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Environmental Studies

Unit 1:
The Multidisciplinary nature of environmentalstudies

DEFINITIONSCOPENDIMPORTANCE
Definition

Environmental studies deals with every issue that affects an organism. It is essentially a
multidisciplinary approach that brings about an appreciation of our natural world and human
impacts on its integrity. It is an applied science as its seeks praati®akrs to making human
civilizationsustainablenthe S | NJinkeQesourceslts componentsncludebiology,geology,
chemistry, physics, engineering, sociology, health, anthropology, economics, statistics, computers
and philosophy.

Scope

As we look around at the area in which we live, we see that our surroundings were originally a
naturallandscapesuchasaforest,ariver,amountain,adesert,or acombinationof these elements.
Most of us live inandscapes thahavebeen heavilynodified by human being#y villagesfownsor
cities.Buteventhoseof uswho live in citiesget our food supplyfrom surroundingvillages andhese

in turn are dependent on natural landscapes such as forests, grasslands, rivers, seashores, for
resources such as water for agriculture, fuel wood, fodder, and fish. Thus our daily lives are linked
with our surroundings and inevitably affects theme\ise water to drink and for other datp-day
activities. We breathe air, we use resources from which food is made and we depend on the
community of living plants and animals which form a web of life, of which we are also a part.
Everythingaroundus forns ourenvironment andur lives dependn keepingits vital systems as

intact as possible. Our dependence on nature is so great that we cannot continue to live without
protectingthe S I NEnKiQrimentalresourcesThusmosttraditionsrefer to our environmentas

Wa 2 0 KS NJ brhostumahif®eal sbeiétiehave learned that respecting naturevigal for their
livelihoods. This has led to many cultural practices that helped traditional societies protect and
preserve their natural resources. Respectriature and all living creatures is not new to India. All
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are important for our well being in Fourth Century BC. Over the past 200 years however, modern
socidies begarto believethat easy answer® the questionof producingmore resources coultde
provided by means of technological innovations. For example, though growing more food by using
fertilizers and pesticides, developing better strains of domestimals and crops, irrigating
farmlandthroughmegadamsanddevelopingndustry,ledto rapideconomicgrowth, the ill effects

of this type of development, led to environmental degradation. The industrial development and
intensiveagriculturethat providesthe goodsfor our increasinglyconsumeioriented societyusesup

large amounts of natural resources such as water, minerals, petroleum products, wood, etc. Non
renewableresources, suchs minerals andil arethose whichwill be exhausted irthe futureif we
continueto extractthesewithout a thoughtfor subsequengenerations. Renewablesourcessuch



as timber andvater, arethosewhichcanbe used butanbe regenerated by naturgirocessesuch
asre growthor rainfall. Butthesetoo will be depletedif we continueto usethem fasterthan nature
canreplacethem. Forexample if the removalof timber andfirewood from aforestisfasterthanthe
re growth andregenerationof trees, it cannotreplenishthe supply.Andlossof forest covernot only
depletes the forest of its resources, such as timber and othermood products, but affect our
water resourcedecauseanintact naturalforestactslike a spongewhichholdswater andreleasest
slowly. Deforestation leads to floods ine monsoon and dry rivers once the rains are over. Such
multiple effectson the environmentresultingfrom routine humanactivitiesmustbe appreciatedoy
each one of us, if it is to provide us with the resources we need in thetéormg Our natural
resources cabe compared withmoney ina bank. If we use it rapidly, the capital will be reduced to
zero. On the other hand, if we use only the interestaih sustain us over the longer term. This is
calledsustainable utilisation or development.

Activity 1:

Takeany article that you usein daily life ¢ abucketfull of water, or anitem of food, atable, ora
book. Trace its components journey backwardeifin your home to their origins as natural
resourcedn our environment. How manyof thesecomponentsare renewableresourcesand how
many nonrenewable?

Understanding and making ourselves more aware of our environmental assg{sroblems is not
enough. We, each one of us, must become increasingly concerned about our environment and
changethe wayin whichwe useeveryresource Unsustainableitilization canresultfrom overuseof
resources, because of population increase, hadause many of us are using more resources than

we really needMost of usindulge inwasteful behaviour patternwithout everthinkingabout their
environmentaimpacts.Thusfor allour actionsto be environmentallypositivewe needto lookfrom

a new perspective at how we use resources. For every resource we use we must ask ourselves the
following questions:

wWhatisthe rarity of the resourceandwheredoesit originate?

wWhousesit mostintensivelyandhow?

wHowisit beingoverusedor misused?

wWhoisresponsibldor its improperuseg the resourcecollector,the middleman the enduser?
wHowcanwe helpto conservet andpreventits unsustainablaise?

Activity 2:

Tryto answerthe questionsabovefor one of the componentsin the article you chosein Activity
1. Thenanswerthe following questions:

wAreyou usingthat resourceunsustainably?

wInwhat wayscouldyou reduce,reuseandrecyclethat resource?

wisthere anunequaldistribution of this resourcesothat you are more fortunate than many
others who have less access to it?

Oncewe beginto askthesequestionsof ourselveswe will beginto live lifestylesthat aremore
sustainable and will support our environment.



Importance

Environmenisnot asinglesubject.It isanintegrationof severakubjectshat includeboth Science
and Social Studies. To understand all the different aspects of our environment we need to
understand biology, chemistry, physics, geography, resource management, economics and
population issues. Thauthe scope of environmental studies is extremely wide and covers some
aspects of nearly every major discipline.

We live inaworld in whichnatural resourcesare limited.Water, air,soil,minerals, oilthe products

we get from forests, grasslands, oceaand from agriculture and livestock, are all a part of our life
support systems. Without them, life itself would be impossible. As we keep increasing in numbers
YR GKS ljdzZyGdAadGge 2F NBazdaNOSa SIOK 2F dza dzaSa
inevitably shrink. The earth cannot be expected to sustain this expanding level of utilization of
resourcesAddedto this is misuseof resourcesWewasteor pollute largeamountsofy I (i del&BhQ &
water; we create more and more material like plastic thet discard after a single use; and we
wastecolossabmountsof food, whichisdiscardedasgarbage Manufacturingprocessesreatesolid

waste by products that are discarded, as well as chemicals that flow out as liquid waste and pollute
water, and gases that pollute the air. Increasing amounts of waste cannot be managed by natural
processes. Thesccumulate irour environment, leadlig to avariety of diseasesnd otheradverse
environmental impacts now seriously affecting all our lives. Air pollution leads to respiratory
diseases, water pollution to gastintestinal diseases, and many pollutants are known to cause
cancer.Improvingthis situationwill only happenif eachof usbeginsto take actionsin our dailylives

that will help preserve our environmental resources. We cannot expect Governments alone to
manage the safeguarding of the environment, nor can we expect other peopiewent
environmentaldamage We needto do it ourselveslt isaresponsibilitythat eachof usmusttakeon

Fd 2ySQa 26y 0

Activity 3:

wThink of all the things that you do in a day. List these activities and identify the main resources
usedduringtheseactivities. What canyou do to preventwaste,reusearticlesthat you normally
throw away, what recycled materials can you use?

wThinkof the variousenergysourcesyou useeveryday. How couldyou reducetheir use?

Activity 4: Exercises in self learning about the environment
Attempt to assesshe level of damageto the environmentdueto your actionsthat haveoccurred

during your last working day, the last week, the last year. Then estimate the damage you are
likely to do in your lifetime if you continue in your present ways.

Usethe followingexampledor the aboveexercise:

Example; PlasticPlasticbags,plasticball pens

Thinkaboutallthe articlesyou usedailythat aremadefrom plastic.Plastigplaysanimportant part
in our modern lives.

Make a list of the plastic articles you usually use.

Howcanyoureducethe amountof plasticyouuse?



Whateffectsdoesplastichaveonourenvironment?
Where did the plastic come from/ how is it made?
Whathappengo it whenyouthrow it away/wheredoesit go?

Example; Fossifuels:
Howmuchdo youuse?Canyoureduceyourconsumption?

What effect does it have on the air we breathe?

When we leave a motorbike @ar running during a traffic stop, we dot usually remember that
the fuelwe arewastingis a part of anonrenewableresourcethat the earth cannotreform. Onceall

the fossil fuels are burnt off, it will mean the end of oil as a source of energy. Only if each of us
contributes our part in conserving fossil based energy can we make it last longer on earth.

Example; Water:
Howmuchdoyoureallyneedto use,asagainsthow muchyouwastewhenyou:

(a) Brushyourteeth?(b) Haveabath?(c)Washclothes?(d) Washthe scooteror car?
Where did the water come from? What is its actual source? How has it reached you?

Where will the waste water go?
Doyoufeelyoushouldchangethe wayyouusewater? Howcanyou changehis sothat it ismore

sustainable?

Example; Food:
Wherehasit comefrom?Howisit grown?Whatchemicalsare usedin its production?Howdoesit

reach you?
Howisit cooked?

Howmuchiswasted?Howisthe wastedisposedff?
Example; Paper:
Whatisit madefrom?

Wheredoesit comefrom andwhat happensduringmanufacture?
Howmuchdo youuseandhow muchdo youwaste?Howcanyou preventit from beingwasted?

Example; Electrical Energy:

Howmuchdo youuseeveryday?Wheredoesit comefrom?
Howdo youwasteit? Howcanyou conservesnergy?

Productive value of natureAs scientists make new advances in fields such as biotechnology we
0S3IAYy (G2 dzyRSNEGFIYR (GKFG GKS ¢62NI RQa alLlSOASa
complexchemicals. Thesare theraw materialsthat are used for developing nemedicinesand
industrialproductsandarea storehousefrom whichto developthousandof new productsin the

future. Thefloweringplantsandinsectsthat form the mostspeciesich groupsof livingorganisms

are thus vital for the future development of man. If we degrade their habitat these species will
become extinct. If one sees being sold or used, a product that comes from an illegally killed wild
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species, if we do not inform the auarities, we become party to its extinction. Once they are lost,
mancannotbringthem back.Whenwe permit the destructionof a forest, wetlandor other natural
area and do not protest about it, future generations are being denied the use of these \@aluabl
resourcesandwill blameusfor theserashandnegligentactionstowardsthe environment.Thusthe
urgent need to protect all living species is a concept that we need to understand and act upon.
While individuallywe perhaps cannotlirectly preventhe extinctionof aspeciesgcreatinga strong
public opinionto protect the NationaParks andVildlife Sanctuarieg whichwild species livésan
importance aspect of sustainable living. There is a close link between agriculture and the forest,
which illustrates its productive value. For crops to be successful, the flowers of fruit trees and
vegetablesnustbe pollinatedbyinsects batsandbirds. Theirlife cycleshoweverfrequentlyrequire
intact forests.

Aesthetic/Recreational value of naturethe aesthetic and recreational values that nature
possessesnlivensour existenceon earth. Thisiscreatedby developingNationalParksandWildlife
Sanctuaries inelativelyundisturbedareas Atrue wildernessexperiencehasnot only recreational

value but is an incredible learning experience. It brings about an understanding of the oneness of
nature and the fact that we are entirely dependent upon the intricate functioning of ecosystems.

Thebeautyof nature encompassesveryaspectof the livingand non-living part of our earth. One

can appreciate the magnificence of a mountain, the power of the sea, the beauty of a forest, and
the vast expanse of the desert. It is these natural vistas and their incredible diversity of plant and
animal life that hasled to the developmentof severabhilosophief life. It hasalsoinspiredartists

to develop visual arts and writers and poets to create their works that vitalize our lives.

A wilderness experience has exceptional recreational valus.hEs been described as nature
tourism, or wildlife tourism, and is also one aspect of adventure tourism. These recreational
facilities not only provide a pleasurable experience but are intended to create a deep respect and
love for nature. They are al$®y tools in educating people about the fragility of the environment
andthe needfor sustainabldifestyles.In anurbansetting,greenspacesandgardensarevital to the
pschycological and physical health of city dwellers. It provides not only an aesthetic and visual
appealbut the ability to ensurethat eachindividualisableto access certainamountof peaceand
tranquillity. Thus urban environmental planners massure that these facilities are created in
growing urban complexes. Another important conservation education facility in urban settings
includes the need to set up well designed and properly managed zoological parks and aquariums.
These have got great kee in sensitizing school students to wildlife. Many young people who
frequented zoos as young children grow up to love wildlife and become conservationists. In the
absence of access to a Protected Area, a botanical garden or a zoo, one concept that can be
developed is to create small nature awareness areas with interpretation facilities at district and
talukalevels.Theseareascanbe developedo mimicnaturalecosystemgventhoughthey couldbe
relatively small in size. Such nature trails are invaluable assets for creating conservation education
andawarenessTheycanbe developedin a smallwoodlot, a patchof grasslanda pond ecosystem,

or be situated along an undisturbed river or coastaa. This would bring home to the visitor the
importance of protecting our dwindling wilderness areas.

The option values of naturéhile we utiliseseveralgoodsand servicesf nature and enjoy its
benefits,we mustrecognizehat everyactivitythat we do in our dailyliveshasanadversempact
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animals become extinct on earth, pollute our air and water, degrade land, and create enormous
guantities of waste, we as a generation will leave noghiior future generations. Our present
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generationhas developed its economies alif@styleson unsustainable patternsf life. however,
nature provides usvith variousoptionson howwe utilize its goodsand servicesThis is itoption
value. We canuseup goodsandservicegyreedilyanddestroyits integrity andlongterm values or
we canuseits resourcessustainablyandreduceour impactson the environment.Theoption value
allows us to use its resources sustainably and preserve its goods and services for the future.

NEEOFORPUBLIQWARENESS

AstheS I NI KQa y I ( dzaindlingdids duledzidDiSeint isheiNghcreasingly degraded

by human activities, it isvident that something needs to be done. We oftierel that managing all
this is something that the Government should do. But if we go on endangering our environment,
there is no way in which the Government can perform all these elgafunctions. It is the

prevention of environment degradation in which we must all take part that must become a part of
all our lives. Just as for any disease, prevention is better than cure. To prexedigdcts on our
environmentby our actionsis economicallymore viablethan cleaningup the environmentonceit is
damaged. Individually we can play a major role in environment management. We can reduce
wastingnaturalresourcesandwe canactas watchdogs that inforrthe Governmentaboutsources
that leadto pollution anddegradationof our environment.This caronly bemade possible through
masspublicawarenessMassmediasuchasnewspapersradio, television,stronglyinfluencepublic
opinion. However, someone has to bring this about. If each of us feels stronglytabout
environment,the pressandmediawill addto our efforts. Politiciangn ademocracyalwaysrespond
positively to a strong publicly supported movement. Thus if you join an NGO that supports
conservation, politicians will make green policies. We anedien spaceship earth with a limited
supply of resources. Each of us is responsible for spreading this message to as many people as
possible.

Suggestedurther activitiesfor concernedstudents:

wJoinagroupto studynature,suchasWWFlor BNHSor anotherenvironmentalgroup. A o
w. SAAY NBFRAY3I ySgall LISNI I NI A Of Sa -lingvilettdr)S NA 2 RA O f :
BNHSHornbill, Sanctuarynagazineetc. that will tell youmore aboutour environment.Thereare

also several environmental websites.
wLobbyfor conservingesourcesdy takingup the causeof environmentalssuesduringdiscussions
with friendsandrelatives Practiceandpromoteissuesuchassavingpaper,savingvater, reducing

use of plastics, practicing the 3Rs principle of redumese, recycle, and proper waste disposal.
wJoinlocalmovementghat supportactivitiessuchassavingreesin yourarea,goon naturetreks,

recyclewaste,buy environmentallyfriendly products.

wPracticeandpromote goodcivicsensesuchasno spitting or tobaccochewing,no throwing

garbageonthe road,no smokingn publicplacesno urinatingor defecatingn publicplaces.

w Takepart in eventsorganisecon World EnvironmentDay, Wildlife Weeketc.
w VisitaNationalParkor Sanctuaryor spendtime in whatevernatureyou havenearyourhome.

Institutions in Environment

There have been several Government and Nongovernment organizations that have led to

environmental protection in our country. They have led to a growing interest in environmental
protectionandconservatiorof natureandnaturalresourcesThetraditional conservationpractices
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thus a critical need to further environmental protection. Among the large number of institutions
that dealwith environmenal protectionandconservationafew well-knownorganizationsnclude
government organisations such as the BSI and ZSI, and NGOs such as BNH$&t&VWF

Bombay Natural History Society (BNHS), Mumlihe BNHS began as a small society of six
members inl883. It grew from a group ofshikaris and people from all walks of life into a major
researclorganisatiorthat substantiallyinfluencedconservatiorpolicyin the country. Theinfluence

on wildlife policy building, research, popular publications and pepction has been unique

features of the multifaceted society. Undoubtedly its major contribution has been in the field of
wildlife researchltisL y RdldedicanservatiorresearchhasedNGQOandonethat hasactedat the
forefront of the battle for species and ecosystems. The BNHS publishes a popular magazine called
Hornbill and also an internationally wédhown Journal on Natural History. Its other publications
AyOfdzZRS GKS {FEtAY 'EA 11 yRD 2R RRlIYY oMNRBELt SE Z 5{ Iy
IndianMammalsandPV. 2 f S Qéf Indiad Beles. One of its greatest scientigtasDr. SalimAli

whose ornithological work on the birds of the Indian subcontinent is world famous. The BNHS has
over the years hiped Government to frame wildlife related laws and has taken up battles such as
0KS W{I @S GKS {AfSyld +#FftftSeQ OFYLIAIYySD

World Wide Fund for Nature (WWH, New DelhiThe WWH was initiated in 1969 in Mumbai
after which the headquarters were shifted to Diewith several branch offices all over India. The
early years focused attention on wildlife education and awareness. It runs several programs
includingthe NatureClubsof Indiaprogramfor schoolchildrenandworksasathink tankandlobby
force for environment and development issues.

Center for Science and Environment (CSE), New Dattivities of this Center include organising
campaignsholdingworkshopsandconferencesandproducingenvironmentrelatedpublicationslt

publishe(R I YIF 22NJ R20dzySyid 2y GKS W{GFrdS 2F LYRAI Qa
LINE RdzOSR & | [/ AGAT SyQa wSLRNI 2y (KS 9y OGANRYyYS)
W52y G2 9| Ndeic@and Bntronthent fartightly. It is inwead in the publication of

material in the form of books, posters, video films and also conducts workshops and seminars on
biodiversity related issues.

CPR Environmental Education Centre, Madralse CPR EEC was set up in 1988. It conducts a
variety of prgrams to spread environmental awareness and creates an interest in conservation
amongthe generalpublic.It focussedattention on NGOsteacherswomen,youth andchildrento
generallypromote conservatiorof natureandnaturalresourceslts programsindude components

on wildlife and biodiversity issues. CPR EEC also produces a large number of publications.

Centre for Environment Education (CEE), Ahmedabidde Centre for Environment Education,
Ahmedabad was initiated in 1989. It has a wide range of programs on the environment and
producesavarietyof educationamaterial./ 9 9rQidingn EnvironmenEducatio TEEprogram
has trained many environment edators.

BharatiVidyapeethinstitute of EnvironmentEducationand Researci{BVIEERRune:Thisis part

of the Bharati Vidyapeeth Deemed University. The Institute has a PhD, a Masters and Bachelors
programin Environmentabciencedt alsooffersaninnovativeDiplomain EnvironmentEducation

for in-service teachers. It implements a large outreach programme that has covered over 135
schools in which it trains teachers and conducts fortnightly Environment Education Programs.



Biodiversity Conservation is a major focus of its research initiatives. It develops low cost

Interpretation Centres for Natural and Architectural sites that are highly locale specific as well as a

large amount of innovative environment educationalmatefaala variety of target groups. Its

unique feature is that it conducts environment education from primary school level to the

postgraduatdevel. TheBVIEERasproducedseveraEEaids.It hasdevelopedali S I O KaSdiddk

linked to school curriculum, textbook for UGC for its undergraduate course on environment. Its
5ANBOG2NI KIa RS@St2LISR I /5 wha 2y LYRAIFQ& 0A2R)]
Ahmedabad.

Uttarkhand Seva Nidhi (UKSN), Almorghe Organisation is a Nodal Agency which supportssNGO
in needof fundsfor their environmentrelatedactivities.lts major programis organisingandtraining
school teachers to use its locale specific Environment Education Workbook Program. The main
targetsare linkedwith sustainableesourceuseat the villagelevelthroughtrainingschoolchildren.

Its environment education program covers about 500 schools.

KalpavrikshPune:ThisNGOjnitially Delhibased js nowworkingfrom Puneandis activein several

other parts of India. Kalpavriksh works on a variety of fronts: education and awareness;

investigation and research; direct action and lobbying; and litigation with regard to environment
anddevelopmentissueslts activitiesincludetalksand audio-visualsn schoolsand collegesnature
walksandoutstationcamps,organisingstudentparticipationin ongoingcampaignsncludingstreet
demonstrations, pushing for consumer awareness regarding organic food, press statements,
KFYyRtftAy3 ANBSyYy |ftSNIaz FyR YSSGAy3a gA0GK (GKS OAl
preparationof site-specificenvironmentaimanualsfor schoolteachersKalpavrikshvasresponsible
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SalimAli Centerfor OrnithologyandNatural History (SACON)Coimbatore:Thisinstitution wasDr.

{FfAY ' fAQa RNBIY (KIFG 0SOFYS  NBFtAGeE 2yte | Fi
committed conservation scientists on a perman®asis. Initially conceived as being a wing of the

Bombay Natural History Society (BNHS) it later evolved as an independent organisation based at
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information on our threatened biodiversity.

Wildlife Institute of India (WII), DehradunThis Institution was established in 1982, as a major
trainingestablishmenfor ForestOfficialsandResearcln Wildlife Managementlts mostsignificant

LJzof AOIF GA2Yy KlFa oSSy WtflyyAy3a ! 2XfREAFS t NRI
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biologicalwealth. It hadrained a large numbeof Forest Department Officials and Staff ¥éildlife

Managers. Its M.Sc. Program has trained excellent wildlife scientists. It also has an Environment
Impact Assessment (EIA) cell. It trains personnel in ecodevelopment, wildlife biology, habitat
management andNature interpretation.

Botanical Survey of India (BST)he Botanicaburvey of India (BSI) was established in 1890 at the
Royal Botanic Gardens, Calcutta. However it closed down for several years after 1939 and was
reopenedin 1954.1n 1952planswere madeto reorganiseghe BSlandformulateits objectives By
1955the BShadits headquarteran Calcuttawith CircleOfficesat Coimbatore ShillongPuneand

Dehra Dun. Between 1962 and 1979, offices were established in Allahbad, Jodhpur, Port Blair,
Itanagar and Gangtok. The BSI currently has nine regional centres. It carries out surveys of plant
resources in different regions.



ZoologicalSuwey of India (ZSI)TheZSwasestablishedn1916.lts mandatewasto do asystematic

adzNBSe 2F TFldzyl Ay LYRAF® LG KFra 2@SNJ GKS &St N&
animallife hasbeenstudiedoverthe years.Its originswere colledions basedat the IndianMuseum

at Calcutta, whickvasestablished in 187%0ldercollectionsof the Asiatic Societgf Bengal, which

were made between 1814 and 1875, as well as those of the Indian Museum made between 1875
and1916werethen transferredto the ZSITodayit hasoveramillion specimensThismakesit one

of the largest collections in Asia. It has done an enormous amount of work on taxonomy and

ecology. It currently operates from 16 regional centers.

Peoplein Environment

There are sevetanternationally known environmental thinkers. Among those who have made

landmarks, the names that are usually mentioned are Charles Darwin, Ralph Emerson, Henry

Thoreau JohnMuir, Aldo Leopald, Rachel Carson &t Wilson. Each tfese thinkers lookeat

0KS SY@ANRBYYSY(l FNBY | O2YLX SGSte& RAFFSNByG LISNI
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aboutanewthinkingof Y | yr8&ationshipwith other specieshat wasbasedon evolution. Alfred

Wallace came to the same conclusions during his work. Ralph Emerson spoke of the dangers of
commerceto our environment way back ithe 1840s.Henry Thoreaiin the 1860s wrotethat the
wildernessshouldbe preservedafter helivedin the wild for ayear.Hefelt that most peopledid not

care for nature and would sell it off for a small sum of money. John Muir is remembered as having
savedthe greatancientsequoiatreesin/ | £ A T fBrakls..mkh&1890she formedthe Serraclub,

which is a major conservation NGO in the USA. Aldo Leopald was a forest official in the US in the

1920s. He designed the early policies on wilderness conservation and wildlife management. In the

1960s Rachel Carson published several articles thaecaimmediate worldwide concern on the
SFFTFSOGa 2F LISaAaGdAOARSa 2y ylFGdz2NB YR YIY{AYR® { K!
which eventually led to a change in Government policy and public awareness. EO Wilson is an
entomologist who envisioned #t biological diversity was a key to human survival on earth. He
GNRPGS WS5APSNEAGE 2F [AFSQ AYy mMoppoX gKAOK gl a |
environmental issues. His writings brought home to the world the risks to mankind due to man

made dsturbances in natural ecosystems that are leading to the rapid extinction of species at the
global level. There have been a number of individuals who have been instrumental in shaping the
environmental history in our country. Some of the wellknown namebe last century include
environmentalistsscientists administrators Jegalexperts,educationistandjournalists{ I t A Y | t A Qa
nameis synonymouswith ornithologyin Indiaandwith the BombayNaturalHistorySocietyBNHS).

He also wrote severalgreat2 2 1 & Ay Of dzZRAy 3 (GKS FlY2dza Ww. 221 27
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conservatiorscientistandinfluencedenvironmentalpoliciesin our countryfor over50years Indira

GandhiasPM hasplayeda highlysignificantrole in the preservationof L y R wildlif2 4t wasduring

her period as PM, that the network of PAs grew from 65 to 298! The Wildlife Protection Act was

formulated during the period when she was PM and the Indian Board for Wildlife was extremely

active as she personally chaired all its meetings. Indisedaamame for itself by being a major

playerin CITE&ndother InternationalEnvironmental reatiesand Accordsduringher tenure. BNHS
frequentlyusedher goodwill to getconservatioractioninitiated by the Government. ¥ Godrejwas

2y S 27T LestRdppofleis oBuNdlfe conservation and nature awareness programs.

Between 1975 and 1999, SP Godrej received 10 awards for his conservation activities. He was
awardedthe PadmaBhusharin 1999.Hisfriendshipwith peoplein powercombinedwith hisdeep

commitment for conservation led to his playing a major advocacy role for wildlife in India. M S
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variousaspectf biodiversity conservatiohoth of cultivars andvild biodiversity. He has founded

the MS Swaminathan Research Foundation in Chennai, which does work on the conservation of
biologicaldiversity.MadhavGadgilis awellknownecologistin India.Hisinterestsrangefrom broad
ecologialissuesuchasdevelopingCommunityBiodiversityRegisterandconservingacredgroves

to studies on the behaviour of mammals, birds and insects. He has written several articles,

published papers in journals and is the author of 6 books. M C Mehtai2dzo0 § SRf @ LY RAIl Q&
famous environmental lawyer. Since 1984, he has filed several Public Interest Litigations for

supporting the cause of environmental conservation. His most famous and long drawn battles

supported by the Supreme Court include protagtithe Taj Mahal, cleaning up the Ganges River,
banningintensiveshrimpfarmingon the coast,initiating Governmento implementenvironmental

education in schools and colleges, and a variety of other conservation issues. Anil Agarwal was a
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Center for Science and Environment whichrisactive NGO that supports various environmental
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downtroddentribal peoplewhoseenvironmentis beingaffectedby the damsonthe Narmadariver.

{ dzy RS NI I f hipkd Modethght h@sibecbme an internationally wellknown example of a
highlysuccessfutonservatioractionprogramthroughthe efforts of localpeoplefor guardingtheir

forest resources. His fight to prevent the construction of the Tehri Dam in a fragtlegeake

prone setting is a battle that he continues to wage. The Garhwal Hills will always remember his

dedication to the cause for which he has walked over 20 thousand kilometers.

