intake of

higher concentrations for long periods result in crippling skcletal fluorosis. These cffcck

more pronounced if calcium and magnesium intake is also less.
In higher doses, fluoride is acutely toxic to human being, pathological changes include haemory

§are

hagic

gaslroenteritis, acute toxic nephritis and various degrees of injury to the liver and heart muscles,
cardiac arshythmias, i.e., ventribular fibrillation, cffects thyroid which results in vomiting,

abdominal pain, nausea, dlarrhoea and cven convulsions:

xi) Microbiological Examination of Water : With the establishment of the microbiological theory

of discase; the need for uncontaminated water supplies was fully understood, and nece
actions have been taken b} the governments, and the W.H.O. to ensurce adequate health cond;
for the pubhc

BlOl(_]glCEll pollution of water is due to bacteria, fungi, viruses, protozoa, plankton,' helm

ssary
tions

inths

and other macro invertebrates (rotifers, worms, water fleas etc.,) contamination by scwage or h?man
excrement is the greatest danger associated with drinking water. Faecal pollution of drinking water

may introduce a variety.of intestinal pathogens likc Sa/monella, Shigella, enterotoxigenic Escher,
coli, I/Tbrio cholera, Yer;z’nia' enterocolitica and Campylobacter fetus. These organisms may

180.
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diseases that vary in severity from muld to severe gastrognteritis and sometimes fatal dy seﬁln cholera
or typhoid, fever and meningitis, Sewage polluted water may contain the viruses of poliomyelitis,

other enteroviruses, and hepatitis viruses. Other organisms naturally present'in the environment. -

and not regarded as pathogens may also cause occasional opportunist dlsease Included in this category
are Psuedomonos, Flavobacterium, Klebsiella and Serratia. :

Obviously, there can be no Staie or Countly with positive community health and well being
without safe water supply. Incidents of various cpidemics like poliomyelitis, cholera, gastroenteritis,
etc. killing thousands of people have been on record. Even in developed countries, there are reports
about watcr borne diseases. In USA about 300 cases of enteric diseases due to bacterial infections
transmitted via contaminated water are reported every year.

In developing countries, diarrhocal diseases are the leading cause of childhood mortality. Every
year up to 1,000 million diarrohoeal episedes cause four to five million decaths (WHO Report 1980).
Several surveys place the incidence of amoebiasis from 8.5 to 100 percent. Wide spread lethargy,
lack of initiave, weakness, tiredness and even the dull earthy apperance of the skin in many Indians
is ascribed to chroric amoebiasis. In India, during 1955-96, the cpidemic of hepatitis killed 35000
- people in New Delhi duc to faecal contamination of drinking water. During 1989 also, gastroenteritis
caused by contamination of drmkmg walcr by sewage resuited in death of a few thousand people at
New Delhi 1tself

14.16. DEFENCE MIUCHANISMS TO ONTROL POLLUTION

Natural defence mechanisi. in the subsurface mllM{C effects of a pollutant source by
causing a reduction in the concentration of the con@nt in solution. They arc :

a) Physical process : Contamiti«is ¢ enlering the one may be diluted infillration by mixing
with rain fall (precipitation). i+ lition m take place by diffusion in the unsaturated zone,
which may occur due to mixing ona mol€cular level, as ions move from points of higher to
lower concentrations. Within th ted zone, contaminanis are again diluted by mixing
uncontaminated ground water 1t iWgge that is added to the saturated zone down stream of the
contaminants source, caus%em taminant plume to be depressed below the water table.

b) Chemical processes : Chemi ‘sses in the subsurface include preCIpltalmn absorption
and hydrolysis. Precipitation resuiis in the formation of a crystalline substance within the porous
material which may undergo dis:chution if chemical conditions withir the dquifer change.
While precipitation reactions are nunetant in deseribing the evolution of ground water chemistry
in regional flow systems, absorptior. hvdrolysis and decay are of greater interest in contaminant’s
hydrology. Absorption refers to the wom:- al of chemicals from solution by fixation on to porous
material itsclf. Absorption is quam if d by means of distribution coefficient which is dependent
on the nature of ions (chemicals) 2 -+ sorous materials,

Hydrolysts refers to the chemical reaction of a compound with water and half of the hydrolysis
depends on temperature and pH, many inorganic and organic substances undergo hydrolysis
and lose their activity.

¢) Biological processes : Biodegradation of organic matter is one of the nature’s gifts to man, as
it degrades huge quantities of wastes (domestic and some industrial) generated by man to
-generally usefull products such as manure, In the recent years, several man made chemicals
which are nol biodegradable pose serious pol. stion: prdblems

Some of the treatment methods developed to remove various contammants from water are l1sted
in table 14.8 '
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Table - 14.8. Some of 'the_ reigorted Treatment Options..-

Technology Status Technology ' Contaminant Class or
' Specific contaminant
o removed
Field Tested - Carbonadsorption -~ VOC's and SOC's
' Packed tower and - . VOC's N
diffused air-acration -
lon exchange - Nitrates
Reverse osmosis - Radium -
Pilot Tested _ " Reverse osmosis ; Nit'_r'ates and Uraniﬁm _
~ Jon exchange : : Uranium
~ Promising ~ Conventional - -
Technologies - treatment with ' SOC's .
powdered activated carbon
Ozone oxidation ' VOC's, SOC's
~ Reverse osmosis o VOC's SOC's
Ultraviolet - * JVOC's SOC's .
© Treatment S
- [on Exchange - O Radium .
Selective complexer Radiume. .+
Aeration _ Radon . -
_ Carbon adgorptt T Radon "
VOC = Volatile Oré,dmc Compoun ' SOC = _'St)li'd Organic Com'}')o_unc_ll:s_,_

'14.17. SANITATION Q)

According to the World Health Organisation, 1.5 billion people do not have a safe supply of

“drinking water and at least 5 million people dic cvery vear from water borne dlsedses that cou

prevented by improvements in drinking water supplies and samtatmn

-For many centurlcs WC arc dependmg on watcr carriage to-dispose off certam wastes. By

ldbe .

this,

we mean that water is used o collect and transport objectionable and/or harmful materials fror:l} one

location to another. 1t may be surprising, but most of the water obtained from the resourc

2s by

individuals, municipalities and industries are in fact used to collect and move wastes, It is generally

accepted that good sanitation practices in cooking, household cleaning and personal hygien
beneficial to the public health. All these activities require proper handling and disposal of unw
or waste substances and this is usually accomplished through water carriage. '

The large dlfferences in the avilability of g ;,ood water supplles and sanitary waste water han
along with disposal are mostly responsible for the mueh highet number of incidences of discase
shorter life longevity between developing and developed countries.

C are
anted

dling
5 and

Most industrial uses are for waler carriage of wastés that is the removal of heat, impurities or

reuse some waste materials productively and it is hoped that additional and improved ways tb use

by-products through various types of processes. Technology is now available for recovery a}ad{or

materials now discarded as wastes will be developed in the near future. As an ideal approacl;, the

above technique would be a boon to mankind as it not only climinates the problem of waste du

but

" also generates a useful product. However, practical considerations in houses and industries often



make it impossible or prohibitively expensive to reclaim or reuse most waste water coristituents
because of their complex chemical characteristics and extremcly diluted concentrations. When recovery
and reuse are not feasible, society ought to opt for the altcrnative of waste disposal to land, air or
water. The discharge of wastes into air and land indirectly affects the water sources, through acid
rain of contamination of ground water sources by leachates from wastes. Treatment of wastes at the
source of gencration (for industries) and at a commeon point (for sewage) would reduce to some
extent the environmental problems due to the wastes generated.

14.18. WATER MANAGEMENT

i) Methods for managing water resources @ The important way to manage water resources is 1o
increase the supply by constructing dams and reservoirs, tapping more ground water and diverting
the surfacc waters Lo the required zones. '

The other and ofcourse a better way is 1o improve the efficiency of water supply and use. and 10 _
minimise the wastage ol water. '

Some arid areas of India, China and U.S.A. are now supported by removing the earth capital in
the form of ground water faster than it is being replaced by natural resources. But this practice can
go on so long before farming must be abandoned and the populations of parched cities are reduced
by migration.

Thus it makes much more sense economically and eryiro rentally Lo put the'primary emphasis
on improving the efficiency of water use.

-The dams built across rivers and streams pr contrellable supply of watér and for the -
power generation. More over they reduce the dangcef] goding. _

But the benefits of dams must be weighedgiganist thelr costs. Dams are expensive to build and
displace people and destroys vast @t wildlife habitat and agricuitural land.

Faulty construction, earthq s, fldeds, land slides etc cause dams to fail, taking a terrible foll
in lives and property. The stull U.S A reveal that the dam safety programmes are generally
inadequalc because of weak law budget cuts. '

Over use of ground water can cause o intensify several problems like aquifler depletion, subsidence
and intrusion of sall water into aquifers. : :

“Thus there is need to adopt alternative methods to meet the demand of fresh water.

Desalination, i.e., removing disolved salts from ocean water or brakish ground water is an
appelling way to increase fresh water supplies. Distilation and reverse osmosis are the two most widely
used desalination methods. :

Distillation involves heating salt water until it evaporates and condenscs as fresh water, leaving -
salts behind in solid form.

In reverse osmosis, high pressure 1s used to force salt water through a thin semipermeable
membrane to get fresh water. ' :

Unnecessary Water Waste : In most of the countries the waler is unnecessarily wasted, because of
various reasons. For example, the people of United States, the world’s largest watcr user waste about
30 - 50% of the water used. Thus proper steps are to be taken by the government and various local”
bodics and voluntary organisations to minimize the wastage of water. '

Reducing the Irrigation losses : About 10% of the watcr-uscd goes for irrigation and almosi two-
thirds of this water is wasted. ' _

Mosl irrigation systems distribute the water by downslope or gravity flow through unlined field
ditches. This method is cheap but about 50% of the water is 1ost by evaperation and secpage.

183 .
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Drip irrigation greately reduces water use and waste. It invelves the supply of water through

perforated pipelines which deliver smafl quantities ol water close Lo the roots of plants.

Effluents from sewage treatment plants are rich in plant nutrients, mostly nitrates and phosphates.
These are presently dumped into water ways where they disrupt aquatic ecosysicms I makes more

sense to return these nutrients to the land to fertilize trees, crops and other vegetation.

Reducing the water waste in Industries and Houses : Manufacturing process can either
recycled water or can be redesigned to use less water and minimize wasta ge. For example manufacty
aluminium from recycled scrap rather than ore reduces the wa ter consumption by aboul 27%.

Flushing toilets, washing hands and bathing account for about 75% of the water used
typical home in most of the developed countries. This can be avoided by a more rational use.

use
ring

in a

Leaks in pipe lines, toilets etc waste about 20 to 33% of water withdrawn from public supplies. -

This can be checked with a little care.

14.19. COMMUNITY ACTION

- Several bacteriological contaminations of drinking water leading to serious discases arc being

reported every year from onc quarter of the country or the other. The major source of this contamina

tion

is nething but the houschold sewage and sullage. Hence, the people should realize the intensity of

water pollution that they themselvés cause. The voluntary organisations and the cducated sectio
the country should come forward to awaken the public and to Mhge necessary steps for the pre
sanitation and drainage. :

At the same time the government should take necgf steps to control the contaminatio
water sources from various industrial.pollutants.

Table 14.9. gives the various remedial and prav®mic measurcs that should be taken o pro
the water from differcnt sources of contaminggion.

<
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114.20. SUMMARY

Pollution can be broadly defined as the unfavourable allcr'llion of the surroundings wholly or
largely as a by-product cf man’s action,

The fresh water we use comes {rom two sources surface and ground water. i

The water quality is not absolute and it can be judged only by comparing the Concenlratlpns of
various constituents in water with thosc optimum for the intended uses.

Water qualily standards are the means by which regulatory agencies define their requir':-:| 1€nts
for water courses. rl

The major sources of water pollution arc of two types - point sources and non-poinl Sources.

Many of the problems associated with water qualily are due to the presence of organic maiter
from natural sources and wasle water discharges.

Water borne diseases, which kill aboul 3 million peoplc every year can be prevented by impr‘oving
the drinking water supplies and sanitation.

. ‘Water resources can be managed by increasing the supply by constructing dams and tapping
" more ground water. A better alternative is Lo improve the efficiency of water supplies and to mirimize
water waste. ' . ‘

14.2]1. CHECK YOUR PROGRESS : MODEL ANSWERS:

1. A geologic unit saturated with water and sufficien{lggorou®™nd permeable to yield cconomically
significant amounts of water is called an aguife '

2. The major sources of water pollution are of two { - point sources and NON-point sourices.

Point sources include factories, sewage tre t plants, coal mincs, oil wells and non-point
sources include seepage of run off w fromagricultural lands,logged forests houses antll road
ways. Because the point sources a ific places they are fairly easy to identify, monitor
and regulate.

14.22. MODEL EXAMMAITON QUESTIONS N

I. Answer the following questions is about 30 lines each, | '

1. Give brief account of world watcr resources. ) ‘

=]

. Wrile a note on water quality and its importance.

. Explain the chemical and Micrabial pollution of ground water.
. Write the health effects of a) Arsenic b) Mercury ¢) lead dj Chloride and ¢) fluoride | ‘
3. Explain the microbiclogical examination of ground waler. ‘

[ CU S ]

6. Write il(fll_e on water management. ' : ‘
IL Answer the following questions in about 10 lines each. |

1. Define the terms poHution and pollutants. ' ‘
. Write a brief note on the sources of ground water contamination.

. Explain the factors that effect the survival of virus.

Fa WD b

. Write a notc on the toxic effects of chromium.

. Write 4 note on the reported options for the treatment of drmklng water, ' o
. What are the systems used for delermmmg walter quality ? ‘

S N A

. Describe the standards used in water quality control.

Prof. N. Someswara Rao ‘




UNIT - 15 : LAND MANAGEMENT

Contents

15.1. Objectives
15.2. Iniroduction

13.3. Forstes and Agricultural Lands

d 15.3.1 Importance of Forests

15.3.2. Forest Management _

15.3.3. Agricultural Land Manzgenwent

15.3.4. Soil Conservation and Landuse Control
15,4, Grasslands B

15.4.1. Indian Grassiands

15.4.2. Grassland Management

15.3. "Chemical Fertilizers and their Impact
15.5.1. Use of Chemical Fertilizers

15.5.2. Environmental Impacls ) ' _
15.6. Descrtification -\ ' | 0
15.7. Construction of Dams and Location of Ind

15.7.1. Construction of Dams ‘®

15.7.2. Location of Industries ?\
15.8  Solid Waslc Disposal '

15.8.1. Production of Solid “Q“

15.8.2. Disposal Metho

15.9. Social Behaviour

15.10, Community Action

15.11, . Summary

15.12. Check Your Progress Model Answers
15.13. Model Examination Questions

15.1. OBJECTIVES

After completing this unit you will be able to -

* explain the importance of forests, agricultural', and grasslands, and delineate the management
methods;

*  describe the use of chcmlcal fertilizers and their impact on the cnwronmcnt
% list out the causcs of desertification;

*  delineate ecological guidelines for the construction of dams and 1nstailatlon of industries at
proper locations to avoid major environmental and human disasters.

% describe the causes of solid waste and methods for its disposal;

*  describe the change in social behaviour and lifestyles through time and also the community
' actions that have been taken and that should be taken for the creation of environmental awareness
in the public
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15.2. INTRODUCTION

Land is one of the most important components of our environment. It supports all vegetation
and meets the major requirements of cnergy for us and feed for our cattle. Top soil which is the upper

layer of soil supports our agriculture and produces the food that suslains ns. 1t is depressing i¢

note-

~that about 8.1 miltiori square kilometers of once-productive land comprising crop-laud, forests and

grasslands have become descrt in the last 50 years. Each vear almost 61,000 squarc kilomete

1s of

new deserts are formed in the worldl. Topsoil is eroding faster than it forms on about 35% of the
world’s cropland resuliing in a loss of aboul 24 billion metric lons of topsoil a year, Crop productivity
on one-third of the earih’s irrigaied cropland has been reduced by salt buildup in tepsoil. Topsoil
waterlogging bas reduced productivity on at least one-tenth of the world’s cropland. About half of
the world’s original expanse of tropical forests has been cleared. Each year abeut 2,02,000 s{']liare

kilometers of tropical forest is destroved and another 2,02,000 square kilometers arc degraded. W

ithin

30 to 30 vears there may be little of these forests lefi. Iimore developed countries, 3,12,000 square -

kilometers of forest has been demaged by air pollution. Also, many remaining areas of diy
anctent forests arc being cleared and replaced with more volnerable tree farms that greatly re
wildlifc habitats and biodiversity. All this show that land has been overused and even abused

erse,

duce
over

the centuries. Land fertility rate decides the future of a country. The way the soil being used is
posing threat (o its productivity. Careless usc of soil results into reduction in quality and quantity of
woodland. grassland and cropland and also cause scil crosion and degradation of watersheds and
catchuents; and deforestation and descrtification. Due to demo graphic pressures, land is under increasing

stress duc to sprawl in agriculture, industry and urbanisation.

15.3. FORESTS AND AGRICULTURAL DS

15.3.1. Importance of Forests

The importance of forests, management off
and land use control are described in detai
of forests is given below:

cction. The commercial and ccological import

a)  Commercial Importance : T@artance of forests is viewed in two ways, Forests snpp
with timber for housing, biomas¥Wfor fuelwood, pulp for paper, medicines, and many «
products, worth over $ 150 billion a year. Many forcs! lands are also used for mining, gra
livestock, and recreation. They arc flooded 1o provide rescrvoirs for hydropower dams
fleod control. ' : '

csts gricultural land management and soil conservation

ANCce
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b)  Ecological Importance : Forests have many vital ecological'fﬁncli_ons. Forested waters

act as giant spenges, absorbing, holding, and gradually releasing water that recharges springs,
streams, and aquifers, Thus, thev regulate the flow of water from mountain highlands to creplands
and urban arcas and help control soil erosion, the severity of flooding, and the amount of
sediment washing into rivers, lakes, and artilicial reservoirs. They paly an important role in
the global carbon cycle and act as an important defence against global warming. Through

‘photosythesis trees help remove carbon dioxide from and add oxygen to the air, which ¢xplains

why-the world’s lush tropical forests have been called “the lungs of the carth”. Forests proyvide
habitats for a larger number of wildlife species than any other land ecogystem, making them
the planet’s major reservoir of bilogical diversily. They also help buffer noise, absorb some air
pollutants, and nourish the human spirit by providing solitude aind beauty, In view of the imporiance
of the forests for the very sustenance of every living specics, it is imperative [or us 1o protect
the carth’s remaining forests and stop further destruclion. The remaining forest cover must be
properly managed for the continued delivery of raw materials for use by man, :

In India, the effective forest cover at prcscnt_i's hardly 14%. We are losing about 1.5 million
hectares of forest cover every year. At this rate India will have no real forest cover left in




another 40-50 ycars. India is regarded as a megadiversity area from the point of view of richuess
of biological diversity. Two of the 16" most threatened biodiversily “hot-spol” locations are
present in our country. These are the eastern Himalayan region and (the Western Ghat. Both are
“paradises for valuable genes and are fast getting to the stage of * ‘paradisc lost” because of
increasing human and commercial pressures on forest land. Therefore, it is inevitabie 16 protect
the present forestlands in India and ﬁnd ways how to manage them keeping in view the social
nceds and ethics. :

15.3.2. Forest Management

There are two basi¢ forest mamgemenl syslems Y Even-agéd management and 2) Uneven-
apged m'm'lgemenl ' '

1. Even-aged Management [n this system, trees in a given stand are maintained at about the
same age and size, harvcsted all at once, and replanted naturally or artificially so that a new
even-aged stand of a single species of faster-growing softwoods. Such stands of one or only a
few tree species-are called trec farms, They need close supervision and usually. require expensive
inputs of fertilizers and pesticides to protect the monoculture specics from diseases and insects.
Once the trees reach maturity, the entire stand is harvested and the area is replanted with seeds
or scedlings. Genetic crossbreeding and genetic engineering can be used to improve both the
qualily and quantty of wood produced from tree farms,

2. Uncven-aged Management : In this sysitcm, trees in a given stand are maintained at many
ages and sizes to permit contimious natural regenerationNgere, (he goals are to sustain biological
diversity, sustain long term production of _hig}i-qua v tifiber, provide a reasonable economic
return, and allow multiple use of a forest stan ' : S

_ There are a number of methods in harvést \ tree yield but the method chosen depends -
on whether uneven-aged or even-aged forest gaguagement is being used. It also depends on the tree
species involved, the nature of the site, and t%cti_ves and resources of the owner.

‘1, Selective cutting method : Mat wplcrmediale-aged trees in an uneven-aged forest are cut
single or in small groups. This‘ redWges crowding, encourages the growth of younger trecs, and
maintains an uneven-agedfs with trees of dilfcrent species, ages, and sizes. Over time the
stand will regencrate itself. Q nelhod helps protect the sile {from soil erasion and tree damage
by the wind. :

2. Shelterwood Cutting Method : It is the removal of all mature trees in an area in a serics of
cuttings, typically over a period of ten years. This method can be applied to both systems of
forest management. In the first harvest, selected mature trees, unwanted tree species, and dying,
defective, and diseased trees are removed. This cut opens up the forest floor to light and leaves
the best trees to case sced and provide shelter for growing seedlings. After a number of scedlings
have taken hold, a second cutting removes more of the remaining mature irees. Some of the .
best mature trees are left to provide shelter for the growing young trees. After the young trees
are well established, a third cutting removes the remaining mature trecs and allows the even-
aged stand of young Irees 10 grow to maturity. This method allows natural Te-sceding from
being crowded out. It leaves a fairly natural-looking forest that can be used for variety of
purposcs. It also helps reduce soil erosion and provides g,ood habitat for wildlife.

3. Sced- tru: Cuttmg Mcthod Im T.hlS mcthod harvesting ncarly 41l the trees on a site is done in
one culting, feaving a few seed- -producing, wind-resistant trees uniformly distributed as a source
of seed to regenerate a new crop of trees. By allowing a variety of specics o grow at onc time,
'seed-tree cuting leaves an acsthetically pleasing forest useful for recreation, deer huniing, erosion
control, and wildlife conscrvation. Leaving the best trees for sced can also lead to genetic .
improvement in the new stand. ' :
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4. Clear Cutting Method : It is (hc remaval of all trecs from a given arca in a single @iting (o
establish a new. cven-aged siand or tree farm. Aler all trees are cut. the sile is reforested
naturally from sced released by the harvest. or foresiers broadcast sced over the site or plant
penctically supcrlor seedlings raiscd in a nursery.

Clearcutting on a posilive side increascs (he volume of timber harvested per hectare. reduces
road building, often permits reforesting with penctically improved stok and shortens the time
nceded to-cslablish a new stand of trees.

<

Clearcutting on a negative side on steeply slaped land leads to severe soil crosion. sediment
water pollution, flooding from melting snow and heavy rains. and landslides when the cxposed roots
decay. Tt leaves ugly. unnatural forest openings that take decades to regenerate and rcduccs the
recreational valuc of the forest. I also reduces biolegicai diversity, :

Protection of Forests from DINCJNC& and Insccts - A hcallh; diverse forest is rarcly prone 1o mu.mblal_
fungal and inscct diseascs. A trec farm of one species is highly vulnerable 10 attack by diseases and
insccts because of lack of natural defenscs. The best and cheapest way 1o preveat damage 10 (arests
from diseases and insects is 10 prescrve and maintain forest biological dncrsnl\

Protection of Forests from Fires - A ground firc in a forest destrovs the organic matier in the Hve
soil which is necessary 10 maintain the proportion of humns. Nitrogen in the decomposed lcaf moulds
1s also lost. Repeated burns may ¢xpose the dead soil which when Lrampied over by grazing animals
get pulverised and the dislodged particles are washed away with the first heavy monsoon shower,

Severe fires can kill standing trecs and may,_even scorch or completety burn them. Sometimes. [fires
are caused deliberately by the local people to drive away soirie an¥Wgals which arc destructive 1o arops
or 1o burn the stubs of perennial grasses.to get a flush carpyof v ung prass. Fires may also start
spontaneously say from lightning or by the rubbing ofuaums 9f bamboos in a strong wind. | The
effects of fire are gencrally distinguished intb surface crown fires and ground fircs. Sniface
fircs are low-level fires that usually burn only under gr ind [caf litter on the forest floor. Crown
fires are extremely hol fires that burn ground veg@ign and trce tops. They usually occur in forcsts
where all fire has been prevented forseveral decad€ allowing the building up of dead woed. leaves.
and other flammable ground litter. Groun occr as a resull of surface fires which hurn partinlly
decayed lcaves. or peat. below the ground ace.

Fire protection activities inci rganization. training. instruction and management of a
fire-control force, and inspection ani\gfaintenance of firc control improvements, cquipment and
supplies to ensure effective fire suppression, The prophylactic trcatment consists of inaintenance of
sufficiently broad, cleared sirips all around the forest and runmniug criss-cross inside it. at suitable
intervals. These are called FTIRE LINES. They are kept clean of inflammable material during the firc
season 10 act as a barrier for advancing fire. Sometimes. strips of evergreen trees are planted on (he
periphery of valuable plantations of highly inflammable deciduous species particularly zlong the
sides abuiting on main roads. The most important preventive measure is the creation of pubhc opinion
so that incendiarism ts noi resorted to and fires are not staried bv carelessness. '

15.3.3. Agricultural Land Management

The cropland is under increasing stress duc to urbanization, village expansion. highwavs,
industrialization, ctc. The desiructon of ferlile land and (he repeated usc of the same land gver
longer periods of time for raising crops causcd the sterility of sotl. The use of fertilizers is being

practised for changing the soil for production. There are two major types of agricullural w'-;lcmlq to
grow crops and raise livestock throughout the world.

{. Induostrialized Agricalture : )t produces large quantitics of a single type of crop or livesiock
for sale both within the country where it is grown and to other countrics. It involves supplementing
solar energy with large amounts of cnergy from fossil Tuels, mostly oil and natural gas. This
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agricultural systern 1s practised on about 25% of all cropland, is widcly uscd 1n morce developed
countries. This system is supplemented by plantation agriculture, in Wthh specialized cash
crops such as bananas, coffee, and cacao are grown, '

;.

Subsistence Agrlculturc it is a traditional agricuiltural sy stcm whlch produccs cnoug,h crops
of livestock for the farm family, survival and, in good years, enough to have some left over to
sell or put aside for heard times. The farmers of this agricultural sysiem supplement solar
energy with energy from human labour and drafl animals. This agriculiural system has threc
major types of cultivation : 1) shifting cultivation of small plots of tropical forests, 2} intensive .
crop cultivation on relatively small plots of land, 3) nomadic herding of livestock. These forms
of agriculture arc practised by half the peoplc on earth, particularly who lne in rural areas in
less developed countries.

Crop production is increased cither by cultivating more land or by getting higher yiclds from

. existing cropland. Increasing the yields per hectarc has been strongly felt and that has been

termed as “Green Revolution” which involves planting monoculturcs of scientifically bred plant
varieties and applying large amounis of inorganic fertilizer, irrigation water, and pesticides.
The developed fast-growing hybrid varictics allowed the farmers Lo grow two 1o three comnsecutive
crops a year on the same parcel of land. - ' '

Despite our technological clearness only about 22% of the earth’s land surface is suitable fo
rmodcrn agriculture. At present agriculture in India involves about 64% of people and 47% of
the total land area. The food production increascd to higher levels which has been achieved
due to advances in agricultural research, increased usg of fertiliscrs and pesticides, extensive
use ol irrigation, increase inagricultural credits, expgndidg of cooperation and better agricultural
extension and integrated rural development. :

Crop vields must be increased per hectare o @ ing cropland and from expanston of green
revolution technology to other paris of the g The yields can be increased in two basic

irrigation water, and spraying of pestic he other may is to genetically alter plants and
thcir’environments. This involves developing high-yield
tance to 1nscéts and diseasc, thrive on less fertilizer, make

. ways. one is to alter natural environm%{il the needs of crops involving use of fertilizer,

livestock animals so they bette
plant strains that have greater r¢

. their own nitrogen fertili 0 ike 1épumes, do well in slightly sally soils, withstand drought,
-and make more efficient @ olar energy during photosynthesis. .

15.3.4. Soil Conservation and Land-use Control

The practice of soil conservation involves using various methods to reduce soil crosion, to

prevent depletion of soil nuirients, and to restore nutrients already lost by erosion, leaching, and
excessive crop harvesting, Almost all methods used to control soif crosion involve keping the soil
covered with vegetation. :

1.

2,

Conventional Tillagc Farming : The land is blowcd disked several times, and smoothened to
make a planting surface. ThlS is a practice that makes it vulnerable to erosign.

Conscrvation Tillage Farmmg This method is also known as minimum- tlllage or no-till
farming. For the minimum tillage farming, special tillers break up and loosen the subsurface
soil without turning over the topsoil, previous crop residues, or any cover vegetation. For no-
til} farming, special planting machines inject seeds, fertilizers. and weed-killers into slits made
in the unplowed soil. The cons¢gvation tillage method reduccs fuel and tillage costs, water loss
from the soil, and soil compaglon in addition to reducing soil crosion. It alse increases the
number of crops that can be grown during a season. Yields are higher than yields from conventional
tillage. But this method is no cure at all for the conscrvation of soil. Because it requircs increased
use of herbicides to control weeds that compete with crops for soit nutrients. Neverthless, this
method is in wide use in different parts of the world.
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Check Your Progress - 1@3

1. What are tree farms ?

2. What is meant by industrilised agriculture ?
.3. What are the crops grown in plantation agriculture ?
Note : a) Write your answers In the space provided below.

Contour Farming : {1 m\vol\»cs plowing and plantmg across, rather Ihan up and down
sloped contour of the land. Each row planted at a right angle to the slope of the land acts

reduced upto 30 to 50%,.

the

asa
small dam 1o help hold soil and slow the runoff of water. With this method soil erosion can be

Terracing : This method can be applied on steeper slopes. The slope is converted into a series
ater
ater
for creps at all levels and decreases soil erosion by reducing the amount and speed of water

of broad, nearly level terraces with short vertical drops from one to another. Some of the w
running down the vegetated slope is retained by each terrace. Thus, terracing provides w

runoff.

Strip Cropping : It involyes a series of rows of one planted in a wide strip. Then the next S1ip
The
alternating strips of row c¢rops and cover crops reduce water runoff and help prevent the spread
of pests and plant diseases from one sirip to another. They also help restore soil fertiligy 1f

1s planted with a cover crop, which completely covers the soil and thus reduces crosion

nitrogen-rich Jegumes are planted in some of the strips.

Allery Cropping : Tt involves planting of crops in alleys between hedgegrows of trees or shrubs

that can be used as source of fruits and fuel-wood. : |

Gully Reclamation and Windbreaks : Water runoff quickly creates gullies in sloping land not

covered by vegetation. Such fand can be restored by gully reclamation. Smali gullies ca
seeded with quick-growing plants (6 reduce erosion of soil. In decper gullies, small dams
be built to collect silt and gradually fili in the channels. Rapidly growing shrubs, vines,

be

can-
and

trees can also be planted 1o stablize the soil. Erosion caused by exposure of cultivated lands to

high winds can be reduced by windbreaks, or shelter belts, l ' rows of trees planted (o parti
block wind. They are effective if land not under cultiv

dlly
1§ kept covercd with wvegetation.

Wind breaks aiso provzdc habitats for birds, pest-g: tmg ~pollinating insects, and other

animals.

Land-use control te reduce crosion is 1o prohibit the ng of crops or the clearing of vegelation
ecause of a steep slopes, shallow soil structure,

on marginal land. Such land is highly erodi
high winds, drought, or other factors. The m
is Zoning, in which various parcels of
1o protect areas from certain types o

widely used approach for controlling land
aretlesignaicd for certain uses. Zoning can be
ment.and tc conirol growth. :

b) Compare yout answers with those given at the end of this unit.

use
sed
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15.4. GRASSLANDS

G_rz'lésland_s are regions where the average annual precipitation is great énough to allow grass to
‘prosper. Average precipitation and average temperature, along with soil type, are the major factors

determining the particular type of desert, grassland, or fores! in a particular arca. Acting together,

these factors lead to tropical, temperate, and polar deserts, grasslands, and forests. Grasslands are
. naturally dominated by a large number of individuals of the family Poaccac.

Tropical grasslands or savannas are found in areas with high average tempcratures, {wo prolonged
dry scasons during winter and summer, and abundant rain, the rest of the vear. They occur in a wide
belt on either side of the equator beyond the borders of tropical rain forests. Land covered’ with
native grasses has importarit ccological roles. Such grasslands act like a giant sponge, soaking up
scarce rainfall so that it does not run off the land in onc big rush. This helps provide water for
springs and streams year-round. Grasscs also shicld the life-nurturing topsoil from the erosive force
of wind and rain. The savannas with grasses, shrubs, small trees, and soil provide food and habitats
for many types of wildhfe. Temperate grasslands are found in the large interior arcas of most continents.
They show different types of grasslands - tall-grass prairies and short-grass prairies in the western
United States and Canada; the pampas in South America, the veld in south Africa, the steppes that
streich from central Europe into Siberia. In these grassland types, winds blow almost continuously

and evaporation is rapid Due (o thick network of grass roots, the soil is held in placc as long as it is-

undisturbed. The soil of these grasslands is most fertile and arc major arcas for growing crops in the
world. Polar grassland, or Arctic tundra, is found in-areas jyst below \the Arctic ice region.

"

: During most-of the year-this ecosystem is bitlerly col icy gale-like winds, and is covered
with ice and snow. Winters are long and dark, and awgrage Wanual precipitation is low and ocours
" mostly as snow and slect. The tundra is capeted wi

as lichens, sedges, mosses, grasses, and low shrubsNR@€omposition of dead organic plants- is slow
because of the cold temperatures. ' ' :

15.4.1. Indian GraSslan’ds . , .

The Indian grasslands are n x formations but have developed secondarily after the destruction
. of forests. These grasslands are di into eight major types depending on the dominance of particular
~ grass species. - ' :

1. Sehima-Dichanthium type ; The grasslands with Sehima sulcatum, S. nervosum and Dichathium
annulatum as dominant grasses are found in the black soils of Maharashtra, Madhya Pradesh,
South western parts of Uttar Pradesh and parts of Tamilnadu and Karnataka.

2. ' Dichanthium-Cenchrus type . The grasslands with Dichanthium annulatum and Cenchrus
ciliaris as dominant fodder grasses ar¢ found in the sandy loam soils of the plains of the Punjab,
Hyryana, _Delhi, Rajasthan, Eastern Uttar Pradesh and Madhya Pradcsh, Bihar, Benpal, ‘Coastal
Maharashira and Tamilnadu. : - . AN

3.  Phragmites-Saccharum type : This type of grassland with Phragmites karka and Saccharum
spontaneum as dominant grasses are found in marshy localities of Terai areas of northern

Uttar Pradesh, Bihar, Bengal, Assam and in the swamps of sunderbans and Kaveri delta of -

Tamilnadu.

k, spongy mat of low-growing plants such’

- 4. Bothriochloatype : This type of grassland is a localised one with pure dense growth of Bothriochloa-

odorata. 1t is distributed on high rainfall paddy areas of Lonavala tract of Maharashtra. This
swect-scented grass is used in thatching huts. _ B

‘5, Cymbopoegon type : This type of gréssland is restricted to the low hills of the Western Ghats,
Vindhyas, Satpura, Aravali and Chhota Nagpur.

6. - Arundinellatype : This is a grassland with Arundinella nepalinsis. and A. setosa as dominar{j[.-'/

s
S
Ry
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grasses is found on high hills of the western ghats, Nilgiris and throughout on lower Hima Ayas.

7. Deyeuxia-Arundinella type : This type of grassland is on temperate regions of upper Himalavas,

8. Deshchampsia-Deyeuxia type : The prassland with these tow grass species as major component
is restricted Lo the Himqlayab above 24, 500 m altitude in the alpine to subarctic region.

. The increase in human population is accompamcd by increase in livestock population. As a
result, over-grazing with consequent denudation of the forest and vegetal cover takes place. People
move 10 new arcas and the oumber of grazing animals increases: all this cause over- grazing, soil
-eroston and desertification. This calls for our immediate concern (o prolcct our vegetal cover from
grazing ammals

Any type of gmssiand hclS a hcrbn ore carrymg capacity, the maximum nomber of herbwores a
given area can suppori without consuming the metabolic reserve needed for grass rencwal. Carlymg'
capacity is inlluenced by scason, grassland condition, annual climatic conditions, past grazing use,

soil type, kinds of grazing animals, and how long animals graze in an area. Light to modrate

grazing is necessary and must be encouraged for the healh of grassiands. Because, it maintains
water and nutrient cveling peeded for healthy grass growth and healthy root systems, hmdcr soil_'
vrosion, dﬂ(l cncourages build up of organic soil matter. '

15.4.2. Grassland Mnnagcment

The goal of management of gra asland is to maximise leestock productivity without degr ding
the quality of grassland. Thase are some techniques for bellcr nagemnt of grasslands. :

1. Stocking Rate : This technique is 10 control the numbe rticular kind of animal grdzmg
on a given area, so it does not cxceed the carryingeagacity™ he stock of grazing ammals; will
be maintatned in normal productwe VEars so thnlmais can be sold in drought years for

~ profit. : o -
2. Retational Grazing : The grassland is div?\'vto compartments. The animals are allowed
inio each compartment for grazing in glgernaljve years. This way each compartment will have
a grazing year allernated with a non year. This technique gives us always a mature and
full grown stand during grazing yearNgFurther, it provides the cattle a continuous sepply of
fodder in successive periods. - : : .
There are other methods which a re expensive and less widély used. The growth of unwanted
plants can be suppressed by spraying herbicides, mechanical removal, or controlling by burmng :
. A cheaper and more cffective way to remove and to control unwanted vegetation is to allow
short term trampling by large number of livestock. Growth of desirable vegetation can be increased
by seeding and applying fertilizer, but this method is too expensive. Periodic reseeding of the -

desired grass vegetation is an excellent way to restore scverely degraded grassiand, Improved
fodder grasscs/herbslshrubs are to be developed. '

Check Your Progress - 4 & §

4. What are the major-factos what detcrmine the type of grassland
5. Where do you find savannas ?

Note : a) Write your answers in space provided below.
b) Compare your answers with those given at the cnd of this unit,




15.5. CHEMICAL FERTILIZERS AND THEIR IMPACT

The use of chemical fertilisers and their effects on the environment is given below.

15.5.1. Use of Chemical"Fertilizers

The use of chemical fertilizers is aimed at increasing the agricultural production in order to
mect the requirements of the continually increasing human and cattle population. Chemical fertilizers
are inorganic materials of a concentrated nature used mainly to restore the soil fertility in order to
supply essential nutricnis to crop plants. The fertilizers are also called as “artifictal” or “inorganic
manures”. The most common plant nutrients in these fertilizers are nitrogen, phosphorus and potassiwm.
The nitrogen is present in the form of ammonium jons, nitrate ions, or urea: the phosphoras is
present in the form of phosphate ions and potassium as potassium ions. Other plant nutrients may
also be present in low or trace amounts, Nitrogen fertilizers are divided into four groups according
to the manner in which the nilrogen is combined with other clements. They are nitrate, ammonia

* and ammeonium salts, chemical compounds containing pitrogen in (he amide form, and plant and

animal by-products. Sodium nitrate is a pionecr nitrogenous fertilizer which is directly available to
plants. Ammontum sulphate, ammenium nitrate, ammonium sulphate nitrate ar¢ mixed forms of
usable fertilizers and are important particularly for acidic soils. Ammonium chloride is another

form of nitrate which is largely used in industries.

Urea is a highly concentrated nitrogenous fertilizer an witabie for most crops. It can be applied
to all soils. Ammonia is applied dircctly to the soil from Sggcialjcontainers. Its use 15 very expensive.

Calcium am_monium' nitrate is fine {rec-flowing nijrogen ertilizer and applied to neutral and
acid soils. Phosphate fertilizers are classified as n osphates, treated or processed phosphates,
and by-product phosphatcs and chemical phospha ck phosphate as it is found in nature is not
used as a fertilizer in this country. Superpho ¢ is the most widely used phosphoric fertilizer and

suitable for all crops and applied to all soils, 1¢ slag is a by-product of steel factories. It 15 used as
a fertilizer after pulverization: Bone- in the form of raw bone-meal and steamed bone-meal §
used as phosphate fertilizer. Potassic Wlil128rs in common usc are 1) muriate of potash {(potassium

chloride) and ii}) sulphate of p%ot sium sulphate). These salls are important constituents of

the waiters of oceans and inlan These potassic fertilizers are applied to any soil.

All these forms of chemical inorganic fertilizers are produced on commercial basis and sold at
high prices. The use of these fertilizers is a necessary evil for higher yields of the crop on a limited
parcel of land deficient of plant nutrients. Fertilizer use 15 clearly an important component inagricultural
growth and its potential is greatest where land resources are scarce. The chemical fertilizers arc
easily transported, stored and applied in proportions suiled to the actual requircment of different
crops and soils. Throughout the world, their use- increased about Tenfold between 1950 and 1990,

15.5.2. Enviornmental 1m_pa-cts

Intensive use of fertilizers can have many undesirable side effects on the environment.

.2. . It leads to eutrophication of streams, lakes and coastal water. Eutrophication is the excessive

growth of algae, water hyacinths, duckweeds and other water plants which thrive on the nutrients
run-off from the ficlds charged with chemical fertilizers. The quality of water deleriorates to
such a degree that fish and other aquatic life are threatened and drinking water supplies reduced.

3. Nitrate and phosphate fertilizers used on the soil enter the wells, ponds and ground water; this
lcads to water pollution. These waters are thus rich in nitratés. The water is then unfit for
drinking and also causes various diseases. This water when taken by us, the nitrates are converied
to nitrites bv microbial flora of intestine. These nitrites then combine with the haemoglobin of
blood to form methacmoglobin which interferes with the oxygen carying capacity of the blood.
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The disease produced is called melhacmog,lobmacnnd This leads to various ailments and damage
to respiratory and vascular system, blue coloration of skin'and even cancer. 1

4. 'The fertilizers do net add humus to the soil. Unelss animal manure and green manure are
added to the soil along with commercial chemical fertilizers, the soil’s content of organic matter
gets reduced and thus its ability to hold water will decrcase. 1f not supplemented by organic
fertilizers, inorganic chemical fertilizers cause soil to become compacted and less suitable for
crop.growth. The chemical fertilizers also lower the oxygen content of soit and prevent added
lertilizer from being taken up as efficiently.