Unit 2:

Natural Resources
INTRODUCTION

Ourenvironmentprovidesuswith avarietyof goodsandservicesecessaryor our dayto daylives.
Thesenatural resourcesnclude, air, water, soil, minerals, along with the climate and solar energy,
whichform the non-livingor W 6 ApartioAn@@e. TheW 6 A riivingp@xts of nature consistsof
plants and animals, including microbes. Plants and animals can only survive as communities of
different organisms, all closely linked to each in their dwabitat, and requiring specific abiotic
conditions.Thus, forests, grasslasddeserts, mountains, rivers, lakes and the marine environment
all form habitats for specialised communities of plants and animals to live in. Interactions between
the abiotic aspects of nature and specific living organisms together éooaystemsf vatious
types.Many of these livingorganismsare used asur foodresourcesOthersare linkedto our food

less directly, such as pollinators and dispersers of plants, soil animals like worms, which recycle
nutrients for plant growthand fungi and termites thdtreak up deagblant material so that micro
organisms can act on the detritus to reform soil nutrients.

Historyof our globalenvironment:Aboutten thousandyearsago,whenmankindchangedrom a
hunter-gatherer, livingn wilderness areas suds forests andrasslands, intanagriculturalist and
pastoralist, we began to change the environment to suit our own requirements. As our ability to
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agriculturalland. Most traditional agriculturistsdependedextensivelyon rain, streamsandriversfor
water. Later they began to use wells to tap underground water sources and to impound water and
createdirrigatedlandby buildingdams.Recentlywe beganto usefertilizersandpesticidego further
boost the production of food from the same amount of land. However we now realize that all this
has led to several undesirable changes in our environment. Mankind has been overusing and
depleting naturalresourcesTheoverintensiveuseof landhasbeenfoundto exhaust thecapability

of the ecosystem to support the growing demands of more and more people, all requiring more
intensive use of resources. Industrial growth, urbanisation, populagi@wth and the enormous
increasein the useof consumermgoods haveall put further stresse®n the environment.Theycreate
great quantities of solid wast@ollutionof air,water and soil have beguo seriously affect human
health.

Changesn land and resourceuse: Duringthe last100years,a better healthcaredeliverysystem

and an improved nutritional status has led to rapid population growth, especially in the developing
countries.Thisphenomenatisein humannumbershas,in the recentpast,placedgreatdemandson

GKS SINIKQa vy GdzNT  |aEsuch daNddeSts, grashldndsBrsl wetlantshave K S &
been converted into intensive agriculture. Land has been taken for industry andthe urban sectors.
These changes have brought abouamatic alterations in landse patterns and rapid

disappearancef valuablenaturalecosystemsTheneedfor morewater, morefood, moreenergy,

more consumer goods, is not only the result of a greater population, but also the result ef over
utilizationof resourcesdy peoplefrom the more affluentsocietiesandthe affluent sectionsof our

own.

Industrial development is aimed at meeting growing demands for all consumer items. However,
these consumer goods also generate waste in ever larger quantities. The growth of industrial
complexes has led to a shift of people from their traditional, sustamaural way of life to urban
centers that developed around industry. During the last few decades, several small urban centers
havebecomelargecities,somehaveevenbecomegiantmegacities.Thishasincreasedhe disparity
between what the surrounding land can produce and what the large number of increasingly
consumerorientedpeoplein theseareasof highpopulationdensityconsumeUrbancenterscannot

exist without resources such as water from rivers and laloes] from agricultural areas, domestic
animals from pasture lands and timber, fuel wood, construction material and other resources from
forests. Rurahgricultural systems are dependent on forests, wetlands, grasslands, rivers and lakes.
The result is a m@ement of natural resources from the wilderness ecosystems and agricultural
sectorto the urbanuser.Themagnitudeof the shift of resourceshasbeenincreasingn parallelwith

the growth of industry and urbanisation, and has changed natural landsceenathe world. In
many cases, this has led to the rapid development of the urban economy, but to a far slower
economic development for rural people and serious impoverishment of the lives of wilderness
dwellers. The result is a serious inequality ia thstribution of resources among human beings,
which is both unfair and unsustainable.

9 | NXRds@uecesnd Man:Theresourcemnwhichmankindis dependentareprovidedby
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1) Atmosphere

wOxygerfor humanrespiration(metabolicrequirements).

wOxygerfor wild faunain naturalecosystemanddomesticanimalsusedby manasfood.
wOxygerasa part of carbondioxide,usedfor the growth of plants(inturn are usedby man).

NS



Theatmosphereformsa protectiveshelloverthe earth. Thelowestlayer,the troposphere the only
part warm enough for us to survive, isonly 12 kilometerghick. The stratosphere B0 kilometers
thickandcontainsalayerof sulphatesvhichisimportant for the formationof rain. It alsocontainsa
layer of ozone, which absorbs ultviolet light known to cause cancer and without which, no life
couldexiston earth. Theatmospheres not uniformlywarmedby the sun.Thisleadsto air flowsand
variationsin climate,temperatureandrainfal in different partsof the earth. It isacomplexdynamic
system. If its nature is disrupted it affects all mankind. Most air pollutants have both global and
regional effects.

Livingcreaturescannotsurvivewithout air evenfor aspanof afew minutes.Tocontinueto support
life, air mustbe keptclean.Major pollutantsof air are createdby industrialunitsthat releasevarious

gases such as carbon dioxide, carbon monoxide and toxic fumes into the air. Air is also polluted by

burning fossil fuels. The dzA £ RdzLJ 2 F OF N2y RAZ2EARS 6KAOK A&
atmosphere is leading to current global warming. The growing number of scooters, motorcycles,
cars, buses and trucks which run on fossil fuel (petrol and diesel) is a major caugeotifiidm in

cities and along highways.Air pollution leads to acute and chronic respiratory diseases such as
various lung infections, asthma and even cancer.

2) Hydrosphere

wCleanwater for drinking(ametabolic requiremenfor living processes).

wWaterfor washingandcooking.

wWaterusedin agricultureandindustry.

wFoodresourcedrom the sea,includingfish,crustaceaseaweed,etc.

wFoodfrom freshwater sourcesjncludingfish, crustaceandaquaticplants.
wWaterflowingdownfrom mountainrangesharnessedo generateelectricityin hydroelectric

projects.

Thehydrospherecoversthree quartersofthe S I NJBuka@eiA major part of the hydrospheresthe

marine ecosystem ithe ocean, while only a small part occimdreshwater. Fresh watein rivers,

lakes and glaciers, is perpetually being renewed by a process of evaporation and rainfall. Some of
this freshwater lies inundergroundaquifers.Humanactivities suctas deforestatiorcreateserious
changes in the hydrosphere. Once land is dkxtliof vegetation, the rain erodes the soil which is
washedinto the sea.Chemicalsom industryand sewagefind their wayinto riversandinto the sea.

Water pollution thus threatensthe healthof communitiesasall our lives dependn the availability

of clean water. Thisnce plentiful resource is now becoming rare and expensive due to pollution.

3) Lithosphere
wSoil the basigfor agricultureto provideuswith food.
wStone sandandgravel,usedfor construction.
wMicronutrientsin soil,essentiaffor plant growth.
wMicroscopidlora, smallsoilfaunaandfungiin soil,important livingorganismsf the lithosphere,

which break down plant litter as well as animal wastes to provide nutrients for plants.

wAlargenumberof mineralson whichour industriesare based.
wOil,coalandgas extractedfrom undergroundsourceslt providespowerfor vehiclesagricultural
machinery, industry, and for our homes.
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The lithosphere began as a hot ball of matter which formed the earth about 4.6 billion years ag
About3.2billionyearsago,the earth cooleddown considerablyandaveryspeciakventtook place-

life began on our planet. The crust of the earth is 6 or 7 kilometers thick and lies under the
continents. Of the 92 elements in the lithosphere only eight are common constituents of crustal
rocks.Oftheseconstituents47%isoxygen 28%is silicon,8%is aluminium,5%isiron, while sodium,
magnesium, potassium and calcium constitute 4% each. Together, these elements form about 200
common mineral compounds. Rocks, when broken down, form soil on which man is dependent for
his agriculture. Their mineradse also the raw material used in various industries.

4) Biosphere
wFood,from crops anddomesticanimals providinghumanmetabolicrequirements.
wFood for allformsof life whichlive asinterdependentspeciesn acommunityandform food

chains in nature on which man is dependent.

wEnergyneeds:Biomasguelwood collectedfrom forestsandplantations,alongwith other formsof
organic matter, used as a source of energy.
wTimberandother constructionmaterials.

Thisisthe relativelythin layeron the earth in whichlife canexist.Within it the air, water, rocksand

soil and the living creatures, form structural and functional ecological units, which together can be
considered as one giant global living system, that of our EartH. i¥&éhin this framework, those
characterisedy broadlysimilargeographyand climate,aswell ascommunitiesof plantandanimal

life can be divided for convenience into different biogeographical realms. These occur on different
continents. Within thesesmaller biogeographical units can be identified on the basis of structural
differencesandfunctionalaspectdnto distinctiverecognizableecosystemswhichgivea distinctive
character to a landscape or waterscape. Their easily visible and identiftaniacteristics can be
describedat different scalesuchasthoseof acountry,astate,adistrictor evenanindividualvalley,

hill range, river or lake.

The simplesof these ecosystemi® understand isa pond. It can be used asrdel tounderstand

the nature of any other ecosystem and to appreciate the changes over time that are seen in any
ecosystemThestructuralfeaturesof a pondincludeits size depth andthe quality of its water. The

periphery, the shallow part and the deep pafttbe pond, each provide specific conditions for

different plantandanimalcommunities Functionallyavarietyof cyclessuclasthe amountof water

within the pond at different times of the yeahe quantity of nutrients flowing into the pond from
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Naturalcyclesbetweenthe spheresAllfour spheresare closelyinter-linkedsystemsandare
dependent on the integrity of e&cother. Disturbing one of these spheres in our environment
affects all the others.

The linkages between them are mainly in the form of cycles. For instance, the atmosphere,
hydrosphereandlithosphereareall connectedthroughthe hydrologicalcycle Water evaporated

from the hydrosphere (the seas and freshwater ecosystems), forms clouds in the atmosptere.
becomegain,whichprovidesmoisturefor the lithosphere,onwhichlife dependsTherainalsoacts
onrocksasanagentof erosionandovermillionsof yearshascreatedsoil,on whichplantlife grows.
Atmospheric movements in the form of wind, break down rocks into soil. The most sensitive and
complex linkages are those between the atmosphere, the hydrosphere and the lithosphere on the
one hand, with the millions of living organisms in the biosphere on the other. All living organisms



whichexiston earthlive onlyin the relativelythin layerof the lithosphereandhydrospherehat is
present on the surface of land and in the water. The biosphere which they form has countless
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It isthereforeessentiato understandthe interrelationshipof the separateentitiessoil,water, air
and living organisms, and to appreciate the value of preserving intact ecosystems as a whole.

Activity 1:
Observeanearbypondin different seasonanddocumentthe seasonathangesnit. One

can also observe changes in a river or the seasdralges in a forest or grassland.

Activity 2:
Takea simpleobjectin dailyuseandtrackits componentshackto eachof its spheres.

Eqg: this textbook: paper from woapbiosphere

Waterfor pulping¢ hydrosphere

Bleachto whiten paper¢ amineralfrom lithosphere
RENEWABLE ANNDNRENEWABLRESOURCES
Ecosystems act as resource producers and processors. Solar energy is the main driving force of
ecological systems, providing energy for the growth of plants in forests, grasslands and aquatic
ecosystemsAforestrecyclests plantmaterialslowlyby continuouslyreturningits deadmaterial,
leavespranchesegtc.to the soil.Grasslandsecyclematerialmuchfasterthanforestsasthe grass
dries up after the rains are over every year. All the aquatic ecosystems are also solar energy
dependentandhavecyclesof growth whenplantlife spreadsandaquaticanimalsbreed. Thesun
also drives the water cycle.

Ourfood comes from botmaturalandagriculturalecosystemsTraditionalagriculturalecosystems
that depended on rainfall have been modified in recent times to produce more and more food by
the addition of extra chemicals andwater from irrigation systems but are still deperfesolar
energy for the growth of crops. Moreover modern agriculture creates a variety of environmental
problems, which ultimately lead to the formation of unproductive land. These include irrigation,
which leadgo the developmenbf saline soil, anthe use of artificial fertilizers eventually ruin soll
guality,andpesticideswhichareahealthhazardfor humansaswell asdestroyingcomponentsvital

to the longterm health of agricultural ecosystems.

Tomanufactureconsumeltproducts,industryrequiresraw materialsfrom nature,includingwater,
mineralsand power. Duringthe manufacturingprocessthe gaseschemicalsandwasteproducts
pollute our environment, unless the industry is carefully managed to clean up this mess.

Naturalresourcesand associatedproblems

The unequal consumption of natural resource&:major part of natural resources are today

O2yadzYSR Ay (GKS (SOKy2ft23A0lIffte FIROFIYOSR 2N WRS
YRS 0S¥ R i MoRUAIFKSS dzindubingindiaandChinaalsooverusemanyresourcesecause

of their greater human population. However, the consumption of resources per capita (per

individual) of the developed countriés up to 50 times greater than most developing countries.
Advanced countrig produce over 75% of global industrial waste and greenhouse gases.



Energyfrom fossilfuelsisconsumedn relativelymuchgreaterquantitiesin developedcountries.
Their per capita consumption of food too is much greater as well as their waste of enormous
guantitiesof food andother products,suchaspackagingnaterial,usedin the food industry.The
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resources.

Producing animal food for human consumption requires more land than growing crops. Thus
countriesthat are highlydependenton non-vegetariandietsneedmuchlargerareasfor pastureland
than those where the pgae are mainly vegetarian.

PlanningLanduselLanditself is amajor resource heededfor food production,animalhusbandry,
industry, and for our growing human settlements. These forms of intensive landuse are frequently
extendedatthe costof W g X 1 K Gudréd@iningforests,grasslandsyetlandsanddeserts Thusit

is essential to evolve a rational lande policy that examines how much land must be made
available for different purposes and where it must be situated. For instance, there aryusua
alternate sites at which industrial complexes or daras be built, but a natural wilderness cannot
berecreatedartificially. Scientistdodaybelievethat at least10 percentof landandwater bodiesof
eachecosystemmustbekeptaswildernesdor the longtermneedsof protectingnatureandnatural
resources.
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sufficient quantities of food for an exploding human population. It is also affected by degrada
due to misuse. Land and water resources are polluted by industrial waste and rural and urban
sewage. They are increasingly being diverted for stesrh economic gains to agriculture and
industry.Naturalwetlandsof greatvalueare beingdrainedfor agricultureandother purposesSemi
arid land is being irrigated and overused.

The most damaging change in landuse is demonstrated by the rapidity with which forests have
vanished during recent times, both in India and in the rest of the world. Forests provide us with a
variety of services. These include processes such as maintaiyggn levels in the atmosphere,
removalof carbondioxide,control overwater regimesandslowingdownerosionandalsoproduce
productssuchasfood, fuel, timber, fodder,medicinalplants,etc. Inthe longterm, the lossof these

is far greater than the shotterm gains produced by converting forested lands to other uses.

Theneedfor sustainabldifestyles: Thequalityof humanlife andthe quality of ecosystemsn
earth are indicators of the sustainable use of resourcherd are clear indicators of sustainable
lifestyles in human life.

wlincreasedongevity

wAnincreasdan knowledge

wAnenhancemenbfincome.

Thesethreetogetherareknownasthe W1 dzYdkevglopmenthA Y RS E Q

Thequality of the ecosystem#$aveindicatorsthat aremore difficult to assess.
wA stabilizedpopulation.

wThe longerm conservatiorof biodiversity.

wThecarefullong-term useof naturalresources.

wThepreventionof degradationandpollution of the environment.



Non-renewableresources

Theseare mineralsthat havebeenformedin the lithosphereover millionsof yearsand constitutea
closedsystem.Thesenon-renewableresourcespnceused,remainon earthin adifferent form and,
unless recycled, become waste material.

Nonrenewableresourcesncludefossilfuelssuchasoil andcoal,whichif extractedat the present
rate, will soon be totally used up. The end products of fossil fuels are in the form of heat and
mechanical energy and chemical compounds, which cannot be reconstituted asieceeso

Renewableresources
Thoughwaterandbiologicalivingresourcesareconsideredenewable Theyarein factrenewable
only within certain limits. They are linked to natural cycles such as the water cycle.
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reformedin cloudsandfallsto earthasrain. Howeverwater sourcesanbe overusedor wastedto
such an extent that they locally run dry. Water sourceslmaso heavily polluted by sewage and
toxic substances that it becomes impossible to use the water.
wForestspncedestroyedtakethousandof yearsto regrowinto fully developedhaturalecosystems
with their full complement of species. Forests thus can be said to behave likeenewable
resources if overused.
wFisharetodaybeingover-harvesteduntil the catchhasbecomeafractionof the originalresource
and the fish are incapable bfeeding successfully to replenish the population.
wTheoutput of agriculturallandif mismanagedlropsdrastically.
wWhenthe populationof aspecieof plant or animalisreducedby humanactivities,until it cannot
reproduce fast enough to maintain a viable number, the species becomes extinct.
wManyspeciesre probablybecomingextinctwithout usevenknowing,andother linkedspecies
are affected by their loss.

Activity 3: Utilisation of resources

The use ba resource begins with its collection, its processing into a useable product, and
transport through a delivery system,to the consumemwho usesit. It alsoinvolvesdisposalof the
waste productsproducedat eachstep. Eachstepin resourceusecanaffect the environmentfor
better or worse. The control of these steps is known as environmental management.

Thinkof aresourceyouuseandtrackit throughthesesteps.

Eg.Thecottonin the clothesyouarewearing.At eachstepnote:

wWhatotherresourcesare neededat this stepto movethe resourceyouchoseto the next?
wWhatwasteproductsaregeneratedat that step?

wHowaretheylikelyto be disposedff?

wWhatpollutantsaregeneratedn the process?

a) Forest Resources

Useand overexploitation: Scientistestimatethat Indiashouldideallyhave33 percentof its land
under forests. Today we have only about 12 percent. Thus we need not only to protect existing
forests but also to increase our forest cover.



People who live in or near forests know the value of forest resources first hand because their lives
and livelihoods depend directly on these resources. However, the rest of us also derive great
benefitsfrom the forestswhichwe arerarelyawareof. Thewater we usedependson the existence

of forests on the watersheds around river valleys. Our homes, furniture and paper are made from
woodfrom the forest. We usemanymedicineghat are basedon forest produce Andwe dependon

the oxygen that plants giveut and the removal of carbon dioxide we breathe out from the air.

Forests once extended over large tracts of our country. People have used forests in our country for
thousands of years. As agriculture spread the forests were left in patches which were controlled
mostly by tribal people. They hunted animals and gatheredts and lived entirely on forest
resources. Deforestation became a major concern in British times when a large amount of timber
wasextractedfor buildingtheir ships.Thisled the Britishto developscientificforestryin India. They
howeveralienatedlocalpeopleby creatingReserve@ndProtectedForestsvhichcurtailedaccesso

the resources. This led to a loss of stake in the conservation of the forests which led to a gradual
degradation and fragmentation of forests across the length and breadtfeofountry.

Another period of overutilisation and forest degradation occurred in the early period following
independencespeoplefelt that nowthat the Britishhadgonethey hadaright to usingour forests
in any way we pleased. The following

FORESKFUNCTIONS

Watershedprotection:
wReducehe rate of surfacerun-off of water.
wPreventflashfloodsandsoilerosion.
wProduces prolongedradualrun-off andthus preventeffectsof drought.
Atmosphericregulation:
wAbsorptionof solarheat duringevapctranspiration.
wMaintainingcarbondioxide leveldor plant growth.
wMaintainingthe localclimaticconditions.
Erosioncontrol:
wHoldingsoil (by preventingrainfrom directlywashingsoilaway).
Landbank:
wMaintenanceof soilnutrientsandstructure.
Localuse- Consumptiorof forest produceby localpeoplewhao collectit for subsistence;
(Consumptive use)
) Food- gatheringplants,fishing,huntingfrom the forest. (Inthe pastwhenwildlife was

plentiful, people could hunt and kill animals for food. Now that populations of most
wildlife species have diminished, continued hunting would lead to extinction.)
wFodder-for cattle.

wFuelwoodandcharcoafor cooking heating.
wPoles buildinghomesespeciallyn ruralandwildernessareas.
wTimberc householdarticlesandconstruction.
wFiber- weavingof basketsropes,nets,string, etc.
wSericulturec for silk.
wApiculture- beesfor honey forestbeesalso pollinatecrops.
) Medicinalplants- traditionallyusedmedicinesjnvestigatinghem aspotential source
for new modern drugs.




Market use- (Productiveuse)
« Most of the aboveproductsusedfor consumptivepurposesare alsosoldasa sourceof
income for supporting the livelihoods of forest dwelling people.
« Minor forestproduce- (nonwood products):Fuelwoodfruit, gum,fiber, etc.whichare
collected and sold in local markets as a source of income for forest dwellers.
wMajortimber extracton - constructionjndustrialuses paperpulp, etc. Timberextractionis
donein Indiaby the ForestDepartment butillegalloggingcontinuesin manyof the forestsof India

and the world.

yearssawlL Yy Rredid@afiorestwealthdwindlesharply Timberextractioncontinuedto remainthe
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deforestationwascreatinga serioudossof the important functionsof the forestbeganto override

its utilisation as a source of revenue from timber.

Deforestation:Where civilizations have looked after forests by using forest resources cautiously,
theyhaveprosperedwhereforestsweredestroyedthe peopleweregraduallyimpoverishedToday
logging and mining are serious causes of loss of forests in our country andrathe world.Dams
built for hydroelectric power oirrigation have submerged forests and halisplaced tribal people
whose lives are closely knit to the forest. This hasome a serious cause of concern in India.

Oneof L y R detio@sanvironmentalproblemsis forest degradationdueto timber extractionand
our dependence on fuelwood. A large number of pamal people arestill highly dependent on
woodto cooktheir mealsand heattheir homes.We have notbeenableto plantenoughtrees to
support the need for timber and fuelwood.

The National Forest Policy of 1988 now gives an added importance to JFM. Another resolution in
1990providedaformalstructurefor communityparticipationthoughthe formation of VillageForest
Committees. Based on these experiences, new JFM guidelines were issued in 2000. This stipulates
that at least25 per centof the incomefrom the areamust go tothe community.From theinitiation

of the program, until 2002, there were 63,618 JFM Committees managing over 140,953 sqg. km of
forest under JFM in 27 States in India.

The States have tried a variety of approaches to JFM. The share for village forest committees
ranges from 25 per cent in Kerala to 100 per cent in Andhra Pradesh, 50 per cent in Gujarat,
Maharashtra, Orissa and Tripura. In many States 25 per cent of ¥kaue is used for village
developmentln manyStatesnontimber forestproducts(NTFPsareavailablefor peoplefree of

cost.
SomeStateshavestoppedgrazingcompletely;somehaverotationalgrazingschemesvhichhave
helped in forest regeneration.

Timber extraction, mining and damsareinvariablypartsof the needsof adevelopingcountry.If
timber is overharvested the ecological functions of the forest are lost. Unfortunately forests are
locatedin areaswherethere arerich mineralresourcesForestsalsocoverthe steepembankments

of river valleys, which are ideally suited to develop hydel and irrigation projects. Thus there is a



constantconflictof interestsbetweenthe conservatiorinterestsof environmentakcientistsandthe
MiningandlrrigationDepartments What needsto be understoodisthat longterm ecologicabains
cannot be sacrificed for shetéerm economic gains that unfortunately lead to deforestation. These
forests where development projects are planned, can displthousands of tribal people who lose
their homes when these plans are executed. This leads to high levels of suffering fothenécis
rarely a satisfactory answer.

b) Water resources

The watercycle, througtevaporationandprecipitation, maintains hydrologicalstemswhichform
rivers and lakes and support in a variety of aquatic ecosystems. Wetlands are intermediate forms
betweenterrestrialandaquaticecosystemsindcontainspecief plantsandanimalsthat are highly
moisture dependent. All aquatic ecosystems are used by a large number of people for their daily
needs such as drinking water, washing, cooking, watering animals, and irrigating fields. The world
dependson alimited quantity of freshwater. Watercovers70%ofthe S I NAuifa@ebut only 3%of

this is fresh water. Of this, 2% is in polar ice caps and only 1% is usable water in rivers, lakes and
subsoilaquifers.Onlyafraction of this canbe actuallyused.At a globallevel 70%of water is usedfor
agriculture about 25% for industry and only 5% for domestic use. However this varies in different
countries and industrialized countries use a greater percentage for industry. India uses 90% for
agriculture, 7% for industry and 3% for domestic use.

Ore of the greatest challenges facing the world in this century is the need to rethink the overall
management of water resources. The world population has passed the 6 billion mark. Based on the
proportion of youngpeoplein developingcountries this will continueto increasesignificantlyduring
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total annualfreshwaterwithdrawalstoday are estimatedat 3800cubickilometers,twice asmuchas

just 50 years ago (World Commission on Dams, 2000). Studies indicate that a person needs a

minimum of 20 to 40 liters of water per day for drinking and sanitation. More than one billion

people worldwide have no access to clean water, and to many moppliss are unreliable.

Locakonflictsarealreadyspreadingo states.Eg Karnatakaand TamilNaduoverthe watersof the
Krishna.

India is expected to face critical levels of water stress by 2025. At the global level 31 countries are
alreadyshortof water andby 2025there will be 48 countriesfacingseriouswater shortagesTheUN

has estimated that by the year 2050, 4 billion people will be seriously affected by water shortages.
This will lead to multiple conflicts between countries over the sharing of water. Around 20 major
cities in India face chronic or interrupted water shortages. There are 100 countries that share the
waters of 13 large rivers and lakes. The upstream cowntieild starve the downstream nations
leadingto politicalunstableareasacrosghe world. Examplesre Ethopiawhichisupstreamonthe

Nile and Egypt, which is downstream and highly dependent on the Nile. International accords that
will look at a faidistribution of water in such areas will become critical to world peace. India and
Bangladesh already have a negotiated agreement on the water use of the Ganges.

Overdutilization and pollution of surface and groundwateaw/ith the growth of human
populationthere isanincreasingieedfor largeramountsof water to fulfill a variety of basicneeds.
Today in many areas this requirement cannot be met. Overutilization of water occurs at various
levels.Most peopleusemore water thanthey reallyneed.Most of uswastewaterduringa bath by
usinga showeror duringwashingof clothes.Many agriculturistsusemore water than necessaryo



growcrops.Therearemanywaysin whichfarmerscanuselesswaterwithout reducingyieldssuch
as the use of drifrrigation systems.

Agriculture also pollutes surface water and underground water stores by the excessive use of
chemicafertilizersandpesticidesMethodssuchasthe useof biomassasfertilizerandnontoxic
pesticides such as neem products and using integrated pest management systems reduces the
agricultural pollution of surface and ground water.

Industry tends to maximise shetrm economic gains by not bothering about its liquid waste and
releasingt into streams riversandthe sea.Inthe longerterm, aspeoplebecomemore consciouof
using¥ 3 NIENB/ R dmbdlébiieQosensitivéndustriesthe LJ2 f f gradSciéiagnot beused.The
polluting industry that does not care for the environment and pays off bribes to get away from the
cost needed to use effluent treatment plants may eventually be caught, punished and even closed
down. Public awareness may increasingly put pressuresdustry to produce only ecriendly
products which are already gaining in popularity.

As peoplebegin tolearnaboutthe serioushealthhazards causeby pesticidesn their food, public
awarenesganbeginputting pressuresn farmersto reducethe useof chemicalghat areinjurious
to health.
CASETUDY
Water pollution - Nepal
TheNarayanRiverof Nepalhasbeenpolluted by factorieslocatedon its bank.This
has endangered fish, dolphins, crocodiles and other flora and fauna oégjen.

Globalclimate changeChangedn climateat a globallevel causedby increasingair pollution have
now begunto affectour climate.Iln someregionsglobalwarmingandthe EINinowindshavecreated

dzy LNBOSRSY (SR at2Nyao Ly 20KSNJ I NBlFasz GKSe 81

S T ¥ &uéxa @mospherigoollution isleadingto increasinglyerratic and unpredictableclimatic
effects. This has seriously affected regional hydro&dgionditions.

Floods:Floodshavebeenaseriousenvironmentahazardfor centuries However the havocraised

by rivers overflowing their banks has become progressively more damaging, as people have
deforested catchments and intensified use of river flood plains that once acted as safety valves.
Wetlandsin flood plainsarey | (i ditbid8 @@#itrol systemsnto whichoverfilledriverscouldspilland

act like a temporary sponge holding the water, and preventing fast flowing water from damaging
surrounding land.

Deforestation in the Himalayas causes floods that year after year kill people, damage crops and
dedroy homes in the Ganges and its tributaries and the Bramhaputra. Rivers change their course
during floods and tons of valuable soil is lost to the sea. As the forests are degraded, rainwater no
longerpercolatesslowlyinto the subsoilbut runsoff downthe mountainsidebearinglargeamounts

of topsoil. This blocks rivers temporarily but gives way as the pressure mounts allowing enormous
guantities of water to wash suddenly down into the plains below. There, rivers swell, burst their
banks and flood waterd LINB I R (2 Sy 3dz F LIS2L)X SaQ FFN¥ya FyR

Drought: Inmostaridregionsof the world the rainsare unpredictable Thisleadsto periodswhen
there is a serious scarcity of water to drink, use in farms, or provide for urban and industrial use.
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Droughtproneareasare thusfacedwithirregularperiodsof famine.Agriculturistshaveno incomein
thesebadyears,andasthey haveno steadyincome they havea constantfear of droughts.Indiahas
W5 NP Rzh& Area®evelopment NP I Nahighar@ dsed irsuch areaso buffer the effectsof
droughts.Undertheseschemespeopleare givenwagesin badyearsto build roads,minorirrigation
works and plantation programs.

Drought hasbeenamajor problemin our country especiallyin arid regions. It ian unpredictable
climaticconditionandoccursdueto the failure of oneor more monsoonslt variesin frequencyin
different parts of our country.

Whileit isnot feasibleto preventthe failure of the monsoon,goodenvironmentaimanagementan
reduce its ill effects. The scarcity of water during drought years affects homes, agriculture and
industry. It also leads to food shortages and malnutrition which especially affects children.

Severameasuresanbetakento minimisethe seriousimpactsof adrought.Howeverthismustbe
R2yS a I LINBGSYdGA@dS YSIadiNBE a2 GKIFIG AT GKS
minimised.

In years when the monsoon is adequate, we use up the good supply of water without trying to
conservet andusethe water judiciously. Thusduringayearwhenthe rainsare poor, thereisno
water even for drinking in the drought area.

Oneof the factorsthat worsensthe effect of droughtis deforestation.Oncehill slopesaredenuded

of forest cover the rainwater rushes down the rivers and is lost. Forest cover permits water to be
heldin the areapermittingit to seepinto the ground.Thischargeghe undergroundstoresof water

in natural aquifers. This can be used in drought years if the stores have been filled during a good
monsoon. If water from the underground stores is overused, thewater table drops and vegetation
suffers.Thissoilandwater managementandafforestationare longterm measureghat reducethe
impact of droughts.

Water for Agricultureand PowerGenerationL y R ikdre&singlemandfor waterfor intensive
irrigatedagriculture for generatingelectricity,andfor consumptionin urbanandindustrialcenters,

has been met by creating large dams. Irrigated areas increased from 40 million ha. in 1900 to 100
million ha. in 1950 and to 271 million ha. by 1998. Dams support 30 to 40% of this area.

Although dams ensure a year round siyppf water for domestic use, provide extra water for
agriculture, industry, hydropower generation, they have several serious environmental problems.
Theyalterriverflows,changey I (i dibidel @#itrol mechanismsuchaswetlandsandflood plains,

and destroy the lives of local people and the habitats of wild plant and animal species.

Irrigationto supportcashcropslike sugarcangroducesan unequaldistribution of water. Large
landholdersonthe canalggetthe f A Zlyafeact water, while poor, smallfarmersgetlessandare
seriously affected.

Sustainablevater managementW { 4@ i GuNfaignsareessentiato makepeopleeverywhere
aware of the dangers of water scarcity. A number of measures need to be taken for the better
YIYlF3SYSyil e@vwaterirdsdhirces.ZIebeRn@ude measures such as:

wBuilding severamallreservoirs insteadf few megaprojects.
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wDevelopsmallcatchmentdamsandprotectwetlands.
wSoilmanagementmicrocatchmentdevelopmentandafforestationpermitsrechargingpf

underground aquifers thus reducing the need for large dams.

wTreatingandrecyclingmunicipalwastewater for agriculturaluse.

wPreventindeakaged$rom damsandcanals.

wPreventindossin Municipalpipes.

wEffectiverain water harvestingn urbanenvironments.

wWaterconservatiormeasuresn agriculturesuchasusingdrip irrigation.
wPricingwater at its realvaluemakespeopleuseit moreresponsiblyandefficientlyand

reduces water wasting.

wlndeforestedareaswherelandhasbeendegradedsoilmanagemenby bundingalongthe
KAff aftz2L5a yR YF{Ay3 WylLflQ L} dzZ3asx OlFy KSf |
vegetate degraded areas.

Managingariver systemisbestdoneby leavingits courseasundisturbedaspossible Damsand
canaldeadto majorfloodsin the monsoonandthe drainageof wetlandsseriouslyaffectsareasthat

get flooded when there is high rainfall.

Dams:Todaythere are more than 45,000largedamsaroundthe world, whichplay animportant

role in communities and economies that harness these water resources for their economic
developmentCurrentestimatessuggessome30-40%of irrigatedlandworldwidereliesondams.

Hydropower anothercontenderfor the useof storedwater, currently suppliesl 9%ofthe s 2 NI RQ &
G2Grt St SOGNARO LRGSNI adzLILxX @ FyR Aa dzaSR Ay 2@0SN
countries¢ Chinaand Indigk @S o0dzAt G | NRPdzyR pt1: 2F (KS 62NI RQa

Damsproblems

wFragmentatiorand physicakransformationof rivers.
wSerious impacts onverineecosystems.
wSociaktonsequencesflargedamsdueto displacemenbf people.
wWaterloggingandsalinisatiorof surroundingands.
wDislodgin@nimalpopulations damagingheir habitatandcutting off their migrationroutes.
wFishingandtravel by boatdisrupted.

wTheemissiorof greenhousegasedrom reservoirgdueto rotting vegetationandcarboninflows

from the catchment is a recently identified impact.

Large dams have had serious impacts on thes|ilivelihoods, cultures and spiritual existence of
indigenous and tribal peoples. They have suffered disproportionately from the negative impacts of
dams and often been excluded from sharing the benefits. In India, of the 16 to 18 million people
displace by dams 40to 50%weretribal people,who accountfor only8%of oury | {i AoBepbiliioh
people.

Conflicts over dams have heightened in the last two decades because of their social and
environmental impacts and failure to achieve targets for sticking to their costs as well as achieving
promisedbenefits.Recenexampleshowhowfailureto provideatranspareniprocesghat includes
effective participation of local people has prevented affected people from playing anactive role in
debating the pros and cons of the project and its alternatives. The loss of traditional, local controls
over equitable digibution remains a major source of conflict.



InIndia,anationalassessmendf damprojectsclearedin the 1980sand90sshows
that in 90% of cases the project authorities have not fulfilled the environmenta|
conditions under which environmental clearance was given by the GOI under
EPA of 1986.

CASETUDY

SardarSarovarProject

TheWorld. | yWithdiiawalfrom the SardaiSarovaProjectin Indiain 1993was
a result of the demands of local people threatened with the loss of their
livelihoods and homes in the submergence area.

Thisdamin Gujaraton the Narmadahasdisplacedhousandof tribal folk, whose
lives and livelihoods were linked to the river, the forests and their agricultural
lands.Whilethey andthe fishermenat the estuary,havelost their homeland rich
farmersdownstreamwill getwaterfor agriculture. Thequestioniswhy shouldthe
local tribals be made homeless, displaced and relocated to benefit other peop
Why should the less fortunate be made to bear the costs of development for
better off farmers? It is a question of social and economic equity as well as th
enormous environmerdl losses, including loss of the biological diversity of the
inundated forests in the Narmada valley.

Activity 4:
How much water is needed by one person? Several international agencies and
expertshaveproposedthat 50liters per personper day coversbasichumanwater
requirementsfor drinking, sanitation,bathingandfood preparation. Estimateyour
average daily consumption.

c) Mineral Resources

A mineral is a naturally occurring substance of definite chemical composition and identifiable
physicaproperties.Anoreisamineralor combinationof mineralsfrom whichausefulsubstance,
such as a metal, can be extracted and used to manufacture a useful product.

aAyYySNIfa INB FT2N¥SR 20SNJ I LISNA2R 2F YAftA2Yya
manganese and copper are important raw materials for industrial use. Importantrneatal
resourcesncludecoal,salt,clay,cementandsilica.Stoneusedfor buildingmaterial,suchasgranite,

marble, limestone, constitute another category of minerals. Minerals with special properties that
humans value for their aesthetic and ornamental value are gems such as diamonds, emeralds,
rubies.Thelusterof gold, silver and platinumis usedfor ornaments Mineralsin the form of oil, gas

and coal were formed when ancient plants and animals were converted into underground fossil

fuels.
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Mineralsandtheir oresneedto beextractedfromthe S | NJnt&ri@r&othat they canbe used.This
process is known as mining. Mining operations generally progress through four stages:
(1) Prospecting: Searchirigr minerals.

(2) ExplorationAssessinthe size ,shapeJocation,andeconomicvalueof the deposit.
(3)Devebpment: Work of preparing access to the deposit so that the minerals can be

extractedfrom it.
(4) Exploitation:Extractinghe mineralsfrom the mines.
Inthe past,mineraldepositswere discoveredy prospectordn areaswheremineraldepositsin the
form of veinswere exposednthe surface Today however,prospectingandexplorationisdoneby
teams of geologists, mining engineers, geophysicists, and geochemists who work together to
discover new depositdlodern prospectingnethodsinclude the seof sophisticated instruments
like GIS to survey and study the geology of the area.

The method of mining has to be determined depending on whether the ore or mineral deposit is
nearerthe surfaceor deepwithin the earth. Thetopographyof the regionandthe physicahature of
the ore deposit is studied.

Minesare of two types¢ surface(opencutor strip mines)or deepor shaftmines.Coal metalsand
non-metalliferousmineralsare allmined differently dependingnthe abovecriteria. Themethod
chosen for mining will ultimately depend on how maximum yield may be obtained under existing
conditions at a minimum cost, with the least danger to the mining personnel.

Mostmineralsneedto be processedeforetheybecomeusable ThusW (i S O K §s8epehdeiton
020K GKS LINB&aSyOS 2F NBaz2dNODSa |yR GKS SySNBHe@

Mine safety:Mining is a hazardous occupation, and the safety of mine workers is an important
environmental consideration of the industry. Surface miningss hazardous than underground
mining. Metal mining is less hazardous than coal mining. In all underground mines, rock and roof
falls,flooding,andinadequateventilationarethe greatesthazardsLargeexplosiondraveoccuredin

coal mines, killing manyiners. More miners have suffered from disasters due to the use of
explosives in metal mines.

Mining poses several lorgrm occupational hazards to the miners. Dust produced during mining
operationsisinjuriousto healthandcauseslungdiseaseknownasblacklung,or pneumoconiosis.
Fumes generated by incomplete dynamite explosions are extremely poisonous. Methane gas,
emanating from coal strata, is hazardous to health although not poisonous in the concentrations
usually encountered in mine air. Ratitia is a hazard in uranium mines.

Environmental problemaviining operations are considered one of the main sources of
environmental degradation. The extractiofalltheseproducts from the lithosphere hasvariety

of sideeffects.Depletionof availabé land due to mining,wastefrom industries,conversiorof land

to industryandpollution of land, water andair by industrialwastes are environmentalsideeffects

of the useof thesenon-renewableresourcesPublicawarenes®f thisproblemis of a globalnature
and government actions to stem the damage to the natural environment have led to numerous
internationalagreementsandlawsdirectedtowardthe preventionof activitiesandeventsthat may
adversely affect the environment.
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d) Foodresources

Today our food comes almost entirely from agriculture, animal husbandry and fishing. Although
India is selkufficient in food production, it is only because of modern patterns of agriculture that
areunsustainablendwhichpollute our environnmentwith excessiveiseof fertilizersandpesticides.

The FAO defines sustainable agriculture as that which conserves land, water and plant and animal
genetic resources, does not degrade the environment and is economically viable and socially
acceptableMost of our largefarmsgrow singlecrops(monoculture) If this cropis hit by a pest,the

entire crop can be devastated, leaving the farmer with no income during the year. On the other
hand, if the farmer uses traditional varieties and grows severaréifit crops, the chance of
completefailureisloweredconsiderablyMany studieshaveshownthat one canusealternativesto
inorganic fertilizers and pesticides. This is knowintegrated Crop Management.

World food problemsinmanydevelopingcountrieswhere populationsare expandingapidly, the
production of food is unable to keep pace with the growing demand. Food production in 64 of the
105 developing countries is lagging behind their population growth levels. These countries are
unable toproduce more food, or do not have the financial means to import it. India is one of the
countriesthat havebeenableto produceenoughfood by cultivatingalargeproportion of its arable
landthroughirrigation.TheGreenRevolutiorof the ¢ n r@diucedstarvationin the country.However
many of the technologies we have used to achieve this are now being questioned.
wOurfertile soilsarebeingexploitedfasterthanthey canrecuperate.
wForestsgrasslandandwetlandshavebeenconvertedto agriculturaluse,whichhasledto

serious ecological questions.

wOurfishresourceshoth marineandinland,showevidenceof exhaustion.
wTherearegreatdisparitiesin the availabilityof nutritious food. Somecommunitiessuchas
tribal people still face serious food problems leading to malnutrition especially among
women and children.
Thesdssuedringin new questionsasto how demandswill be met in future evenwith a slowingof
populationgrowth. Todaythe world is seeinga changingrend in dietary habits.Asliving standards
areimproving,peopleare eatingmore non-vegetarianfood. Aspeoplechangefrom eatinggrainto
YSIHGx G0KS ¢2NX RQA RSYIFIYR FT2NJ FSSR F2NJ ft A @S
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Women play an extremely vital role in food productias well as cooking the meal and feeding
children.Inmostruralcommunitieshey havethe leastexposureo technicalrainingandto health
workers trained in teaching/learning on issues related to nutritional aspects. Women and girls
frequently receivdess food than the men. These disparities need to be corrected.

InIndiathereisashortageof cultivableproductiveland. Thusfarm sizesaretoo smallto supporta
family on farm produce alone. With each generation, farms are being subdivided further.

Poorenvironmentalagriculturalpracticessuchasslashandburn, shiftingcultivation,or WNJ 6 Q
(woodash) cultivation degrade forests.

Globally 5 to 7 million hectares of farmland is degraded each year. Loss of nutrients and overuse of
agriculturalchemicalsaremajorfactorsin landdegradation Water scarcityisanimportant aspectof

ET’) O

D¢ —



poor agriculturaloutputs. Salinizatiorandwater logginghasaffectedalargeamountof agricultural
land worldwide.

Losf geneticdiversityin crop plantsis anotherissuethat isleadingto afall in agriculturalproduce.
wAOSzZ ¢KSIFG FyR O2NY IINB GKS adlLXS F22Ra 27
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to enhanceraits that areresistantto diseasessalinity,etc. islost. Geneticengineerings anuntried

andriskyalternativeto traditional crossbreeding.

Food Securitytt is estimated that 18 million people worldwide, most of whom are children, die
eachyeardueto starvationor malnutrition,andmanyotherssufferavarietyof dietarydeficiencies.

Theearthcanonly supplyalimited amountof food. Ifthe g 2 NJcaRyingcapacityto producefood
cannotmeetthe needsof agrowingpopulation,anarchyandconflictwill follow. Thusfood security

is closelinkedwith populationcontrol throughthe familywelfare program.lt isalsolinkedto the
availabilityof water for farming.Foodsecurityis only possiblef food is equitablydistributedto all.
Many of us waste a large amount of food carelessly. This eventually places great stress on our
environmental resources.

A major concern is the support needed for small farmers so that they remain farmers rather than
shifting to urban centers as unskilled industrial workers. International trade policies in regardto an
improved flow of food across national borders from thageo have surplus to those who have a
deficit in the developing world is another issue that is a concern for planners who deal with
InternationaltradeconcernsW 5 dzY LafugdargXicedfoodstuffsproducedin the developedworld,

onto markets in undevelogkcountries undermines prices and forces farmers there to adopt
unsustainable practices to compete.

FisheriesFish is an important protein food in many parts of the world. This includes marine and
freshwater fish.Whilethe supplyof food from fisheriesincreasecphenomenallyjbetween1950and

1990, in several parts of the world fish catch has since dropped due to overfishing. In 1995 FAO
NBLZ2NISR GKFG nm: 2F 0KS g2NIRQA FAAKSNARASA |
overexploited 6%are depleted, andonly 3%are graduallyrecovering Canadahadto virtually close

down cod fishing in the 1990s due to depletion of fish reserves.

Modern fishing technologies using mechanized trawlers and small meshed nets lead directly to
overexploitationwhichisnot sustainablelt isevidentthat fishhaveto breedsuccessfullandneed

to have time to grow if the yield has to be used sustainably. The worst hit are the small traditional
fishermen who are no match for organized trawlers.

Loss ofGeneticdiverdty: Thereare 50,000known edible plants documenteadoridwide.Of these
2yte mp GFNASGASA LINBPRdAzOS ez 2F GKS 62NI RQa
seriouslossof geneticvariabilityof crops.L Y R distinGt&etraditional varietiesof rice alonearesaid

to have numberedetween30and50 thousand. Most afhese have been lost tthe farmerduring

the last few decades as multinational seed companies push a few commercial types.This creates a
risk toour foodsecurity, agarmers carlooseall their produce dueo a rapidlyspreadingdisease. A
cerealthat hasmultiple varietiesgrowingin different locationsdoesnot permit the rapid spreadof a
disease.
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Themosteffectivemethodto introducedesirabléraits into cropsisby usingcharacteristicdoundin

the wild relativesof crop plants. As thavilderness shrinks, thesearieties are rapidly disappearing.
Once they are lost, their desirable characteristics cannot be introduced when found necessary in
future. Ensuring longerm food security may depend on conserving wild relatives of crop plants in
National Parks and Wildlife Sanctuaries.

If plantgeneticlossesvorldwide are not sloweddown, someestimatesshowthat asmanyas60,000

plant species, whichagcdzy 1 a F2NJ wps 2F (GKS ¢g2NIXI RQa G241 t% gA
economical way to preverthis is by expanding the network and coverage of our Protected Areas.
Collectionsn germplasmseedbanksandtissueculturefacilities,are other possiblewaysto prevent

extinction but are extremely expensive.

Scientists now believe that the world will soon need a second green revolution to meet our future
demandsof food basedon a new ethicof landandwater managementhat mustbe basedon values
which include environmental sensitivity, equity, biodiversity conservation of cultivars and insitu
preservation of wild relatives of crop plants. This must not only provide food for all, but also work
out more equitable distribution of both food anslater, reduce agricultural dependence on the use
of fertilizers and pesticides (which have long term ill effects on human wellbeing) and provide an
increasing support for preserving wild relatives of crop plants in Protected Areas. Pollution of water
sourcesjand degradation and desertification must be rapidly reversed. Adopting soil conservation
measures, using appropriate farmingtechniques, especially on hill slopes, enhancing the soil with
organic matter, rotating crops and managing watersheds at the niésr@ are a key to agricultural
productionto meetfuture needs.Mostimportantly food supplyis closelylinkedto the effectiveness

of populationcontrol programsworldwide. Theworld needsbetter andsustainablenethodsof food
production which is an important aspect of landuse management.

Alternate food sourcesFood can be innovatively produced if we break out of the current

agriculturalpatterns.Thisincludesworkingon new avenuedo producefood, suchasusingforests
for their multiple nonrwood forest productswhichcanbe used for foodf harvestedsustainably.
Thisincludes fruitmushroomssap,gum,etc. Thistakestime, aspeoplemust developataste for

these new foods.

CASESTUDY

Israel begamsingdrip irrigation systemsas it is shorbf water. With thistechnique,
farmershavebeenableto improvethe efficiencyof irrigationby 95%.0vera 20-year
LISNA2RXZ LaN)StQa FT22R LINE R teuseo2watera? dzo f
agriculture.

InIndia,sometraditionalcommunitiesin urbanandsemiurbantownsusedto growtheir
ownvegetables ibackyards onvastewater fromtheir ownhomes Calcuttareleases its
waste water into surrounding lagoons in which fish are reared and the water is used ffor

growing vegetables.
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Medicinespoth traditionalandmodern,canbe harvestedsustainablfromforests.a I Rl 31 &1 F NDR a
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Northwest as an anticancer drug are exampléfocest products used extensively in modern

medicine. Without care, commercial exploitation can lead to early extinction of such plants.



Using unfamiliar crops such as Nagli, which are grown on poor soil on hill slopes is another option.
Thiscropgrownin the WesternGhatsnow hasno marketandisthusrarelygrown.Onlylocalpeople
usethis nutritious cropthemselvesit isthus not asextensivelycultivatedasin the past.Popularising

this crop could add to food availability from marginal lands. Several crops can be grown in urban
settings,includingvegetablesandfruit whichcanbe grownonwastehouseholdvater andfertilizers

from vermicomposting pits.

Severafoodscanbe popularizedrom yet unusedseafoodproductssuchasseaweedaslongasthis
isdoneat sustainabldevels.Educatingvomenaboutnutrition, who are more closelyinvolvedwith
feeding the family, is an important aspect of supporting the food neédasamy developing
countries.

IntegratedPestManagemenincludespreservingpestpredators,usingpestresistantseedvarieties
and reducing the use of chemical fertilizers.

e) Energyresources

Energy is defined by physicists as the capacity to do wékergy is found on our
planetin avarietyof forms,someof whichareimmediatelyusefulto do work, while
others require a process of transformation.

The sun is the primary energy source in our lives. We use it directly for its warmth and through
variousnaturalprocesseshat provideuswithfood, water,fuelandshelter.Thea dzya@spowerthe

growth of plants, which form our food material, give off oxygen which we breathe in and take up
carbondioxidethat we breatheout. Energyfrom the sunevaporatesvater from oceansriversand

fr18az 2 FT2N¥ Of2dzRa GKFG (Gdz2NYy Ayd2 NIXAy®d ¢ 2RI E
prehistoric times due to the energy of the sun.

Chemical energy, contained in chemical compounds is released Whgrate broken down by

animalsin the presenceof oxygen In India,manuallabouris still extensivelyusedto getwork done

in agricultural systems, and domestic animals used to pull carts and ploughs. Electrical energy

producedin severalways,powerstransport, artificial lighting,agricultureandindustry. Thiscomes

FNRBY Ke@RSf LR2oSNIolraSR 2y GKS gl GSNI 0eofsS GKFG A
evaporation, or fronthermal powerstations poweredy fossil fuels. Nuclear energy is heldhe

nucleus of an atom and is now harnessed to develop electrical energy.

We use energy for household use, agriculture, production of industrial goods and for running

transport. Modern agriculture uses chemical fertilizers, which require large amouetzeofdy

during their manufacture. Industry uses energy to power manufacturing units and the urban

complexeghat supportit. Energydemanding-oadsandrailwaylinesarebuilt to transportproducts

from placeto placeandto reachraw materialsin minesandforests.Noenergyrelatedtechnologyis
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energyusecreatesheatandcontributesto atmospheridemperature.Manyformsof energyrelease

carbon dioxide and lead to global warming. Nuclear energy plants have cangegdous losses to

the environment due to the leakage of nuclear material. The inability to effectively manage and

safely dispose of nuclear waste is a serious globalezanc



At present almost 2 billiopeople worldwide have no accetselectricity at allWhile more people
will require electrical energy, those who do have access to it continue to increase their individual
requirements.naddition,alargeproportion of energyfrom electricityiswastedduringtransmission

as well as at the user level. It is broadly accepted that-tenm trends in energy use should be
towards a cleaner global energy system that is less carbon intensive and less refiaiteoron
renewable energy sources. It is estimated that the currently used methods of using renewable
energyandnonrenewablefossilfuel sourcegogetherwill be insufficientto meetforeseeablegglobal
demands for power generation beyond the next 50 to 100 years.

Thuswhenwe useenergywastefully, we are contributingto amajorenvironmentaldisasterfor our
earth. We all need to become responsible energy users. An electrical light that isdurni
unnecessarily is a contributor to environmental degradation.

Growing energy needS:y SNHeé Kl & Ffglea 0SSy Otz2asSte fAylSR
developmentPresenttrategiedor developmenthat havefocusedon rapideconomiagrowth have

used erergy utilization as an index of economic development. This index however, does not take

into account the longerm ill effects on society of excessive energy utilisation.

In1998,the WorldResourcenstitute foundthat the averageAmericanuses?24
times the energy used by an Indian.
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electricityhasdoubledoverthe last22years!Theg 2 NXoRIPrmaryenergyconsumptiorin 2000
was9096million tonsof oil. Aglobalaverageper capitathat worksout to be 1.5tonsof oil.

Electricity is at present the fastest growing form of arsk energy worldwide. By 2005 the Asia
Pacifiaegionisexpectedo surpasdNorth Americain energyconsumptiorandby 2020isexpected
to consume some 40% more energy than North America.

Foralmost200years coalwasthe primaryenergysourcefuellingthe industrialrevolutionin the

19th century. Atthe closeof the 20th century oil accountedfor 39%oftheg 2 NX RQ&a O2 YYSNIDA |
energy consumption, followed by coal (24%) and natural gas (24%), while nuclear (7%) and
hydro/renewables (6%) accounted for the rest.

Amongthe commerciakenergysourcesusedin India,coalis a predominantsourceaccountingor
55%o0f energyconsumptiorestimatedin 2001 followedby oil (31%) naturalgas(8%) hydro (5%)
andnuclear(1%).

InIndia,biomasgmainlywoodanddung)accountsor almost40%of primaryenergysupply.While
coal continues to remain the dominant fuel for electricity generation, nuclear power has been
increasinghyusedsincethe 1970sand 1980sandthe use ofnaturalgashasincreasedapidlyin the
80s and 90s.

Types of energythere are three main typesf energy; those classified asn-renewable;those
that aresaidto berenewable;andnuclearenergy, whichusessuchsmallquantitiesof raw material
(uranium)that supplies ardo all effect, limitless However this classification isnaccuratebecause



severabf the renewablesourcesijf not usedW & dza ( | canffddépletedidare quicklythanthey
can be renewed.

Nonrenewableenergy

Toproduceelectricityfrom non-renewableresourceghe materialmustbeignited. Thefuel isplaced

in a well contained area and set on fire. The heat generated turns water to steam, which moves
throughpipes,to turn the bladesof aturbine. Thisconvertsmagnetisminto electricity,whichwe use

in various appliances.

NonRenewable Energy Sousc&hese consist of the mineral based hydrocarbon fuels coal, oil and
naturalgas that were formed from ancientprehistoricforests.Thesearecalled¥ ¥ 2Fadaetause
they areformed after plantlife isfossilized At the presentrate of extractionthere isenoughcoalfor
alongtime to come.Oilandgasresourcesoweverarelikelyto be usedup within the next50years.
Whenthese fuelsare burnt, theyproduce waste products thatre released intéthe atmosphereas
gases such as carbon dioxide, oxides of sulphur, nitrogen, and carbon monoxide, all causes of air
pollution. Thesehaveledto lungproblemsin anenormousnumberof peopleall overthe world, and
have also affecteduildings like the Tdflahal and kikd many forests anthkes due to acidain.
Manyof thesegasesalsoactlike agreenhouseletting sunlightin andtrappingthe heatinside.This
isleadingto globalwarming,araisein globaltemperature increasediroughtin someareas floods

in other regions the melting of icecapsandarisein sealevels,whichis slowlysubmergingcoastal

belts all over the world.Warming the seas also leads to the death of sensitive organisms such as
coral.