5. Chemical fertilizers are made vp of onl y a few minerals. Thus (hey impede the uptake of other
minerals and imbalance the whole mincral pattern of plant body. Many crops today lack potassium
due to cxcessive usc of nitrogenous fertilizers. Fixcessive potash treatment decreases valuable
nutrients in foods, such as ascorbic acid (Vilamin C) and cartotene. Liming can prev eht the

- release and uptake into the plants of cobalt, nickel, manganese and ZIIIL Superphosphate may
lead to copper and zing def1c1encv '

6. Plants also become less resistant to discases. Nitrate fertilizers increase the total crop yigld by
carbohydrates but at the expense of protein. Corn and wheat grown on soil fertilised with
nitrogen, phosphorus and potasstum showed a 2-0-25% decling in protein conlent and increase
in carbohydrate content. Further, subtle balance of mnln@dClds is dlslurbed Wlthlll the protein
molecule lowering the quality of the protein.

Consumpnon ol low quality protein leads 10 rnalnutrmon

Fertiliser use produces over-sized fruits 'md vegelables by hE\« are morc prone to insects and
other pests. :

9 Overtime, the acumulation of fertilizer compounndgand o substances can lead to Iower soil
fertility and excessive concentration in the crop ' ' '

15.6. DESERTIFICATION

Descrtification 1s the process leading
Tactors, human lactors and intcractions be
change is a result of abusive land

formation of desert. It may be caused due to climatic
gen climate and culture. Desert formation due to climatic
1 of Tmproper land use practices, Natural desertification is
greately accelerated by practices ve topsotl vulnerable o erosion by water and wind.@ The
major cause of desertification is over®azing of grassland as a resuit of too much livestock on too
little land area. The other causcs are improper soil and water resource management that leads to
increased erosion, salinization, and water- -logging of soil; cultivation of land with unsuitable soils;
deforestation and surface mining without adequate replanting; soil compaction by farm machinery,
cattle hooves, and the impact of rain drops on denuded soil surfaces. These destruction practices are
intensified by rapid population growth, high population densities, poverly, and poor land management.

Desertification often starts as patchy destruction of productive land. Increased dust part.ic]lfes in
the atmospherc iead to desertification. The continuous drought over a series of véars in the khmid
zone would also lead to descrtification. Indications are cleat that the temporary phenomcna of metenolclrglcal
drought in India is tending to become permanent one. This trend is not restricted to the edges of the
emstmg deserts. :

As a result of gross mismanagement of natural resources including land, cerlain irreversible

' changes have triggered the breakdown of nutrient cycles and microclimatic equilibrium in the soil

indicating the onset of desertic conditions. The consequences of desertification on the socie-cultural
milreu are many. The most obvious consequence is water scarcity which Icad to a high incidenge of
water diseases. Others include intensified drought and famiric, declining living standards, and swellmg
numbers of environmental refugees whose degraded land can no fonger keep them alive. The world’s
rural people affected by desertification is 230 million in 1989. It is expected that 330 million more
people may be affected by desertification by thé end of thlq century.




_ In 1977, a United Nations Coni:‘er_enée on Desertification was held at- Nairobi. They came out

" with a plan of action to halt or sharply reduce the spread of desertification and to reclaim desertified
land. How ever, litile had been. clone to recldlm the desertified !and because of lnadequatu efforts and
funds.

Check your progress - 6

" What is desertification and how is it created ?
Note : ay Write the answer in the space provided below.
b) Compare your answer with the one given z_n' the end of this unit.

15.7. CO‘@STRUCTION OF DAMS AND LOCATION OF INDUSTRIES

The construction of dams, bencfits th'n occur due to them and the location of 1ndusmes are
dealt in this chapter. :

115.7.1. Construction of Dams 0
"~ The construction of dams is to manage waces for proper utilization. Rainwater and
water from melting snow that would otherwise be Mabe€an be captured and stored 1t large reservoirs
behind dams built across streams,. By contigMmg stream flow, dams reduce the danger of {looding

in downstream areas and allow people o Livan the fertile floodplains of major streams below the
dam. They also provide a controlla Iy'of water for irrigating arid and semiarid land below
the dam. Hydroelectric power plantsMghich use the energy of water flowing from dam rESErvoirs,

renerate more than 20% of the ’5 electricity. Reservoirs.behind largc dams can also be used for
g ¥. Ko £e ga

outdoor recreation such as swil , boating, and.fishing.

I'he benefits of dams and reservoirs must be weighed against their costs. There arc a number of
environmental side effects which have been classificd into three categories.

1. lmpacts within and around the Iarea covered by the dam and reservoir,
2. Downstream effects caused by alleration in hydraulic regime. : &
3. Regional effects in tcrms of overall aspects including resource use and socio-economic aspects.

The impacts caused b'y construction of dams and reservoirs include changes.in the microclimatc,
loss of vegetal cover, soil erosion; variation in water table and enhanced seismic activities due 1o -
pressure of water.. The nature and magnitude of the impacts vary with the project locations and the
conditions therein. In hilly tracts, blasting operations for road construction can cause considcrable
damage to the environment through loosening of hill sides and resultant landslides, sedimentation
of reservoirs, drying up of springs and {lash floods. The creation of new settlements for the workemn
and rehabilitation of project onstees in the watcrshed areds may aggravate the seriousness of advance
impacts. ‘The guidelines refer to the envi ironmental components to be kept in view during site selection.
These include short and long term impact on population in the unidentified and watershed areas;
impact on wildlife, impact on land use, potential seismic impact of reservoir loading, water balance
and hydrological regime, siltation, socio-economic impacts such as rchablhtanon of pmJect ouslces

-and public health problems. ' : -
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LThe cost for environmental protection and mitigative measure should also be considered while N
'ustimating the overall cost of the dam. These include measires like compensatory aﬁ'orestclltion
restoration of land in construction areas, control of aquatic wecd control of water and soil borne
diseases, and rehablhtat]on of project custees.

The safeguards for the following arc {0 be guaranteed before the clearance of a project.

. 1. Submergence of valuable agricultural and forest arcas.
2. Siliation of reservoirs due to degraded calchment conditions. i
3. Satisfactory rehabilitation of oustees. _ _ | |
4. Loss of flora and faut_la,
5. Res'én’.oir induced seismicity, and
6. Water-borne and soil-borne diseases.

Nevertheless, the social, environmental and even economic cost of the dams far outwei ghs heir
benefits. . The most important social consequence of big dams is the dlsplacement of millions of
tribals from their homcland and their eventual influx into urban areas, almost &s refugees. In view
of this, scientists, environmentalists, journalists, social activists, lawyers and bureaucrats have now
taken up the cry against the construction of big dams. There was a mounting opposition from these
people against the construction of big dams such as Sardar Sarovar Project, Gujarat, Narmada Sagar
Project, Madhya Pradesh, Bodhghat Project, Madhya Pradesh @m Dam Project in Uttar Pradesh.

15.7.2. Location of Industries '
Industrial development is essential for the econ(Qrosperity of any nation. The necd of

industrial growth is more so in the developing coffics. But, industrialization is a mixed blés:l;ing.
- Because, it brings economic growth and high stan(% lifc at the cost of environmental degradation.
. Howcver, the rate of environmental degr, on cdn be minimised if proper care has been made
about the location of industries and the i of such industries on the environment and péople,
With a view to cnsure the sustena@ indusiry with minimal environmental cegradation, an

assessment commitiee called “Env ntal Impact Assessment™ (EIA) has been formed. This
commitiee will look into the environnieflial implication aspects of the location of industry and also
directs the project authorities to incoporate suitable measures in the project. The EIA particularly
touches upon the factors of meterology and air quality, hydrology and water quality; occupational
safety and health effects and impact on sensitive targets. The responsibility of impact assessment of
industrics is assigned to the Ministry has an Environmental Iimpact Assessment Wing for this purpose.

There i5.also an Environmental Appraisal Committee (EAC) which elicits multi- -disciplinary inputs
for the appriasal of projects. The Ministry has constituted the EAC for the following sectors:

1. River valley, multipurpose, irrigation, and hydel power projects,
2. Industrial projects,
3. Mining projects and

4. Thermal power projects.

The project authoritics have to furnish the followmg documents for environmental apprai S«ll of
a development project.

1. Detailed Project Report (DPR), 2. Filled-in Questionnaires: and 3. Env1ronmental Impact
Statement (EIS) along with Environmental Management Plan. N
. i

Environmental management plan seeks the information on the following : safeguards and corjtrql
measure proposed to prevent or mitigate the adverse environmental impacts; plans for rehabilitation
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of project oustees; contingency plans for dealing with accidents, diasters; monitorin g and feed-back
mechanisms on implementation of necessary safeguards; treatment and disposal of liquid effluents,
emissions and solid wastes; prevention and control of noise and vibrations; precautions_for occupational
safety and health; preventive maintenance of control systems; recovery and reuse of waste products;
plantation and vegetal cover; disaster planning; and environmental management plans for ensuring
implementation of necessary safeguards. There are alSo some guidelines which provide a list of
locations which may be avoided for the set up of industries. They include coastal arcas at least 500
meters from the high-tide line, National parks and sanctuaries, estuaries, wetlands, archeological
monuments, ﬂood plain of riverine cystem and major human settlements

15.8. SOLID WASTE DISPOSAL

The production of solid waste and dlsposal methods of lhc same are clearly dcdlt with in this
section.

15.8.1. Production of Solidwaste

Solid waste is any unwanted material which is not a liquid or a gas. The solid waste comes
from mining, soil and natural gas production, and industrial activities. Most mining wasie is left
piled near mine sites. This wastc pollutes the air, surface water, and ground water. Most industrial
solid waste, such as scrap metal, plastics, paper, fly-ash from electric power planis, and sludge from
industrial waste treatment plants, is disposed of at the plarff\gite where it is produced. Municipal
solid waste comes from homes in or near urban areas. TI@ contains paper, bottles, crockerics,
plastic containers, polythene and other packing materials. is is thrown as garbage and rubbish.
These pile up in public places and cause obstructig ily life. There are also other used things
such as automobile sparcs, machines, cycle parts, 8. ghrown as junk. The wastes from building
material, sludge, dead animal skeletons, heawp residues, litter, etc. also contribute to solid

waste. Human excreta is a notorious source of aste. It is an important cause of environmental
pollution and intestinal diseases. Q~
15.8.2. Disposal Meth%

Solid wastes cause much prot¥m, the problem is too severe in the more developed countries..
In most of the developing countries, wastes are disposed by the crude dumping method without any
formal reguiation or control allowing unrest and uncontrolled burning of combustible components.

With a view to solve the problem of solid waste disposal, some methods have been suggested for
better disposal system, :

1. Recyeling: It is a low-technology resource recovery method. The glass, paper, metals and plastics
from municipal solid waste are put into separate containers. Compartmentalized city collection
trucks or volunteer recycling organizations pick up the segregated wastes and sell them to scrap
dealers, compost plants, and manufacturers. This method saves more energy and provides mare jobs
for unskilled workers. collecting and selling aluminium cans, paper, plastics and other materials
for recycling are important source of income for many people, particularly the homelss and poor.

2. Landfilling: A landfill is a land waste disposal site in which wastes are spread oul in thin layers,
compacted, and covered with a fresh layer of decay or plastic foam each day. After a landfill has
been filled the land can be graded and used as a park, an athletic field, a wildlifc area or other
recreation aréa. However, this disposal system causes pollution problems,. The underground organic
wastes at landfills due to anaerobic decomposition produces explosive methane gas and toxic hydrogen
sulfide gas. The build up of these gases can cause asphyxiation or one spark can cause an explosion.
Further, when rain filters through a landfill it leaches out inks, metals, and toxic materldls The
leachate seeping contaminates the ground water and nearby surface water.
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3. Burning of Selid Waste : Burning solid-waste in incincrators kills-discase-carrving organisms

and reduces the amount of waste, This waste then can be put in landfills. Although the amount of
materials to be buried in landfil{s is greatly reduced, in this method, it releases toxic gaseous pollutants
into the air while in burning. The combustible solid trash burned in waste-to-energy-incineralors
relcases heat. The heat thus released can be used to gencrate clectricity.

4. Composting: Biodegradable solid from slaughter houscs, food-processing plants, kitchen|and
yard waste, manure from animal feedlots, and municipal sewage sludpe is used for composting.
This waste 1s mixed with soil and decomposed by aerobic bacteria to produce compost. The compost
is a good soil conditioner and fertilizer.

3.Converting Solid Organic Waste to Biogas: Plants, organic wastes, sewage, and other forms of
organic solid biomass can be converted by bacteria and’various chemical process into gaseous|and -
liquid biofuels. Biogas tcchnology is very popular one for the production of biofucl. The bingas
digester bacteria are anacrobic and convert organic wastes into methane fuel. This fuel is useful for
heating and cooking. After the biogas has been separated, the solid residue is uscd as fertilich.

6. Awareness: Creation of a sensc of environmental awarcness among all strata of men, women|and
children so that they do not throw solid wastes, particularty garbage, junk; etc. at public or private .
lands but keep them in solid waste bins provided for the purpose by the municipal anthorities.

6. Check Your P-rogréss -7

What is solid waste and what are the effective disposal methods ™ -
Note: a) Write the answer in the space provided below. - v

~b) Compare your answer with the one givcn'at-t of this unit.”

15.9. SOCIAL BEHAVIOUR .

Man’s social behaviour towards the environment has been changing depending upon his stage
of development. For primitive man ‘Nature’ appeared to be a wilderness. It hightened him by, its
unfolded mysterics. Gradually, the primitive man has recognised the nature as a source of sustainance
to him. The primitive people are hunter-gatherers. They survived by gathering wild plants and
hunting and killing wild animals from the nerby environment. Their knowledge of nature enabled
them to survive in wilderness. The primitive people made conscious efforts to keep their population
size 1n balance with available food supplies. Population control praciices varied with different
cultures but included abstention from sexual intercourse, infanticide, abortion, late marriage, and
feeding infants with breast milk as long as possible. This prevented the hunter-gatherers from
undergoing rapid population growth, o - '

: The advanced hunter-gatherers graduatly developed improved tool and hunting weapons. Some
leariied 1o burn vegetation (o promote the growth of food plants and plants favoured by the animlals
they hunted. The advancéd communities with the developed instruments had a greater impact|on
their environment than early hunter-gatlierers. - Bur beacuase of their small numbers, mobility and

- dependence mostly on their own muscle power to modify the énvironment, the environmental impact
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O.f these communities was fairly small and localized. The successive generations gradually shifted
from mobile hunting and gathering socicties to settled agricultural communities where people survived
by learning how to breed wild animals and to cultivate wild plants near where they lived. Thisisa
major cultural shifi, known as the “Agricultural Revolution”. The settled agricultural communities
practised slash and burn cullivation and shifting cultivation methods in their agricultural systcm.
The practice of these methods had shown relatively little impact on their environment. However,
the growing populations necded more food and mdre wood for fuel and buildings. Consequently
people cut down vast areas of forest and plowed up large areas of grasslands. Such massive land
clearings destroyed and degraded the habitats of many forms of plant and animal life, causing or
hastening their extinction, thus affecting biodiversity. The gradual spread of agriculture has resulted
in the control of wild naturc. Later, social change occurred in the form of “Industrial Revolution:.
It arose as a response lo absolute resource scarcity in England. This Revolution changed men’s
relationship with. the earth miore than the. Agricultural Revolution. It represented a shift from
dependence on renewable wood and flowing water as a source of encrgy to non- -renewable fossil
fuels - first coal, later oil and natural gas. Increased agricultural production plus the concentration
of factories in cities made the farmers to move to the Cities for work alongwith many benefits for
people. The advanced industrial socieitics have intensified many existing resources and environmental
problems and created new ones. The key factor rcspon51ble for rapid economic growth and today’s
eavironmental problem is the greatly increased use of theap fossik fuel. [t is also responsible for
most of the world’s air pollution and much of its water pollution. Most peoplc in today’s industrialized
socicties have a “lhrowaway worldview” based on the following beliefs: They are apart from nature;
they are superior to other specics; their role is to conquer arfgsubdue wild nature to further our goals
by humanizing the earth’s surface; resources are unlimitgd; (Ne more we produce and consume, the
better off we arc; the most importan{ nation is one that ca imand and use (he largest fraction of
the world’s resources.

Social change in the present generation g radufffy taking place in a small but growing number

of people who urge 1o adopt a sustainable-e rid view. They believe that the earith does not
have infinite resources and that ever j asiflg production and consumption will pul severe stress -
on the natural processcs that renew intain the air, water, and soil and suport thc carth’s

ant angd animal life.

variety of potentially renewable

Conclusion: Man 1s new at t st running point since the Agricultural revolution. Social
behaviour in human specics must Shange for sustaining and for caring the carth. [t means that each
of us, particularly the communities which have industrialized lifestyle must change their individual
consumption habits and lifestyles to reduce the environmental impact. Those who care for the earth
and adopted carthcaring lifestle must urge individual gitizens lo think globally and act locally to
. susiain the earth. The carth caring lifestyle would involve - adopting practices from all the world’s
cultures, and using existing and new forms of appropriaie technology to help sustain the carth’s life-
support systems for humans and other species. Individuals will have to change their life-sytle to
reduce rsource waste, environmenta! degradation and pollution. Emphasis will have to shift from
pollution control to pollution prevention, from waste disposal to waste prevention and reduction,
from species protection to habitat protection, and from 1ncreased resource use 10 increased resource
conscrvatlon

15.10. COMMUNITY ACTION

Our natural resources are fast depleting because of their indiscriminate and exploitative usc. If
this is continued at this pace, we will have no rcsources lcft in the ncar future. Therefore, it is
necessary to conserve and manage our natural sources in such a way that they can be renewed and
used by the present generation while mainiaining their potential 1o meet the needs and aspirations of
the future generations. For conservation of natural resources, every citizen must participate and take
B role in protecting them. Citizens in a collective form must act together to stop further destruction
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. the aerial environment from the cmissio _
from solid waste disposed off by ttr es. Equally important is the action of people against

of our natural resources, particularly forests which provide a wealth of biediversity without which

. the survival of man is impossible. It is the responsibility of communities of people ‘to act fﬁr the
protection and censervation of natural resources. A very good example of commumty action for the

protectlon of forests is Ch1pk0 Movement, T

Chipko movement is also called “Tree- Hugging Movement”, Some illiterate tribal women in

Uttar Pradesh have commenced this vnique movement to protect the remaining trees in a nearby -

forest from being cut down. It gathered momentum in 1978 when the women faced police fmng

Women and children went into the forests, flung their arms around trees and sat around them o

prevent commercial toggers from cutting them down. This successful movement spread rapidiy as
their action inspired the women of other Himalayar villages to protect their forests. This-movement
also emphasized the role of forests in making soil, water-and pure air which arc the basis othfe It
later continued under the leadership of Shri Sunderlal Bahuguna. He presented the plan of this
movement for protection of soil and water through ban on tree-felling in the Hlmalayas 't the

protect us from avalanches and Jandslides to have our soils and conserve our water.- Important gift of
tree o us is not timber, but soil, water and oxygen. Further, the plan of this movement is to make
communities self-sufficient in all their basic needs - féod, fodder, fuel, fibre and fertilizer trees.

UNEP meeting held in London in June 1982, Every standlng green tree in the forest is a Sen%r\f o

. The Chipko movement gradually spread to other pérts of this country. But, ihérc-was ho_( regular
movement in those places. However, Chipko reached Karnataka as Appiko movement. In Karnataka,
.the Appiko movement started in Salkani village of Sirsi talukg in North Kanara District, on, 8th,

September 1983. Gradually, thc Appiko was launched in othgr 1aWkas of the North Kanara dis|rict.

Due to this, local contractors became much nervous and mad to stop tree felling. People from
many other countries such as France, Germany, Swedege®witzcrland, etc., were also inspired by this
movement against destruction of forests. The Chipko i

the movements organised by the action of the communi _ J"pcpplc

Community action must also bc there a amsl
much environmental degradation effectin

eings incliuding man. People must act to protect
of 1ndustrial chimneys and surface and ground water

lmermg public places with domest s, human excreta, etc. which causc scrious diseases:

To achieve anything in a community, one has 1o generate SOCial awakening Social awakening
results in social cohesion and political solidarity. From this springs the required political will. Once
the community 1s orgamzed it does not stop at the point of achieving its object for which it ¢ame:
into existence. It proceeds to add new feathers to its cap, thereby the movement would have po%m\e

-results and also posmve 1mpacl on the quality of life of pcople

15.11. SUMMARY

Forests are cdmmercially and economically important. Ecological relationships of the forersts
are particularly valued for the very sustenance of every living species. The indifferent attitude ol
man towards forest has shown him as a beast. In view of the decimated forest lands, immediate

- INeasurcs should be takcn for 1he1r conservation and ‘management,

The agncultural lands are shrinking due to increased village expansion, i.lrbanizalion, high\+ays,
industrialization, ¢tc. The repeated use of the same land for raising crops leads to soil sterility! For

increased crop yiclds, one way is to alter natural environment to fit the neéds of the crop and the |

and subsistene agrlcultural systems arc the two major types practised to grow crops and also jaise
livestock throughout the globe. Diffrent methods are practised for soil conservation and for controlling
landuses.

other way is to genetically alter the plants so that they better fit to their environments. Industnahzitlon

Pradesh and Applko in Karnataka are’

rong location of dams and industries that cause




Grasslands aré the regions where the average annual precipitation is high enough to allow and
prosper the grasses which are dominantly the members of Poaceae. Tropical and polar grasslands
are the major grasslands in the world. Indian grasslands are developed following the destruction of
forests. Different types have been identified depending on the dominance of particular grass specics.
Grasslands are very lmporlant for grazing animals and there is a need to manage them using different
technigques. : :

Chemical fertilizers are used to increase agricullural'productibn, They are concentrated inorganic
material and restore soil fertility. But, they produce many undesirable side effects such as eutrophicaion,
water pollution, soil oxyzen depletion, reduction of disease-resistance in plants ete.