Oilandits environmentalimpacts:L y R dil Fese&vesvhichare beingusedat presentlie off the

coast of Mumbai and in Assam. Most of our natural gas is linked to oil and, because there is no
distribution system, it is just burnt ofT.his wastes nearly 40% of available gas. The processes of oil
and natural gas drilling, processing, transport and utilisation have serious environmental
consequencessuchasleaksin whichair andwater are polluted andaccidentafiresthat maygoon
buming for days or weeks before the fire can be controlled. During refining oil, solid waste such as
saltsandgreaseare producedwhichalsodamagethe environment.Oil slicksare causedat seafrom
offshore oil wells, cleaning of oil tankers and due tgghecks. The most welinown disaster
occurredwhenthe Exxon Valdez sanki889and birds, seatters, seals, fish andther marine life

along the coast of Alaska was seriously affected.

Oil powered vehicles emit carbon dioxide, sulphur dioxide, nitrous oxide, carbon monoxide and
particulate matter which is a major cause of air pollution especially in cities with heavy traffic
density.Leadedetrol, leadsto neurodamageandreducesattention spansRunningpetrol vehicles
with unleaded fuel has been achieved by adding catalytic converters on all the new cars, but
unleaded fuel contains benzene and butadene which are known to be carcinogenic compounds.
Delhi,whichusedto haveserioussmogroblemsdueto traffic, hasbeenableto reducethis health
hazard by changing a large number of its vehicles to CNG, which contains methane.

Dependencen dwindlingfossilfuel resourcesespeciallyoil, resultsin politicaltension,instability
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Coalandits environmentalimpacts:Coalisthe ¢ 2 NJsiRyRlargestcontributorof greenhouse
gases and is one of the most importanueas of global warming.

Many coalbased power generation plants are not fitted with devices such as electrostatic

precipitators to reduce emissions of suspended particulate matter (SPM) which is a major

contributorto air pollution. Burningcoalalsoproducesoxidesof sulphurandnitrogenwhich,
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architectural heritage sites, pollutes water and affects human health.
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requiredto disposeoff thiswastematerial,while efforts havebeenmadeto useit for makingbricks.

The transport of large quantities of fly ash and its evehtiamping are costs that have to be

included in calculating the cosinefits of thermal power.

CASETUDY

TheExxonvaldeavaswreckedin PrinceWilliam Soundn Alaskan 1989and
polluted large parts of the surrounding seas.

CASETUDY

Oilrelateddisasters

During the Gulf War, oil installations burned for weeks polluting the air with
poisonous gasses. The fires wasted 5 million barrels of oil and produced over g
million tons of airborne pollutants, including sulphur dioxide, a major catiseid
rain. Thegasesnovedto aheightof 3kmandspreadasfar asindia.Oilalsopolluted
coastlines, killing birds and fish.

Renewablesnergy

Renewablenergysystemaiseresourcegshat areconstantlyreplacedandare usuallylesspolluting.
Examplesncludehydropower,solar,wind, andgeothermal(energyfrom the heatinsidethe earth).

We also get renewable energy from burning trees and even garbage as fuel and processing other
plants into biofuels.

One day, abur homesmay gef KSANJ SYSNH& TFTNRBY (K §as tardeyill BNJ G KS 47
biofuel. Yourgarbagemightcontributeto yourO A ee@ysupply.Renewablenergytechnologies

will improve the efficiency and cost of energy systems. We may reach the point whemyvwean

longer rely mostly on fossil fuel energy.

CASETUDY
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Thisisobviousin our own country,whichhaslostalargeproportion of its forest coveras
our populationexpandsand burnsenormousamountsof wood. Ruralwomen,andeven
womenfrom the lower economicstratain towns, still haveto spendalargepart of their
lives collecting fuel wood. To overcome this, various types ofdiiieient stoves

0 WOK dzf brawpod eQrengely slowly and do not waste the heat, and also produde
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fuelwoodbyinvolvinglocalpeoplein theseefforts. ExamplesncludeSociaForestry Farm
Forestry and Joint Forestry Management.

HydroelectricPower

This uses water flowing down a natural gradient to turn turbines to generate electricity known as
WKERNRSESOGUNRO LR2GSND o6& 02y aidNHzOGHydigbower Ya | ONR 3
generation worldwide increasedseven times. The long life of hydropower plants, the renewable

nature of the energysource verylow operatingandmaintenancecosts,andabsenceof inflationary

pressures as in fossil fuels, are some of its achged.

Drawbacks:Althoughhydroelectricpower hasledto economicprogressaroundthe world, it has
created serious ecological problems.

wToproducehydroelectricpower, largeareasof forestandagriculturallandsare submergedThese
landstraditionally provideda livelihoodfor localtribal peopleandfarmers.Conflictsoverlanduse
are inevitable.

wSiltingof the reservoirgespeciallyasaresultof deforestation)reduceshe life of the hydroelectric
power installations.

wWaterisrequiredfor manyother purposesesidepowergeneration.Thesencludedomestic

requirements, growing agricultural crops and for industry. This gives rise to conflicts.

wTheuseof riversfor navigationandfisherieshecomedifficult oncethe waterisdammedfor
generation of electricity.

wResettlement of displaced persons is a problem for which there is no ready solution. The
oppositionto manylargehydroelectricschemegsgrowingasmostdamprojectshavebeenunable
to resettle people that were affected ardisplaced.
wln certainregionslargedamscaninduceseismicactivitywhichwill resultin earthquakesThereisa
great possibility of this occurring around the Tehri dam in the Himalayan foothills. Shri Sunderlal
Bahugunathe initiator of the ChipkoMovementhasfought againstthe TehriDamfor severalyears.

With large dams causing social problems, there has been a trend to develop small hydroelectric
generation units. Multiple small dams have less impact on the environment. China has the largest
numberof these- 60,000,generatingl3,250megawattsj.e.30%o0f/ K A ¥léccity. Swedenthe

US, Italy and France also have developed small dams for electrical power generation. The
development of small hydroelectric power units could become a veppitant resource in India,
whichhassteeplyfallingriversandthe economiccapabilityandtechnicalresourcego exploitthem.

Solar energyinonehour,the sunpoursasmuchenergyonto the earthaswe usein awholeyear.

If it were possibleto harnesghis colossafjuantumof energy humanitywould needno other source

of energy.Todaywe havedevelopedseveraimethodsof collectingthis energyfor heatingwater and

generating electricity.

Solar heating for home#lodern housing that uses air conditioning and/ or heating are extremely
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large,south-facingglassvindows.In solarheatedbuildings sunspaceare built on the southsideof

the structurewhichactaslargeheatabsorbersThefloorsof sunspaceare usuallynadeof tilesor

bricks that absorb heat throughout the day, then release heat at night when its cold.



In energy efficient architecture thaus, water and wind are used to heat a building when the
weatheriscoldandto coolit in summer.Thisis basedon designandbuildingmaterial. Thickwallsof

stone or mud were used in traditional architecture as an insulator. Small doors and windows kept
direct sunlight and heat out . Deeply set glass windows in colonial homes, on which direct sunlight
could not reach, permitted the glass from creating aegréouse effect. Verandahs also served a
similar purpose.

Traditional bungalows had high roofs and ventilators that permitted hot air to rise and leave the
room. Cross ventilation where wind can drive the air in and out of a room keeps it cool. Large
overhangoverwindowspreventthe glasfrom heatingthe roominside.Doublewallsare usedto
prevent heating. Shady trees around the house help reduce temperature.

Solarwater heating:Most solarwater-heatingsystemdhavetwo mainparts:the solarcollectorand
the storage tank. The solar energy collector heats the water, which then flows to a well insulated
storage tank.

A common type of collector is the flatate collector, a rectangular box with a transparent cover

that facesthe sun,usuallymountedonthe roof. Smaltubesrun throughthe box,carryingthe water

or other fluid, such as antifreeze, to be heated. The tubes are mounted on a metal absorber plate,
whichispainted f  O1 (2 | 6a2Nb (KS 3Zobitye@ax ar&ifsuldtetb holk S o6 I O
in the heat.Heatbuildsupin the collector,andasthe fluid passeshroughthe tubes,it too heatsup.

Solawater-heatingsystemscannotheatwater whenthe sunisnot shining.Thushomesmustalso
have a conventional backup system. About 80% of homes in Israel have solar hot water heaters.

SolarcookersTheheatproducedby the suncanbe directlyusedfor cookingusingsolarcookers A

solar cooker is a metal box which is black on the insid#sorb and retain heat. The lid has a
reflective surface to reflect the heat from the sun into the box. The box contains black vessels in
which the food to be cooked is placed.

Indiahasthe 4 2 NJaR&tolarcookerprogramandanestimated? lakhfamiliesthat usesolar
cookers Although solacookers reduce thaeedfor fuel woodandpollution from smokywood

fires, they have not caught on well in rural areas as they are not suitable to traditional cooking
practices. However, they have great potial if marketed well.

OtherSolarPoweredDevicesSolardesalinatiorsystemgfor convertingsalineor brackishwvater
into pure distilled water) have been developed. In future, they should become important
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PhotovoltaicenergyThesolartechnologywhichhasthe greatestpotential for usethroughoutthe
world is that of solar photo voltaic cells which directly produce electricity from sunlight using
photovoltaic (PV) (also called solar) cells.
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have no moving parts, and essentially no environmental impact. They work cleanly,safely and

silently. They can be installed quickly in small modulegwaere there is sunlight. Solar cells are

madeup of two separatdayersof silicon,eachof whichcontainsanelectriccharge Whenlight hits

the cellsthe chargedeginto movebetweenthe two layersandelectricityis produced.PVcellsare



wired together to form a module. A module of about 40 cells is enough to power a light bulb. For
more power,PVmodulesare wired togetheiinto an array. P\arrays carproduce enougipower to
meet the electrical needs of a home. Over the past few years, extensive work has been done in
decreasing PV technology costs, increasing efficiency, and extending cell lifetimes. Many new
materials suchasamorphoussilicon,arebeingtestedto reducecostsandautomatemanufacturing.

PVcellsare commonlyusedtodayin calculatorsandwatches.Theyalsoprovidepowerto satellites,
electric lights, and small electrical appliances such as radios and for water pumping, highway
lighting,weatherstations,andother electricalsystemdocatedawayfrom powerlines.Someelectric
utility companies are building PV systems into their power supply networks.

PV cells arenvironmentally benign, ighey do notrelease pollutant®r toxic material tothe airor
water, there is no radioactivesubstanceandno catastrophicaccidents SomePVcells,however,do
contain small quantities of toxic substances such as cadmium and these can be released to the
environment in the event of a fire. Solar cells arade of silicon which, although the second most
abundantelementinthe S I NXirshasto be mined.Mining createsenvironmentalproblems PV
systems also of course only work when the sun is shining, and thus need batteries to store the
electricity.

Solarthermal electricpower: Solaradiationcanproducehightemperatureswhichcangenerate
electricity. Areas with low cloud levels of cover with little scattered radiation as in the desert are
considered most suitable sites. According to a UNDP sissad, STE is about 20 years behind the
wind energy market exploitation, but is expected to grow rapidly in the near future.

Mirror energy:During the 1980s, a major solar thermal electrical generation unit was built in
Californiacontaining700parabolt mirrors,eachwith 24 reflectors,1.5metersin diameter,which
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Solarthermalsystemshangesunlightinto electricity,by focusingsunlightto boilwaterto make
steam.

Biomass energyhen a log is burned we are using biomass energy. Because plants and trees
dependonsunlightto grow, biomassenergyis aform of storedsolarenergy. Althoughwoodisthe
largestsourceof biomassnergy we alsouseagriculturalwaste,sugarcanavastes andother farm
byproducts to make energy.

Therearethree waysto usebiomassit canbe burnedto produceheatandelectricity,changedo a

gaslike fuel such as methane, or changed to a liquid fuel. Liquid fuels, also called biofuels, include

two forms of alcohol: ethanol and methanol. Because biomass can be changed directly into liquid

fuel, it couldsomedaysupplymuchof our transportation fuel needsfor cars trucks,busesairplanes
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this fuel is now being produced from soybean oil. Researchers are also developing algae that

produce oils, which can be converted to biodiesall aew ways have been found to produce

ethanol from grasses, trees, bark, sawdust, paper, and farming wastes.

Organianunicipalsolidwasteincludespaper,food wastes andother organicnon-fossitfuel derived
materials such as textiles, natural rubband leather that are found in the waste of urban areas.
Currently,in the USapproximately31% oforganicwasteis recovered fronmunicipalsolid wastevia



recyclingandcompostingprograms 62%isdepositedin landfills,and7%isincinerated. Waste
material can be converted into electricity by combustion boilers or steam turbines.

Notethat like anyfuel, biomassreatessomepollutants,includingcarbondioxide, whenburnedor
converted into energy. In terms of air pollutants, biomass generate less relative to fossil fuels.
Biomass is naturally low in sulphur and therefore, when burned, generates low sulphur dioxide
emissionsHowever jf burnedin the openair, somebiomasdeedstocksvouldemit relativelyhigh
levels of nitrous oxides (given thehigh nitrogen content of plan material), carbon monoxide, and
particulates.

BiogasBiogas is produced from plant material and animal waste, garbage, waste from households
andsometypesof industrialwastes suchasfish processingdairies,andsewagereatment plants. It

isa mixture of gasesvhichincludesmethane,carbondioxide,hydrogensulphideand water vapour.

Inthis mixture, methaneburnseasily. With aton of food waste,one canproduce85 Cu.M of biogas.

Once used, the residue is used as an agricultural fertilizer.

Denmarkproducesa largequantity of biogasfrom wasteand producesl5,000megawattsof
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electricity a year from 420,000 tons of municipal waste which gives power to 50,000 families. In

Germany 25%of landfillsfor garbageproducepowerfrom biogas.Japarusesd5%of its wasteand

France about 50%.

Biogas plants have become increasingly popular in India in the rural sector. The biogas plants use
cowdung, which is converted into a gas which is used as a fuel. It is also used for running dual fuel
engines.Thereductionin kitthensmokeby usingbiogashasreducediungconditionsin thousandsof

homes.
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Ethanolproducedfrom sugarcanenolassess agoodautomobilefuel andis now usedin athird of

the vehicles in Brazil.

The National Project on Biogas Development (NPBD), and Community/ Institutional Biogas Plant
Programpromotevariousbiogasprojects.By1996there were already2.18millionfamiliesin India
that used biogas. However China I28smillion households using biogas!

Activity 5:

Whatyou maythrow out in your garbagetoday couldbe usedasfuel for someoneelse.Municipal
solid waste has the potential to be a large energy source. Garbage is an inexpensive energy
resource. Unlike most other energy resources, someone will collect garbage, deliver it to the
power plant, andevenpayto getrid of it. Thishelpscoverthe costof turning garbageinto energy.
Garbage is also a unigue resource because we all contribute to it.

Keeparecordof all the garbagethat you and our family producein aday. What proportion of it is
in the form of biomass? Weigh this.
Howlongwould it take you to gatherenoughwastebiomassto makeatankful (0.85cu.m.)of

biogas? (Remember one ton of biomass produces 85 cu.m. of biogas)



Wind PowerWind was the earliest energy source used for transportation by sailing ships. Some
2000 years ago, windmills were developedin China, Afghanistan and Persia to draw water for
irrigationandgrindinggrain.Most of the earlywork on generatingelectricityfrom wind wascarried

out in Denmark, at the end of the last century. Today, Denmark and California have large wind
turbine cooperatives which sell electricity to the government grid. In Tamil Nadu, there are large
wind farmsproducing850megawattsof electricity. At present,Indiaisthe third largestwind energy
producerin the world. Thepowerin wind is a function of the wind speedandtherefore the average
wind speed of an area is an important determinant of economically feasible power. Wind speed
increases with height. At a given turbine site, the power available 30 meters above ground is
typically 60 percent greater than at 10 meters.

Over the pastwo decades, a great deal of technical progress has been made in the design, siting,
installation, operation, and maintenance of powgroducing wind mills (turbines). These
improvementshaveledto higherwind conversiorefficienciesandlower electricty productioncosts.

Environmentalmpacts:Wind powerhasfew environmentaimpacts,asthere arevirtually no air or
wateremissionsor radiation,or solidwasteproduction. Theprincipalproblemsare bird kills, noise,
effect on TV reception, and aesthetic objections to the sheer number of wind turbines that are
required to meet electricity needs.

Althoughlargeareasof landarerequiredfor settingup wind farms,the amountusedby the turbine

bases, the found#ons and the access roads is less than 1% of the total area covered by the wind
farm. The rest of the area can also be used for agricultural purposes or for grazing.Siting windmills
offshore reduces their demand for land and visual impact.

Wind is an inérmittent source and the intermittency of wind depends on the geographic
distributionof wind. Windtherefore cannotbe usedasthe soleresourceforelectricity,andrequires
some other backup or stardly electricity source.

Tidal and Wave PoweTheearttRda a dzNF I OS Aa T1mx: o6l GSNWD . @&
createsoceancurrentsandwindthat produceswvaveslt is estimatedthat the solarenergyabsorbed

by the tropicaloceansn aweekcouldequalthe entire oil reservef the world ¢ 1 trillion barrelsof

oil. Theenergy ofwavesin the seathat crashon theland of all the continents estimated a2 to 3
million megawatts of energy. From the 1970s several countries have been experimenting with
technology to harness the kinetic energy of the ocean to generate electricity.

Tidal power is tapped by placing a barrage across an estuary and forcing thiotid@ pass
throughturbines.In aone-way systemthe incomingtide is allowedto fill the basinthroughasluice,

and the water so collected is used to produce electricity during the low tide. In a twoway system
power is generated from both the incoming well as the outgoing tide. Tidal power stations bring
about major ecological changes in the sensitive ecosystem of coastal regions and can destroy the
habitats and nesting places of water birds and interfere with fisheries. A tidal power station at the
mouth of ariver blocksthe flow of polluted waterinto the sea therebycreatinghealthandpollution
hazards in the estuary. Other drawbacks include offshore energy devices posing navigational
hazards. Residual drift current could affect spawning of shete whose larvae would be carried
awayfrom spawninggrounds.Theymayalsoaffectthe migrationpatternsof surfaceswimmingfish.

gl



Wavepowerconvertsthe motion of wavesinto electricalor mechanicaénergy Forthis,anenergy
extraction device is used to drive turbogenerators. Electricity can be generated at sea and
transmitted by cable to land. This energy source has yet to be fully explored. The largest
concentration ofpotentialwave energyn earth is located betweelatitudes 40to 60degrees in
both the northern and southern hemispheres, where the winds blow most strongly.

Anotherdevelopingconceptharnessegnergydueto the differencesn temperaturebetweenthe

warm upper layers of the ocean and the cold deep water. These plants are known as Ocean
Thermal Energy Conversion (OTEC). This is a high tech installation which may prove to be highly
valuable in the future.

Geothermal energyka G KS SySNHeée &aiG2NBR gAGKAY (GKS SINIK
heat). Geothermal energy starts with hot, molten rock (caftetyma ) deep inside the eantthich
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pools of water known as geothermal reservoirs. If there is an opening, hot underground water

comesto the surfaceandformshot springs or it mayboil to form geysersWith moderntechnology,

wells are drilleddeep below the surfacethe earthto tap into geothermal reservoirghis is called

directuseof geothermalenergy,andit providesa steadystreamof hot water that is pumpedto the

S I NHuKa@eilrthe 20th centurygeothermalenergyhasbeenharnessedn a largescalefor space

heating, industrial use and electricity production, especially in Iceland, Japan and New Zealand.

Geothermalkenergyis nearlyascheapashydropowerandwill thus be increasinglyutilisedin future.
However water from geothermalreservoirsoften containsmineralsthat are corrosiveandpolluting.
Geothermal fluids are a problem which must be treated before disposal.

NuclearPower

In 1938two GermarscientistsOtto HahnandFritzStrassmamemonstratednuclearfission.
They found they could split the nucleus of a uranium atom by bombarding it with neutrons. As the
nucleussplit, somemasswasconvertedto energy.Thenuclearpowerindustryhoweverwasbornin
the late 1950s.Thefirst large-scalenuclearpower plant in the world becameoperationalin 1957in
Pennsylvania, US.

Dr. Homi Bhabha was the father of Nuclear Power development in India. The Bhabha
AtomicResearch Center in Mumbai studies and develops modern nuclear technology. India has 10
nuclearreactorsat 5 nuclearpower stationsthat produce2%of L y R dldctxy. Thesearelocated

in MaharashtraTarapur)RajasthanTamilNadu,Uttar PradestandGujrat.Indiahasuraniumfrom
mines in Bihar. There are deposits of thorium in Kerala andI™adu. The nuclear reactors use
Uranium 235 to producelectricity. Energy released froirkg ofUranium235is equivalent to that
produced by burning 3,000 tons of coal. U235 is made into rods which are fitted into a nuclear
reactor. Thecontrolrodsabsab neutrons andhusadjust the fissiorwhichreleases energy due

the chainreactionin areactorunit. Theheatenergyproduced inthe reactionis usedto heatwater

and produce steam, which drives turbines that produce electricity. The drawback is that the rods
need to be changed periodically. This has impacts on the environment due to disposal of nuclear
waste.Thereactionreleases/eryhot wastewaterthat damagesaquaticecosystemsgventhoughit

is cooled by a water system before it is released.



The disposal of nuclear waste is becoming an increasingly serious issue. The cost of Nuclear Power
generationmustincludethe highcostof disposabf its wasteandthe decommissioningf old plants.

These have high economic as well as ecological costs that are not taken into account when
developing new nuclear installations. For environmental reasons, Sweden has decided to become a
Nuclear Free Count by 2010.Although the conventional environmental impacts from nuclear

power are negligible what overshadowsll the other typesof energysourcedsthat anaccidentcan

be devastating and the effects last for long periods of time. While it does nhit@alir or water

routinely like oil or biomass, a single accident can kill thousands of people, make many others
seriously ill,and destroy an area for decades by its radioactivity which leads to death, cancer and
genetic deformities. Land, water, vegetati are destroyed for long periods of time. Management,
storage and disposal of radioactive wastes resulting from nuclear power generation are the biggest
expenses of the nuclear power industry. There have been nuclear accidents at Chernobyl in USSR
and atthe Three Mile Island in USA. The radioactivity unleashed by such an accident can affect
mankind for generations.

EnergyConservationConventionaénergysourceshaveavarietyof impactson natureandhuman
society.

Indianeedsto rapidlymoveinto a policyto reduceenergyneedsandusecleanerenergyproduction
technologiesAshiftto alternateenergyuseandrenewableenergysourceghat are usedjudiciously

and equitably would bring about environmentally friendly and sustainable lifestyles.rmdi
reduceits dependencyn importedoil. At presentwe are under-utilizingour naturalgasresources.

We could develop thousands of mini dams to generate electricity. India wastes great amounts of
electricity during transmission. Fuel wood plantations need to be enhanced and management
through Joint Forestry Management (JFM) has a great profoigee future.
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burnt moreefficiently. Theyalsohavea chimneyto preventair pollution andthusreducerespiratory

problems. While over 2 lakh improved chulas have been introduced throughout the country, the

numberin activeuseis unknownasmaostrural peoplefind it to be unusablefor severakreasonsTERI

in 1995estimatedthat in India95% ofrural peopleand 60%of urbanpoor still dependon firewood,

cattle dung and crop residue for cooking and other domestic purposes. Biomass can be converted

into biogasor liquid fuels ie. ethanol and methanol. Biogas digesters convert animal waste or
agriculturalresidues into gas. This is 60% methane and 40% CO2 generated by fermentation. The
commonly used agri waste is dung of domestic animals and rice husk, coconut shells, straw or

weeds. The material left after the gas is used acts as a fertilizer.

Smallhydrogenerationunits are environmentfriendly Theydo not displacepeople,destroyforests
or wildlife habitats or kill aquatic and terrestrial biodiversity. They can be placed in several hill
streamspn canalr rivers.Thegenerationdependson flowingwater dueto gravity.However this
fails if the flow is seasonal.

It is easy to waste energy but cheaper to save it than generate it. We can conserve energy by
preventing or reducing waste of energy and by using resources more efficiently. People waste
energybecausegovernmentsubsidised. If the realcostwaslevied,peoplewould not be ableto
afford to waste it carelessly.

f) Landresources:



Land as a resource: Landforms such as hills, valleys, plains, river basins and wetlands include

different resource generating areas that the people living in theimese on. Many traditional
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extractaresourcewere accompaied by simplerituals. Theoutcomeof achancefall on one sideor

the other of a stonebalanced on a rock gave or withheld permission. The request could not be

repeatedfor aspecifiedperiod.Iflandisutilizedcarefullyit canbe consideredarenewableresource.

The roots of trees and grasses bind the soil. If forests are depleted, or grasslands overgrazed, the
landbecomesunproductiveandwastelandsformed.Intensiveirrigationleadsto water loggingand
salination,onwhichcropscannotgrow.Landisalsoconvertedinto anon-renewableresourcewhen

highly toxic industrial and nuclear wastes are dumped on it.

Landon earthisasfinite asanyof our other naturalresourcesWhilemankindhaslearntto adapt
hislifestyleto variousecosystemsvorld over, he cannotlive comfortablyfor instanceon polarice
caps, on under the sea, or in space in the foreseeable future.

Man needslandfor buildinghomes,cultivatingfood, maintainingpasturesfor domesticanimals,
developingndustriesto providegoods andsupportingthe industryby creatingtownsandcities.
Equally importantly, man needs to protect wilderness area in forests, grasslands, wetlands,
mountains, coasts, etc. to protect our vitally valuable biodiversity.

Thusarationaluseof landneedscarefulplanning.Onecandevelopmostof thesedifferent typesof
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be situated where some of the natural ecosystems are still undisturbed. These tebfaeas are
important aspects of good landuse planning.Land Degradation: Farmland is under threat due to
more andmore intense utilisation. Evegear,between 5 to 7million hectareof land worldwide is
addedto the existingdegradedarmland.Whensoi isusedmoreintensivelyby farming,it iseroded
morerapidlyby wind andrain. Overirrigatingfarmlandleadsto salinisationasevaporationof water
brings the salts to the surface of the soil on which crops cannot grow. Over irrigation also creates
water logging of the topsoil so that crop roots are affected and the crop deteriorates. The use of
more and more chemical fertilizers poisons thd soithat eventually the land becomes
unproductive.As urban centers grow and industrial expansion occurs, the agricultural land and
forests shrink. This is a serious loss and has long term ill effects on human civilisation.

Soil erosionThe characteristis of natural ecosystems such as forests and grasslands depend on

the type of soil. Soils of various types support a wide variety of crops. The misuse of an ecosystem

leadsto lossof valuablesoilthrougherosionby the monsoonrainsand,to a smallerextent, by wind.

Theroots of the treesin the forest hold the soil. Deforestationthus leadstorapid soilerosion.Soilis

washed into streams and is transported into rivers and finally lost to the sea. The process is more

evidentin areaswvhere deforestation has leth erosion on steep hill slopess inthe Himalayas and
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loss of millions of tons of valuable soil every year, it is essentkgerve what remains of our

natural forest cover. It is equally important to reforest denuded areas. The linkage between the

existenceof forestsandthe presenceof soilisgreaterthanthe ¥ 2 NJpRysic@sbil bindingfunction

alone.Thesoilisenrichedby the leaflitter of the forest. Thisdetritusis brokendown by soilmicro-



organismsfungi,wormsandinsects whichhelpto recyclenutrientsin the system Furtherlosse of
our soil wealth wilimpoverish our country and reduce its capacity to grow enough fodgtime.