Desertification is caused due to climatic factors, human factors and interactions between climate
and culture; it leads to desert formation. It is a result of gross misamanagement of natural resources
above and within the earth.

Construction of dams is to managc water resources for good use. Industrial development is to
prosper cconomically at individuai and national lavel. The places where the dams and industries are
located are very important with reference to the environment. Therefore, in selecting the location,
certain areas have o be avoided and due consideration must be given to minimise environmental
degradation, health hazards, eté., The Ministry of Environment and Forcsts has issued certain guidelines
to fulfil and submit certain documcms guaranteeing environmental safety to the Environmental
Appralsal Committee by the project authorities.

Solid waste Is any unwnted material which comes forny industries and homes. 11 causes health
problems. It should be disposed properly. Some methods hiNg been suggested for better disposal
system. They include recycling, land-filling, burning, coMgosing, conversion to biogas, etc.,

Man'’s sociat behaviour has changed in accord a ith his stage of development. The primitive.

* man were hunter-gatherers, later settled as agricmmunities and then as industrial society.

The social change in the presenl generation 1s ds sustainable-garth urging the individual citizens
to think globally and act locally. V : '

Indiscriminate and exploitative u ural resources is a peril which in long run may lead to
the disappearance of all living thiags incNiding man on the earth. Therefore, cvery citizen must take
responsibility and in a coliecti act against the misuses and abuse of natural resources. The
best exampies of community actio: “Chipko” movement in Uttar Pradesh and *Appiko” movement

ix_l'Karnataka,,

15.12. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Inthe forest manag'ement, all or most of the trees from a diverse old growth or secondary forest
and the site is replanted with even aged stand of single species of faster growing soft woods.
Such stands of trce species are called tree farms.

2. The production of large quantities of a single type of crop or livestock for sale wrthln or outside
the country is called industrilised apgriculture.

3.  The cash crops such as bananas, coffee, cocoa arc grown in plantation agriculture,

4. The major factors that determine the type of grosslands are average precipitation and average
: temparature along with soil type. ' :

5. Savannas are found with high average temperatures, (wo prolonged dry seasons during wmter
and summer and abundant rain during the rest of the year.

6. Desertification is the process Ieading to deser( formation. It may be caused due to climatic
factors or due to the gross mismanagement of natural forests.
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!, Solid waste is an unwanted material and cores from industrics, markets and ho; mes. Recycling,
tand-filling, burning. composting, conversion to bio- g.ls etc., arc the methods 10r effective
disposal of the solid waste. : :

15.13. MODEL EXAMINATION QUESTIONS

L. Answer the following guestions in about 30 lines each.

1. Write briefly the importance of forests and -a'gri(:ultura} lands and their management.

2. What are the chemical fertilizers and how are they used 7 Give briefly their impact on the
environment

3. Whatis solid waste and its sources 7 Describe the disposal methods.
IL. Answer the following questions in 10 lines each.

1. What is grassland ? Briefly write about grasélands in .India_. _

2 'Write about desertification. o

3. What is environmental impact asscssment ?

4. Write a briel account of social change from the time of primitive man.
3. What.is *Appiko Movement™and describe its gcflcsis ?

! ?\O '
Q}Q*
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16.1. OBJECTIVES

After completing this unit you will be_abl'ehlo-:
* define the terms waste, toxicant 'a'nd toxic waslc,
*  listout-the sources of toxic waétes, .
* describc the nature of loxic wastes and their magnit.udés, .
* discuss about the problems associated with accumulation of toxic wastes,
* describe the principles underlying the toxic waste disposal methods and their limitations,

* gnggest ways and means of contro! of toxic wastcs.

16.2. INTRODUCTION .- " . |

Wastes, in the ecological sense, are materials which arc no longer uscful to man, as are byproducts ‘
and residua (dross, slag, offal) as well as liquid and gascous elfluents, including raw scwage. Some
of the wastes coniain substances which can adversely affect organisms including man and hence are ‘

N
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poisonous or toxic to them. The 1978 edition of Registery of Toxic Effects of Chemical cEubst nces
published by the National Institute for Occupational Safety and Hedl[h USA, glVCb the following
long and encompassing definition for a toxic substance:

“ A toxic substance is one that dcmonslrates the potential to induce aner, tumours, or neopl%slic
effects in man or experimental animals; to induce a permanent transmissible change in the charactet
of an offspring from those of its human or experimental animal parents; to cause the production of

- physical defects in the developing human or experimental animal embryo; to produce death in animals
exposed via the respiratory treact, skin, eye, mouth or other routes in experimental or domestic
animals, to produce irritation or sensitisation of the skin, eyes, or respiratory passages; o diminish
mental alertness, reduce motivation, or alter behaviour in humans; to-adversely affect the health of
a nomral or disabled persen of any age or of either sex by producing reversible or irreversible bodily
injury or by endangering lifc or causing death from cxposure via the respiratory tract, skin, :eye,
mouth or any other roule in any quantity, concentration, or dose reéported for any length of timg”.

Typical toxic substances include O,, CN', CO, COCL, NOx, SO,, Cl, Br,, Particulates, ND3-,
NO," heavy metals like Cd, Hg, Pb, As Sb, Be, Mn, N1 hydrocarbons phenols alcohols, epoxy
compounds ethers, aldehydes nitriles, nitrosamines, solvents used .in glues, nail polish remavers
and biocides. . T

In the light of the above definition, Toxic Wastes are wastes containing toxic substances or
Toxicants and the science of toxic substances is known as Toxicelogy. The simple examples of toxic
wastes arc the automobile cxhaust and the process wastes of chemical indusiries. The likelihood of
damage or harm, which may arise from a toxic substance, is usually defined as Hazard. However; the
term Hazardous wastes is much wider in scope compared tq theMgrm Toxic Wastes. “Hazardous
wastes mean wastes other than radioactive wastes which by of their cliemical reactiviiy or

toxicity, explosive, corrosive or other characteristics gaf®igg danger or likely to cause danger to
health or the environment, whether alonc or when coi @ o contact with other Wasies”.

Developments in the history of toxicology b ore than 3000 years ago. Hippocrates, the'
Greek scholar identified arsenic, antimony, mercullf, gold, copper and lead as toxic substances, as
early as in 460 BC. Exploding growth in 1 population and rapid industrialisation after world -
war-[I added new dimensions to the probleTMQI toxic waste accummulation and disposal. According * -
to the “International Register of PotgMally Tdxic chemijcals™ of the United Nations Ervironmental
Programme, there are over four mill%wn chemicals in the world today and another 30,000 hew
compounds are added to the list every y3€r. Apart from their benefit to increasing production, living
standards and health, many of them arc potentially toxic. Many of the chemicals emitted into|the

environment from various typces of industries are known 1o produce toxic eﬁ'ects on human, and
aquahc £Cosystems. :

The various toxic wastes produced by man in his variety of activities enter the ablotlc envi roument
and are kiiowa-to ultimately affect biotic environment. Migration of toxic chemicals through ground
and surface water increases contanunation of drinking water sources. Chemical contamination of
vegetation and crops results in tropic transfer of toxic chemicals. The toxic substances affect hurnan
and animal health directly through contact or inhalation and indirectly through ingestion of contaminated
water and foods. The detection of traces of toxic chemicals in drinking water supplies, in polar|ice
caps, in birds’ egg and even in mother’s milk, and episodés such as Minamata Bay in Japan and
Love Canal in USA are indicators of the risks posed by release of the toxic wastes into the cnvironment.

'16.3. SOURCES

There are both natural and anthropognic sources of foxic substanccs and the environment is|the
ultimate sink for these toxicants. In a majority of the cases, toxic substances are the unrecovered
products of industrial processes and constitute the hazardous components of the industrial effluents
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or wastes. [n certain other instances over-indulgence in the use df'méterials and subsequent discharge
of these materials into domestic wastes may transform the latter into toxic wastes. As the anthropogenic’
sources of toxic wastes are of greater concern than those of natural, the former ar¢ dealt first.

16.3.1. Anthropogenic Sources

The catastrophe of toxic wastes is the result-of man’s many activitics aimed at generating more
food, materialistic prosperity, comfort and luxury. His various activities culminating to toxic wastes
problem include industrial, agricultural, domestic, energy production, and health and hygiene.

Industrial Sources : Most industrics generally produce wastes containing toxicants such as heavy
metals, and other inorganic and organic compounds. However, the specific toxicants present in the
wastes of one industry differ from those present in the other depending upon the raw materials used
and the production process involved etc

Fertiliscr, pharmaceutical, textile, paint, asbestos, pulp and paper manufacturing, lead battery
manufacturing, viscose rayon manufacturing, electroplating, copper pickling, galvanising, rubber
processing, ore mining, ferrous and nonferrous metallurgy, organic and petrochemical, leather tanning,
and biocide manufacturing industries are some of the sources which generate a varicty of toxic
wastes. The probability that a toxic waste stream is produccd at an industrial sitec can be ¢stimated
based on a set of material production- consumption characteristics. '

Agricultural Sources : The indiscriminate use of chemigal [gilisers and biocides in agriculture 1s
the source for large scale accummulation of toxic wastes inSgildnd water bodies, by natural processes

such as leaching and runoffs. Ql

Domestic Sources : The domestic waste water of areas is a source of many toxic materials.
Lead containing sirect dusts, prescription a &r the counter (OTC) drugs, pesticides of house
hold, pet or garden use, cosmotics, adhegives, $lvents, polishes and deodorants are commonly found
in the domestic/Municipal sewage. :

Other Sources : Nuclear powe nts, Muclear reactors, nuclear tests, nuclear installation, fission
and fusion product processing g tc., scrve as sources of yet another type of highly toxic wastes,
viz., wastes containing radionucl®fes. :

Toxic wastes also result from the operations of many small institutions like research laboratories
and hospitals. Infact the chemical and pharmaceutical research laboratories liberate highly concentrated
toxic wastes into the environment. Finally, the auto-cxhaust is no less a source of toxic wastes (han
others. ' '

16.3.2. Natural Sources

Hypothetically even if all the foxic waste producing activities of man are stopped, Naturg is
capable of releasing toxic materials into the environment. Infact, the toxic load arising from natural
materials is quite significant. '

However, it is not proper to use the term toxic wastes in the natural context, and hence we limit
to the term sources of toxicants in this case. People are exposed to natural toxicants in air, water and
food. Natural toxicants include minerals, fungal and plant toxins, animal venoms and some products
of natural phenomena such as forest fires, volcanoes, and erosion. Various metallic elements occur
as anions in water and, intercstingly, many clements in trace concentrations are essential for health
~and the list of essential clements continues to grow. The natural leaching processcs of mincrals
brought about by water brings toxic elements into water bodies. -

Polynuclear aromatic compounds are products-of the combustion of organic compounds and are
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~ Check Your Progress - 1 & 2

formed in virtuaily all burning operations, including forest fires. Natural processes were bringing
toxicants into the air and water long before man started to make his contribution, for example the
release of CO, SO,, NQ, particulates etc., into the environment by natural processes. '

‘1. What are wastes, in an ecological sense ? _
‘2. Name some of the broad categories of anthropogenic sources of toxic wastes.
Notc : a) Write your answers in the space given below. o

b} Compare your answers with those given at the‘end of this unit.

16.4. NATURE AND MAGNITUDE N

The nature of toxic waste and the magnitude of toxic Wast generated arc described in this

chapter. a _ _ O
16.4.1. Nature |

In its physical nature the toxic waste be anlid: liquid, gas or siudge and may arise from a

- wide range of industrial, commercial, a al and domestic sources. The same industry| may
discharge the waste in morc than oge phySical form. In chemical nature the toxic waste can be
lnorganic, organic or both, dependin e chemical composition of it. The wastc stream compositions
vary very widely depending upon the try of source. Even among the same product manufactl]uring

units wasle may dif]'cr depending upon the further utilisation of the processcs involved, by-products

isolated, etc,

The toxic waste drising out of a fine chemical manufacturing unit may contain residual containing
various heavy metal compounds. The wastes stream from a dye manufacturing industry may contain
sludge containing amine, nitroorganics. Similarly an endosulphan manufacturing unit may have
wastes containing considerable quantities of complex organic polymers, hexachloro-cyclopentadienc,
butenediol etc. ' : '

16.4.2. Magnitude

The magnitude of toxic waste generated depends upon many factors such as the process technalogy
involved, raw materials utilised, treatment and recovery procedures adapted etc. [n order to correctly
assess the magnitude and pollution potential of toxic wasles generated in a country, it requires
complete and systematic data collection on the various types of toxic waste generating sources|and
its careful analysis. For the sake of information and completeiess, typical data collected by NEERI,
Nagpur in the context of Indian scenario are shown in Table - 16.1. The table is product based rather
than industry or source bascd. Though the toxic wastes form only a small fraction of all the wistes _
generated by industry or allied activities, their impact can be catastrophic as they affect human
health : :
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“TABLE - 16.1. Toxic Waste Generation in some Products Manufacture

-Product
-Plant capacity
Tonnes per Annum

" Toxic Waste Strcam Components

()

Wasic Generation
Kg/ton product

Acrylonitrile, 24,000

"Dyes and Dye- .
Intermediates, 10,700

Dichlorodiphenyl
trichlorocthane, DDT,
3000

_Hexéchlorocyclohcxane

(BHC), 4520

HCN, 5.9'Kg; aceto - and.acrylonitriles,
ammonia, 9.6 kg per tonne product.

Blackish - brown sludge containing
amino, nitro organics.

1) Tarry waste containing raw materials,
reaction products.
2) Highly acidic waste water containing
" 185-480 Kg H,SO, and 1.05 Kg DDT
Per tonne DDT madc.
3) Lime sludge from neuiralisation of
waste water containing 0.05% DDT
on dry basis. -

Residue containing pesticide and benzene.
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Castic soda, 77,000 Brine purification sludge containing mercury, o
8.5 g/Kg sludge and Ca & Mg salts. 33
Barium salts, 23,000 Filter press sludge containing Ba, Si, Fe :
' and unreacted mineral. 86
Fine chemicals Residue containing all the heavy metal
manufacture-Cr, Compounds 6850
Co, Cu, Cd, Pb, Hg,
Ni, Zn, Sb.
Sodium dichromate, Leached residue brownish black in colour, 1200
21,600 : : turns yellow under sunlight, contains (.4
' to 0.8% Cr* and 12 to 14% total chromium.
Aniling, 12,000 Tafry waste containing 5% p 'nyl- cyclohexamine, 3.0
: 30% O-aminophenol,m 208§ tarsnd traces of '
nitrobenzene. -
.Nitrobenzene, 20,000- Crude nitrated aromom purification ' 2.5
Nitrotoluene, 3,100 Residue from d?’(ion, 40% dinitrotoluene,
: 10% p-; itrotéluene, 50% nitrotoluene,
tarry m ]
beta-Naphthoi, 1950 idue con'_iaining naphthalcne, 213
S es, sulphur compounds, 2-3% :
naphthol. .

0.33 Kg, 1.3 m¥Y
tonne (kiquid waste) -

470

4.0

50 to 60 m*/tonne
(Liguid waste)

2000
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Malathion, 1080 : Semisolid black matcrial with complex organics, . - 10 to 2
' pesticide residuc, intermediates,

Endosulfan 1500 Solvent recovery distillation bottoms - .~ - 140
' - cenlaining. complex organic ploymers,
hexachlorocyclopentadiene, butrnediol

Phorate 480 Scmisolid odourous material containing . 1o
: ethyl mcrcaptan, formali-n, and phoratc

Carbaryl 235 ' Semisolid larry resxdue ccntalmn;_., carbarv _ 130

and mtermednlcs

BHC, DDT and Fing dust 'conlaining stoap-stone, 5
carbaryl dusting BHC, DDT and carbary] pesticides.

powdcr, 3600 ' :

Ethanolaminés, 3000 Polycthanolamine and ethanol amine sludge. - 2305

Check Youi*. Prog_re_ss -3

3. What is the nature of toxi¢ wasles.?

Note :a) Write your answer in the space given below. -

16.5. ACCUMULATION AND HAZARDS |

- The accumulation of toxic wastes and the hazards caused due to toxic wastes are descrlbed in

this section.

16.5.1. Accumulation

As was mentioned earlier the toxic wastes from various sources, if untreated reach the ultirn

ate

sink namely, the environment. Either during the transport or -after reaching the ultimatc sink, a
toxicant may be rendered harmless by natural processcs or, as it often happens, it may accwmulate in

the environment. Exchange of the toxic substances may also take place-among thc segments of
environment, viz., atmospherc lithespherc and hydrosphere.

into the biotic environment and get accumulated in the biota. Bioaccumulation is well-known

It has also been noticed lhd[ some of the toxic substances find their way from the abiotic environ}l
persistent pesticides. -Both animals and plants have the ability to concentrate certain compoun

the

ént

ith -
5in

‘their body tissues - any substance which is slightly more soluble in the tissucs than in the sourrounding

water will be concentrated morc in the tissues of the organisms. The chlorinated pesticides l

ike

DDT, 2,4-D and mirex and others like diazinon and diguat have the greatest tendency for bioaccumulation.
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Fish {golden shiners) are rcportcd totake DDT at 0.263 ppt-(paris per lrllllon) i water and conccnlralc
it 1,00,000 times in their body; oysters taking DDT at 1 ppt in sca waler can concentrate it 70, 000
times and water fleas takmg DDT at 0.5 ppt in water, can concentrate it 1,00,000 times in thetr
bodies.. : :

Accumulation of DDT in Food Chain : DDT accumulatcs in animgzl tissues, soil and humus in
concentratations thousands of times, higher than that is found in air and water, through food chain.
The cycle of food chain consists of plankten in sea water which contains about 0.04 ppm DDT. The
claims that digest plankton concentrale it-to ten times 1.¢., 0.4 ppm. Fish feeding on clams contain
2.4 ppm DDT, while DDT level goes upto 75 ppm in birds which cat fish. Tt was also reported that
the DDT concentrationi rose to about 15 ppm in man fcd on fish containing DDT.

As regards to bioaccumulation of toxicants other than the pesticide residues wheat and rice in
particular have been shown to congentrate cadmium when grown on cadmium pollated soil. Simitarly
mercury in low concentrations in water gets bicaccumulated to high levels in predatory fish and
animals, in the form of methyl mercury. The fish Atlantic Blue Marlin accumulates upto 170 ppm
tolal mercury in its kidney. Selenium in more than trace concentrations is toxic {0 some organisms
but many plants like Vetch,. Woody Astor, Golden weed and Princes plume are known to accumulate
selenium to an extent of 15,000 ppn in their bodics ad serves as Selenium ‘Beath’ indicators. It
appears that, in certain of the cases, the phenomena of bioaccumulation can be used advalagcouslv
For instance, recent investigations have shown that the worst water weed, Water Hyacinth, can -
absorb most of the toxic substances in domestic and industrial wastc-waters.

16.5.2. Hazards

_ Toxic wastes can affect human and animal hgey through different mechanisms and routes of
exposure. The potential pathways of release and @ to toxic wastes include :

1. Sorption by soil and its direct contact Laquatic and terrestrial biota and mdn through food,
72, Evaporation to atmosphere and their degosition or contact or inhalation by all life forms and

Leaching or direct surface run ater and subsequent exposure to or ingestion by living
forms. ' '

Adverse health hazards volve any organ of the body or any of the vital physiological
functions. The factors that gov he extent of damage include the nature and metabolism of the
chemical, characteristics of the individual' and compounding variables, viz., personal habits and
prevalence of other diseases.

The health hazard that arises also depends upon the duration of expousre and the dose, and the
effect may range from minor irritation to death. The well documented toxic effects observed in man
are nasal, throat, digestive and respiratory tract irritation and damage; putmonary edema, irreversible
respiratory system damage, asphyxiation; ancsthesia and central nervous system depressing (narcosis),
methemoglobinemia; diarrboca; liver, renal and brain damage and cardiac failurc. Some far reaching
toxic effects include genctic hazards like mutagenesis, teratogenesis and carcinogenesis. For instance,
scveral indusirial wastes, biocides and most radioactive malcerials have mutagenic propertics causing

.changes in cell DNA, thereby producing heriditary chages. Heavy metals such as lead, cadmium
‘and mercury arc found te cause birth defcets and attack liver, kidneys and central nervous system.
Some organic toxicants such as carbon tertrachloride, trihalomethanc are known Lo act as teratogens
and damage developing ¢cmbryo and fetus. Several other organic substances such as benzene, vinyl
chloride.ctc., are known as carcinogens. some loxicants produce cancer directly by initiating the
growth of mallgmnl tumours while Olhcrs may permancntly alier cells making them susceptible to
other toxic substances.

~ The health hazards caused by toxicanls may be broadly divided into two classcs - aculc and
chronic cffects. Acute cffccts manifest themselves immediatcly upon short term exposure at high
concentrations, and chronic effgets become evident only after continuous exposure to low levels. The
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chronic effects are very difficult to demonstrate and are’consequently less obvious.

It is appropriate to mention the ‘Love canal episode here as it created a sense of awart
about the hazards posed by toxic wastes. Love canal was a waste chemical disposal site in the §

SNESS
outh

¢astern section of the city of Niagara Falls, New York. The canal was excavated in the 1980s in an: '_ ._

~ effort to connect Lake Ontario with the upper section of the Niagara River, but was abandoneup for

lack of financial support. For decades the defunct canal served as a recreation site for swimming
and skating. During the 1940s, it was taken over ds a waste chemical dump and finally transferred to
the local board of education in-1953. Since that time, the canal area has been troubled with seg age
of noxious chemical and evoolution of toxic chemical vapours. It is believed that the dump site

contains appreciable amounts of about 80 toxic substances. Seepage of toxic subsiances fromi the
dump site has rcquired the cvacuation of about 200 homes. It is feared that a number of health.
problems have resulted from €xposure to toxic chemicals.
A brlef account of the luman hLallh hazards caused by some of the tox1cants is summanst:d in.
Table - 16.2. . :
Table - 16._2. Toxicants and Hazards _
Toxicant "Hazards
ey @)
. Lead Itis a neurotoxin; Pbisoning results in convulsions, . delerium, -
coma, severe and irreversible brain damage and dcath
‘Behavioural disorders. _ _
~-Cadmium ' Cardwvascu’la_r discasangf hypertension; interference vith
Zinc and coppeg#egabolism, kidney damage; bone frac Llre
Mercury Nerve and brai , e, kidney damage; Chromosomebrea}:agc, _
Birth de ) o
Nickel Respirato lems; lung cancer _
Arsenic G ntestinal damage; liver and kidriey damage and muscular '
weallnes : -

Chromium (VI)
Cvanide

"Fluoride
Nitrogen dioxide -
" Halogens

Sulphur dioxide
Carben monoxide

Ozone
Phosgene
Benzene

‘Halogenated
Hydrocarbons

- Mucous membrane irritation; Nasal and throat irritatic

usea Vormtlng, Shock dl’ld coma

adly toxic; rapidly acung poison; chemical asphyx1at10n

at cellular lcvel.

Mottled teeth, weakemng of bcne weight loss; thyroid
kidney injury.

resistance to m[‘lucnza

Resplratory tract 1mtanon d1mage pulmonary edcma cougl
-nose bleeds. '

and -

‘Pulmanary irritation arid haemorrhage ey 1rntat10n lo 35 of

ing,

Eye, nasal and respiratory tract ir'r'itation; emphysema, bronchilis.

Impairment of judgement and visual pereption; reduced me
activity; Death due to chemical asphyxiation- restrictio

formation.

congestion in the chest; pulmonary edema

ntal

Irritation ofalveolar walls and caplllarles with gradudl eder_ria, '

asphyxiation and heart failure.
Toxic te hematopeietic system; causes cancer.

Central nervous system deprcssmn liver damage and kid ney"

damage
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‘affected.

Check Your Progress -4&S5

4. Why does a substance like DDT got accumulated in the tissues of orgamsms like fish ?
5. What is the difference between acute and chronic tox1c effects 7
Note : a) Write your answers in the space gwen below.

b) Compare your answers with those given at the end of this unit.

16.6. DISPOSAL METHODS AND PROBLEMS

The aim of any toxic waste trcatment is to see that the waste is returned to the nature in a
harmless form and with little dusturbance to the ecosystem. It is necessary to isolate those substances
which do not originally exist in the nature and those which have the potential lo-adversely effect the '
environment. However the methods of trcatment and disposal vary as the toxic wastes dffer widely
in their chemical nature and physical state. :

Some toxic wastes contain valuable materials. Whene his is the case, recovey and reuse is
one of the most desirable methods of toxic wasteg Mance. Silver, selenium, mercury, thallium,
copper, lead, chromium, zinc and other hcavy me once they arc removed from water or air
streams, are often recovercd rather than lanWsed. It is uneconomical to reclaim these metals

only when they are very minor constituents of ste or when the quality of the product is adversely

Usually, the wastes are subjegtéd 10Wyetreatment before they are subjected to ultimate disposal.
The pretreatment procedures ma; e; cementalion- to immuobilise the sludges to facilitale convenient
disposal; centrifugation - to sepa solids from liquids; freezing; thickening; dewatering by sand -
drying beds and vacuum filtration; and submerged combuslion to cencentrate the waste. The pretreatment
procedures depend upon the particular disposal method adopted.

The economics of waste disposal will determine, ultimately, the amounts and types of wastes
that will be moved to distant disposal sites. However, the treatment of the waste at the source of -
generation itself is preferred if safetv and other factors permit.. The use of common waste treatment
plants is 1deal for small industries to get safe and cconomic waste treatment and disposal.

There are four major ultimate disposal methods in vogue at present to deal with toxic wastes
They are 1) Deepwell disposal, 2) Incineration. 3) Land burial and LandTills, and 4) Ocean disposal.
Chlorinolysis and wet air oxidation arc wo other methods of waste disposal cven though they are of

limited appllCdblllly

The particular wasle disposal mcthod adapted in a situation depends both upon the physical
state of the toxic waste-gas, liquid, solid or studge and the chemiical nature of the waste. In certain of

~ the cascs a combmatlon of thcse methods is used to render the ioxic wastes harmless.

16.6.1. Deep Well Disposal

Deep well disposal is a system of disposing of raw or treated, filiered toxic wastes by pumping
the wastes inlo deep wells wherc they are contamed in the pores of the permeablc subsurface rock,
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separated from other ground water supplies by impermeable layers of rock or clay. The depth at
‘which these wastes are discharged varies from a few hundred feet to over 2000 feet and well head
injection pressures for some wells may require 4000 psi. Deep well disposal requires the injection of
liquid waste into a porous subsurface stratum which contains non-commercial brines. The wastes
are merely stored below ground in strata which are sealed by impervious strata, thus isolated from-
usable underground water supplics or mineral resources.

Injection wells can be used by virtually any type of indusiry which is located in the proper
geologic environment and which as a waste product amenable to this method. A number of industries
are presently using this method. The largest users of deep well disposal systems are the chemical
pharmaceutical industries. It is desirable to monitor injection wells to determine the extent of travel
of injectcd waste permitting the detection of well casing or cement failures, the cscape of waste
through fractured or faulted cap rocks, or through other abandoncd or operating wells and the 1bss of
permeability in the injection horizon during injection. s

16.6.2. Incineration

Incincration is a controlled process that uses combustion to concért a waste to a less bulky, less
toxic, or [ess noxious material. The principal products of incineration from a volume stand point are
CO,, H,O and ash, while the products of primary concern, due to their envirenmental eflcets, are
compounds containing S,N and halogens. When the combustion products form an incineration process
contain undesirable compounds, 2 secondary treatment such as gfter-buining, scrubbing or filtration
is required 1o lower the concentrations to acceptable. Icvels grior¥g atmospheric release. Thcj:olid

and liquid effluents from the sccondary treatment Proccsses w asionally require treatment [prior
to ultimate disposal. Incinerators are generally clasgs by the form of waste which they burn.
There are 10 basic types of incinerator units. Co

The type and form of waste will dictate the f incinerator unit required. If the .w_astulL isa-
gas containing organic materials which are combitible then incineration should be considered as a -
final method of disposal. Catalytic incinerag lled to gaseous wastes containin £ low concentrations
of combustible materials and air. Catalytid§ystems have been used widely in the oxidation of paint

solvents odours arising from chem@nu acture, food preparation, lithographing ovens clc.

Incineration is one possibility for W€ destruction.of combustible and partially combustible II}quid
wastes. Non combustible liquids cannot be treated or disposed of by incineration. A partiially
‘combustible waste may also contain miatertal dissolved in the liquid phase which, if inorganic in
nature, will form an inorganic oxide upon combuston and require secondary collection prior 1o
atmospheric release. In order that a liquid waste may be considered combustible, there are several
rules of thumb which should be used. The waste should be pumpable at ambicnt IemperaturL.s or
capable of being pumped after heating to some rcasonable temperature level. The liquid must be.
capable of being atomised under these conditions. Ff it cannot be pumped or atomised it. cannot be
burned as liquid but must be handled as a sludge or solid. Liquid waste incineration gen {ally
involves liquids having vicositics up to approximately 1000 ssu, although lower viscosities are.

desirable, . : : :

Solids incineratoin is not a total disposal method, because most solid materials. contain non-
combustibles and have residual ash. Many types of conventional incinerators designed for combustion
of rcfuse have been adapted for disposal of chemical process solid wastes. The incinerators have
been used for solid chemicals, sludges, filter residues, off-quality product, and tars. The waste jnust
contain a sufficzent percentage of combustible material and be physically compatible with the inciuerziﬂion
equipment.. :

As regards to problems or limitations associated with incineration as a method of toxic waste -
disposal : :
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)] It is not suitable to noncombustible toxic wastes,

i1} the emissions must be continuously monitored for the  presence of toxic intermediate 'gascs,
ili}  in certain cases the end produts of combustion arc corrosive  and -

1v)  in some inslances it has to be supplemented by other methods.

16. 6 3. Land Burlal and Landfills

Land burial : Land burial is a possible choice for those hazardous materials that require complele
containment and permancot disposal. Thes includes radioactive wastes as well as highly toxic chemical
wastcs. Dispo'sal can be accomplished by either near-sirface or deep burial. Deep burial is more
applicable to the highly tox1c or dangcrous malcnals since better isolation from the blospherc is
afforded.

In near surface burial the material is deposited in stainless steel tanks or concrete lined pits
bineath the ground. The standard procedures for deep burial are disposal in salt mines or hard bed-
rock or in shale forma*mns by suing hydrauhc fracturing. -

At the present time near surface burial of both radioactive and chemlcal wastes is being conducied
at several Atomic Energy Commission and commercially operated burial sites. These wastes arc
buried in unlined trenches approximately 20 feet in depth. The trenches are filled to within 2-3 feet
of the surface and are covered with either asphalt or soil and vegetation to reducc infiltration of
water. Radioactive wasles are slored in either liquid or solid form in stecl tanks enclosed in concrele.

In deep burial the wastes would be buried approximagely W00-1500 feet beneath the ground in
unlined tunnels. The wastes are lowered into these tynnels eans of a central access shaft. After
the filling operation is complete in a tunnel, it is off by back filling with salt and using a.
posittve seal, for example, concrete.

In these methods of toxic wasic disposa r location of the site is very essential and the
various environmental factors of principml con§ern pertain to meteorology, geology, hydrology and
geo-seismology and the criteria for si jon and have to be strictly adhered to prowde complete
confinement of the waste at the sige withlittle scope for leakage.

Landfills : There are diffe es of landfills meant for different wastes. Four types are of
interest in the present context. 1) General putpose landfills; 2) General purpose approved lanfills.
for large volume hazardous wastes, 3) General purpose, secured landfill operations for small volume,
extremely hazardous wastes; and 4) Secured landfill for specific wasics for intermediate or large
volume extremely hazardous wastes. The potential for environmental damage by landfilled hazardous
waste differs depending on both the composition and quantity of that waste. Even general purposc
landfills will accept small quantities of toxic wastes, particularly if they are in drums or plsatic
-containers, but refuse large amounts. Cyanide, arsenic compounds, and seme heavy metal compounds
are examples of such materials. However, great care must be exercised in choosing suitable type of
landfill, Criteria for secured landfills include the following: 1) the composition and volume of cach
extremely toxic waste is known and approved for site disposal by pertinent regulatory agencies; 2)
the site should be geologically and hydrologically approved for extremely toxic wastes; 3) moniloring
wc]]é‘a_rc provided; 4) leachate control and treatinent are taken care of; 5) records of burial coordinales
to avoid any chemical inter actions are maintained; and 6) registration of the landill site is done for
a-permanent record of its location once filled.

16.6.4. Ocean Disposal and Other Methods

QOccan Dispasal': Until, recently, the disposal of toxic wastes into the oceans was uscd to be an
expedient and economically sound method of disposal. After the episodes like Minamata and the
hazards created by bioaccumulation of toxicants, ‘Ocean disposal’ is being discouraged. EPF of
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USA is against ocean dlspﬂsal of wastes contammg more than trace concentrations of certain tomcanls

Chlorinolysis : Destructive chlorination or chlorinolysis can effectively be appl 1ed to the dis posal

of organic compounds. In this process, the undisposables, including DDT and other pesticides and

_any nondistillable chlorinated residues left over from organic chemical manuf1clur1ng, are converted
with high yields into a principal product carbon tetrachloride.

Wet Air Oxidation (WAO) : Wet air oxidation is based on the discovery thal any orz!;ani'c,

material in aqueous solution or suspension can be oxidised to any desired extent by air, under pressure,
at temperatures from 350-700° F. The degree of oxidation (0-100%) depends on the temperature
and the amount of air supplied. The WAQ is being used Lo detoxify acrylonitrile wastes by destroying
cyanide. The WAQ is supposed to be the best technology to destroy waste substances, recover valuable
inorganic materials from waste streams, and condition sludge solids for easy disposal. '

It is clear from the above that the deep well disposal;land burial and landfill methods are Jased
on the principle of “concentrate and contain” while ificineration, chlorinolysis and WAQ on the
principle of “Degradation”. The method based on the principle of “Dilute and disperse” namcly;
*Ocean disposal’, is not favourcd because of obvieus reasons.

It is not out of context to mention here that India is unabie to properly dispose of even its
conventional wastes, not to speak of the toxic wastes. In many Indian cities indiscriminate dumping
or improper disposal of toxic and hazardous wastes in munictpal disposal sites by some small industries
is a common site. Liquid wastes find their way into open drains, thus contaminating the environment.

Check Your Progress - 6 | 0 ‘

6. What is chlorinolysis? O _ :
. . . |
Note : a) Write your answer in the space given bglow. '

b) Compare your answer with one given at\g€ #nd of this unit ‘

16.7. COMMUNITY .EDUCATION

From the subject matter deall so far, it is clear that the intenational as well as madverlent

_ actions of man are the contributors 1o the problems of toxic wastes. Thanks to the strides made by -

the advanced countries in the ficld of environmental toxicology, the developing countries are becoming
aware of the hazards of toxic waste genaration. The Scientific community, the administrative machinery,
and the voluntary organisations have a great responsibility to cducate the community such that
biocides and all other toxic substances arc used judictously. The industrial sector must also be
forced to realise its accountability to present and luturc genrations. Further the community must
also be madec awarg of its duties and responsibilities as well as legal provisions and mcans to thght
the problems. Often, there will be considerable time gap between occurrence of a probleml and
institution of counter racasures. Wherever the problems are likely or existing or correct disposal

the only ways to force the Government to impose corrective measures and all this is possible only
. through community education and awakening. ' '
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16.8. CHALLENGES OF FUTURE

The problem of toxic wastes is a commeon issuc of all nations. and hence requlres common
efforts. The developing countries have to utilise the experiences of the developed countrics in combating -
‘the problem of toxic wastes in all respects, including creation of community awareness. It is necessary
to formulate Internationally acceptable definition, classification, and monitoring and impact asscssment
procedures of loxic wastes. To the extenl possible, low toxic low cost technologies as well as better
methods of treatment and disposal are {0 be developed. Careless disposal of toxic wastes is a common
practice in developing countries and Lo correct the erring industries proper legislations, with little
scope for litigation, are to be made and the reguldlmns enforced strictly.

Hazards may also arise from already improperly disposed toxic wastes and proper remedies are
to be thought of to neutralise, contain or contrel them. Finally, proper disaster mitigation strategics
are to be envisaged (o face any untoward eventuality arising out of the toxic wastes.

16.9. SUMMARY

Wastcs containing poisonous or loxic substances are known as toxic wastes. Both man and
nature contribute to the phenomena of toxic waste generation. The industrial, agricultural and
energy utilisation activities of than, besides over indulgence in the useful toxic substances, contribute
tremendously to the toxic load of the environment. Though the toxic wasles from only a small
fraction of all the wastes generated, their impact can be catastrophic as they uffcct human health;
life on land river and sea; crops and, in-short, the entire foddand life cycles.

A toxic waste can be a solid, liquid. gas or sludg n chemical cemposition it may be
inorganic, organic or both. From the souzces the astes find their way into the cnvironment
and affect human and animal health tiirougi diff; ‘% echanisms and routes of vxposure. The
acute toxic effects may range from minor irrigagion to death while the chronic effect . may manifest
in genetic alterations leading 1o mulagenesis%genesis Or CarcinQgCcnesis.

jc wastes appear to be deep well dispeceal. incineration,
and land burial and landfills, provid gssary precautions are also taken. Judicions s of chemical
substances, development of lov @ ayow cost technologies as well as better methina: o1 ™ treatment
" and disposal and community edu @ will go a leng way in combating the probicia. arising out of
' Loxic wastes. :

The important methods of disposd

16.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Wasles are materials which are no longer uscful to man, as are by products and residual, as
well as liquid and gasecus effluents, including raw sewage.

2. Industrial, agricultural and domestic sources are soine of lhe broad calegones of anlhropogemc
sources of 10xic wastes,

3. In its physical nature/state the toxic waste can be 4 solid, liquid, gas or sludge [t can Ibv:
1nOrganic, organic or both depndlng upon its chemical composition.

4. A substance like DDT gets accumulated in tissues, if it is more soluble in the tissues than in the
surrounding waler. '

5. Acute toxic effects manifest themselves immediately upon short time exposure at high concentrations
and chronic cffects become cvident only after continuous exposure to low levels. Further, the
chronic effects are very difficult to demonstrate and are consequently less obvious.

" 6. Itis achemical process in which the undisposable organic compounds inéluding nondistiilable

- chlorinated residues are transformed mainly into carbon tetrachloride.
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16.11. MODEL EXAMINATION QUESTIONS

I. Answer the follewing questions in about 30 lines each.
1. Write a note on the anthropogenic sources of toxic wastes.
. What is ‘Bioaccumulation’? Discuss giving examples.

. List out some of (he hazards caused by toxic wastes,

RS N e |

- What methods of ultimate disposal of toxic wastc arc in vogue . presently? Whicn ong of
them is betler in vour opinion and  why? '

W

. Write a note on ‘Incineration’ as a method of disposdl of  toxic wastes, highlighting
its merits and limitations, ' '

Ii. Answer the following guestions in about 10 lines each.

1. Bxplain the terms “Waste” and “toxic waste” giving suitable examples.

2. Do the terms “toxic waste” and “Hazardous Waste” mean one and- the same or different?
Explain. ' '

3. Over indulgence in the use of cerfain substances is one of the contributors towards toxic
- wasle generation. Subslantiate  giving at least one cxample,

4. Suggest some ways and means for the control of toxic waste
5. Name five toxicants and enumerate their respective toxic 8fect§on man.

6. What arc the potential pathways of release and cxp@o toxic wastes?

; ?\ Dr. S.N. Dindi
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17.1. OBJECTIVES |

After completing this unit, you will be able to :

*  “explain the global scenario of the environment, and

*  describe the strategics developed for global cooperation at different international conferences
-and summits organised by governments of different regions and also by United Nations Organisation.

17.2. INTRODUCTION

Maurice Strong, the first head of the UN. Environment Programme has pointed out that the
worlg faces the challenge of developing effective mechanisms for governance or management of
- envifonment at the Inlemational level. The looming threais to the world climate and, the undermining
of the world’s common resources can only be remedied by a global cooperation. Now it 1s time to
take a giant leap forward in the upgrading of civilization, said Prime Minister Brundland of Norway
as long back as 1988. Since, there are no shortcuts to remedy the situation on the environmental
front, except for international cooperation, strenthening of the UN system, providing it with more
reliable soufces of revenue and clearer lines of authority will be essential for the global cooperation
to take concrete shape. The following pages shall provide information on the various measures
being taken nationally and internationally towards this end.
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173. HELSINKITORIO |

While attention of the United Nations has been focussed on finding global consensus on matters
of environment for quite some time, in 1972 it took a concrete shape in the form of first ever
[nternational Conference on Environment at Stockholm from June 5-16, 1972, Since then a series of
International Seminars and Conferences have been held in an cffort to bind individual nations on a

minimum programme on environmental discipline going beyond the principle of patrioiism,

17.3.1. UNEP’s Regional Seas Conference

Since there are no boundaries for the seas, the pollution caused knowingly or unknowingly by
ong nation in its own territorial waters or in the internaitonal waters is bound to impinge on the rest
of the oceanic life and resources. The matter of protecting the seas from the onslaught of._indu:lstrial
and commercial pollution was discussed at the lengthy Law of the Seas Conference organiscd under
the auspices of the United Nations Environment Programme. Under Part XII of the conventios, the
signatory States have accepted the obligation io protect and preserve the marine chvironment through
passing relevant laws and cnier treaties designed to minimise the rclease of harmful pollutants into
international waters by the citizens of respective countries. The member countries also pledged to
cooperate in monitoring the marine environment, to promoie research on marine pheriomer'la, 10

publish findings of such researches for being available to the resi of the world.