ROLEOFANINDIVIDUAIN CONSERVATIQ¥NATURAL RESOURCES

Until fairly recentlymankindactedasif he couldgoonfor everexploitingthe ecosystemand
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mineralsandfossilfuelsfrom undergroundBut,in the lastfew decadesit hasbecomeincreasingly

evident that the global ecosystem has the capacityustain only a limited level of utilization.

Biological systemsannotgo on replenishingresources if they areverusedor misused. At &ritical

point, increasing pressure destabilizes their natural balance. Even biological resources traditionally
classifedasW NB y S éslichakti®sefrom our oceansforests,grasslandsndwetlands,arebeing
degradedby overuseandmaybe permanentlydestroyed Andno naturalresourceislimitliess.Wb 2 y
NEBySslof SQ NBaz2dNDOSa Attt 6S NILARt&@ SEKIFdzaa$s
present.
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The two most damaging factors leading to the current rapid depletion of all forms of natural
NBazdz2NOSa | NB Ay ONBI aifihdaffliedizettonzviSocikets, 3@ ragd/ G KS LI
populationgrowth. Bothfactorsarethe resultsof choiceswve makeasindividuals Asindividualswve

needto decide;

wWhatwill we leaveto our children?(Arewe thinkingof short-term or longterm gain?)
wlsmymaterialgainsomeoneS f 082 &

Greedfor materialgoodshasbecomeaway of life for a majority of peoplein the developedworld.
Population growth and the resulting shortage of resources most severely affects people in the
developingcountries.In nationssuchasours,whichare both developingapidly,andsufferingfrom

a population explosion, both factors are responsible for environmental degradation. We must ask
ourselvesf we haveperhapseachedacriticalflashpoint, at whicheconomic R 2@ vt Saffect®

the lives of people more adversely than the benefits it provides.

Whatcanyoudo to saveelectricity?

wTurnoff lightsandfansassoonasyouleavethe room.

wUsetube lightsandenergyefficientbulbsthat saveenergyratherthanbulbs.A40watt tube light
gives as much light as a 100 watt bulb.

wKeepthe bulbsandtubesclean.Dustontubesandbulbsdecreasedightinglevelsby 20to 30
percent.
wSwitchoff the televisionor radioassoonasthe programof interestisover.
wApressurecookercansaveupto 75percentof energyrequiredfor cooking It isalsofaster.
wKeepinghe vessetoveredwith alid duringcooking helpsto cookfaster,thus savingenergy.

EQUITABLBSEOF RESOURCHE3IRSUSTAINABUHFESTYLES

Reductiorof the unsustainablendunequaluseof resourcesandcontrol of our populationgrowth
areessentiafor the survivalof our nationandindeedof humankind everywhere Ourenvironment
provides us with a variety of goods and services necessary for ododiay lives, but the sail,

water, climateandsolarenergywhichformthe WI 6 A 2 (i A Dd@wedanelrdt Ndiure,arein

themselvesot distributed evenlythroughoutthe world or within countries.A neweconomicorder



at the global and at national levels must be based on the ability to distribute benefits of natural

resourcedy sharingthem more equallyamongthe countriesaswell asamongcommunitieswithin
countriessuchasour own. It isat the locallevelwherepeoplesubsistby the saleof locallycollected
NBE&2dNDSas GKFG GKS RAALINRGE A& ANBIISadoe ws5S9¢
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removal of the sources to distant regions and thus develop a greater stake in protecting natural

resources.

There are several principles that each of us can adopt to bring about sustainable lifestges. Thi
primarilycomesfrom caringfor our Mother Earthin all respects Aloveandrespectfor Natureisthe
greatestsentiment thathelps bringabout a feelindor lookingat howwe use naturatesources ira

new and sensitive way. Think of the beauty of a wilderness, a natural forest in all its magnificence,

the expanse of a green grassland, the clean water of a lake that supports so much life, the crystal
clearwater of a hill stream,or the magnificentpower of the oceansandwe cannothelpbut support
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life supporting systems.

Unit 3:

Systems

CONCEPDOFANECOSYSTEM

AnW9 O 2 & Badrégdnivith aspecificandrecognizabldandscapdorm suchasforest, grassland,
desert, wetland or coastal area. The nature of the ecosystem is based on its geographical features
suchas hillsmountains, plains, rivers, lakesastal areasr islands. It is also ctolled by climatic
conditions such as the amount of sunlight, the temperature and the rainfall in the region. The
geographicalglimaticandsoilcharacteristicorm its non-living(abiotic)component. Thesdeatures
create conditions that support a community of plants and animals that evolution has produced to
live in these specific conditions. The living part of the ecosystem is referred to as its biotic
component.

Ecosystemaredividedinto terrestrialor landbasedcosystemsandaquaticecosystemén
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Allthe livingorganismsn anarealivein communitiesof plantsandanimals Theyinteractwith their
non-living environnent, and with each other at different points in time for a large number of
reasonsLifecanexistonlyin asmallproportionofthe S I NJi K Qvater &ntlitg d&osphere At a

globallevelthe thin skinof the earthonthe land,the seaandthe air, formsthe biosphere.

At asub-globallevel,thisisdividedinto biogeographicalealms,geographicatealms,geographical
realms,geographicatealms,geographicatealms,eg.Eurasiaalledthe palaearticealm; Southand
SouthEast Asia (of which India forms a major part) is the Oriental realm; North America is the
Nearctic realm; South America forms the Neotropical realm; Africa the Ethiopian realm; and



Australiathe Australiarrealm.Atanationalor state level,this formsbiogeographicregiong.hereare
severaldistinctivegeographicategionsin India- the Himalayasthe GangetidPlainsthe Highlandf
Central India,th&Vesternand EasterrGhats the semiarid desert irthe West, the DeccaRlateau,

the CoastaBelts,andthe AndamarandNicobarlslands Thesegeographicallgistinctiveareashave
plants and animals that have been adapted to live in each of these regions.At an even more local
level, each area has several structurally and functionally identifiable ecosystems such as different
typesof forests,grasslandsjver catchmentsmangiove swampsn deltas,seashoresislandsgtc.to

give only a few examples. Here too each of these forms a habitat for specific plants and animals.

Ecosystembavebeenformedon landandin the seaby evolution thathascreatedspeciedo live
togetherin aspecificregion. Thusecosystem#$iaveboth nonivingandlivingcomponentghat are
typical to an area giving it its own special characteristics that are easily observed.

Definition: The living community of plants and animals in any area together with thdiviog
components of the environment such as soil, air and water, constitute the ecosystem.Some
ecosystems are fairly robust and are less affected by a certain lekiehman disturbance. Others
arehighlyfragileandare quicklydestroyedby humanactivities.Mountainecosystemsireextremely
fragile as degradation of forest cover leads to severe erosion of soil and changes in river courses.
Island ecosystems are egsdffected by any form of human activity which can lead to the rapid
extinctionof severabf their uniguespecie®f plantsandanimals Evergreeriorestsandcoralreefs

are also examples of species rich fragile ecosystems which must be protected agairisty of

human activities that lead to their degradation. River and wetland ecosystems can be seriously
affected by pollution and changes in surrounding landuse.

Understandingecosystems

Naturalecosystemsncludethe forests,grasslandsjeserts,andaquaticecosystemsuchasponds,
rivers,lakes,andthe sea.Man modifiedecosystemincludeagriculturallandandurbanor industrial
land use patterns.

Eachecosystenhasasetof commonfeaturesthat canbe observedn the field:
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differentecosystem#n onesown surroundingsFieldobservationsnustbe madein both urbanand
natural surroundings.

wWhatisits structure?lsit aforest,agrasslandawaterbody,anagriculturalarea,agrazingarea,
an urban area, an industrial area, etc.?

What you should see are its different characteristics. A forest has layers from the ground to the
canopyApondhasdifferent typesof vegetationfrom the peripheryto its center. Thevegetationon
a mountain changes from its base to its summit.

wWhatisthe compositionof its plant andanimalspecies?.istthe well-knownplantsandanimalsyou
can see. Document their abundance and numbers in nature:agmymon, common, uncommon,
rare. Wild mammals will not be seen in large numbers, cattle would be common. Some birds are
commong which are the most common species? Insect species are very common and most
abundant. In fact there are so many that they canheteasily counted.
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and energy transfemechanisms. Observe and document tenponentsof the ecosystem which
consists of its notiving or abiotic features sudhs air, water, climate and soil. Its biotic



componentsthe variousplantsandanimals Boththeseaspectof the ecosysteninteractwith each
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f A dh@®HrhmandependsEachof these useenergythat comes fromthe sunand powersthe

ecosystem.

Ecosystendegradation

Ecosystems arthe basis ofife itself! The naturaécosystemsn the wilderness provide variety of
productsandareregionsin whichanumberof vital ecologicaprocessesire present,without which

human civilization would not be able to exist.Ecosystems are however frequently disrupted by
humanactionswhichleadto the extinctionof specief plants andanimalsthat canlive onlyin the

different natural ecosystems. Some speciedithimated seriously affect the ecosystem. These are
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timber, wetlandsaredrainedto createmoreagriculturallandandsemiarid grasslandshat are used

aspasturesare changed into irrigated field®ollutionfrom industryandwaste fromurbansettings

can also lead to extinction of several species.

The reason fothe depletion of naturatesourcess twofold¢ our rapidlyexploding population that
needsto sustainitselfon resourcesandthe growth of affluentsocietieswhichconsumeandvastea

very large proportion of resources and energy. Increasing extraction of resources is at the cost of
natural ecosystems, leading to a derangement of their imporfanttions. Each of us in our daily
lives use a variety of resources. If tracked back to their source, one finds that the resources were
originallyobtainedfrom natureandnaturalecosystemsOurinsensitivityto usingresourcesarefully

has produced soeties that nature can no longer sustain. If one thinks before wasting resources
suchaswater, reusingandrecyclingoaper,usinglessplasticsthat are non-degradableculminatively

this can have positive implications on the integrity of our natural resebase and conserve the
resources that nature provides.

Ecosystemandman:

Everyregionof our earth hasdifferentecosystemsasedonits climaticconditionsandgeographical
feature. There are terrestrial ecosystems on land and aquatic ecosystems in water.

Resourcautilisation

Most traditional societies used their environment sustainably. Though inequality in resource
utilization has existed in every society, thember of individuals that used a large proportion of
resourcesvasextremelylimited. In recenttimesthe proportion of ¥ NJpediteih affluent societies,
grewrapidly.Inequalitythus becameaseriousproblem.Whereasn the pastmanyresourcesuchas
timber and fuel wood from the forest were extracted sustainably, this pattern has drastically
changed duringhe lastcentury. Theeconomically betteoff sections begato use greater amounts

of forest products,whilethosepeoplewho livedin the forest becameincreasinglypoor. Similarlythe
building of large irrigation projects led to wealth in those areas that had canals, while those who
hand to remain dependent on a constant supply of water from the river itself, found it difficult to
survive.Theg @ (2 GKAA A&daadadzS Aa GKS ySSR F2NJ +y WSIjdz
resources. A more even sharing of resources within the community can reduce these pressures on
the natural ecosystems.Since each ecosystem has diving and a living pathat are linked to

each otherpneneedsto look around us andbservethis closelyThis is an important aspect that is

a vital part of our lives.



The nonliving components of an ecosystem are the amount of water, the various inorganic
substancesandorganiccompoundsandclimaticconditionssuchasrainfallandtemperature,which
dependon geographicatonditionsandlocationwhichisalsorelatedto the amountof sunlight.The
living organisms in an ecosystem are inseparable from their habitat.

Thelivingcomponentof plant life rangesfrom extremelysmallbacteria,whichlivein air, water and

soil, algae which live in fresh and salt water, to the terrestrial plants whichafrom grasses and
herbsthat growafter the monsooneveryyear,to the giantlonglivedtreesof the forest. Theplants
convertenergyfrom sunlightinto organicmatter for their growth. Theythusfunctionasproducers

in the ecosystem. The living component of the animal world ranges from microscopic animals, to
smallinsectsandthe largeranimalssuchasfish,amphibia reptiles,birdsandmammalsManisjust

one of the 1.8 million species of plants and aaisthat inhabit the earth.

PRODUCERSONSUMERSNDDECOMPOSERS

Evenylivingorganismisin somewaydependenton other organismsPlantsarefood for herbivorous
animalswhicharein turn food for carnivorous animals. Thus there aiferenttropic levelsn the
ecosystemSomeorganismssuchasfungilive only ondeadmaterialandinorganicmatterPlantsare
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the forest these form communities of pialife. In the sea these include tiny algal forms to large

seaweed.

Theherbivorousanimalsherbivorousanimalsherbivorousanimalsherbivorousanimalsherbivorous
animals are primary consumers as they live on the producers. In a forest, these are the insects,
amphibia reptiles,birdsandmammalsTheherbivorousanimalsincludefor examplehare,deerand
elephants thative on plantlife. Theygrazeon grassor feed on the foliagefrom trees.In grasslands,

there are herbivores such as the blackbuck that feed on grass. In the semiarid areas, there are
species such as the chinkara or Indian gazelle. In the sea, thereare small fish that live on algae and
other plants.

At a higher tropic level, there are carnivorous animals, or secondary consumers, which live on
herbivorous animals. laur forests,the carnivorousanimals are tigers, leopards, jackals, foxes and
smallwild cats.Inthe sea,carnivoroudishlive on other fishandmarineanimals Animalsthat live in

the sea range in size from microscopic forms to giant mammals such as the whale.

Decomposersr detrivoresareagroupof organismsonsistingpf smallanimaldike worms,insects,
bacteria and fagi, which break down dead organic material into smaller particles and finally into
simpler substances that are used by plants as nutrition. Decomposition thus is a vital function in
nature, as without this, all the nutrients would be tied up in dead matted no new life could be
produced.

Most ecosystems are highly complex and consist of an extremely large number of individualsof a

wide variety of species. In the specigsh tropical ecosystems (such as in our country), only a few
speciesare verycomma, while mostspecieshaverelativelyfew individuals. Somespecief plants
andanimalsare extremelyrare andmayoccuronly at afew locations Thesearesaidto be WS Y RS YA O Q
to these areas.
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disappearanceftheseuncommonspeciesWhenthis happendo anendemicspecieghatisnot
widely distributed, it becomes extinct for all time.

ENERGKFLOWN THEECOSYSTEM



Every ecosystem has several interrelated mechanisms that affect human life. These are the water
cycle, the carbon cycle, the oxygen cycle, the nitrogen cycle and the energy cycle. While every
ecosystenmscontrolledbythesecyclesjn eachecosystenits abioticandbiotic featuresaredistinct

from each other.

All the functions of the ecosystem are in some way related to the growth and regeneration of its
plant and animal species. These linked processes can be depictedwasithes cycles. These
processes depend on energy from sunlight. During photosynthesis carbon dioxide is taken up by
plantsandoxygernisreleased Animalsdependonthis oxygenfor their respiration.Thewatercycle
dependsonthe rainfall,whichis necesaryfor plantsandanimalsto live. Theenergycyclerecycles
nutrients into the soil on which plant life grows. Our own lives are closely linked to the proper
functioningof thesecycleof life. If humanactivitiesgoon alteringthem, humanitycannotsurvive

on our earth.

TheWater Cycle

When it rains, the water runs along the ground and flows into rivers or falls directly into the sea. A
part of the rainwater that falls on land percolates into the ground. This is stored underground
throughout the resiof the year. Water is drawn up from the ground by plants along with the
nutrients fromthe soil. Thewater is transpired fronthe leaves as waterapourand returnedto the
atmosphere Asit islighterthan air, water vapourrisesandforms clouds.Windsblow the cloudsfor

long distances and when the clouds rise higher, the vapour condenses and changes into droplets,
whichfall on the land as rain. Though thisais endlessycle2 y ¢ KA OK f AFS RSLISyRax
are making drastic changes in the atsphere through pollution which is altering rainfall patterns.

This is leading to prolonged drought periods extending over years in countries such as Africa, while
causingloodsin countriessuchasthe US EINinostormsdueto theseeffectshavedevastatednmany

places in the last few years.

TheCarboncycle

The carbon, which occurs in organic compounds, is included in both the abiotic and biotic parts of
the ecosystem. Carbon is a building block of both plant and animal tissues. In the atmosphere,
carbon occurs as carbon dioxide (CO2). In the presence of sunlight, plants take up carbon dioxide
from the atmosphere through their leaves. The plants combine carbon dioxide with water, which is
absorbed by their roots from the soil. In the presence ofiigint they are able to form
carbohydrateghat containcarbon.ThisprocesssknownasphotosynthesisPlantsusethis complex
mechanism for their growth and development. In this process, plants release oxygen into the
atmosphere on which animals depefat their respiration. Plants therefore help in regulating and
monitoringthe percentageof Oxygerand Carbondioxidein the S | NJAtfid@ghere All of mankind
thusdependsonthe oxygengeneratedthroughthis cycle.lt alsokeepsthe CO2at acceptabldevels.

Herbivorousanimalsfeed on plant material,whichis usedby them for energyandfor their growth.
Both plantsand animalsreleasecarbondioxideduringrespiration.Theyalsoreturn fixed carbonto
the soilin the wastethey excrete.Whenplantsandanimalsdie they return their carbonto the soil.
These processes complete the carbon cycle.

TheOxygenCycle

Oxygenstakenup by plantsandanimalsfrom the air duringrespiration.Theplantsreturn oxygen
to the atmosphere during photosynthesis.iglinks the Oxygen Cycle to the Carbon Cycle.
Deforestationislikelyto graduallyreducethe oxygenevelsin our atmosphere Thusplantlife plays



animportantrole in our liveswhichwe frequentlydo not appreciate Thisisanimportant reasonto
participate in afforestation programs.

TheNitrogenCycle

Carnivorousanimalsfeedon herbivorousanimalsthat live on plants.Whenanimalsdefecate this
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FYAYEFfaQ o Mdateriplinid Endallesits an ivich microscopibacteria and fungi can act.

This material is thus broken down further into nutrients that plants can absorb and use for their

growth. Thusnutrientsarerecycledbackfrom animalgto plants.Similarlythe bodiesof deadanimals

are also broken down into ridents that are used by the plants for their growth. Thus the nitrogen

cycle on which life is dependent is completed.

Nitrogen fixing bacteria and fungi in soil gives this important element to plants, which absorb it as
nitrates. Thenitratesareapartof the LIt | gigia@dlismwhichhelpin formingnew plant proteins.

This is used by animals that feed on the plants. The nitrogen is then transferred to carnivorous
animalswhenthey feedonthe herbivores.Thusour own livesarecloselyinterlinkedto soilanimals,
fungi and even bacteria in the soil. When we think of food webs, we usually think of the large
mammals and other large forms of life. But we need to understand that it is the unseen small
animals, plants and microscopic forms of life that argrefat value for the functioning of the
ecosystem.

TheEnergyCycle

The energy cycle is based on the flow of energy through the ecosystem. Energy from sunlight is
converted by plants themselves into growing new plant material which includes leaves, flowers,
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directly into their tissues, they are known as producers in the ecosystem. The plants are used by
herbivorous animals herbivorous animals herbivorous anifmatbivorous animals herbivorous
animals as food, which gives them energy. A large part of this energy is used up for day to day
functions of these animals such as breathing, digesting food, supporting growth of tissues,
maintaining blood flow and body tenepature. Energy is also used for activities such as looking for
food, finding shelter, breeding and bringing up young ones. The carnivores in turn depend on
herbivorous animals on which they feed. Thus the different plant and animal species are linked to
one another through food chains food chains food chains food chains food chains. Each food chain
has three or four links. However as each plant or animal can be linked to several other plants or
animals through many different linkages, these idiaked clains can be depicted as a complex

food webfood webfood webfood webfood web. Thisisthuscalledthe W g $fd A thaBsfowsthat

there are thousands of interrelationships in nature.

The energy in the ecosystem can be depicted in the form of a foahpsirfoodpyramid food

pyramidfood pyramidfood pyramidor energypyramidenergypyramidenergypyramidenergy
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pyramidhasa narrowermiddle sectionthat depictsthe numberandbiomasf herbivorousanimals
herbivorousanimalsherbivorousanimalsherbivorousanimalsherbivorousanimals whichare called
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supportmankind,there mustbe alargebaseof herbivorousanimalsandanevengreaterquantity of

plant material.



When plants and animals die, this material is returned to the soil after being broken down into
simpler substances by decomposers such as insects, worms, bacteria and fungi so that plants can
absorbthe nutrientsthroughtheir roots. Animalexcretewasteproductsafter digestingood, which

goes back to the soil. This links the energy cycle to the Nitrogen cycle.

Integration of cyclesin Nature

Thesecycles are a part aflobal life processe3hesebiogeoctktemicalcycles have speciffeatures

in each of the ecosystems. These cycles are however linked to those of adjacent ecosystems. Their
characteristics are specific to the plant and animal communitiéisamegion. This is related to the
geographicaleaturesof the area,the climateandthe chemicakompaositionof the soil. Togetherthe

cycles are responsible for maintaining life on earth. If mankind disturbs these cycles beyond the
limits that nature can sustain, they will eventually break down and lead to a degraded earth on
which man will not be able to survive.

ECOLOGICAUCCES3N

Ecological succession is a process through which ecosystems tend to change over a period of time.
Succession can be related to seasonal environmental changes, which create changes in the
community of plants and animals living in the ecosyst@tier sucessionakvents may take much
longerperiodsof time extendingto severaldecadeslf aforestis cleared,it isinitially colonizedby a
certaingroupof speciesf plantsandanimalswhichgraduallychangethroughanorderly processof
communitydevelgpment. Onecanpredictthat anopenedup areawill graduallybe convertedinto a
grassland, a shrubland and finally a woodland and a forest if permitted to do so without human
interference. There ia tendency for succession to produce a more or less stable state at thef end
the successional stages. Developmental stages in the ecosystem thus consist of a pioneer stage, a
series of changes known as serel stages, and finally a climax stage. Theigactages arerelated

to the way in which energy flows through the biological system. The most frequent example of
successional changes océura pondecosystem where it fluctuates from a dry terrestrial habitat to

the early colonisation stage by smadjumtic species after the monsoon, which gradually passes
through to a mature aquatic ecosystem, and then reverts back to its dry stage in summer where its
aquatic life remains dormant.

FOODBCHAINSFOODNEBSRANDECOLOGICRYRAMIDSOGICAL

The transfeof energy from the source iplants througha seriesof organisms by eatingndbeing
eaten constitutes food chains. At each transfer, a large proportion of energy is lost in the form of
heat. These food chains are not isolated sequences, but are intercathedth each other. This
interlocking pattern is known as the food web. Each step of the food web is called a trophic level.
Hencegreenplantsoccupythe first level,herbivoreshe secondevel,carnivoreghe third leveland
secondary carnivores the fourth level. These trophic levels together form the ecological pyramid.

Thefood chains

Themostobviousaspectof nature isthat energymustpassfrom one livingorganismto another.
When herbivorous animals feed on plants, energy is transferred from plants to animals. In an
ecosystemsomeof the animalsfeed on other livingorganismswhile somefeedon deadorganic
matter. Thelatter form the WR S (i fddd dheid AReachlinkagein the chain,amajor part of the
energyfrom the food islost for dailyactivities.Eachchainusuallyhasonly four to five suchlinks.
However a single species may be linked to a large number of species.



Thefood webs

In an ecosysm there are a very large number of interlinked chains. This forms a food web. If the
linkagesn the chainsthat makeup the web of life are disrupteddue to humanactivitiesthat leadto
the loss or extinction of species, the web breaks down.

Theecologicapyramids

In an ecosystem, green plargshe producers, utilize energy directly from sunlight and convert it
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food pyramid.Theherbivorousanimak that eat plantsare at the secondtrophic levelandare called
primaryconsumers. Thpredatorsthat feed on them form thethird trophic levelandare knownas
secondanconsumersOnlyafew animalsform the third trophiclevelconsistingof carnivoresat the

apex of the food pyramid. This is how energy is used by living creatures and flows through the
ecosystem from its base to the apex. Much of the energy is used up in activities of each living
organism.

INTRODUCTIONYPESCHARACTERISFEATURESRUCTURENDFUNCTIONS
Foreachof theseecosystemsve needto understand4 basicissues:

1. Whatisthe natureof the ecosystemWhatisits structureandits functions?

2. Whousegthe ecosystenandfor what purpose?

3. Howaretheseecosystemslegraded?

4. Whatcanbe doneto protectit from deterioratingin the longterm? Howcanthe ecosystenbe
conserved?

Ecosystengoodsandservices

DirectValuesDirectValuesDirectValuesDirectValuesDirectValuesTheseareresourceghat
people depend upon directly and are easy to quantify in economic terms.

wConsumptivaJseValue- Non-marketvalueof fruit, fodder, firewood, etc.that areusedby people
who collect them from their surrounds.]

wProductiveUseValue- Commerciabalueof timber, fish,medicinalplants,etc.that peoplecollect
for sale.

IndirectValuesindirectValuesindirectValuesindirectValuesindirectValuesTheseareusesthat
do not have easy ways to quantify them in terms of a clearly definable price.

wNonconsumptiveusevalue- scientificresearch pird-watching, ecotourismetc.

wOption value- maintaining options for the future, so that by preserving them one could reap
economidbenefitsin i K Sxistencevalue- ethicalandemotionalaspectsf the existenceof wildlife

andnature.

Terrestrial ecosystems in their natural state are found in different types of forests, grasslands,
semiarid areas, deserts and sea coasts. Where the land is intensively used, these have been
graduallymodifiedoverseverdthousandyearsinto agriculturalandpastoralregions.nthe recent
past they have been rapidly converted into intensively irrigated agricultural ecosystems or into
urban and industrial centers. Though this has increased production of food the rawiah&ber



YO 2y adzy S Nlwe B& thdoderuSekahaiisuse ofand and natural ecosystems has led to a
seriousdegradationof our environment.Theunsustainablaiseof environmentalgoodssuchassoil,
water, fuelwood, timber from forest,rgsses and herbs from grasslands for grazing and repeatedly
burning the grass, degrades these natural ecosystems. Similarly, improper use of resources can
destroy the services that the natural ecosystems provide. These processes of nature such as
photosynhesis, climate control, preventiaof soilerosionare disturbed bynany humaractivities.
When our human population was small, most ecosystems could supply all our needs. Resources
werethususedW¥ & dza (0 | Asindusoial @RS S t RedityaSefygreatincreasen consumption

of resourcesthe shortterm economicgainsfor peoplebecameanindicatorof progressratherthan
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Forestghusdisappearyiversrun dry, desertsbeginto spread,andair, water and soilbecome
increasinglypolluted asby-productsof development Humanwell beingitselfis then seriously

affected.

Forest ecosystem

Forests are formed by a community of plants which is predominantly structurally defined by its
trees,shrubs, climberandgroundcover. Natural vegetatiolboksvastly differentfrom a groupof
plantedtrees,whicharein orderlyrows.TheY 2 &4 (i W yhiisiudabidfofedsare locatedmainly

in our NationalParksandWildlife SanctuariesThelandscapeshat makeup varioustypesof forests

look verydifferent from each other. Their distinctive appearance is a fascinating aspect of nature.
Eachforest type forms dabitat fora specific community ainimalsthat areadapted to live in it.

Whatis a forestecosystem?

Theforestecosystenhastwo parts:

w ¢ K S-livihg of abiotic aspects of the forest : The type of forest depends upon the abiotic
conditionsat the site. Forestsonmountainsandhillsdiffer from thosealongrivervalleys Vegetation
is specificto the amountof rainfallandthe localtemperaturewhichvariesaccordingo latitude and
altitude. Forests also vary in their plant communities in response to the type of soil.

w ¢ RKivihgor the biotic aspectsof the for forest: Theplantsandanimalsform communitiesthat are
specific to each forest type. For instance coniferous treesioin the Himalayas. Mangrove trees
occur in river deltas. Thorn trees grow in arid areas. The snow leopard lives in the Himalayas while
the leopardandtiger live inthe forestsof the restof India.Wild sheepandgoatslive highupin the
HimalayasManyof the birdsof the Himalayarforestsare different from the restof India.Evergreen
forests of the Western Ghats and North East India are most rich in plant and animal species.