Specific Commitments : European countries like the former Wes@ny have accepted the responsibility
for controlling the guality of water in the river Rhine in a bil Pagreement wilh (he Netherlands
which shares its waters. The United States also had gfre8d to limit the amount of salt introduced
info the Rie Grande and o have suitable bilateral a % {s with Canada over the transport of
sulfates and sulfur oxides from the midwest to cggfern Cahada. However, in practice, things are not
simple with divergent interests of individual nat nflicting with one another.

17.3.2. World Soils Policy

To reduce the currenl dama revent further damage to the soils, lands users have to
understand the extent of current loss ing out of desertification and erosion and their shortsterm
and long-term consequences. The International Fund for Agricultural Development (IFAD) and the
United Nations Conference on Descrtification, 1977 (UNCOD) took congnizance of the impending
dangers of soil erosion and loss of precious land. A search lor solutions to halting dcsertificati!on is
on through spreading information on one hand with a view to create awarcness among those Tesporisible
for land-use and researching on remedial measures on the other. '

In general, much of the degradation is due to the extension of cropping of grazing into marginal
land that cannot sustain those activities. Changes in the {and used and managed determing the
extent of conservation. Fallowing is a simple remedy for restoring the potential of degraded lands.

- But with the increasing population pressures, it is virtually impossible for government and indiv:ﬁdual

lands users to keep lands fallow for long periods. -

The Chinese Model : During the past decade, the Chinese Government’s crosion control strategy
has turned to sustainable land use. In 1979 with the help of United Nations Development Pl'ogra::nme,.
an experimental station was established in Mizhi, under which the scientists developed a plan for
intensifying crop production, planting much of the sloping land with trces and grass and _deve]_cln'ping
animal husbandry as an added source of income for the villagers, The World Food Programme (WEFFP)
provided food as an incentive for farmers to do the work of land reclamation and as a compensation
for the cropland that was being converied io trees and grassland. Such experiments have been tried
in many other parts such as FEthiopia through bunding hill slopes for preventing soil erosion. It is a
matter of pride that between 1976 and 1985, through project sponsored by the UNO in Ethiopia
itself the farmers could build 600,000 km ofbunds and 470,000 km of terraces. Such simple techniques
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of so1l and water conservation that add nutricnts and moisture to the land in addition Lo preventing
silting should be taken up in India on a larger scalc. ' ‘

- Mulching : At the International Institute of Tropical Agriculture, Ibadan, Nigeria, it has been found
that applying mulch of crop residues at rates of 6 tons per hcctare can provide protection against
erosion. It also conservés moisiure and improves soil structure. Planting hedges along the contours
of sloping land also reduces soil erosion. Nitrogen fixing trees like species of Acacia, Gliricidia and
Leucaena arc also useful since they help improve soil fertility and matntain productivity Acacia
senegal planied by sudanese [armers on their crop lands also showed good results in that, the lands
could be cultivated continuously for 20 years without soil crosion. The Acacia which drops its leaves

into the fand provides enough organic matter for the soil to retain its structure and nutrieats.

" In India land degradation was successfully contained by planting the deep rooted Khus or the
vetiver grass (Vetiveria zizanioides) on sloping lands, and without making any bunds and thus making
the method very economical. The vetiver grass propagates by root division, spreads on its own anchoring
soil firmly. Thus the grass forms a vegetative barrier that slows runoff, allowing rainfall to spread
out and secp into the soil rather than erode the soil. '

Global Goal : Now there is a global goal set to stop desertification by the year 2000, yet we are still
loosing more trees, more top soil and more grazing land in favour of industrialisation and modernisation.
As such no amount of international pressure can prevent degradation as long as efforts at the village
level are lacking. In addition, expanded rescarch into crop verieties and production method appropriate
for various categories of lands and.people is very crucial.

Finally, with much of the degradation of land comigg frog ¢xcessive human pressure on land,
reversing it will require a dramatic slowing of the populai rowth.

17.3.3. Ozone Layer

The Ozone problem is of special interes&hse it marks the occurrence of a truly anticipatory
respoise o potential global eovironme hregk. It is now known {o one and all that, the stratospheric
ozone is vital for the protection of hu rom the scorching physical effects and the deleterious
* chemical effects of the solar radjasion. re is little doubt that removal of the earth’s ozone layer or
shield would be biological -cat _ The effect of the dreaded ultraviolet beams on humans and
the altered climatic effects on plwfarc a matter of concern to the global community today. Ozone
like Carbon has a substantial influence on the cnergy balance of the planet earth. -

In 1970 it was realised that hydrogen oxide generated from water vapour emissions could pose
a threat to the ozone layer. In 1974 it was further known that a group of compounds called the
Chlorofluorocarbons (CFCs) coming out of aerosol spray cans and the refrigeration systems also
could be potential threats for the ozone layer. Recognising the seriousness of the threat arising out
of ozone depletion and its concomitant possibility of acid rain by 1982 about, 20 countries had taken
actions to control CFC emissions. About the same time a Global Framework Convention for Protection
of Ozone Layer was also considercd. In 1979 a UN sponsored Convention on Long-Range Transboundary

Air Pollution was agrecd to by 25 countries.

Present State of Knowledge : Ozone, the three-atom form of oxygen, is the only gas in the atmosphere
that prevents the harmful solar ultraviolet radiation from rcaching the surface of the carth. Most of
it is found in altitudes of 12 and 25 km but even there only in few parts per million. The sunhight-
triggered chemical reactions constantly replenish ozone naturally. Buta scientific report that appeared
in 1988 shattered the theory of natural replenishment and established that the ozone layer around
the globe was croding fast. As ozone diminished in the upper atmosphere, the earth receives more
ultraviolet radiation which may result in skin cancers and cataracts and also inducing a kind of
depression in the human system. Reduced crop yields and deplcted marine fisheries, materials damage
and increased smog are also aitributed to the ozone depletion. Compounds containing chlorine and
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bromine which are released from the industrial processcs and products that move into the upper
atmosphere are considered the main culprits of ozone depletion. The Montreal Protocol of 35 nations
called for a drastic reduction in these emissions so as to at least freeze their concentrations at present
levels. As per the Montreal protocol, India and other developing countries whose per capiti contribution
of ozone depleting sources {(ODS) is below 300 gms have to phase out the ODS by 2010 AD. In '
accordance with the United Nations, the first Ozone Day is to be observed on September 16, 1903 to
focus global attention on the depletion of the ozone tayer and enlisting public support to prevent the
threat. It was on September 16 that the Montreal protocol to phase out ODS was signed.

17.3.4. Stockholm Conference

In order to consider the need for a commom outlook and for commom principles 1o inspire and
guide pcoples of the world in the prescevation and enhancement of the human environment, the
'United Nations convened a conference on the *“Human Environment at Stockholm (Sweden) from 5
to 16 June 1972, Representatives of 113 conntrics including India participated. in the conferencg the
Stockholm Declaration is the “Magna Carta’ of our environmeni and India was a party to the dcclarauon
which consists of preamble and 26 principles. The dcchmnen proclaims that i
“Man is both creator and moulder of his environment, which gives him physical sustenanceland -
affords him the opportunity for intellectual, moral, social and spiritual growth. In the long and
‘tortuous -evoloution of the human race on this planct, a slage has been reached when, through the
rapid acceleration of science and technology, man has acquired the power to transform bis environrnent _
in countless ways and on an unprecendented scale. Both aspects,of man’s environment, the natlural
and the man-made, are essential 1o his well-being and to the enjoyigent of basic human rights -.cven
the right to life itself The prosection and improvement of the environment arc a major issue

which affects the well-being of peoples and economic dewelopment throughout the world; it is the
- urgent disire of the peoples of the whol: world and thel @ f all Governments™. _

The declaration directed that “the natural ¢ es of the earth must be safeguarded for| the
ocnefit of present and future generations throuph Wreful planning or management as appropriatc
and the capacily of the earth to produce vi newdble resources is to be maintained and whergver
practicable restored or improved”. - [ '

The Stockholm Conference ca Governments and peoples to exert common cfforis l[or
the preservation and improvement of t iman environment for the benelit of all the people artd for -
their posterity. The developing countries must direct their efforts to development, bearing in mind
their priorities and the need to safeguard and improve the cnvironment. International cooperation is
also nceded in order to raisc resources to support the developing countries in carrying out their
" responsibilities in this field. The principles ofthe Stockhelm Declaration are as valid today as they
were in 1972, They provide a basic code of egvironmental conduct [or the years to come. Our former
Prime Minister late Smt. Indira Gandhi chosg to end her speech at the Stockholm Conference with
the Tollowing stanza from the Hymn to Earth in the Atharva Veda which contains the essenck of
what should guide man’s relationship with earth in particular and environment in general. [

“What of thee I dig out, Let that quickly grow over, Let me not hit thy vitals, or thy heart”

Since, the Stockholm Conference on the Human Environment, 3th June every year is being
observed as “World Environment Day” with a view to increasing public awarness and under: standm&
of the. fragility of the human environment. . _ : i

17.3.5. SACEP

South Asia Cooperative for Environmental Protection (SACEP) comprises the Seuth _Ai:';a‘s
poor cconemies which are also far behind in environment. SACEP is a-kind of clearing house to
.collect, analyse and disseminate environmental laws and related information. & compedium of existing
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environmental laws, legal assistance and consultancy to member countries in drafting their environmental
laws, orientation workshops/seminars for senior technical personngl and policy makers. The publication
of Environmental legislation reporis containing new enactments, court decisions on environmental
cases and articles from leading environmentalists are also proposed to be included in the scope of its
Coordinated Environmental Legislation Programme. Accordmg to SACEP many existing laws do
not specifically state the social objectives, they aim to achieve and hence the necessity for a cooperative
effort. Maldives comprising 2080 small islands has flurishing tourists trade and fisheries as its
main stay, but is neglecting its conservation laws and sanitation like India. Nepal which is also a
mermber of this group suffers from extrme soil crosion arnising out of deforcstation on a large scale,
making it vilnerable for further cnvitonmental degradation. Afghamslfln another member of SACEP
has a very poor sanitation.

17.3.6. IUCN

The International Union for Conservaiion of Nalure and Natural Resources (JUCN) is an autonomous
body. 1t was founded by UNESCQO in tis first general body meeting in Paris in 1948 with its headquarters
al Morzes, Switzerland. it is noteworthy that the 10th general assembly of IUCN was held in New
Delhi, India in 1969 and the year 1972 was declared as the year of Nature Conservation. TUCN is the
scientilic advisor to World Wildlife Fund-Interndtional. In cooperation with the WWF, i1 is engaged
in a wide variety of projects related to the classification of the natural regions of the world, the
preparation of lists of protected areas, and of endangered speyes of plants and animals throughout
the world in the form of Red Data Book. Its recent pub-,lic@éncluchoral Reefs of the World,
and the Action Plan for the conservation of Dolphins and s. It identified the causcs for the
disapperance of plants and animals as ; 1} Habilal deg bon (67%); 2) Over-exploitation (37%); 3)
Effect of introduced species (19%) and 4) Other Cau\/ﬁ). Therefore, [IUCN considered that the
crucial task in saving wildlifc was the creati nd maintenance of suitable wildlife habitat, and
providing them protection from overexploitaiif}%has led to the establishment of an international
nctwork of naturc.reserves and biosphere rves$n the context of the MAB programme of UNESCO

to protect ccosystems, whether natural ted by human activity. With the support of WWT and
UNEP, JUCN cvolved a starategy gaconsdwwe the main resources indispensable to humanity. The
sttategy was published in 1980 Id Conservation Strategy, and several countries including

India have adopted the same. ThisWfitegy is an action plan to save the world, its people and its
species. The principles prcscnbcd in the strategy are .

a)  the maintenance of cssenlial ccological processes and life-support systems,

b)  the preservation of the genctic diversity on which most of these processes and systems depend
for their functioing, and

¢) the supervision and control of the long-term cxploitation of ecosvslcms and species.
-17.3.7. United Nations Commission on Sustainable Development (CSD)

The first session of the Commission on Sustainable Development was held in June, 1993 at New
York and thus opened flood gates [or international cooperation, It brought together environment
ministers from 40 countries along with officials and experts for two days. Many working groups
were constituted on fresh-water, health, human setilements and waste control. Further follow-up
action shall be taken by respective countries who would be hosting the meetings of the sub-commitiees.
The highlight of the meeting was the involvement of non-governmental agencies in large members.

17.3.8. The Globe 94

In pursuance of the meeting of CSD a round tablc at Vancour, Globe- 94 was constituted io look
into the urban conglomerates and their problems worldwide. Canada as the host for the round table -
took the lead, and the Institutc of Sustainable Development in Winnipeg was also involved. On the
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whole the CSD has come 10 be a forum fo translate the agenda of the Rio summit into concrete
results through international cooperation.

17.3.9. Global Environmental Menitoring System (GEMS)

GEMS is a UN programme coordinated by UNEP and the UN Earth watch program meant for
monitoring global water situation in terms of quality. It is implemented by the World Health Organisation
with 57 countries participating. Tt is trying to sirengthen national water quality in member countries
and to strenpthen the global databases for the purposes of regional and global asscssments of water
quality.

17.3.10. Review of }Curﬁ:ent Status

International cooperation has reached a new high in the last decade of this current century,
especially after the recent carth suminit m June, 1992 and its follow-up measures. A large nunilbe.r of
conventions and statues has been brought into force to bind the member nations on a4 common
programme for protecting the globe, cutting across parochial interests. The nuclear non-prolifgration
that is being actively pursued by the super powers themsclves shouid be viewed a welcome development
in this dircction. A large number of bilateral agreements in the fields of solar epergy and other non-
conventional energy systems has been entered inlo by India with the United States of America recently
in this Context. An important shift that occurred worldwide isghe siress on the creation of awareness
rather than centralised Munding and control. The voluntarygsect
way both al the national as well as the international levels. Bu% and Industry have also recog;msed
the vital importlance of environmental issues and ha@e to take responsibility of environmental

schemes in today’s world.

Check Your Progress ?’

1. The first Tnternational conference on E ntwasheldat. ... TR
......................... Inthe year....... g . &0

2 Three examplcs for nitrogen fixin BIC e e e e e
...................................... and...... WELL

3. Land degradation was succssfully contained by planting deep rooted ... i OT
4. Third SAARC Summit was held at ... .. Lintheyear. ...

17.4. CONCLUSIONS

It is amply clear after studying the Global scenario thal mere laws cannot be effective in the
arena of environment without the requisite political will and awareéncss of the masses. The indications
are that an all out effort is being made nationally and internationally to highlight the urgeney and
importance of ¢xamining the cnwronmemdl angle while tdk:ng, decisions on any facet of economic
and political life of peoples.

17.5. SUMMARY

Unlike the civil and criminal laws of a country, the Environmental Protection Laws carinot be
made in isolation ol the global concerns, Even the implementation of these laws in each country
would depend on' the extent of follow-up done by other countries. Issues such as the ozone layer
depletion amply show the futility of enforcement of environinental laws by individual countries
without a global consensus. Moreover retribution cannot be resor[ed to easﬂy for enforcing enwronmentdl
laws bccausc of the peculiar factors involved. '
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17.6 CHECK YOUR PROGRESS : MODEL ANSWERS

1. Stockholm; 1972

2. Acacia, Gliricidia and Leucaena
3. Khur or Vetiver grass _ _
4. Kathmandu (Nepal), 1987 | A - - o ‘

17.7. MODEL EXAMINATION QUESTIONS

I. Answer the following guestions in about 30 fines each. : ‘

1. List out and explain the vartous global summits held on environmental issucs ?

2. Justify the nced to bring all nations on environmenial issuc and chalk out common laws and
statutes for the sustainable earth. ’ | '

II. Answer the following questions in about 19 lines each.

1. Crive in bricf about the World Soils Policy.

2. Writc about the Chinese Model for controlling soil erosion. ' : ‘

. |
' 0 Sri. G. Nageswar Sarma . _
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18.1. OBJECTIVES

After going through this unit you will be ablec to : ' ‘

*

*

¢xplain the need to make laws for (he protection of environement,

describe the Indian Protection Laws and the need to update these laws keeping in view their
present slalus, ) '

describe the Insecticide Act and its ¢ontent, ;
expalin Wildlife Protection Act, Water Protection Act and Forest Conservalion Aci, ‘
describe the salient features of the Environment Act 1986,

explain the efforts of the Ministry of Environment and Forests for abatement of environmental
Problems.

18.2. INTRODUCTION

filth

It is known to every one - litcrate or ignorant that, cleanliness is next to godliness, However,
and unhygtenic conditions prevail around us. Hence, the necessity of making law and enforcing
. o |
|
|
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them for ensuring a minimum of standard in public places. Even if laws cxist, their cflective enforcement
can only ensure reasonable living standards in a society supersaturated with greed and lack of concern
for the general wellbeing of the society. The simpiest and most common example for environmental
protection laws is the host of restrictions placed on tribals living traditionally in Jungles for cutting
trees for firewood. Declaring certain zones as non-smoking zones and no-horn zones are the common
restrictions imposed by laws, though many do not honour them and do not know their significance
interms of environmental protection. While in civil and criminal taw, it is the individual that generally
secks a remedy in a court of law, for the transgression of his rights by some one elsc or the government
in the context of environmental protection it is by and large the State that enforces the law against
the individual as yet. Wide-spread knowledge of environmentat protection laws should prompt the
citizen 10 seek remedies in a court of law cither against a local government or an individual. Such a
situation is prevailing in many of the more advanced nations. It should be our endeavour 1o provide
the common man with legal remedies for abating pollution and augmenting energy and other resources
of the society. : '

18.3. INDIAN COINSTITUTI.ON ARTICLES 48 & 51-A

Perhaps, India can be said to be one of the few countries in the world whose founding fathers
thought it necessary to incorporate guidelines for protecting environment right in the constitution,
in the form of Directive Principles of State Policy, in consenance with our tradition that envisaged

- “Bahyanbhayantara Suchi’ for every devoutly religious person. Article 48A provides : ‘Protection
and Improvement of envirenment and safeguarding forests and wildlife. The State shall endeavour
to protect and improve the environment and to safeguard g forests and wildlifc of the country’.

_ The farm..cs of our constitution were not conggnt witwaking provision for the protection of
environment by the State machinery, since the St3 @ clpless without the cooperation of the citizens
who constitute the state in reality. Thus, another Pygyifion enjoins every citizen to cnsure protection
of nature which has always been considere e manifcstation of the Almighty. Under Article 51A
‘It shall be the duty of every citizen of India 1§¢frofect and improve the natural environment including
forests, lakes, rivers and wildlife ay havt compassion for living creatures’ Apart from these
provisions under the Constitution o 1d, There are more than a couple of hundreds of Central and
State legislations which directjymgr indWectly guide the citizen to protect and preserve nature.

Check Your Progress -

What does Article 51-A of Indian Constitution provide 7
Note . a) Write the answer in the space provided below. _
b) Compare your answer with the given at'the end of Lhis unif.

18.4. INDJAN PROTECTION LAWS’

Even much carlier to the promulgation of the Indian Constitution, the Indian Forest Act of
1927, which inter alia provided for reserving certain forest areas as protected forests stipulating
stringent penal measures to deal with thosc who violated the law. The forest Officers under the
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British Regime had enormous powers to arrest people without warrant and try offenders summariﬂy

However, not withstanding the draconian powers vested with the executive, in real practice, precmus‘

little has been achieved until after independence when another Law under the Forest Conservation
Act 198(rwas promulgated. Another important legislation for the student to remember as 4 forerunner
of the laws against pollution and for protecting the environment is the Factories Act of 1948 wlm,h
provided certain measures with respect to the health of the workers, industrial safcty and welfare
measurcs. Though this was a well thought of piece of legislation aimed at the welfare of workers and
well-being of the neighbourhood communities, it was observed more in violation. The unﬂ:nrlunﬁlte
incident of the Bhopal Gas Tragedy is a living evidence of the apathy of the bureaucracy towards the

welfare of the workers as well as the general public. Thus, its is to be remembered by the future

practitioncrs of environmental protection that more legislation leads us to nowhere. A third and
most important forerunner of the modern legislation on environmental protection is the Indian Ex plosives
Act 1884 which has since been codified’in 1908. This was read with the Indian Penal code (relevant
provisions thereof) 1860 puts lot of restrictions on manufacture, possession, use, salc and ‘transporlalir:m
of explosives in public interest and to protect the environment. There is also the Poisons Act of 1919
-to contain the menace of pollution.