Thebioticcomponentincludesboth the large(macrophytespndthe microscopigplantsand
animals.

Plantsincludethe trees,shrubsclimbers grassesandherbsin the forest. Thesencludespeciedhat
flower (angiosperms), and neffowering species (gymnosperms) such as ferns, bryophytes, fungi
and algae.

Theanimalsincludespecief mammalspirds,reptiles,amphibiansfish,insectsandother
invertebrates and a variety of microscopic animals.

As the plant and animal species are closely dependent on each other, together they form different
types of forest communiéis. Man is a part of these forest ecosystems and the local people depend
directlyonthe forestfor severaiaturalresourceghat actastheir life supportsystemsPeoplewho



donot livein the forestbuyforestproductssuchaswood andpaper,whichhasbeenextractedfrom
the forest. Thus they use forest produce indirectly from the market.

Foresttypesin India: Theforesttype dependsuponthe abioticfactorssuchasclimateandsoil
characteristicof aregion.Forestsn Indiacanbe broadlydividedinto Coniferoudorestsand
Broadleaved forests.

They can also be classified according to the nature of their tree speeigrgreen, deciduous,
xerophytic or thorn trees, mangroves, etc. They can also be classified according to the most
abundantspecieof treessuchasSalor Teakforests.In manycasesaforestisnamedafter the first
three or four most abundant tree species.

Coniferoudorestsgrowin the Himalayarmountainregion,wherethe temperaturesarelow. These
forests have tall stately trees with needlelike leaves and downward sloping branches so that the
show can slip off the branches. Theyhave cones instead of seeds and are called gymnosperms.

Broadleavedorestshaveseveratypes,suchasevergreerforests,deciduoudorests,thorn forests,
and mangrove forests. Broadleaved forests have large leaves of various shapes.

Evergreen forests grow the high rainfall areasf the Western Ghats, North Eastern India and the
Andaman and Nicobar Islands. These forests grow in areas where the monsoon lasts for several
months. Some even get two monsoons, such as in Southern India. Evergreen plants shed a few of
their leaves throughout th year. There is no dry leafless phase as in a deciduous forest. An
evergreenforestthuslooksgreenthroughoutthe year. Thetreesoverlapwith eachotherto form a
continuouscanopy.Thusverylittle light penetratesdownto the forestfloor. Onlyafew shadeloving
plants can grow ithe ground layer irareaswheresome lighffilters down fromthe closed canopy.
The forest is rich in orchids and ferns. The barks of the trees are covered in moss. The forest
abounds in animal life and is most rich in iciskfe.Deciduous forests are found in regions with a
moderateamountof seasonal rainfall that lasts fonly a fewmonths.Most of the forestsin which
Teak trees grow are of this type. The deciduous trees shed their leaves during the winter and hot
summer months. In March or April they regain their fresh leaves just before the monsoon, when
they grow vigorously in response to the rains. Thusdhare periods of leaf fall and canopy
regrowth. Theforestfrequentlyhasathick undergrowthaslight canpenetrateeasilyonto the forest

floor.

Thornforestsare foundin the semt arid regionsof India. Thetrees,whichare sparselydistributed,

are sirrounded by open grassy areas. Thorny plants arecalled xerophytic species and are able to
conservewater. Someof thesetreeshavesmallleaveswhile other specieshavethick, waxyleaves

to reduce water losses during transpiration. Thorn forest trees have long or fibrous roots to reach
water at greatdepths.Many of theseplantshavethorns,whichreducewaterlossandprotectthem

from herbivores.

Mangroveforestsgrowalongthe coastespeciallyn the river deltas. Theseplantsareableto growin

a mix of saline and fresh water. They grow luxuriantly in muddy areas covered with silt that the
rivers have brought down. The mangrove trees have breathing roots that emerge from the
mudbanks.

Forestutilisation: Forestutilisation: Naturalforestsprovidelocalpeoplewith avarietyof productsif

the forest is used carefully. Ovekploitation for fuel wood or timber, and conversion to
monoculture plantations for timber or other products, impoverishes local people as the economic
benefit goes to people who live elsewhere. The entagource bas on which local people have



traditionallysurvivedfor generationsjsrapidlydestroyed Eventuallythe forestiscompletely
degraded.

Naturalforestecosystemgplayanimportant role in controllinglocalclimateandwaterregimes|tis
well-knownthat underthe canopyof a naturalforest, it iscoolerthan outsidethe forest.Duringthe
monsoon, the forest retains moisture and slowly releases it through perennial streams during the
restof the year Plantations fail to perform thiunction adequately. The lossf forest cover irthe
catchmentsof ariver thusleadsto irreversiblechangesuchasexcessiveoilerosion,largerun-off

of surface water during monsoons leading to flash floods, and a shortage of water once the
monsoons are over

Forest products that are collected by people include food such as fruit, roots, herbs and medicinal
plants. People depend on fuelwood to cook food, collect fodder for domestic animals, cut building
material for housing, collect medicinal plants that hdeen known for generations for several
ailmentsandusea variety of nontimer forest productssuchasfiber, cane,gum,to makehousehold
articles.Wood from different speciesf trees havespecial used-or instance softwood isused for

the yokof abullockcartwhile averyhardwoodisusedfor its axil. Theseforest productsare of great
economicvalueasthey are collected,soldandmarketed.Forestdwellersandagriculturalpeopleuse
these goods directly. Other people get them indirectly from the market. Traditional types of
agriculture needs forest material such as branches and leaves, which are burnt to form wood ash
which acts as a fertiliser for crops such as rice.Urban pam@dhese forest resources indirectly as
all their food and other goodscomefrom agriculturalareasthat are dependenton the neighbouring
forests.

Forestservicesncludethe control of the flow of waterin streamsandrivers.Forestcoverreduces
surfae runoff of rainwaterandallowsgroundwater to be stored.Forestgpreventerosionof soil.
Once soil is lost by erosion, it can take thousands of years to reform. Forests regulate local
temperature. It is cooler and more moist under the shade of the trees in the forest. Most
importantly, forests absorb carbon dioxide and release oxygenvtiesbreathe.

Thewild relativesof our crop plantsandfruit treeshavespecialcharacteristicsn their geneswhich

are used to develop new crops and newer varieties of fruit. These newer varieties developed from
wild relativesgivegreateryieldsoraremoreresistantto diseasesNewindustrialproductsare being
produced from the wild plants of the forest. Many of our new medicines come from wild
plants.What are the threats to the forest ecosystem? As forests grow very slowly, we cannot use
more resour@sthanthey canproduce duringa growingseasonlf timber isfelled beyonda certain

limit the forest cannotregenerate. Thegapsin the forest changethe habitat quality for its animals.

The more sensitive species cannot survive under these changed conditions. Overutilizingforest
resources is an unsustainable way of misusing our limited forest resources. We are now creating
more andmore goodsthat are manufacturedrom raw material from the forest. Thisleadsto forest
degradation and finally changes the ecosystem into wasteland. Wood is illegally extracted from
many forests leading to a highly disturbed ecosystem.

Developmental activities such as rapid population growth togettighn, urbanisation,

industrialisation and the increasing use of consumer goods, leads to over utilisation of forest
produce.Forestsare shrinkingasour needfor agriculturallandincreaseslt isestimatedthat L y RA | Q &
forest cover has decreased from about 33% to 11% in the last century. The increasing use of wood
for timber, wood pulp for paper and the extensive use of fuelwood results in continual forest loss.
Forestsarealsolost by miningandbuildingdams.Asthe forestresourcesare exploitedbeyondwhat

they can produce the forest canopy is opened up, the ecosystem is degraded, and its wildlife is



serioushthreatened.Asthe forestisfragmentedinto smallpatchests wild plantandanimalspecies
become extinct. These can never be brought back. Extinction is forever.

What if the forests disappear? When forests are cut down tribal people who depend directly on
them for food andfuelwoodandother productsfind it verydifficult to survive Agriculturalpeople

do not get enough fuelwood, small timber, etc. for making houses and farm implements. Urban
peoplewho dependon food from agriculturalareas whichin turn dependon neighbouringorest
ecosystems have to pay a higher price for footi@man population grows.

Insectghat live andbreedin the forestsuchasbees,butterfliesandmothsdecreasan abundance
once forests are degraded. As their numbers decrease they are unable to effectively pollinate
agricultural crops and fruit trees. This leads to a decrease in agricultural yields.

Therainthat fallson deforestedlandflowsdirectlyinto nearbyrivers.Thuswateris not retained
underthe ground.Peoplethusdo not getasufficientquantity of water throughoutthe year.The
exposedsoilisrapidlywashedawayduringthe rainsoncethe protectiveforestcoverisremoved.

Thus agriculture is seriously affected in such areas. In deforested areas, the water in streams is
brown in colour as soil is washed away while water in forested streams is crystal clear.

Wild animalslosetheir habitat. Thisleadsto extinctionof our preciousspeciesResiduaforestsmust
be protected from beinglestroyedany further if althe diverse speciesf plantsandanimalsareto
be kept for future generations.

Howcanforestecosystem$e conservedMHowcanforestecosystem$e conserved’'Howcanforest
ecosystem®be conservedHowcanforestecosystem$e conservedHow canforestecosystembe
conservedMe canconserveorestsonly if we useits resourcesarefully. Thisanbe doneby using
alternate sources of energy insteafifuelwood. There is a need to grow more trees than are cut
down from forests every year for timber. Afforestation needs to be done continuously from which
fuelwood and timber can be judiciously used.

Thenaturalforestswith alltheir diversespeciesnustbe protectedasNationalParksandWildlife
Sanctuaries where all the plants and animals can be preserved.

Grasslandecosystems

Awiderangeof landscape# whichthe vegetationismainlyformed by grassesandsmallannual
plants are adapted to Ind@2ad @+ NA2dza Of AYIF GAO O2yRAGAZ2Yyad ¢KSa&S
ecosystems with their specific plants and animals.

WhatisagrasslandcosystemZrasslandsoverareaswhererainfallis usuallylow and/or the soil
depth and quality is poor. The low ré&ill prevents the growth of a large nhumber of trees and
shrubs, but is sufficient to support the growth of grass cover during the monsoon. Many of the
grasseandother smallherbsbecomedry andthe part abovethe grounddiesduringthe summer
months.In the nextmonsoonthe grasscovergrowsbackfrom the root stockandthe seedsof the
previousyear.Thischangegivesgrasslands highlyseasonaappearancevith periodsof increased
growth followed by a dormant phase.

A varietyof grassesherbs,and several speciesf insects, birds ancthammals havevolved so that
they are adapted to these widepen grass covered areas. These animals are able to live in

conditions where food is plentiful after the rains, so that they can store this as fat that geey u
duringthe dry periodwhenthere isverylittle to eat. Manbeganto usethesegrasslandsaspastures



to feedhislivestockwhenhe beganto domesticateanimalsandbecameapastoralistin ancient
times.

Grassland Types in India: Grasslands form a variety of ecosystems that are located in different
climaticconditionsrangingfrom neardesertconditions,to patchesof sholagrasslandshat occuron
hillslopes alongside the extremely moist evergreen for@stSouth India. In the Himalayan
mountainsthere arethe highcold Himalayarpastures. Theraretractsof tall elephant grass ithe
low-lying Terai belt south of the Himalayan foothills. There are seidigrasslands in Western
India, parts of Centrdhdia, and in the Deccan Plateau.

The Himalayan pasture belt Himalayan pasture belt Himalayan pasture belt Himalayan pasture belt
Himalayan pasture belt extends upto the snowline. The grasslands at a lower level form patches
along with coniferous or broadaved forests. Himalayan wildlife require both the forest and the
grassland ecosystem as important parts of their habitat. The animals migrate upinto the high
altitude grasslands in summer and move down into the forest in winter when the snow covers the
grasslandTheseHimalayarpastureshavealargevarietyof grassesandherbs.Himalayarhill slopes

are coveredwith thousandsof colourfulfloweringplants.Thereare alsoalargenumberof medicinal

plants.

TheTeraiconsistof patchesof tall grasslandinterspersedvith aSalforestecosystemThepatches

of tall elephant grass, which grows to a height of about five meters, are located in tHgifmv
waterlogged areas. The Sal forest patches cover the elevated regions and the Himalayan foothills.
TheTeraialso includesnarshes ifow-lying depressions. Théxosystenextendsasa beltsouthof

the Himalayarfoothills. The Sermarid plainsof Westernindia, Westerrindia, Central India and the
Deccan are covered by grassland tracts with patches of thorn forest. Several mammals such as the
wolf, the blackbuckthe chinkaraandbirdssuchasthe bustardsandfloricansare adaptedto these

arid conditionsThe Scrublaths ofthe DeccarPlateauare coveredwith seasonagjrasses antierbs
onwhichits faunaisdependent.lt is teamingwith insectlife on whichthe insectivorousirdsfeed.

The Sholgrasslandsconsist patcheson hillslopesalongwith the Shola foresten the Western
Ghats Nilgiriand Annamalaranges . Thisformsa patchworkof grasslanan the slopesandforest
habitats along the streams and lowlying areas.

Grasslandarenot restrictedonlyto low rainfallareas Certaingrasslandypesform whenclearings
are madein different forest types.Someare locatedon the highersteephill slopes withpatchesf
forestthat occuralongthe streamsandin depressionsThegrasslandsrerelatedto repeatedfires
that do not permit the forest to grow.

Thegrassesirethe majorproducersof biomassn theseregions Eachgrasslandcosystermrhasa

wide variety of species of grasses and herbs. Some grass and herb species are more sensitive to
excessivgrazingandare suppressedf the areaisovergrazed Othersare destroyedby repeated
firesandcannotregenerate Thusoverusedor frequentlyburnt grasslandsre degradedandare

poor in plant species diversity.

Howaregrasslandsised?Grasslandarethe grazingareasof manyruralcommunities Farmersvho

keep catte or goats, as well as shepherds who keep sheep, are highly dependent on grasslands.
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feed cattle when there is no grass left for them to graze in summes<3s also used to thatch

housesandfarm shedsThethorny bushesandbranchesof the few treesthat are seenin grasslands

are used as a major source of fuelwood.Overgrazing by huge herds of domestic livestock has
degradedmanygrasslandsGrasslandhavediversespecie®f insectsthat pollinatecrops.Thereare



alsopredatorsof theseinsectssuchasthe smallmammaldike shrews reptileslike lizards birdsof
prey, and amphibia such as frogs and toads. All these carnivorous anglate laontrol insect
pests in adjoining agricultural lands.

What are the threats to grassland ecosystems? In many areas grasslands have been used for
OSyiGdz2NASa o6& LI &Ad2NIt O2YYdzyAGASad h@SNHzGAE AT | G A
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terms of permanent pastures now covers only 3.7 percent of land. A major threat to natural

grasslands is the conversion of grasslands into irrigated farmlands. In the Deccan, grasslands have

been altered to irrigated farms andeanow mainly used to grow sugarcane. After continuous
irrigationsuchlandbecomessalineanduselessn afew years More recentlymanyof theseresidual
grasslandractshavebeenconvertedinto industrialareas.Thisprovidesshortterm economicgains

but result in longterm economic and ecological losses.

Grasslands have a limited ability to support domeatignals andvildlife. Increasinghis pressure
by increasinghe numberof domesticanimalsreducesghe Wy | {i dzNaftHe gr&slandosystem
leading to its degradation.

Most grasslandcosystemsre highlymodified by humanactivities.Cattle,sheepandgoatgrazing,

and lighting repeated fires affects grasslands adversely. Changing the grasslands to other forms of
landuse such as agulture, tree plantations and industrialisation forms a serious threat to this
highlyproductiveecosystemThussomeof the grasslangatcheswhicharein alessdisturbedstate

and have retained their special plants and animals need to be urgentlygieake

Degradation of grasslands due to over grazing by cattle, sheep and goats occurs if more than a
criticalnumberof domesticanimalsare presentin the grasslandswWhenanimalsovergrazehe area,

the grasses are converted into flat stubs with very little green matter. Degraded grasslands have
fewer grass species as the nutritious species are entirely used up by the large number of domestic
animals. They are thus unable to regenerate.

Whenfiresarelit in the grasslandé summer the burnt grasggetsa freshflushof smallgreenshoots
which the domestic animals graze on. If this is done too frequently the grasslands begin to
deteriorate.Finallygrasslandb®ecomebare,the soilis solidlycompacted bytrampling,or iswashed
away during the monsoon by rain and whipped into dust storms during the hot dry summer. The
land is degraded, as there is no grass to hold the soil in place. It becomes a wasteland.

Whyare our grasslandpeciesranishingVhy are our grasslandgpeciessanishing?Vhyare our
grassland species vanishing? Why are our grassland species vanishing? Why are our grassland
specievanishing™Most peoplefeelthat it isonlyour forestsandits wildlife that is disappearing.
However, other natural ecosystems such as grasslands are disappearing even more rapidly.

Manyof the grasslandgpeciedhavedisappearedrom severabpartsof Indiain whichtheywere

found 50 or 60 years ago. The Cheetah is extinct in Iiti@Wolf is now highly threatened.
Blackbuck andhinkara argpoached formeat. Birdssuchas thebeautiful Great IndiaBustards are
vanishing. Unless grassland species are protected they will vanish from their shrinking habitat, as
naturalandundisturbedgrasslandareleft in veryfew locations.If theseanimalsandbirdsarekilled

or their habitat is reduced further, their extinction will rapidly follow.

What if our grasslands disappear? If our grasslands are lost we will lose a higtdjisgaiCi
ecosystemn whichplantsandanimalshavebeenadaptedto thesehabitat conditionsovermillions
of years. Local people will not be able to support their livestock herds.



The extinction of speciesasgreat loss to Mankind. The gerafawild grasses are extremely useful

for developing new crop varieties. New medicines could well be discovered from wild grassland
plants.It ispossiblethat genesfrom wild herbivoressuchaswild sheep,goatsandantelopesmaybe

used for developingew strains of domestic animals.H@angrasslandecosystem$e conserved?
Grasslands should not be overgrazed and areas of the grasslands should be closed for grazing. It is
better to collectgrasdor stallfeedingcattle. A part of the grasslandn anareamustbe closedevery

year so that a rotational grazing pattern is established. Fires must be prevented and rapidly
controlled. In hilly areas soil and water management in each raatochment helps grasslands to

return to a natural highly productive esystem.

Toprotectthe mostnaturalundisturbedgrasslanegcosystemsSanctuarieandNationalParkamust

be created. Their management should focus on preserving all their unique species of plants and
animals. Thus they should not be converted into pléintes of trees. The open grassland is the
habitat of its specialised fauna. Planting trees in these areas reduces the natural features of this
ecosystem resulting in the destruction of this unique habitat for wildlife.

Whatshouldwe do?

wThereisaneedto preservethe few naturalgrasslandireasthat still surviveby creatingNational
Parks and Wildlife Sanctuaries in all the different types of grasslands.

wAnimals such as the wolf, blackbuck, chinkara and birds such as bustards and floricans have now
becomerare all overthe country. Theymustbe carefullyprotectedin the few NationalParksand
Wildlife Sanctuarieshat havenaturalgrasslandabitatsaswell asoutsidetheseProtectedAreas.

wWe need to create an awareness among people that grasslands are of great value. If we are all
concernedaboutour disappearingrasslandandtheir wonderfulwildlife, the Governmentwill be
motivated to protect them.

wKeepingyrasslandsliveisaNationalpriority.
Desert ecosystem

Desertandsemiaridlandsare highlyspecialise@ndsensitiveecosystemshat are easilydestroyed
by human activities. The species of these dry areas can live only in this specialised habitat.

Whatisadesertor asemiarid ecosystemPesertsandsemiarid areasare locatedin Westernindia

andthe DeccarPlateau.Theclimatein thesevasttractsisextremelydry. Therearealsocolddeserts

such as in Ladakh, whiake located in the high plateaus of the Himalayas. The most typical desert
landscape that is seen in Rajasthan is in the Thar Desert. This has sand dunes. There are also areas
covered with sparse grasses and a few shrubs, which grow if it rains. In reastadrthe Thar the

rainfallis scantyandsporadicln anareait mayrainonly onceeveryfew years.Inthe adjoiningsemi

arid tract the vegetation consists of a few shrubs and thorny trees such as kher and babul.

TheGreatandLittle Rannof Kutchare highlyspecialisedarid ecosystemsln the summerghey are
similarto adesertlandscapeHoweverasthesearelow-lyingareasnearthe seathey getconverted

to salt marshes during the monsoons. During this period they attract an enormous number of
aquatic birds such as ducks, geese, cranes, storks, etc. The Great Rann is famous, as it is the only
knownbreedingcolonyof the GreaterandLesseFlamirgosin our country. TheLittle Rannof Kutch

is the only home of the wild ass in India.



Desert and semi arid regions have a number of highly specialized insects and reptiles. The rare
animalsincludethe Indianwolf, desertcat, desertfox and birdssuchasthe GreatlndianBustardand
the Florican. Some of the commoner birds include partridges, quails and sandgrouse.

Howare desertandsemiarid ecosystemsised?Areasof scantyvegetationwith semtarid scrubland
have been used for camelattle and goat grazing iRajasthan and Gujarat, amor sheep grazing in
the Deccan Plateau.

Areasthat havealittle moisture,suchasalongthe watercourseshavebeenusedfor growingcrops
suchasjowar, andbajra. Thenaturalgrassesndlocalvarigies of cropshaveadaptedto growingat
very lowmoisture levelsThese catbe usedfor geneticengineeringand developingarid land crops
for the future.

What are the threats to desert ecosystems? Several types of development strategies as well as
human population growth have begun to affect the natural ecosystem of the desert and semi arid
land. Conversion of these lands through extensive irrigation systeam changed several of the
natural characteristics of this region. The canal water evaporates rapidly bringing the salts to the
surface.Theregionbecomeshighlyunproductiveasit becomessaline.Pullingexcessivgroudwater
from tubewells lowers the water table creating an even drier environment. Thus human activities
destroythe naturalnesf this uniqueecosystemThespeciakpecieghat evolvedhereovermillions

of years may soon become extinct.

How can desert ecosystems be conserved? Desert ecosystems are extremely sensitive. Their
ecologicabalancethat formsahabitatfor their plantsandanimalsis easilydisturbed.Desertpeople
have traditionally protected their meagre water resources. Bighnois in Rajasthan are known to
have protectedheir Khejditrees and the blackbuck antelope for sevagaherations. The tradition
began when the ruler of their region ordered his army to cut down trees for his own use. Several
Bishnois were said to kia been killed while trying to protect their trees.

There is an urgent need to protect residual patches of this ecosystem within National Parks and
Wildlife Sanctuariein desertandsemiarid areas ThelndiraGandhiCanain Rajastharis destroying
thisimportant natural arid ecosystem, as it will convert the region into intensive agriculture. In
Kutch, areas of the little Rann, which is the only home of the Wild Ass, will be destroyed by the
spread of salt works.

DevelopmentProjectsalter the desertandarid landscapeThereis a sharpreductionin the habitat
availablefor its specialisedpeciesringingthem to the vergeof extinction.We needa sustainable
form of development that takes the special needs of the desert into account.

Aquaticecosystems

Theaquaticecosystemsonstitutethe marineenvironmentsof the seasandthe freshwater systems

in lakes, rivers, ponds and wetlands. These ecosystems provide human beings with a wealth of
natural resources. They provide goods that people collect fod fuch as fish andcrustaceans.
Naturalaquaticsystemssuchasriversand seasbreakdown chemicaland organicwastescreatedby

man. However, this function has limitations, as the aquatic ecosystem cannot handle great
guantities of waste. Beyond a certain limit, pollution destroys this natural function.If aquatic
ecosystems are misused or over utilized, their ability to provédeurces suffers in the long term.
Overfishing leads to a fall in the fish catch. River courses that are changed by dams to provide
electricity affect thousands of people who do not get a continuous supply of water downstream for
their dailyuse.Whenwetlandsaredrained,their connectedriverstendto causefloods.Theseareall



examplef unsustainable&hangesn the useof naturalresourcesandy’ | (i debidSyStémshat are
dependent on hydrological regimes.

Water is an important factor in all our ecosystems. Several ecosystems exist in freshwater
andmarinesaltwater. Thereisverylittle freshwater on earth,whichisakeyresourcefor peopleall
over the world.

What is an aquatic ecosystem? In aquatic gstams, plants and animals live in water. These
speciesaareadaptedto livein different typesof aquatichabitats. Thespeciabbioticfeaturesareits
physicabspectsuchasthe quality of the water, whichincludesits clarity,salinity,oxygencontent

and rate of flow. Aquatic ecosystems may be classified as being stagnant ecosystems, or running
water ecosystems. The mud gravel or rocks that form the bed of the aquatic ecosystem alter its
characteristicandinfluenceits plantandanimalspecies composition.Theaquaticecosystemsire
classifiednto freshwater,brackishandmarineecosystemsyhichare basedon the salinitylevels.

Thefreshwater ecosystemshat haverunningwater are streamsandrivers.Pondstanksandlakes

are ecosystems where water does not flow. Wetlands are special ecosystems in which the water
levelfluctuatesdramaticallyin different seasonsTheyhaveexpanse®f shallowwaterwith aquatic
vegetation, which forms an ideal habitat for fish, cacg#a and water birds.

Marine ecosystemsre highly salinewhile brackishareas have lessalinewater such as iniver
deltas. Coral reefs are very rich in species andare found in only a few shallow tropical seas. The
richestcoralreefsin Indiaare around the AndamarandNicobarislandsandin the gulf of Kutch.

Brackish waterecosystems in river deltas are covered by mangrove forests and are among the
¢ 2 Ndnesfpéoductiveecosystemén termsof biomasgroduction.Thelargestmangroveswamps

arein the Sunderbanin the deltaof the Ganges.

ThePondecosystenThePondecosystenThePondecosystenThePondecosystenThePond
ecosystem

Thepondisthe simplestaquaticecosystento observe.

Therearedifferencesn apondthat istemporaryandhaswater onlyin the monsoonandalarger
tank or lake thais an aquatic ecosystem throughout the year. Most ponds become dry after the
rains are over and are covered by terrestrial plants for the rest of the year.

When a pond begins to fifluring the rairs, itslife forms suchas the alga@and microscopic animals,
aquatic insects, snails, and worms come out of the floor of the pond where they have remained
dormantin the dry phase Graduallynore complexanimalssuchascrabsfrogsandfishreturnto the
pond. Thevegetationin thewater consistf floatingweedsandrooted vegetationon the periphery
which grow on the muddy floor under water and emerge out of the surface of the water.

As the pond fills in the monsoon a large number of food chaingoaneed. Algae is eaten by
microscopic animals, whidre in turn eaten by small fish on whilgrger carnivorous fish depend.
Theseaarein turn eatenby birdssuchaskingfishersheronsandbirdsof prey. Aquaticinsectsworms

and snails feed on the wastmaterial excreted by animals and the dead or decaying plant and
animal matter. They act on the detritus, which is broken down into nutrients which aquatic plants
canabsorb,thus completinghe nutrientcycle inthe pond. The temporary ponds bedio dry after

the rains and the surrounding grasses and terrestrial plants spread into the moist mud that is
exposed. Animals such as frogs, snails and worms remain dormant in the mud, awaiting the next
monsoon.



Lakeecosystem

Alakeecosystem funednslike agiantpermanentpond. Alargeamountof its plantmaterialisthe
algae whichderivesenergyfrom the sun.Thisistransferredto the microscopi@nimals whichfeed
on the algae. There are fish that are herbivorous and are dependent onahgleequatic weeds.
The smalhnimalssuchassnails arausedasfood by smallcarnivorous fishyhich in turnare eaten

by largercarnivoroudfish. Somespecialisedish, suchascatfish,feed on the detritus on the muddy
bed of the lake.