18.4.1. Necessity of Updating Laws . | ‘

In spite of the existence of abundant legislation prior to independence it should have become

clear to the student that such legisiations covering a wide range of subjects such as health, insecticides, -

explosive drugs, cosmetics, foods, and poisons, have not taken into ggcount the fact that the substances,
. the handling and production of which were aimed to be contiglled\gould get into the environment
and affect the overall health and wellbeing of the society at timcWgvehl in a remote part of the wort:l
- In fact, these Acts, did not provide to contain the short agddgg range impacts on human habitation
and health, Further, most of them werce punitive and nOtivc and such could only have at the
most a firefighting value. ' : : ‘

18.4.2. Prevention is Better t Cure

: Since none of the Acts stated specifigd thdsocial objectives 10 be achieved, the implémentation
has been tardy resulting in gradual in course of lime, making them obsolate at a later date,

Thus, there is a total mismatch between 1 esent day high-lech scenario all around and the hackneyed

Jaws lacking the proper teeth to compel the common man and the industriatist alike from indiscriminate
destruction of the ecosystem. As such, all the existing legislations necded to be looked 1nto very
thoroughly and necessary corrective action taken to provide a stringent regulatory mechanism, It
_has become essential to come out with a comprchensive legislation covering every [acet of human
activity, be it industrial production, agriculturc or academic pursuits. Such a future legislation vras
required o provide for control measurcs right from inception of an idea to its execution and its aftar-
cffects.

Check Your Progress - 2
What does the Indian Forest Act of 1927 Provide ?

Note : a) Write the answer in the space provided below.
b) Compare your answer with one given-at the end of this unit. : ‘ :
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18.5. THE INSECTICIDES ACT 1968

The Government of India enacted the Inscctides Act in line with the Regulatory Policy of the |
Independent Indian Government in 1968. The Act primarily takes into cognizance for the first time
the responsibility of protecting the health of citizens atid environment as the broader objectives of .
the legislation.

The Act was however, enforced from 1971 to regulate import, manufacture, sale, transport,
distribution and the use of insecticides with a view to preveni risk {o human-bcings and animals and
for matters related therewith. To ensurc effective implementation of the Act, a high level Board, the
Cenfral Insecticide Board was constituted to advisc the Central and the State Governments on technical
matiers arising out of admlnlstrallon of this Act and to carryout other functions assigned to the
Board under the Act.

Pesticide Registration Committee : To register all the pesticide formulations that are in terms of
their short-term and tong-term impact on humans and other life forms. an elaborate set has been
created under the Act. Pesticide Environment Pollution Advisory Commitlee set-up in the Ministry
of Agriculture revicws from time to time the environmeWal reperctissions and suggest measures
wherever necessary. In addition to thess two apex bodics, [ Insecticide Laboratory was established
at Faridabad ncar Declhi, o verify thie claims maggy rent manofacturing agencies regarding
_ the merits of their respective producls. Anether @ he Commitice to ban the use of Pesticides at
~ the National level was constituted to recommendNeligffination or restriction of the use of hazardous
substances on the lines Obtaining tn the ad ‘nations. The student, perhaps, is awarc of the fact
that the most valued pesticide for us in India, Yie DDT has alreaay been banned in many industrialized
_nations such as USA. This commit s sinCe banned the kighly dangerous chemicals like Endrin
“and Ethy! Parathian in our country N0, with certain restrictions on some other chemicals,

Check Your Progres@

- Explain the Indian Insccticides Act of 1968

Note : a) Wrile the answer in the space provided below,
b) Compare your answer with the one given at the end of this unit.

18.6. WILDLIFE PROTECTION ACT 1974

Conservation and wise management of wildlife n_ow receives adequate attention in our planning
process as well as in our scientific and social endeavours with the motto ‘Development without
destruction’. The wildlife resource being closely linked with forestry, agriculture, horliqullurc and
fisheries due o its impact on the ‘genc pool”, the government realised the urgency of procted legislation
from time to time of which the Wildlife Protection Act (1972) and its forernner Indian Board of .
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Wildlife, sct-up in 1952 arc tmportant landmarks. The Act infer alia provide for Lthe protection!
endangered specics of plants and animals and protectien of endangered species ol plant and animals
and prohibition dealing with specified plant and animal specics without a license form the Gove rn'melelt_ o
The Act gives powers to the stale governments to declare a particular arca as a sanctuary, if] it
considers that such area is significant for protecting, propagating and developing wildlifc or its
environment. .

Chief Wildlife Warden : Under clause 33 of the Act, the Chief Wildlifc Warden shall be the authority
who shall control, manage and maintain all sanctvaries. Under clause 28 therein, he is the proper
authority to grant permission for 4 person 1o enter or reside in a sanctuary for purposes of photegraphy,
tourism, scientific rescarch etc. The State Governments may by notification declare any area closed
for hunting for such periods may be c.pc,mﬁcd from time (o time. Further, under clause 37(2) thereof
ne hunting of any wild animal shall be permitted in a closed arca specified. Under ¢lause 38 of the
Act, the Central Goverament rescrves the right of declaring any area as a Sancluary or a National
Park. Under the provisions of Witdlife (Protection) Act, Cultivation of some species are prohibitéd.
However, such species can be cultivated with a licence from Chief Wildlife Warden. L ‘

18.7. WATER POLLUTION ACT 1974

Officially termed the Water {(Prevention and Control of Pollution) Act 1974, this legislation is
the outcome of continued cfforts of voluntary bodies and health activists of the country for mamny
years, Water being the main source of pollution and contaminationSgading to innumerable disca‘st

which at times prove fatal Lo the infands, has to be protected at ts and hence, the necessity of

stringent Iegisiation in this regard. However, 1t has the geepgrience of health educators and social

scientists that no significant improvement of the co_umrlic crvironment was possible since
N

the inception of this piece of legislation with the avowed ot e of reducing waicr-borne infcclid\_rll.
t

Absence of adequate facilities for collection, treatm disposal of liquid and soltd wastes is’ Zl e
biggest limitation in this direction. The slow grogrdgs in urban sewage treatment exacerbates the
slow progress in the prevention of pollution -[1-known that the major cause of water pollution

1 our country 1s human wastes, discharged drifins and sewage in cities and surface icaching ir rural
areas. The effluents that are being rc]om hundreds of industries also are increasing the toxic

content of river waters and the ground

Overand above, e legal definilions provided terms like sewage pollution and other 1erms, tltc
act provides for constitution of Central Board and State Boards 1o monitor the poliution levels of
streams and.rivers and to. impose reasounable rcstrlctlons on the discharge of efflucnts into national
walcz’bod:cs

The Watcr (Prevention and Control of Pollution) Cess Act of 1977 has introduced a new dimension
i.c. conservation of water by the industry. As cvery drop of water used by industry is levied a cess,
wastcful use of walcr has been contained to a targe extent which in turn lessens the cost of'_trc:atme'nt
of water. :

Check Your Progress 4 &5

4 Why 15 Water Pollution Act (1974) promulgated ? o
5. What is the objective of mlroduung Water Cess Act 19777 S ' _ ‘

Note : a) Writc th eanswers in the space provided below.

b) Cempare your answcrs with those given at the end of this unit. S ‘
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_have to be taken care of act as minor irritants in the scheme of

. the provisions of this Act. Clear-felling with artificigl rege
- to 25 hectares in plains and 10 heciares in hills,

18.8. FOREST CONSERVATION ACT 1980

This was en_'actcd primarily to check indiscriminate deforestation of vast tracts being convérted
into crop lands. This was amended in 1988 making it more stringent by incorporating penal provisions
for violations. Elaborate guidelines are [ramed for felling of trees under this Act.

A National Forest Fund has also been created under this Act. State Governmenis are required to
involve voluntary agencies for regeneration of degraded forests.

Though the forest act provides for reserved forests, puts a tab on cutting trees in public places
withoul enumcration and compensatory afforcstation in licu of the. trees felled, vet, there is a wide
gap veiween what the legislation seeks to provide for and what actually is practised. Despite the
stringent provisions of the Act, there is considerable depletion of forest resources which is likely to
affect future generations through increased soil erosion, floods, siitation of water bodics and loss of
biological diversity. Of course certain provisions under which the tribal rights and concessions which
rall conscrvation. Shilting cultivation
igs have to be contained aliogether under
tion should be avoided or restricted

and encreachmenis practised by various tribal communi

18.9. AIR POLLUTION ACT

The Air Act as it is popularly ¢ s promulgated in 1981 meant (o prevent/control and ¢
abatement of air pollution through crd{ing special boards for the purpose. The Act defines Air
Pollution as presence in the atm ¢ ofany solid, liquid or goscous substance in such concentration .
sG as to be injurious to human b r other living creatures or ptants or property or environment:

18.9.1. Powers of Boards

The Central and State Boards for Control and Prevention of Air Pollution have the powers Lo
give 1nstructions to authoritics under the Motor Vehicles Act regarding standards for automobile
cmissions*and also to restrict industrial operations in Air Pollution Control arcas. They are vested
with the powers (o take appropriate action (remedial) in case of accidents and unfpreseen events.

“The boards have cxtensive powers tc invoke penal provi_éions under the Act and award imprisonment
up to threc months or fine up to Rs. 10,000 or both. A fine of Rs. 100/- per day may also be levied for
continuing offences. . :

18.9.2, Community Action

Laws become lifeless and ineffective without public participation and cooperation. What cver
be the powers wrested with the boards, it is ultimately the community action that matters in proiecling
environment- Laws arc only the last resort when all other alternatives like the individual, community
and the voluntary action groups fail in motivating polluters to desist from further degradation of air,
water, soii and the surroundings. Community action, thus, is a sine-qua-non for effectively protecting
the enviornment from the onslaught of grecdy persons and profit-oricni¢d business and industry.-
Now-a-days, Indian Judiciary have opened up flood gales of public-interest litigation through which
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every responsible cilizen can play a vital role in protecting environment and conscrving precious
natural resources with little effort and cxpense. A serics of progressive judgements have been proncunced
during the pasi one vear, which should be a harbinger of a new era of environmental enrtchmeht for
India. _ _ _ : ' ‘

18.9.3. Vuluntary Agencxes

It is now clear that there is a plethora of legislation on enwronmentdl protectmn rang1ng| Crom
Acts on Health, Insccticides, Explosives and Conservation. But, fegislation does not cure a disease
in as much as the provision in the penal code imposing death penalty for homicide by itself ﬂas 1o
impact on the crime rate. It is the social pysche that have considerable grip on the behavioural
patterns of human beings. As Dr. Anil Agarwal, a leading environmental activist of India holds,

‘the best solutions are home made’ 1n so far as the eco- managemem is concerned. '
|

It is not coersion by the State machinery that really matters but the culture shock that can be
brought about by the persuasive tectics of the voluntary worker, who himself sets an example worth
emulating to the onlooker. Environment being all pervading in the lives of modern men, there'is no
place or phase of human life that is insulated from environmental awarness. As such, the crux lies
in creating the requisite awarcness through creating a new set of values and cultural more than
envisage sustainability at every stage of human developmént, be it economic, social or psychological.

Check Your Progress - 6 0 | o |

6. What is the aim of Air Pollution Act of 1981 7
Notc : a) Write the answer in the space provided bel

18.10. NEW ACT OF 1986 | |

~ To create public awareness through legislation, it is cssential that there must be sufficient social
litigation amongst the society with good number of complaints against the polluters, to keep an
effective check against environmental pollution. Witk this in view the latest Act, the Environmcent
Act 1986 empowers the citizens to file a sult against the polluting units for compensation.

Salient Features of the Act ; Tt recognises the fact that poltution control is different from prots‘ctlon
and takes into consideration such vast variety ol problems ranging from urbanisation, gongc\fllon,
housing, growth of slums, sanitation, disposal of garbage and the exhausts arising out of automobiles.
The Environment Protéction Act even deals with population policy and industrial policy in addition

to modes of transport and housing that arc inter-twined with environment. Though there istome

over-lapping of what has been provided in the Air and Water (Prevention of Pollution) Acts, punishment
and retribution have been given a lower profit compared to public participation in raising the awargness
of the society and creating the necessary infrastructure to ensure environmental protection. It has
broad-based purview of environmeni including every aspect of ‘modern life such as housing, water-
supply, land-use, urban migration and use of fertilizers and psesticides. Thus, for the first time a
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comprehensive legislation has been attempted, providing the law-enforcing agencies the necessary
clues to succeed in the sphere of environmental enrichmment. Mere enforcement through levying
fincs and jail terms can not go far in the ficld of protecting the environment. A basic understanding
of the average human psyche and an empathetic attitude towards ignorance and compuisions of
average citizen are needed. On the other hand it vests such wide powers as closing the industrial
units that are harmful to public safety. Ccrlam lacunae left in the act have been rectificd in the
Trlbunals Act of 1992

18.11. ENVIRONMENT MINISTRY’S EFFORTS

The Mintstry of Environment and Forests assists programme which attempt te arrive at appropriate
solutions to our cnvironmental problems and to regenerate natural resources. Such assistance is
given to relevant areas such as afforestation, soil conservation, land-use pldnmng, preservation of
flora and fauna, control of air and water pollution, regencration of degraded ccosystems, enyironmental
research to evolve straiegies (o harmonious development of environment alongside economic devetopment, -
extension, education collation and dissemination of cuvironmental information and creating of environmental
awarencss at the national level, The M'inistrv is commitied to making the governmental activities
more responsive and meamingful to the public needs by involving Non-governmental Orgdmsanons
thrcm -hout the country in 1mplementmg thcsc activitics.

18.11.1. Review of Current Status

Good work is being done in raising the awarcness of the %asses through Krishi Vigyan Kendras

under the management of various Voluntary Organisatigs sdh as.the RASS at Tirupathi. The
~Council for Advancément of People’s Action and Ryral ology, (CAPART) at the National

level has various programmes and projects to suppo, roluntar}-'-seclor in so far as environmeéntal
protection is concerned. Agro-foresiry schemes that are Bg ncouraged by the District Rural Development

Organisations and the Departinent of Forests e disirict level are the immense use in stepping up
the environmental literacy level as also to prot&g#th? environment physically through creating more
green-art in urban areas. Social Forestr emck and the Joint Forest Management concept floated,
of late, by the Ministry of Envircnmen rrests in collaboration with the voluntary sector also

havc immense potential in consegwipg th&¥precious natural resources and cleaning the 1irban tracts
beset with the automobile cxha@ . '

18.11.2. Policy Statment for Abatément of Pollution

The commitment of the Government on abateracnt of pollution for preventing deterioration of
the environment seeks to shift empbasis from defining objectives for each problem area towards
actval implementation focusing on the long-term aspects. The Government intends to use a mix of
instruments in the form of legislation and regulation, fiscal incentives, voluntary agreements, voluntary
programmes and information campaigns. The National Environment Tribunal Bill of 1992 which
provides for strict liability for damages is also one step in the direction of protecting the environment

from the indiscrete use of resources by the greedy.

18.12. SUMMARY

The State has passed some effective Laws for the protection and improvement of the quality of
natural environment including forests, lakes, rivers, wildlife, etc. Article 51-A of the Indian Constitution
provides that the protection of environment is the duty of every citizen. In the course of time according
to the environmental problems as they have ariscn from‘time to time, several Acts have been made
1o deal with them, They include Indian Forest Act, Factorics Act, Insecticides Act, Wildlife Protection
Act, Water Pollution Act, Air Pollution Act, clc. The New Environment Act empowers Lhe citizens
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to file a suit against the polluting uniis for compensation. Further, the Ministry of Emiromncnll and
Forests encourages the programmes projecting at solving the environmental problems submltted

either by the governmential or by the non-governmental-agencies,

18.13.' CHECK YOUR PROGRESS : MODEL ANSWERS

1. Aricle 51-A in Indian Constitution plbvideb that 11 shall be the duty of every citizen of India lo
protect and improve the naiural environment including forcsts lakes, rivers and wildlife and
to have compassion for all living creatures.

2. Indian Foresi Act 1927, much carlier to Independence came into existence which provided
enoTmous powers 1o arrest people withoul warrant and try offenders who violate the law!

3. Insccticides Act 1968 was promulgalcd to prevent risks to human beings and animals aE,amst
the use of inscctigides.

4. Water Pollution Act 1974 was promulgated to reduce water contamination and water- bome
diseases. |

h

 Water (Prevention and Conlrol of Pollution) Cess Act 1977 was introduced with the obe ctive
of conservation of water by the industry. : !

6. Air Pollution Act 1981 is aimed at prevention/controlling air pollu‘uon through creating specml
boards for the purposc.

18.14. MODEL EXAMINATION QUEST\\ONS

I, Answer the following questions in about 30 lines cach.\)

: | .
1. Wriea detailed account of the different Acts that § dth the protection of forests and wilfdlifc, _

2. Elaborate the Water Pollution Acts and theggobjccti¥es.
3. What is Insecticide Act 1968 ? What arct%nmuuacs that arc crcated under this l%ct ‘? .

Elaboralc their functions, _
"IL Answer the following questions in abolg 10 lines cach.

Briefly give the content.of Ar

8 and 51-A of the Indian Constitution.
2. Describe the rolc of community and voluntary organisations in solving environmental problems.

3. Describe the different programmes funded by the Mmlstry of Environment and Forusts in bt] 1ctly
- implementing the Laws.

Sri. G. Nageshwar Sharma,
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UNIT - 19 : POLITICO ADMINISTRATIVE AGENCIES

Contents

£19.1. Objectives

19.2. Introduction

19.3. Pelitical Agencies

19.4. Administrative Agencics
19.4.1. NEPC

19.4.2. ITDA

19.4.3. Pollution Control Board (PCB)
19.4.4. Council of Science & Tecﬂnology .'
19.4.5. Paryavarana Vahinis

19.5. Summary ' '

19.6.. Check Your Progress : Model Answers
19.7. Model Examination Questions

19.1. OBJECTIVES é
After completing this unit you will be able to : ~ :
*  gxplain the need for governmental or privat @ ies 1o protect the environment,

*  assess the sucess of these agencies in endeavours, and : _
*  describe further activities in the adminl rative and pohucal fields for cnsuring a clean

environment.

19.2. INTRODUCT

The 1972 United Nations conlerence on Human Environmen at Stockholm was a land mark in
world environemnt movement. The member nations and individuals all over the world became conscious
- of the ecological problems and the urgent need 1o cdnserve the cco-system. India has a long cultural
tradition of ccological conservation. We also have laws that have an indirect bearing on environmental
protection. A special Legislation has been enacted in 1974 to control water poliution, A series of
laws have been made since then conferring constitutional status 10 environmental protection. These
have also put cnvironment at the top of our national priorities. Thus legislations covering forest and
wild lifc conservation, air pollution etc., have appeared on the statute book. -

In a vast country like ours, whicl sometimes had different political parties running states and
centr¢ a permanent adminisirative machinery was required to oversec the implementation of the
environment laws. Similarly a political me:,hmcry was also required to respond 10 the cnvironmental
concern thal come up time and again.

" What is perhaps most important to bear in mind is the rapid industrialisation that has been
taking place in our country since independence. When progress and development had become synonimous
with industrialisation a somewhat fopsided de\«elopment had come in. With each staie in our country
competing the other lo industrialise, a situation had arisen where an effective control had to be
ensured to protect cnwronmcnt The result was the creation of ceniral and state polluuon control
Boards.




It is in thc background outlined above thaL the polmcal '1genc1cs and the cemral and state
pollution control Boards (PCB) have to be studied. - :

19.3. POLITICAL AGENCIES

In the strict sense of the lerm we have no political agencies as far as environment is concerned,
till recently. But the union cabinet always had a minisiry for forests and wild life. The enormous task
of protecting our forests and wild life has béen undertaken by the department of forests at the centre
and state levels. Also the forest ministry and its departments at different levels have been taking
care of wild lifc habitats and sanctuaries long before a separate Ministry Of Environment (MOE)
has been created at one (ime, words like bio-diversity, ccological balance genctlc pool etc, have -
not becn associated with forestry. Thc Ministry strictly was a watchman, :

i
]

The afore mentioned UN. Conference on Human Environment in 1972 created a new gco-
consciousness in India. For the first time a separate ministry for environment has been created jn .
1989 by government of India. Actuallythe Jurisdiction of the ministry overlaps into other ministrics
like irrigation, forcsls agriculture, industrics etc. Urbanisation, town planning, and education are
also within the concéra of the environment ministry. So in that sense environment ministry is an
effective political agency to protect environment. It is the concern of this ministry to assess and
control the ddmdge likely to occur to en\»lronment owing lo the construction of major dams (Imgatlon)
or air and water pollution owing to an industrial plant {(industrics) or protectlon of bio dnersm
(Forests) or checking the urbdn envirgnment ete.,

[n order 1o assess the likely impact on uwironmeu! owing Wythe development programme a
special administrative aﬂency in the shape of a pollution contr®Bodkd has. been created by an act of
law, S :

Governments at the Central and State levels mcw @41{: expert committees to advice them
on environmental matters. Although they are no nanent political agencics, these committees
function under a political agéncy. . - '

Tehri Dam and Sardar Sarovar Project miportant issues that got embroiled in environmental
controversy. It is the environment minjgtry 1M has been responsible. Any damage to environment
any wherg in the country automatica s under the jurisdiction of the political agency. Ministry -
of Environment also declares certain (like Kellera) or waldlife habitats (Foresis) as national
trcasures and conserves them. ' ' ' : : : '

In.Andhra PradLsh & separate cny ironment: mmlstrv has been crcaled in 1992 for the ﬁrbl lime
by the Govemmcnl of A.P. But subsequently, the Governmun[ has chosen to abohsh the same.

" Political pames in a democracy usudlly arc most well cqu:pped pohucal agenmes 10 deal with
environmental problems, as environmental degradation directly effects the livelihood of the poor.
But manifestos of the Political Parties hardly have any agenda for ecological proteclion or conservation.
Hence these problems de not flgurc in any political cempaign. While somc pdrtles taik about human
rights no pOllllCdl party makes envuonmcnl d compaign issue..

--Check__Your P_rogress - 1 & 2

L. Are there really Political Agencies to prolécl Natural Environment ? :

2. When did a scparate ministry of Enwronmcnt crealed ? Whal IS 1he reason for lhdl 7

Note : a) Write the answers in the space provided below '
b) Compare your answers with those given at the.end of this unit.
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19.4. ADMINISTRATIVE AGENCIES

194.1. NEPC

The Government of India constituted a committec on human environment to suggest legislative
measures to protect environment in 1972. Consequently the department of environment came into
being. The N.E.P.C also suggested setting up of suitable administrative machinery in States to ensure -
cnvironmental protection. Eventually the states drew-up their own enviornmental protection plans.
These plans are: ' S '

- Poliution Control

- - Research & Development _ 0
- Impact Assessment
- Eco-Regeneration O . .

- Environment Education _ :
- Environment Information
As mentioncd in the foregoing p (®departments of Forests and Wild tife at the Central and

State levels may also be referre as th®administrative agenices as they are directiy called upon to.
tackle problems of cnvironme truction.

For cxample massive afforestation (including social and agro-forestry) has been taken up by the
department of forest. The department has forest research centres where research is being done in
the areas of tissue culture, multiplication of ordinary species for afforestation. The department of
wild life conservation besides conserving wild life creates and manages wild life sanctuaries. They
also launch programmes like project tiger in order to protect a specific of wild life.

19.42. ITDA

The ITD A (Integrated Tribal Development Authority) has been specially constituted in the
agency arcas 1o initiate development/welfare programmes for the tribals. The accent is on development
and welfare, But the ITDA’s in close collaboration with department of wild life and forest conserves
the forest eléo~systems as these eco-niches have natured tribal culture and way of life,

Check Your P‘rogress -3J&4

3. What are the environmental proteciion plans of the states 7
4. What is the reason for constituting I, T.D A ?
Note : a) _Writc the answers in the space provided'below.
' H) Compare your answers with those given at the end of this unit.
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| 19.4.3. Pollution Control Board (PCB)

A special legislation camc into being in 1974 to control water poliution, Consequently some
states have established boards for implementation of this law. In A.P such a Board has been created
iu 1976, When Ccatral Parliament passed the air poilution control Act in 1981, A.P. Government

changed the name of the Board into Poliution Control Board. (PCB).
. _ |
The PCB is the most suitable administrative agency 1o control and menitor air and water pollution.

It is the sole responsibleity of this Board to maintain levels of air and waler pollution at non-
hazards levels. Hence PCB is the most visible agency that is cntrusted with the responsibility jand
autherity 1o clean the envircnment. The functions of the PCB are-controlling industrial, automdbile
and other air pollution.

- Controlling wiler peliution owing to industrial effluents
- Agdvising the erring industries 10 take up pollulmn uont@sureq like cstablishing effluent
treatment plants (ETP’s) L

- Filling cases on crring industries, in 1st Class lc courts in the arca. l

- Collecting data regarding air, water pf}llulion in d cnt cities which is helful in revising

~ master plans for the citics, : ' i
certif§caic 1o every new 1ndu‘;1r} after satisfving itself
air and water pollution. Even after the industry

and waltcr pollution.

- Importantly the PCB gives no-objecti
that all measures have been taken t
began production the PCB monjtors a

- Controlling automobile poll collaboration wiih the road transport authority.

19.4.4. Council of Science and Technology |

The State Council of Scicnee and Technology also has an environment cell. This cell/committec
has representative from PCB, forest, health, meterology, universities etc. It identified specific areas
of study which requires immediate attcntion. o

!
19.4.5. Paryavaran Vahinis
: : i
Each district in the state has a paryavarana vahini under the chairmanship of the district colle¢tor.
The vahini is a semi-official body. Members of this body include all district offcials and social
-workers. The Vahini meets periodically to discuss specific problems of environment. Strictly this 1s
not an administrative agency although it functions under the district Lollcclor '

. Check Your Progress -5 & 6 | | |

5. When did AP Create Pollution Contrel Board ¥
6. Who is the chairman of Paryavarana Vahini ?

Note : a) Wrile your answers in the space provided below.
b) Compare your answers with those given al the end of this unit,
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SUMMARY | . /

Conference on Hunan Environment held at Stockholm in 1972 by United Nations was a land mark in
world cavitonnent movement. India has a tong cultural tradition of ccological conservation. -

A scries of Laws bave been made since the enactment of Water Pollution Legislation in 1974 10
protect the Environment. These laws relate 1o forests and wild lifc conservation, air pollution, water |
pollution etc., Due Lo competetive industrialisation processes being taken up different states, a need
had arisen to sel up administrative agencies by the stales as well as by the Centre to protect the
Environment. In the strict sense of the term there are no political agencies as far as environment 1s
. conzerned. The cnormous task of protecting our forests and wild life has been undertaken at the centre

aud #t state level. The environmental plans suggested by National Environment Protection € ommittee
“inctiide - Pollution Control, Research & Development, Impact Assessment, Eco regenration Environment
FEducatton and Environment Information. '

Intcgrated Tribal Development Authority (1. T.D. A) was sgecialy constiluted to imtiaic developmental
programmes for Lribals. Pollution Control Boards (PCB) ha%g bgBn startcd by the centre as well as by
the States immediately afier air pollution centrol act | | by the central governmenl.

PCB is the most visible agency entrusied with the au v and responsibility to clean the environtnenl.
PCH prescribes standards Tor the industries a s legal actions on those flouting these standards.
The state council of science and technology and Pafgavarana vahinis in cach district under the chairmanship

of district collector oversee the environ al protection activities,

19.6. CHECK YOU OGRESS : MODEL ANSWERS

1. Ina strict scnse. there are no political agencies as far as environment is concerned 1! reccatly
before a separatc Ministry of Environment was created. Till then, the department of Forests
and wild life at the centre and state levels has been protecting the forests and wild life.

2 A separale Ministry of Environment was created in A P. for the first time 1 1992,

rd

The environmental protection plans of the states are pollution control, Research and Developmient.
Impact Assessment, Eco-regencration, Environment Education and Environment Information.

4. To initiate development and welfere programmes in the Agency areas, the ITDA was specially
crealed. '

5 Poiiution Control Boars was created in AP in 1976.

6 The Chairman of Paryavarana Vahini is the District Collcctor.

19.7. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.

] Name the needs and actions thal necessitated the constitution of various political and Adminisirative
Agencics in India to protect and-clean the environment. '

2. Discuss the responsibilities, aulhonuas and social requirements of the different adminisirative
po]lullon co nlrol agencics in India.
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I1. Answer the following questions in abeut 10 lines each.

1. What 1s the land mark activily in'world environment ? Discuss.

)

Why was there a need for lcgisiation (o protect cnvironment 7

T

Explain the responsibilitics and the authorities of NEPC and L T.D.A.
4. What are the responsibilities and the authoritics of state Pollution Control Boards ?

w

Name the tasks of Parvavarana Vahiuis,

o

‘Namé all the environmental protection laws enacted by the Government of India so far.

Dr T. Patanjali Sastry
.'l
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UNIT - 20 : LEGAL ASPECTS

Contents

20.1. Objectives

20.2. Introduction

20.3. Right of Individuals of Communities
20.4. Public Interest Litigation

20.5. Right to Information

20.6. Free Legal Aid and Advice Committecs
20.7. Lok Adalats

20.8. Summary

20.9. Check Your Progress : Model Answers
2.10. Model Examination Questions

20.1. OBJECTIVES

Alter completing this unit you will be able (o
* assess the need for the legal agencies in environmen{Mpro®ction activitics;

* discuss about legal measures provided by the g wental agencies to keep the environment
clean;

* describe the role of legal agencics that ar elping™he Indian citizens; in demanding for
clean ¢nvironment and the right for life. :

20.2. 1‘NTR0DUCT10NQ~_

-After the United Nations ce on Human Environment held in stockholm in 1972, member
nations relised the need to makeNgfislations to ensure clean environment too thicr cilizens, The
stockholm confercnce declared the right of people to a clean environment. In india, parliament
cnacted a special legislation 10 control water pollution in 1974, This may be said as the precursor to
later environmental legislations. There have been acts of parliament which could be interpreted 1o
include environmental protection. However the first environmental protection. Inspite of scveral
laws in the statute Book, cascs relating to environmental protection are few and far between. [t is

only very recently that judiciary has been trying to grapple with enviro-legal problems. The Bhopal

gas tragedy brought to light certain legal problems, and lacunue in the existing law and its interpretation,

The credit for what little enviro-legal litigation there is should go to the voluntary sector. Diflcrent
N.G.Os (Non Gevernmental Organisations) occasionally move the high court on cases ranging from
tribat rights to cutting trecs and industrial pollution.

20.3. RIGHT OF INDIVIDUALS OF COMMUNITIES

The Indian Constitution guarantees fundamental rights to ils citizens which are Justiceablé.
Among them is the right to life which is fundamental to every human being. As mentioned in
introduction, irrespective of environment protection laws any interpretation or right to life would
include the right to have clean environment. Almost any threal to environment could be met by the
above right. Law is kept alive and responsive 10 changing human needs by its interpretation. Similarly
an erring industry could be dealt with by the MRO of the area under nuisance case. It is the most
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fundamental right of cvéry citizen and community to have a clean and healthy environment. It is
also a most basic condition Tor human existence. So it may argued that right to clean envrionment is
natural right. :

There has been increasing global eco-consciousness. Governments over a period of time had, o
take cognizence of ecological perspective to human life. In [ndia this had led to the waicr pollutien
act in 1974 and air po}lution act in *76. For the first time in our country an environmental protection
fegisiation has becn made in 1986. With the establishment of ikic Union Ministry [or environmenl
the process that began in *74 had been compleled, '

~ Rights and duties have a complememary role in our lifc. As carly as in 1976 as part of the 42
Amendement, pertaining to Part IV A (51 A-G) duty to protect and improve the natural environment
including forests, lakes, rivers and wild hife has been enjoined to the fundamental duties of Indian

citizens. From the strict legal point of view it is not Jusliceable, like Directive Principles of State
Policy. So, the only comprehensive law for protection of environment was the onc made in ‘86,

304, PUBLIC INTEREST LITIGATION

In the judicial history of India notwithstanding all the laws and rights of citizens in this country
have been quietly ecmpowered by what came to be known as public interest litigation (P LL). Obviously
‘| is amenable to widest interpretation. Justice P.N. Bhagavathi, initiated the PI1.L. in India. PLIL.
dnes not require affidavits or lcgal procecdures to move a couft ol lz! for the reddressal of gricvances.

A mere post card would be accepted as a legal document an 4 ce is deemed filed. It is easy 1o

extend this legal recourse to problems of environment. A CilizeINg bring to the notice of the court
any threat to ecology by writing a post card regardii er Pollution, Neise Pollution, Public
Nuisance, itlegal tree-felling, destroying tanks, etc. It 1 the concerned citizens and groups (o

there is not much on the record to show. It may b sting 1o note that the first P1L. case was
filed against Ratlam (U.P) municipality fopMfail§e to ensure proper sanilation to its citizens in
1964. ‘The Suprem Court forced the corpor, ymprove sanitation facilities. Although P.LL. was
unknown in the sixties Ratlam casc wakperhps the first P1L. on urban environment. '

take advantage of this unique legal recourse 1o pwl conscrve environment. Al the moment

Check Your Progress - 1 &

1. Name the important rights of individuals as far as Environment is concerncd.
2. What is the first case of public interest litigation ?
Note :a) Write the answers in the spﬁce provided below.

. b) Compare your answers with thoSc given at the end of this unit.

20.5. RIGHT TO INFORMATION

! _ : Unlike in the U.S. there is no constituiional guarantec in India to this right. Various groups
working in the area of environment feel they have been handicapped by the absence of the above
. right. Like in some other cascs the Supreme Court (S.C:) has clarified in several cases that access
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10 public documcnts include the right to information. The S.C based its clarifications on Indian -
Evidence Act of 1872, Act I which provides for making copies of public documents available to (he
litigants. While saying this the Act ilself restricted access to documents. So in effect, ong does not
gel to see the documents one wishes to see. Thus the activists or concerned citizens are geniinely
deprived of a most vital source of information, Il is customary [or the burcaucrats/politicians to
take umbrage under the official secrets act. Quite a number ol public issues exposed the need for the
above provisions. : o -

20.6. FREE LEGAL AID AND ADVICE COMMITTEES

These commuittees have been formed in 1973, The Free Legal Aid and Advice Comnittees (FLAC)
are appended 1o every district court with the district judge as the chairman, besides members of the
bar F.L.A.C. provides for the inclusion of social workers of whom one should be a women.

The F.L A.C. goes to villages periodically where it offers Jegal advice/counselling on matters of
property, agriculture, industrial and family problems. Most often the counselling leads to out of
court settlements. On the face of it, the F.L. A C. has nothing to do with environment. But one can
casi'v take advantage of its provisions to seek legal advicc on environmental problems. For instance
if . particular village had its agricultural drain or fresh water stream polluted by indusirial effluents
from upstream the villagers can collectively act through F.L.A.C. There have been umpleen such
problems through out the state. The F.L.A.C. does nol act on its own; but hclps people find a legal
course. But there has not been a single environmental problem ¥at came before F L. A C. As mentioned
earlier, it is a matter of interpretation and cxtension JMexiYing provisions to suil conteporary
challenges. This may also be treated as enviro-leg?adﬂcau at the grass-root level.

20.7. LOK ADALATS (L.A.) o ™

Lok Adalat s anolher innovative
litigation cheaper and mainly to avoid
Tudge 1s the convenor of LA [t meets
in the court, usually consumer | :

aperitent initialed in early "80s with a view to making

ial delay. The district Judge is the chairman and a retired

e in 3 months. The L. A. deals with cases already pending

Iso figure in the L.A. So far, no environmental problem had

come up before the LA, Like 1 ase of F.L.A.C. citizens.can take advantage of the LA | as.
environmental cases are nof dissinlilar to consumer issues. A numbér of land acquisition cases

connccled with the steel plant in vizag have been cleared by the LAs.

Check Your Progress - 3 & 4

3. What is meant by right to information as far as the environment is concerned ?
4. What are the basic functions and responsibilities of free legal and advice committees ?
Note : a) Write the answers in the space provided below.

b) Compare your answers with those given at the end of this unit.
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20.8. SUMMARY

After the United Nations Conference on Human Environment, hetd in Stockholum in 1972,
many nations realised the nced for legislations for clean environment. In India, Parliament enacted
a-special legislation to control water pollution in 1974

The first environmental act has been made in 1986 with the specific intention of cnvironmental
protection. The credit for enviro-Icgal littigation should £0 to the voluntary sector namely the Non
Governmental Organizations (NGO). The right to life and the right for clean environment are the
fundamental rights of all Indian Citizens according to the constitution. An erring industry could be
dealt with by the MRO of the area under a nuisance case: indian Evidence Act of 1872 Act 1 provides
for making copies of pubtic documents availabel to the litigants. The very act also prevents access to
the documents. Free legal Aid and Advice Commiltee (FLAC) are formed in 1975. These are appended
1o district courts. The district Judge is the chairman of the committee. As it stands these FLAC have
nothing to do with the environment directly. But its provigions do not prevent it to offer advice on
environmental problems too. F.L.A C does not act on its own but helps people find a legal course.
Lok Adalat 1s an innovative experiment started in early 80°s for making litigations chepaer and for
avoding judicial delays. The district Judge is the chairman and a retired judge is the convenor of
Lok Adalal. Like in the casc of FLAC, Citizens can take advantagc of L. A for dealing with environmental
cases. .

20.9. CHECK YOUR PROGRESS : MODRL ANSWERS

I Rightto life which includes right to have clean envirothe important right of individuals
as far as environment is concerned, :

2. The hrst case of public intercst litigation was £ ainst Ratlam  Municipality in UP. in
1964,

3. Right to information is nothing but the acceMto public documents.

4. The Free Legal and Advice Commi es 10 villages periodically and offers lcgal advice/
counselling on matters of property, aglgulture, industrial and family probiems,

20.10. MODEL EXAMINGION QUESTIONS

1. Answer the following guestions in about 30 lines each.

1. What steps are taken by the Governments of Tndia and Andhra Pradesh by way of sctting up of
statutory boedics to takle the legal aspects of environmental problems ? :

2. Explain and discuss the statement ‘Right of individuals for life for clean cnvironment and for
information’?

IL. Answer the following questions in about 10 lines cach.

1. The Stockholm Conference in 1972 declared the right of people for clean environment. What
is-this Conference and what for it was held ?

2. Which environmental case brought to light the legal problems and lacunac in' the existing
laws? : : - '

.~ What are the rights of individuals as per the Indian Constitution concerning the en#ironmcnl ?
4. Write bricfly about FLAC,
What is Lok Adalat 7 Write brief account on it.

Dr. T. Patanjali Sastry,
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COURSE-I : ECOLOGY, ENVIRON MENT AND DEVELOPMENT

ASSIGNMENT-2

Time ; 2 hours

Note:
1. Do net copy the answer ditcctly from any of the books.

2. Asfar as possible try to answer the questions independently in your own words.

tad

If 11 is necessary 1o quote from any soutce, give the correct reference.

4. Usc your own foolscap papers for writing the assignment.

5. Leave sufficient margin for the comments of the e\%wr,
¢, ‘Comipletion of this assignment normally should not {Mmorc than two hours.

]

A

1. Answer the following questions in ahout 30'%s€s cach.
I, What are the Post-Independence Jgdustial Policies in India?
2. What arc meat-forne diseases? a note on the preservation of meat,

3. Explain the process of ¢ on of energy {from sunlight.

I Answer the following questions in about 10 lines cach.

1. Write briefly about podu cultivation,

2. Explain the applications of Coal.

3. What'is the role of moderators and Coolant in a nuclear power plant?
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COURSE-I : ECOLOGY, ENVIRONMENT AND DEVELOPMENT

ASSIGNMENT:3

Time : 2 hours

Note:

1. Do not copy the answer directly from ahy of the books.

2. As far as possible (ry to answer thé questions independenily 1n your own words.
3. If il is necessary to quotc ffom any source, give the corrcct. reference.

4. Use your own foolscap papers for writing the assignment
5. Leave sufficient margin for the comments of the evalWator.
| 6. Completidn of this assignmént normally should ngmore thar. two'hours. :
L .Ansv.ver the following que'stions in abouf 3 es each, _
1. What are the primary and seca ai-Zolluntants? Discuss¥hetr sources m detail.
2., What is solid wastc and i sourz_? Describe l'hc dIspos‘aI methods,
3. Listout énd explain va@obal SUMINtS held on environmental issucs.

1. Answer the following questions in about 10 lines each,

1. Wrile a brief note on the sources of ground water contamination,
2. Name five toxicants and enumerate their respective toxic effects on man.

3. Describe briefly the role of voluntary organisations in solving environmental problems,
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COURSE-1: ECOLOGY, ENVIRONMENT AND DEVELOPMENT

Dr. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE
P.G. DIPLOMA IN ENVIRONMENTAL STUDIES

MODEL EXAMINATION PAPER

Section-A

Answer any Four of the follewing questions.

Each question carries | 5marks.

Answer the following questions in about 3§lines cach.
Write an account of energy transfer in ecosystems. b
What are natural resources? How are they prcscw@urmecled with reference to fore
What are the post-Independence Industrial Palicics dia?

What are meat-borne diseascs? Add a notc 0 eservation of meat.
Explain the process of conversion of%rom sunlight .

What are the primary and secondary airyollutants? Discuss their sources in d
What is solid waste and its soescribe'the disposal methods

List out and explain varicus global summits held en cnvironmental 1ssug

Section-B

Answer any five of the following g
Each question carries &4
Answer the following questions in

Give an account on the Modern Synthetic Theory o

What are the International Agreements made to de
Seas and Occans?

Describe Chipko Movement.
Write briefly about Podu Cultivation.

Explain the applications of Coal

What is the role of moderato

Wrile a brief note on the §
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| Time : 2 hours
| Note:
|
| 1. Do not copy the answer directly from an}I! of the books.
|
| 2. Asfar as possible try to answer the questions independently in your own words.
I 3. Ifit is necessary to quote from any source, give the correct reference.
] q _ BIVE |
} 4. Use your own foolscap papers for writing the assignment.
{ 5. Leave sufficient margin for the comments of the evalualgr.
I 6. Completion of this assignment normally should not takg ragre than two hours.
| P )
I I.  Answer the following questions in about 30 IN ach.
| .
1. How do wind and ice land forms igflgenc&the environment?
| _
I 2. Give an acount of encrgy transfer Mygcosystems.
' : 3. What are natural resources? are they prescrved and protected with reference to forests?
I
| IL  Answer the following questions in about 10 lines each.
! .
1. Give an account of the Modern Synthetic Theory on evolution.
X ry
| .
| 2. What are International Agrecments made to deal with the pollution of the Seas and Oceans.
| 3. Describe Chipko Mowcment.
I
].
i
I
|