Energyycleghroughthe lakeecosystenirom the sunlightthat penetratesthe water surfaceto the
plants. From plants energy is transferred to herbivorous animals and carnivores. Animals excrete
waste products, which settle on the bottom of the lake. This is brokevnday small animals that

live in the mud in the floor of the lake. This acts as the nutrient material that is used by aquatic
plants fortheir growth. Duringthis process plantsise Carborirom COZor their growth andin the
process release Oxygen. This Oxygen is then used by aquatic animals, which filter water through
their respiratory system.

Streamand Riverecosystems

Streamsandriversare flowing water ecosystemsn whichall the livingformsare speciallyadapted

to different ratesof flow. Some plantandanimalssuch as snails arather burrowinganimals can
withstand the rapid flow of the hill streams. Other species of plants and animals such as water
beetlesandskaterscanlive onlyin slowermovingwater. Somespeciesf fish, suchasMahseer go
upstreamfrom riversto hill streamsfor breeding.Theyneedcrystalclearwaterto be ableto breed.
They lay eggs only in clear water so that their young can grow successfully.

As deforestation occurs in the hills the water in the streams that once flowed throughout the year
becomeseasonalThisleadsto flashfloodsin the rainsanda shortageof water oncethe streamsdry
up after the monsoon.

Thecommunityof flora andfaunaof streamsandriversdependson the clarity, flow and oxygen
contentaswell asthe nature of their beds.Thestreamor river canhavea sandy rockyor muddy
bed, each type having its own species of plants and animals.

Marine ecosystems

ThelndianOceanthe ArabianSeaandthe Bayof Bengakonstitutethe marineecosystemsround
peninsulaindia.Inthe coastalareathe seais shallowwhile further away, it isdeep.Boththeseare
different ecosystems. The producersin this ecosystem vary from microscopic algae to large
seaweedsTherearemillionsof zooplanktonandalargevarietyof invertebrateson whichlivefish,
turtles and marine mammals.

The shallow areas near Kutch aamund the Andaman and Nicobar Islands are some of the most
incrediblecoralreefsin the world. Coralreefsare only secondto tropicalevergreenforestsin their
richnesof speciesFish crustaceastarfish jellyfishandthe polypsthat depositthe coralareafew

of the thousands of species that form this incredible world under the shallow sea.

Deforestationof adjacentmangrovedeadsto silt beingcarriedout to seawhereit isdepositedon
the coralwhichthen dies.There arananydifferent typesof coastal ecosystemshich arehighly
dependent on the tide.



The marine ecosystem is used by coastal fisherfolk for fishing which forms their livelihood. In the
past, fishing was done at a sustainable level. The marine ecosystem continoedritain its
abundantsupplyof fishovermanygenerationsNowwith intensivefishingby usinggiantnetsand
mechanised boats, fish catch in the Indian Ocean has dropped significantly.

Seashoreecosystems

Beaches can be sandy, rocky, shell covereduady. On each of these different types, there are
severabkpecificspeciesvhichhaveevolvedto occupyaseparateniche.Therearedifferent crustacea
suchascrabsthat makeholesin the sand.Varioushorebirdsfeedon their preyby probinginto the
sand or mud on the sea shore.Several different species of fish are caught by fishermen. In many
areas the fish catch has decreased during the last decade or two.

Howare aquaticecosystemsised?Man usesaquaticecosystemgor the cleanfreshwateron which
hislife iscompletelydependent We needcleanwaterto drink andfor other domesticuses Wateris
essentiafor agriculture.Fisherfolkusethe aquaticecosystemso earnalivelihood.Peoplecatchfish
and crabs. They also collect edible plants. This is used locally as flmodale inthe market. Over
fishing leads to a serious decline in the catch and a-teng loss of income for fisherfolk.

Marshesandwetlandsare of greateconomiamportancefor peoplewho live on their fish,
crustacea, reeds, grasses and other produce.

Modern man impounds water in dams to be able to store it throughout the year. Agriculture and
industryarehighlydependenton largequantitiesof water. Howeverthis leadsto problemsfor tribal
people who have lived there before the dams were built as they are displaced to build large dams.
Thesedamsmakerich peoplericherin the farmlandandsupportspeoplein largeurbancentresthat
useenormousguantitiesof water. The poortribal folk becomeevenpoorerasthe naturalresources

they depend on are taken away as their lands are submerged under the water of the dam.

Damsarebuilt acrosgiversto generateelectricity. Alargeproportion of this energyis usedby urban
people, by agriculturists in irrigated farmlands and in enormous quantities for industry. Large dams
have serious ill effects on natural river ecosystems. While water from dams used for irrigation has
lead to economic prosperity in some areas, in g#id areas that are artificially irrigated the high
levelof evaporationleadsto severesalinisatiorassaltsare broughtup into the surfacelayersof the

soil. This makes such lands gradually more and more saline and unproductive.What are the threats
to aquaticecosystems¥Whatarethe threatsto aquaticecosystems¥hatarethe threatsto aquatic
ecosystems? What are the threats to aquatic ecosystems? What are the threats to aquatic
ecosystems? Water pollution occurs from sewage and poorly managedisasie in urban areas

when it enters the aquatic ecosystem of lakes and rivers. Sewage leads to a process called
eutrophication, which destroyiife inthe water as the oxygen content is severely reduced. Fish and
crustacea cannot breathe and are kill@dfoul odour is produced. Gradually the natural flora and
fauna of the aquatic ecosystem is destroyed.

In rural areas the excessive use of fertilisers causes an increase in nutrients, which leads to
eutrophication. Pesticides used in adjacent fields pollute water and kills off its aquatic animals.
Chemical pollution from industry kills a large number @ffidrms in adjacent aquatic ecosystems.
Contaminatiorby heavymetalsandother toxic chemicalsaffectsthe healthof peoplewho live near
these areas as they depend on this water.How can aquatic ecosystems be conserved? For
sustainablaiseof anaquaticecosystemyvater pollution mustbe prevented.lt doesnot makesense
to allow water to be polluted and then try to clean it up.



Changindhe nature of the aquaticecosystenfrom aflowingwater ecosystento a staticecosystem
destroys its natural biological diversitjhius dams across rivedsecreasahe populationof species
that require running water, while favouring those that need standing water.

Aquatic ecosystems, especially wetlands, need protection by inguldeam in Sanctuaries or

National Parks in the same way in which we protect natural forests. These sanctuaries in aquatic
ecosystemgprotect a variety of formsof life aswell asrare fishwhichare now highlyendangered

suchasthe Mahseer WetlandSanctariesand NationalParksare of greatestimportanceasthisis
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naturally covered by wetlands is very small compared to forests or grasslands, the wetland

ecosysems are very highly threatened.

Unit 4:

Biodiversity

INTRODUCTION
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diversityof livingcreaturesformsasupportsystenmwhichhasbeenusedby eachcivilizationfor its
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survived. Those that overused or misused it disintegrated.

Sciencéhasattemptedto classifyand categorizethe variabilityin nature for overacentury.Thishas

ledto anunderstandingof its organizationinto communitiesof plantsandanimals.Thisinformation

hashelpedin utilizingthe S I NJbidoQidalwealth for the benefitof humanityandhasbeenintegral
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life forms as raw material for industrial growth which has led to a higher standard of living for the
developedworld. Howeverthis hasalsoproducedthe modernconsumerissociety,whichhashada
negativeeffect on the diversityof biologicalresourcesiponwhichit is based.Thediversityof life on

earth is so great that if we use it sustainably we can go on developing new products from

biodiversity for many generations. This can only happen if we manage biodiversity as a precious

resource and prevent the extinction of species.

Definition:

W. A 2 {RA DASOUhidditeisiiyisthat part of nature whichincludesthe differencesin genes
amongthe individualsof a speciesthe varietyandrichnessof all the plantandanimalspeciesat
different scales in space, locally, in a region, m¢buntry and the world, and various types of
ecosystems, both terrestrial and aquatic, within a defined area.

Whatisbiodiversity?

BiologicaHiversitydealswith the degreeofy | {i dehidBtylrithe biosphere Thisvarietycanbe
observed at three levels; the genetic variability withispecies, the variety of species within a



community,andthe organisatiorof speciesn anareainto distinctiveplantandanimalcommunities
constitutes ecosystem diversity.

Geneticdiversity

Each member of any animal or plant species differs widely from other individuals in its genetic
makeup because of the large number of combinations possible in the genes that give every
individual specific characteristics. Thus, for exampleh dagnan being is very different from all
others. This genetic variability is essential for a healthy breeding population of a species. If the
number of breeding individuals is reduced, the dissimilarity of genetic makeup is reduced and in
breeding occursEventually this can lead to the extinction of the species. The diversity in wild
speciedormsthe W 3 9 y2 Srénvhichour cropsanddomesticanimalshavebeendevelopedover
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relatives of crop plants to create new varieties of more productive crops and to breed better
domestic animals. Modern biotechnology manipulates genesléweloping better types of
medicines and a variety of industrial products.

Speciegliversity

The number of species of plants and animals that are present in a region constitutes its species

diversity. This diversity is seen both in natural ecosystemsraadricultural ecosystems. Some
areasaremorerichin specieghanothers.Naturalundisturbedtropicalforestshavea muchgreater

species richness than plantations developed by the Forest Department for timberproduction. A

natural forest ecosystem puides a large number of newood products that local people depend

on such as fruit, fuel wood, fodder, fiber, gum, resin and medicines. Timber plantations do not

provide the large variety of goods that are essential for local consumption. In thedamghe

economic sustainable returns from navood forest products is said to be greater than the returns

from felling a forest for its timber. Thus the value of a natural forest, with all its species richness is

much greater than a plantation. Modern intemsiagricultural ecosystems have a relatively lower

diversityof crops thartraditional agropastoralarmingsystems wherenultiple crops wereplanted.

At presentconservatiorscientistshavebeenableto identify andcategoriseabout 1.8 million species

on earth. However, many new species are being identified, especially in the flowering plants and
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Ecosystendiversity

There are a large variety of different ecosystems on earth, which have their own complement of
distinctive inter linked species based on the differences in the habitat. Ecosystem diversity can be
describedor aspecificgeographicategion,or apoliticalentity suchasacountry,a Stateor ataluka.
Distinctive ecosystems include landscapes such as forests, grasslands, deserts, mountains, etc., as
well as aquatic ecosystems such as rivers, lakes, and the sea. Eanlategibas mamodified

areas such as farmland or grazing pastures.

Anecosystenisreferredto asWy | (vdadilt is r@ativelyundisturbedby humanactivities,or
WY 2 R mhehiSfRltangedo other typesof uses suchasfarmlandor urbanareas Ecosystems
are most natural in wilderness areas. If natural ecosystems are overused or misused their

productivityeventuallydecreasesndtheyarethen saidto be degradedindiais exceptionallyrich
in its ecosystem diversity.



Evolutionandthe Genesiof Biodiversity:

The origins of life on earth some three and a half billion years ago are obscure. Life was probably
initiated asa productof organicreactionsinthe 9 | NJrikh6rdialseasAlternativepossibilitiessuch

as life beginnig in a muddy ooze, or of life having been seeded from outer space have also been
suggestedOncelife took hold onthe planet,it begangraduallyto diversify.Unicellularunspecialized
forms gradually evolved into complex medgllular plants and animals. Evolution is related to the
ability of living organisms to adapt to changes in their environment. Thus the abiotic changes in
nature such as climatic and atmospheric ughals, repeated glaciations, continental drift and the
formation of geographical barriers, segregated different communities of plants and animals and
gradually lead to the formation of new species over millions of years.

Most species appear to have a lfipan extending over several million years. Their adaptability to
gradualchangesn their habitat, andinteractionswith newlyformed speciegproducegroupsof inter

linked organisms that continue to evolve together. Food chains,-pregtator relationshig,

parasitism (complete dependence on another species), commensalism (a partnership beneficial to

both species)etc. areimportant examplesBehaviourapatternsof the different speciescomprising

a community of species links them to each other througéirt breeding biology, feeding patterns,

migrations, etc. As ancient species became extinct due to geological upheavals, they left behind
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followed by periodsof formation of new speciesThoughtheserepeatedlyledto a drasticreduction

in the number of species, the diversity of life recuperated each time by gradually increasing the

numberof speciesexistingon earth. Thishowevertook millionsof years,asevolutionis averyslow

process. Thus when man came on the gsceame 2 million years ago, the earth was more rich in

species than ever before. During the recent past however, extinctions due to the activities of
modernmanhavebegunto take placesorapidlythat nature hashadno time to evolvenew species.

The earth is loosing species more rapidly than ever before.

Thediversityof life at allthree organisationalevels genetic speciesandecosystemisthusbeing
rapidly modified by modern man. This is a great loss to future generations wHolleil us.

BIOGEOGRAPHICASSIFICATIQWINDIA

Our country can be conveniently divided into ten major regions, based on the geography, climate
and patternof vegetation seen and the communities of mammals, birelgtiles, amphibia, insects
and other irvertebrates that live in them. Each of these regions contains a variety of ecosystems
suchasforests,grasslanddakes rivers,wetlands mountainsandhills,whichhavespecificplantand
animal species.
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1. ThecoldmountainoussnowcoveredTransHimalayarregionof Ladakh.

2.TheHimalayarrangesandvalleysof KashmirHimachaPradeshUttarakhand Assanmandother
North Eastern States.

3. TheTeraithe lowlandwherethe Himalayarriversflow into the plains.
4. TheGangetiandBhramaputrgplains.

5. TheTharDesertof Rajasthan.



6. Thesemiarid grasslandaegionof the DeccarplateauGujarat,MaharashtraAndraPradesh,
Karnataka and Tamil Nadu.

7. TheNortheastStatesof India,

8. TheWesternGhatsin MaharashtraKarnataka ad Kerala.

9. TheAndamarandNicobarlslands.

10. Thelongwesternandeasterncoastabelt with sandybeachesforestsandmangroves.

VALUBOFBIODIVERSITY

Environmentakervicedrom speciesandecosystemsreessentiabt global,regionalandlocallevels.
Production of oxygen, reducing carbon dioxide, maintaining the water cycle, protecting soil are
important services. The world now acknowledges that the loss of biodiversity contributes to global
climatic changes. Forests are the maiachanism fothe conversion of carbodioxide into carbon
andoxygen.Thelossof forest cover,coupledwith the increasingeleaseof carbondioxideandother
gaseshroughindustrializationcontributesto the W 3 NB S 5 & ZF @05 admingis meltingice

caps, resulting in a rise in the sea level which will submerge the low lying areas in the world. It is
causing major atmospheric changes, leading to increased temperatures, serious droughts in some
areas and unexpected floods in other areas.

Biologicabiversityis alsoessentiafor preservingecologicaprocessessuchasfixingandrecyclingof
nutrients,soilformation, circulationandcleansingf air andwater, globallife support(plantsabsorb
CO2, give out O2), maintaining the water balance within ecosystems, watershed protection,
maintaining stream and river flows throughout the year, erosiontrol and local flood reduction.

Food,clothing,housing.energy medicinesareallresourceghat aredirectlyor indirectlylinkedto

the biologicalvariety presenin the biosphere.Thisismostobviousin the tribal communitieswho
gatherresourcedrom the forest, or fisherfolkwho catchfishin marineor freshwaterecosystems.
For others, such as agricultural communities, biodiversity is used to grow their crops to suit the
environment.Urbancommunitiesgenerallyusethe greatest amounbf goodsandserviceswhich

are all indirectly drawn from natural ecosystems.

It has become obvious that the preservation of biological resources is essential for tHaeing!

and the longterm survival of mankind. This diversity of living organisms which is present in the

wilderness, as well as in our crops and livestock, plag¢ &2 2 NJ N2t S Ay KdzYly WRS@S
preservatiornfW o A 2 R AigihEréfdreintegrdlto anystrategythat aimsatimprovingthe quality

of humanlife.

Consumptiveusevalue

Thedirectutilisationof timber, food, fuelwood,fodderby localcommunities. Thdiodiversityheldin

the ecosystem provides forest dwellers with all their daily needs, food, building material, fodder,
medicinesandavarietyof other products.Theyknowthe qualitiesanddifferent usesof wood from
different species ofrees, and collect a large number of local fruits, roots and plant material that
they use as food, construction material or medicines. Fisherfolk are highly dependent on fish and
know where and how to catch fish and other edible aquatic animals and plants



Manandthe Webof Life

TheBiodiversityof anareainfluenceseveryaspectof the livesof peoplewhoinhabitit. Theirliving
spaceandtheir livelihoodsdependon the type of ecosystemEvenpeoplelivingin urbanareasare
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see this in everyday life as it is not necessarily overt. It is linked with every service that natu
providesus. Theguality ofwater we drink and usethe air we breathethe soilon which ourfood
grows are all influenced by a wide variety of living organisms both plants and animals and th
ecosystem of which each species is linked with in nature.

Whileit iswell knownthat plant life removescarbondioxideandreleaseghe oxygenwe breathe,

it is less obvious thdtingi, smalkoil invertebrates and evemicrobes areessential for plantso
grow.

Thata naturalforestmaintainsthe water in the river after the monsoon or that the absenceof

ants calld destroy life on earth, are to be appreciated to understand how we are completely
RSLISYRSyil 2y GKS ftAQGAYy3 WgSo 2F tAFSQ 2y
The wilderness is an outcome of a long evolutionary process that has created an unimagina
largediversityof living spedes,their geneticdifferencesandthe variousecosystem®n earthin
whichalllivingcreaturedlive. Thisincludesmankindaswell. Thinkaboutthis andwe cannotbut
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resources.

Productiveusevalue

Marketablegoods.

Valueof MFP>Timbefwhichis part of sustainablaise).
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plants oranimalsthat canbe usedto developbetter varietiesof cropsthat are usedin farmingand
plantationprogramsor to developbetter livestock . Tothe pharmacistbiologicaldiversityisthe raw
material from which new drugs can be identified from plant or animal products. To industrialists,
biodiversityis arich store-housefrom whichto developnew products.Forthe agriculturalscientist

the biodiversity in the wild relatives of crop plants is the basis for developing better crops.

Genetic diversity enables scientists and farmers to develop better crops and domestic animals
throughcarefulbreeding.Originallythis wasdoneby sdectingor pollinatingcropsatrtificiallyto geta

more productive or disease resistant strain. Today this is increasingly being done by genetic
engineering, selecting genes from one plant and introducing them into another. New crop varieties
(cultivars) ae being developed using the genetic material found in wild relatives of crop plants
through biotechnology.

Even today, species of plants and animals are being constantly discovered in the wild. Thus these
wild species are the building blocks for the betteent of human life and their loss is a great
economidossto mankind Amongthe knownspeciespnlyatiny fractionhavebeeninvestigatedor

their value in terms of food, or their medicinal or industrial potential.

Preservatiorof biodiversityhasnow becomeessential foiindustrial growthandeconomic



developmentAvarietyof industriessuchaspharmaceuticalare highlydependenton identifying
compounds of great economic value from the wide variety of wild species of plants located in
undisturbed natural forests. This is called biological prospecting.

Socialvalues

Whiletraditional societiesvhichhada smallpopulationandrequiredlessresourceshadpreserved

their biodiversity as a life supporting resource, modern man has rapigleta it even to the

extentof leadingto the irrecoverabldossdueto extinctionof severalspeciesThusapartfrom the

local use or sale of products of biodiversity there is the social aspect in which more and more
resources are used by affluent societies. The biodiversity has to a great extent been preserved by
traditional societieghat valuedit asaresourceandappreciatedthat its depletionwould be agreat

loss to their society.

The consumptive and productive value of biodiversity is closely linked to social concerns in
traditionalcommunitiesW 9 O 2 & 8% 7 [BiviShiddiversityasa part of their livelihoodaswell as

throughculturalandreligioussentiments Agreatvarietyof cropshavebeencultivatedin traditional
agricultural systems and this permitted a wide range of produce to be grown and marketed
throughout the year and acted as an insurance against the failure of one crop. In recent years
farmershave begun to receive econoniientives to grow cgh crops for national or international
markets,ratherthanto supplylocalneeds.Thishasresultedin localfood shortagesunemployment
(cashcropsare usuallymechanised)landlessnesandincreased/ulnerabilityto droughtandfloods.

Ethicaland moral values

Ethical values related to biodiversity conservation are based on the importance of protecting all
formsof life. Allformsof life havethe right to existon earth.Manisonlyasmallpartoftne9 I NJi K Q &
greatfamilyof species5 2 ypRrtsandanimalshaveanequalright to live andexiston our planet
whichis like an inhabitedpaceship®e do not knowf life aswe know it existelsewhere irthe
universe. Do we have the right to destroy life forms or do we have a duty to protect them?

Apart from the economic importance of conserving biodiversity, there are several cultural, moral
and ethical values which are associated with the sanctity of all forms of life. Indian civilization has
overseverabenerationgreservedaturethroughlocaltraditions. Thishasbeenanimportant part

of the ancientphilosophyof manyof our cultures.Wehavein our countryalargenumberof sacred
grovesor ¥ R S 2 dxdsekvady tribal peoplein severalStates Thesesacredgrovesaroundancient
sacred sites and temples act as gene banks of wild plants.

Aestheticvalue

Knowledgeandanappreciationof the presenceof biodiversityfor its own sakeisanotherreasonto
preserve it. Quite apart from killing wildlife for food, it is importasta tourist attraction.
Biodiversityis a beautifulandwonderfulaspectof nature. Sitin aforestandlistento the birds.

Watchaspiderweaveits complexweb. Observeafishfeeding.lt ismagnificentandfascinating.

Symboldrom wild speciesuchasthe lion of Hinduismthe elephantof Buddhismanddeitiessuch
as Lord Ganesh, and the vehicles of several deities that are animals, have been venerated for
thousands of years. Valmiki begins his epic story with a couplet on the unfortunate

killingof acranebyahunter. TheW ¢ dhtisheferiplacedat our doorstepsfor centuries.

Optionvalue



Keepinduture possibilitiesopenfor their useis calledoption value.lt isimpossibleto predictwhich

of our specier traditional varietiesof cropsanddomesticanimalswill be of greatusein the future.

To continue to improve cultivars and domestic livestock, we need to return to wild relatives of crop
plantsandanimals.Thusthe preservatiorof biodiversitymustalsoincludetraditionally usedstrains
already in existence in crops and domestic animals.

BIODIVERSITAT GLOBALNATIONAIAND LOCAL LEVELS

Thereareat presentl.8million specieknownanddocumentedby scientistan the world. However,
scientistshaveestimatedthat the numberof specief plantsandanimalson earth couldvaryfrom

1.5to 20billion! Thusthe majority of speciesareyetto be discovered.

Mostofthe ¢ 2 NJbi®retnationsarein the Southwhicharethe developingnations.In contrast,

the majority of the countries capable of exploiting biodiversity are Northern nations, in the

economically developed world. These nations however have low levels of biodiversity. Thus the
developed world has come to support the concept that biedsity must be considered to be a
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by all nations, there is no reason to exclude oil, or uranium, or even intellectual and technological
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without arevolutionarychangen world thinking aboutsharingof all typesof naturalresources.

Countries with diversities higher than India are located in South America such as Brazil, and South
EastAsiancountriessuchasMalaysiaandIndonesiaThespeciedoundin thesecountries however,
aredifferent from our own. This makes it imperative to preserve our own biodiversity as a major
economicresource While fewoftheotherWY S 3| RA @ S Nifavedegelopédihé fechydbgy

to exploittheir speciedor biotechnologyandgeneticengineering|ndiais capableof doingso.

Throughout the world, the value of biologically rich natural areas is now being increasingly
appreciatedasbeingof unimaginablevalue.Internationalagreementssuchasthe World Heritage
Conventionattempt to protect and apport such areas. India is a signatory to the convention and
has included several protected Areas World Heritage sites. These include Manatherborder
betweenBhutanandindia,Kazirangan AssamBharatpurin U.P. Nandadevin the Himalayasand

the Sunderbans in the Ganges delta in West Bengal.

Indiahasalsosignedthe Conventionin the Tradeof Endangere®peciegCITESyhichisintendedto
reduce the utilization oéndangered plants and animals by controlling tradéhiir products andri
the pet trade.

INDIAASAMEGADIVERSITNATION

Geological events in the landmass of India have provided conditions for high levels of biological
diversity. A split in the single giant continent around 70 million years ago, led to the formation of
northern and southern continents, with India a part of Gondwanalatiee southern landmass,
togetherwith Africa,Australiaandthe Antarctic.LatertectonicmovementsshiftedIndianorthward
across the equator to join the Northern Eurasian continent. As the intervening shallow Tethis Sea
closed down, plants and animals that had evolved both in Europe and in

the Far East migrated into India before the Himalayas had formed. A filned a@me from Africa

with Ethiopian species, which, were adapted to the Savannas andlséddi R NBE3IA 2y ad ¢ Kdza
speciabeographicapositionbetweenthree distinctivecentresof biologicalevolutionandradiation

of species is responsible for ourhriand varied biodiversity.



Among the biologically rich nations, India stands among the top 10 or 15 countries for its great
variety of plants and animals, many of which are not found elsewhere. India has 350 different
mammalgratedeighthighestin the world), 1,200specief birds(eighthin the world),453species

of reptiles(fifth in the world) and45,000plant speciespf whichmostare angiosperms(fifteenth in

the world). Thesencludeespeciallyhighspeciediversityof ferns(1022speciesand orchids(1082
species). India has 50,000 known species of insects, including 13,000 butterflies and moths. It is
estimated that the number of unknown species could be several times higher.

It is estimatedhat 18%o0f Indianplants are endemito the country andfound nowhereelsein the
world. Among the plant species the flowering plants have a much higher degree of endemism, a
third of these are not found elsewhere in the world. Among amphibians found in India, 62% are
unique to this countryAmong lizards, of the 153 species recorded, 50% are endemic. High
endemismhasalsobeenrecordedfor variousgroupsof insects marineworms,centipedesmayflies

and fresh water sponges.

Apart from the high biodiversity of Indian wild plants and anintiz¢se is also a great diversity of
cultivated crops and breeds of domestic livestock. This is a result of several thousand years during
which civilizations have grown and flourished in the Indian subcontinent. The traditional cultivars
included30,000to 50,000varietiesof riceandanumberof cerealsyegetablesandfruit. Thehighest
diversity of cultivars is concentrated in the high rainfall areas of the Western Ghats, Eastern Ghats,
Northern Himalayas and the NortBastern hills.

Genebankshavecollectedover34,000cerealsand22,000pulsesgrownin India.Indiahas27
indigenoudbreedsof cattle, 40 breedsof sheep 22 breedsof goatsand8 breedsof buffaloes.

HOTSPOTSFBIODIVERSITY

TheS I NXbiddi@adsityis distributedin specificecologicaregions Thereare overathousandmajor
ecoregionsn the world. Ofthese,200are saidto bethe richest,rarestand mostdistinctivenatural
areas. These areas are referred to as the Global 200.

It hasbeenestimatedthat 50,000endemicplants whichcomprise20%of globalplant life, probably
occurinonly 18 ¥ K 2 liJ2iiitée@orld. Countrieswhichhavea relativelylargeproportion of these
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Therate at whichthe extinctionof speciessoccurringthroughoutour countryremainsobscure lt is
likely to be extremely high as our wilderness areas are shrinking rapidly. Our globally accepted
national¥ K 2 lii2aiiein e forestsof the North-Eastandthe WesternGhatswhichareincludedin
GKS ¢2NIRQA Y2aild o0A2NAOK FINBFraod ¢KS ! yRFEYlIY YR
manysubspeciesf different animalsandbirdshaveevolved . Amongthe endemicspecied.e.those
species found only in India,large proporibn are concentrated in these three areas. Rrelaman
andNicobarlslandsalonehaveasmanyas2200specief floweringplantsand 120 specief ferns.

Out of 135 genera of land mammals in India, 85 (63%) are found in the Northeast. The Northeast
States have 1,500 endemic plant species. A major proportion of amphibian and reptile species,
especiallysnakes, are concentrated ihe Western Ghats, wichisalso a habitator 1,500 endemic
plant species.

Coral reefs in Indian waters surround the Andaman and Nicobar Islands, Lakshadweep Islands, the
Gulfareasof Gujaratand TamilNadu.Theyarenearlyasrichin speciesastropicalevergreerforests!

THREATSOBIODIVERSITMABITALOSSPOACHIN@FWILDLIFBVMAN-WILDLIFE
CONFLICTS



Man hasbegunto overuseor misusemostof thesenaturalecosystemsDueto thisWdzy a dza G Ay I 6 f S
resourceuse,onceproductiveforestsandgrasslandsiavebeenturned into desertsandwasteland

have increased all over the world. Mangroves have been cleared for fuelwood and prawn farming,
whichhasledto adecreasén the habitatessentiafor breedingof marinefish. Wetlandshavebeen

drainedto increaseagriailtural land. Thesechangesavegraveeconomiamplicationsin the longer

term.

Thecurrentdestructionof the remaininglargeareasof wildernesshabitats,especiallyin thesuper
diverse tropical forests and coral reefs, is the most important threat worldwide to biodiversity.
Scientisthaveestimatedthat humanactivitiesarelikelyto eliminateapproximatelyLOmillion

species by the year 2050.

There are about 1.8 milliospecies of plants and animals, both large and microscopic, known to

sciencen the world at present.Thenumberof specieshoweverislikelyto be greaterby afactor of

at least 10. Plants and insects as well as other forms of life not known to science are continually
beingidentifiedinthe g 2 NIWR 2 Q ®fidigefsidly Onfortunatelyat the presentrate of extinction
about25%ofthe g 2 NJIspgRcieQvill undergoextinction fairly rapidly. Thismayoccurat the rate of

10 to 20 thousand species per year, a thousand to ten thousand times faster than the expected
YIEGdzNF £ NI GSH 1dzyly FOlGA2ya O02dxf R 6Stt SEGSNYAYL
twenty or thirty years.Much of this megaextinctionspasmisrelatedto humanpopulationgrowth,

industrialization and changes in lande patterns. A major part of these extinctions will occur in
WoA2NROKQ FNBFa &4dzOK a GNRLAOFE F2NBadaszx gSafly
rapid human population growth and short terne@nomic development are major contributors to

the rapid global destruction of biodiversity.

Island flora and fauna having high endemism in small isolated areas surrounded by sea have so far
been most seriously affected by human activity, which has alrésti{o extinction of many island
plantsandanimals(the dodoisafamousexample) Habitatlossalsoresultsfrom Y' I yigraduction

of species from one area into another, disturbing the balance in existing communities. In the
process, the purposely or eidentally introduced organisms ( Eupatorium, Lantana , Hyacinth,
Congress grass or Parthenium ) have led to the extinction of many local species.Loss of species
occursdueto the destructionof naturalecosystemsgither for conversiorto agricultureor industry,

or by overextraction of their resources, or through pollution of air, water and soil.

InIndia,forestsandgrasslandsare continuouslybeingchangedo agriculturalland. Encroachments
have been legalized repeatedly. Similarly natural wetland systems have been drained to establish
croplands resulting in loss of aquatic species. Grasslands that were once sustainably used by a
relativelysmallernumberof humanbeingsandtheir cattle are either changedo other formsof use

or degradedby overgrazing.Ounaturalforestsare beingdeforestedfor timber andreplantedusing

teak, sal or other single species for their timber value. Such plantations do not support the same
biological diversity as a mulitoried natural forest, which has a closed canopy and a rich
understorey of vegetation.

When excessive firewood is collected from the forest by lopping the branches of trees, the forest
canopyisopenedup andthis alterslocalbiodiversity.Foragingattle retard the regeneratiorof the
forest as seedlings are constantly trampled.

Increasingiumanpopulation on thefringesof our ProtectedAreasdegradeforestecosystems.



This is a major factor to consider in evating the quality of the ecosysterRepeated fires started
bylocalgrazerdo increasegrasggrowth ultimately reducesregenerationandlowersthe diversityof
plant species. Without alternate sources of fodder this pressure cannot be decreased.

Another factor that disrupts forest biodiversity is the introduction of exotic weeds which are not a

part of the natural vegetation. Common examples in India are lantana bushes, Eupatorium shrubs

FYR WO2yaNBaaQ 3INIaad ¢KSAS Kdbrged and BaBeyfinvadedlLJ2 NI SR A
severalargetractsof our naturalforests.Thesenveedsspreadat the expenseof the diverserangeof

indigenous undergrowth species. The impact on the diversity of insect, bird and other wildlife

species, though not adequately studied, is quite obvious.

In our country a variety of traditional farming techniques have evolved over several centuries.
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wood-ashfertilizerinthe WesternGhats aretwo suchsystemsWhenhumanpopulationinthese

areas was low, these were sustainable

methodsof agriculture.Unfortunatelytheseareasnow havealargenumberof peoplewho subsist
largely on forest agriculture. These methods are now unsustainable and are leading to a loss of
forest biodiversity.

Overharvestingf fish,especiallyoy trawlingisleadingto seriousdepletionof fishstocks.Turtlesare
beingmassacreaff the coastof OrissaTherare whaleshark,a highlyendangeredspeciesijs being
killed off the coast of Gujarat.

PoachingSpecifichreatsto certainanimalsarerelatedto largeeconomicbenefits Skinandbones

from tigers, ivory from elephants, horns from rhinos and the perfume from the must deer are
extensivelyusedabroad.Bearsarekilled for their gallbladders.Coralsandshellsare also collected

for exportor soldon the beachesf ChennaandKanyakumariA varietyof wild plants withrealor

at timesdubiousmedicinalvalueare beingoverharvested Thecommonlycollectedplantsinclude
Rauvolfia, Nuxvomica, Datura, etc. Collection of garden plants includes orchids, ferns and moss.

ENDANGEREINDENDEMIGPECIESFINDIA

Toappreciatethe endemicandendangeredspecie®f Indiait isimportantto understandthe wide
variety of plant and animal species that are found in the country.

Of the wellknown species, there are several which are endangered by human activity. The
endangered species in the country are categorised as Vulnerable, Rare, Indeterminate and
ThreatenedOtherspeciesarefoundonlyin Indiaandarethusendemicor restricted to our country.
Some of these may have very localized distribution and are considered highly endemic.

Severaplantandanimalspeciedn the countryare now foundin only oneor afew ProtectedAreas.

Among the important endangered animals are charismatic species such as the tiger, the elephant,
the rhino, etc. Thelesswell-knownmajormammalgestrictedto asingleareaincludethe Indianwild

ass, the Hangul or Kashmir stag, the Golden larigarpygmy hog and a host of others. There are

also endangered bird species such as the Siberian crane, the Great Indian Bustard, the Florican and
several birds of prey. During the recent past, vultures which were common a decade ago, have
suddenly disappared and are now highly threatened. Equally threatened are several species of
reptiles and amphibia. Many invertebrates are also threatemecluding a large number of species

that inhabit our coral reefs.



Many plant species are now increasingly threatened due to changes in their habitats induced by
humanactivity. Apartfrom majortrees,shrubsandclimbersthat are extremelyhabitat specificand
thusendangeredthere arethousandsof smallherbswhichare greatlythreatenedby habitatloss.
Several orchids are yet another group of plants that are under threat.

Manyplants arethreateneddueto overharvestingasingredientsin medicinal products.

Toprotectendangeredspeciedndiahascreatedthe Wildlife ProtectionAct. Thisincludedistsof
plants and animals categorised according to the threat on their survival.

We know so little about the species diversity of our country. There are several groups of which we
knowverylittle. Most of usare only awareof the plight of afew glamoroudargemammals put we
needto appreciatethe threat to the lessknownspecief plantsandanimals Weneedto find ways

to support the conservation of our incredible wildlife for future generations.

CommonPlantspecies

Teak:This tree is from the Southwest parts of peninsular India. It is a common tree in deciduous
forests. It yields a much sought after timber used for making excellent furniture. During the early
Britishperiodit wascut downfrom manyforesttractsto build ships.Asthe stockswere diminishing,

the British selected areas which they called Reserved Forests where teak was planted for the

D 2 @S Ny ¥s&Teakegiownextensivelyythe ForestDepartmentandis ahighlypricedwood.

Theteaktreeisidentified by its largeleaveswhichgrowto morethan40or 50cmslongand20cms

wide. It has tiny flowers and fruit. In the winter, the trees shed all their leaves. In the growing
seasonwhichbeginsin Aprilandextends throughthe monsoon teakforestsarebright green and
shady. Most natural teak forests have various other species of plants and have a large number of
wild animals. Some areas of teak forests that have exceptional populations of wildlife have been
included in our National Plas and Wildlife Sanctuaries.

Sal:This is a common species of several types of forests of the Northeastern region of India,
extendinginto MadhyaPradeshand Orissalt hasbright greenfoliageandits canopyremainsgreen
nearlythroughoutthe year.Salwoodishardanddurable.Salgetsalargenumberof seedswvhichare
used in making cosmetics. The sal forests are rich in wild mammals, birds, reptiles and insect life.

Severa@reasareincludedin our networkof NationalParksand Sanctuaries.

Mango: This has become one of our most popular horticultural species with different varieties
grownalloverthe country. Thewild mangotree hassmalltangyfruit andabigseedin comparison

to the largepulpyfruit usedin horticulture. Themangotree isanevergreerspeciesandgetssmall
flowers that are pollinated by insects. In the forest, fruit dependent animals such as monkeys,
squirrels and fruit eating birds relish its ripe fruit.

Ficussp.PeepalBanyarand manyother ficusspecies form gart of thisgroupof important trees.

They are all ecologically of great importance as many different species of insects, birds and
mammals live on ficus berries. The flowers are inside the berries. They are pollinated by a specific
wasp which lays its eggs insitteberries on which the larvae feed and grow. The ficus trees bear
berries throughout the year, thus supplying nutritious food to several animal species when other
treeshaveno fruit. FicusspeciesarethusknownasW | S & Zspieigbriie ecosystemandsupport

a major part of the food web in several ecosystems. Ficus trees such as PeeBahgad are

consideredsacredandareprotectedin India.



Neem:This species is known as Azadirachta Indica . It has been traditionally used in indigenous
medicine.lt hassmallyellowfruit. Theleavesandfruit arebitter to taste. It isusedextensivelyasan
environmentallyfriendlyinsecticidelt growsextremelywellin semiarid regionsandcanbe planted

in afforestation programs where soil is poor and rainfall is low.

Tamarind:Oneof the bestknownIndiantrees, itgrows to dargesizeandis knownto live for over
200 years. Its familiar fruit is a curved padh sour pulp and contains a numbef squarish seeds.
Thepulpin the freshfruit is either greenor red. Asit ripens, it turns stickyandbrown andseparates
from the skin. The tree is commonly cultigd as a shade tree and for its edible sour fruit which
containshighconcentrationof vitamin C.It isusedasanadditivein food to giveatangyflavour.lt is
valued for its timber as well as for fuelwood.

Babul:This is a thorny species that is characteristic of semi arid areas of Western India and the
Deccan plateau. Brows sparsely itracts of grasslandndaround farms. Its used for fodder and
fuelwood.It remainsgreenthroughoutthe yearevenunderthe driestconditionsandis browsedby

wild animals and cattle. It has small leaves and bright yellow flowers and small seedpods with
multiple seeds. Its main characteristic is its long sharp, straight thorns which prevent excessive
browsing of its older branes.

ZizyphusThesearethe typicalsmalltreesandshrubsthat arefoundin the arid andsemiarid areas

of India. Z. mauritiana and Z. jujuba are the most frequent species. It is a favourite of frugivorous
birds. Thetree fruits extensivelyandis eatenby avarietyof birdsandmammals. Th@opularfruit is
commonly collected and sold in local markets.

Jamun:Thistree isanevergreerspecieswhichhasatasty purplefruit. It isafavouritewith not only
people butalsowith manywild birds andnammals. ligrowsin many partsof India and has several
varieties with fruit of different sizes.

branches profusely forming a dense crown. The leaves are elliptical and leathery and its young
leavesareextensivelyusedfor making¥ 6 A Fhafdiisbrownishyellowandastringent. Tenduleaf
collection necessitates burning undergrowth and slashing the branches of the trees to get at the
leaves. The resulting disturbance to wildlife is a serious issue in Protected Areas.

Jackfruit:Atree that is plantedaroundmanyvillagesandhashugefruit growingfrom its branches.
The fruit hasa prickly skin. The fruiwhen unripe iooked.Once ripe it is eateraw after itturns
into a sweet, sticky, goldeyellow fruit which has a strong smell.

Flameof the Forest(Buteamonosperma)Thistree growsin manypartsof India.lt hasbrightorange
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attracts monkeys and many nectar dependent birds.

Tenduis amid-sized, deciduous tree, common in dry deciduous forests throughout the
SubcontinentTherearearound50 Indianspecieslts barkexfoliatesin largerectangularscalesit

Coral Tree (Erythrinak common deciduous tree that is leafless in February wheets bright
scarletflowersthat are usedfor their nectarby manybirdssuchasmynas crowsandsunbirds that

act as its major pollinators. Its long black seed pods contain several shiny brown seeds which
germinate well. This tree can also be propagated by cutting and planting its youngbranches. It is a
rapid grower and usually begins to flower in four oefixears time.



Amla: This deciduous medium sized tree is known for its sour, gyedaw fruit which is rich in
vitamin C.It isusedasamedicine,in picklesandfor dyingandtanning.lt isfrequentlyreferredto as
0 KS Ly RA lwifichWBas ho@isi@rky eiih@r in appearance or taste.

Dipterocarps:Thisgroupof treesgrowsin evergreerforestsof the southernpart of the Western
Ghats andn the Northeastof India,in highrainfall areas. lgrowsto anenormous heightvith a
wide girth. The seed has a pair of wing like structures which aid in wind dispersal.

Quercug(Oak)isalargetree andis economicallyanimportant genuswhichincludesmanytrees
known for their beautiful shape and their changing seasonal colours. Bher&0 to 40 Indian
specief thisgenusfoundin the temperateareasthroughoutthe HimalayasThefruit isalarge,
hard,solitarycharacteristimut (acorn).Oaksprovidethe finesthardwoodsof greatstrengthand
durabilityandwere onceusedfor buildingshipsandbridges.It isafamouswoodfor highquality
furniture. Some of its species are excellent fodder plants.

Pine: Thereare5 specief true pinesthat are found in Indiain the Himalayarregion. Thetimber of
thesetreesis frequently usedin construction,carpentryandthe paperindustry.Pineresinis usedto
maketurpentine, rosin, tar and pitch. Pineoils are obtainedby distillation of leaves andhoots.Pine
leaves are thin and needlike.

Themaleandfemalesporesare producedin woody cones.Dispersabf pollenis aidedby eachgrain
having two wings.

CycasTheseplantsare uncommonin Indiaand havea palm-like appearanceCycadslongwith
conifers make up the gymnosperms. They are among the most primitive seed plantgwand h
remainedvirtually unchangedhroughthe past200million years.Therearefive speciedoundin
India, mostly in high rainfall areas.

Coconut:This tall stately palm has a more or less straight trunk with circular markings. It mostly
grows in coastal plains. The base is surrounded by a mass of fine roots. It produces the familiar
coconutfilled with liquid andasoft white edible,initially jelly like materialthat hardenswhenthe

fruit ripens. It is a common ingredient of food in India, especially in the Southern States. It is
extensively cultivated along the coastal regions and islands of India. Most parts of the tree yield
several useful pragcts such as broomsticks from its leaves and fiber from the husk of dried
coconuts.

Orchids:Thisisthe largestgroupof floweringplantsin the world with over18,000knownspeciesOf
these,1500speciesare foundin India,makingit one of the largestplant familiesin the countrywith

a high concentration of a staggering 700 species in the Northeastern States. These plants are
terrestrial or epiphytic herbs. Flowers show a range of bright coloursand great variations in
structure.In somespeciespne of the petalsis distinctfrom the othersandis calledalip or labellum.
This colourful petal attracts pollinators. In India a large number of orchid species are found in the
Western Ghats, the Northeast, and the Andaman and Nicobar Islands. Orchidsiseeh seen in
several ecological conditions except extremes such as very cold or very hot and dry ecosystems.

Drosera:Thisis asmallinsectivorougplant, usually5 or 6¢cmsin height,whichhastiny hairwhich
secrete asticky droplet of fluid on which insectet stuck. The leaf winds aroutite struggling
insectwhichisthen slowlydigested.Theplanthaspretty flowers. It growsin shallowpoor quality
soil. It is a rare plant and is found in small patches.

Lotus:Anaquaticfloating plantwith alargerhizome,whichisrootedin mud. Itsleavesarecircular
flat andcovered with a waxy coating whighotects it from water. The flower grows @merect



stalk with several petals ranging from pink violet to white. The fruit is a spongy cone with multiple
roundseedslt iswidelydistributedin wetland habitatsandshallowpartsof lakesand marshyareas.

The rhizome, stalks of the leaves and seeds arsidered delicacies. The fruit is used for dry
decorationsTheflower hasbeenatraditional motif in Indianart. Thelotusisthe Nationalflower of
India.

GrassesGrasses form the second largest group of flowering plants in the world. They are a very
important group of plants as they are used for various purposes such as making fiber, paper,
thatchingmaterialfor roofs, oil, gum,medicinesandmanyother usefulproducts.Theeconomically
important grasses include sugarcane, bamboo and cereals like rice, wheat, millets, maize, etc.

Grasseareimportantasthey providefodderfor domesticanimals.

Bamboo:This is a group of large grasslike species that grow as a clump to great heights in many
forests of India. It is extremely useful and is used for constructing huts and making several useful
householdarticles in rural areas such as baskets, farm implemédeaixes, household implements,
matting, etc. Theyoungshootsare usedasfood. It isextensivelyusedin the pulpandpaperindustry

as a raw material.

Bamboos flower after more than two decades. The plant then dies. The flowering produces
thousandsof seedswvhichresultsin the slowregrowthof the bamboo.Bamboaisa favorite food of
elephants and other large herbivores of the forest such as gaur and deer.

Wild relatives of crop plantsAll our present day cultivated varieties of rice, which are graovn f
food, come fromwild varietiesof rice,manyof whichhaveoriginatedin India,China andndonesia.
Rice forms one of the staple foods of the world. Although wild varieties are not used asrégr]
theyareimportantasthey containgeneswhichcanbe usedto developdiseaseor pestresistancean
crops. Many local varieties of rice have already been lost, as most farmers now grow only high
yielding varieties.

CommonAnimalspecies

Mammals: The common deer species found in India include the sambar, chital, barasingha and
barkingdeer. Sambative in smallfamily partiesespeciallyin hilly forestedareasandfeedmainlyon

shrubs andeavesof low branches. They are dark browncimlour andhavelarge thickantlers,each

having 3 branches. Chital or spotted deer live in large herds in forest clearings where they graze on
the grass.Theyhavea rust brown bodywith white spotswhichcamouflageshemin the forest. Each

antler has three branches called tines.The rare Hangul deer is found only in Kashmir. It has a
magnificent spread of antlers with 6 branches on each antler. The Barasingha, or swamp deer, has
wide hoofs that enable this beautiful animal to live in Qggreas of the Terai. Each antler has 6 or
more branchesThetiny barkingdeerlivesin manyforestareasall overindia.lt hastwo ridgesonits

face and a short antler with only 2 branches. Its call sounds like the bark of a dog.The blackbuck is
the only true antelope found in India. It lives in large herds. The males are black on top and cream
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gazelle, is a smaller animal and is pale brown in coldwastbeautiful curved horns. The rare
Chausinghagr four hornedantelope isthe only animalin the world that hasfour horns. Thenilgaiis

the largest of the dryland herbivores. The males are {gitagy. Nilgai have white markings on the

legs and head. By have short strong spiké&e horns.A very special rare species is the Indian wild
ass, endemic to the Little Rann of Kutch. Himalayan pastures support several species of wild goats
and sheep, many of them restricted to the region, like the goral andHihgalayan tahr. A single
species, the Nilgiri tahr is found in the Nilgiri and Annamalai hills in south India.



Therhinoceroudsnow restrictedto Assanbut wasoncefoundthroughoutthe Gangetiglains.The
wild buffalo isnow also restrictedo the Terai.The elephant is distributed e Northeastern and
Southern States. It is threatened by habitat loss and poachingdoy. Gaur is found in patches
several welwooded parts of India.

The besknown predatorof our forests ighe tiger. Itsgold and blackstripeshideit perfectlyin the

forest undergrowth. It preys on herbivores such as sambar or chital or less frequently on domestic
animals.The tigerkillsonlythree orfour times amonth. Its number$ave declinediue topoaching

for its superbskin,andfor the supposednagicalalueof its teeth, clawsandwhiskers.Inthe recent

pastit hasbeenextensivelkilledfor the supposednedicinalpropertiesof its bonesthat are usedin
Chinese medicine.

TheAsiaticlionisnow foundonlyin the Girforestsof Gujarat.

The leopard is more adaptable than the tiger and lives both in thick forests and degraded forest
areas. Its beautiful ring like markings camouflage it so perfectly that its prey cannot see its stealthy
approach. The smaller jungle cat, whicl igght brown animal and the leopard cat, whiclaikttle

bigger than a domestic cat, are very rare. The most typical predator of the HiImalayas is the snow
leopard, which is very rare and poached for its beautiful skin whighlésgrey with dark grey ring

like markings.The wolf, jackal, foxandthé iR R23 2 NJ WRK2f SQ T2 NX | 3INERdz
threatened predator is the Himalayan wolf. The wolves are now highly threatened as they have
becomeincreasinglydependentona K S LIKASARE uEshepherdsonstantlyfind waysto kill the
wolves.Omr of the common monkey species of the forest is the bonnet macaque, which has a red
face, a very long tail and a whorl of hair on the scalp which looks like a cap. Our other common
monkey is the rhesus macaque, which is smaller and has a shorter tathéndonnet. A rare

macaque is the liotailed macaque found only in a few forests of the southern Western Ghats and
Annamalai ranges. It is black in colour, has long hair, a grey mane and a tassel at the end of its tail
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monkey. The rare golden langur, is golden yellow in colour and lives along the banks of the Manas
Riverin AssamThecappedanguris anuncommonspecief Northeastindia. Therare blacknilgiri

langur lives in the southern Western Ghats, Nilgiris and Annamalais.

Birds:

There are over 1200 bird species found in India in different habitats. Most of our forest birds are
speciallyadaptedto life in certainforesttypes.SomeHimalayarspeciedhowevercanalsobeseenin

the WesternGhats.Thereare severalspecief Hornbillsthat live on fruit. Theyhaveheavycurved
beaks with a projection on top.

Frugivoresuchasparakeets, barbetandbulbulslive on fruit andare often seeneatingFicusfruits

such as thosef banyan and peepal.Insectivorous birdsrany species liven forest insectsThey
includevariousspecie®f flycatcherspee-eaters,andothers.Themaleparadiseflycatcherisasmall
beautiful white bird with a blackheadandtwo longwhite trailingtail feathers.Thefemaleis brown

and does not have the long tail feathers. There are several eagles, falcons and kites many of which
are now endangered.

Grasslandsupportmanyspecief birds. Themostthreatenedspeciessthe GreatIndianbustard,a
large, brown stately biravith longlegswhichstruts about throughgrasslands lookinfpr locusts and
grasshoppers. Another rare group of threatened birds are the floricans. There are many species of
quails,partridges larks,muniasandother graineatingbirdsthat areadaptedto grasslands.Therare
several species of aquatic birds such as waders, gulls and terns, which live along the seashore



and go out fishingnany kilometers to the sea. Many of these birdsééost their coastal habitats
dueto pollution. Aquaticbirdsin freshwaterarethosewith longlegsandare knownaswaderssuch

as stilts and sandpipers. The other group form birds that swim on water such as several species of
ducks and geese.

There aremany species of spectacular large birds associated with water or marshy areas. These
includedifferent specief storks,cranesspoonbillsflamingoandpelicansManyaquaticspecies

are migrants. They breed in Northern Europe or Siberia and come to India in thousands during
winter.

Reptiles:

India has a wide variety of lizards, snakes and turtles, with a high level of endemism. The lizards

include thecommon garden lizard, Fdmoated lizard, Chamelion, Skink, Common Monitor and

WaterMonitor. Someof thesearethreateneddueto trade in reptile skins.Indiansnakesncludethe
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species of snakes are poisonous and most snakes are harmless. The Star tortoise and Travancore

tortoise arenow rare. TheOliveRidleyandFlapshelturtle arethe well-knownturtles of India.Many

turtles are becoming increasingly rare due to poaching of admitseggs. The crocodile is our

largest reptile which is poached for its prized skin. The gharial is endemic to India and is highly

threatened.

Amphibia:

Most of the amphibians found in India are frogs and toads. These include several species like the
IndianBullfrog, Treefrog, etc. Theseamphibiansaaremostlyfoundin the hotspotsin the Northeast
andthe WesternGhats It isnow thoughtthat globalwarmingandincreasindevelsof UVradiation

may be seriously affecting amphibian populations in some areas.

Invertebrates:

Invertebrates include a variety of taxa that inhabit both terrestrial and aquatic ecosystems.
Microscopic animals like protozoa and ptemkton form the basis of the food chain in aquatic
habitats.Coralis formed by coloniesof polyplike animals Worms, molluscgsnails) spiders crabs,
jellyfish,octopusare afew of the better knowninvertebratesfoundin India.Therearemorethana
millioninsectspecieson earththat areknownto scienceTheyincludegrasshopperdyugs beetles,
ants, bees, butterflies and moths. India is rich in its butterfly and moth species.

Marine Life:

Marine ecosystems are most frequently associated with &ind crustacea like crabs and shrimp,
which we use as food. The other species that are endangered include the marine turtles, which are
reptiles,andwhalesthat are mammalsTherearealargenumberof speciesf freshwaterfishfound

in our Indianriversandlakesthat are now threatenedby the introduction of fishfrom abroadaswell

as due to beingintroduced from one river into another. Fish are also now seriously affected by
pollution. Marine fisheries are being over harvested in our coastal mwated the fish catch has
decreased seriously over the last few years. Mechanized boats with giant;rsesied nets are a
major cause of depleting this resource. There are many endandisteduch as the Mahseer which
once grewto overameterin length. Many speciesof marineanimalssuchasthe whales,sharksand
dolphins that live in the Indian Ocean are now threatened by extinction due to fishing in the deep
sea.



Forfurther detailssee:
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2) TheBookof IndianAnimals SHPrater,BNHS.
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OF BIODIVERSITXSITU AND EZITUIn-situ

conservation

Biodiversityat all its levels,geneticspeciesand asintact ecosystems;anbe bestpreservedinsitu by
settingasidean adequaterepresentationof wildernessasYProtected! NB Th@g@sthouldconsistof
a network of NationalParksand Wildlife Sanctuariesvith eachdistinctiveecosystem includeth the
network. Such a network would preserve the total diversity of life of a region.

In the past National Parks and Sanctuaries in India were notified to preserve major wildlife species
such as tigerdions, elephants, and deer. The objective of these areas should be expanded to the
preservation of relatively intact natural ecosystems, where biological diverfibm microscopic
unicellular plants and animals, to the giant trees and major mammeds all be
preserved.Howevespeciesannotbe protectedindividuallyasthey are all inter dependenton each
other. Thusthe whole ecosystenmustbe protected. Thed A 2 f AiBwipdini deadswith areasthat

are relatively species rich, or those wheregathreatened or endangered species are found, or
thosewith W S y R $pédie@vhiicharenot found elsewhere Asrare endemicspeciesarefoundonly

in a small area these easily become extinct due to human activity. Such areas must be given an
added importance as their biodiversity is a special feature of the region.

Animalssuchaselephantsrequiredifferent typesof habitatto feedin duringdifferent seasonsThey
utilize open grasslands after the rains when the young grass shoots are highly nutritious. As the
grasses dry, the elephantsove into the forest to feed on foliage from the trees. A Protected Area
thatismeantto protectelephantsmusttherefore be largeenoughandincludediversehabitattypes

to support a complete complement of inter linked species.

Wildlife Sanctuariesand National Parksof India: Thereare 589 ProtectedAreasin Indiaof which89

are National Parks and 500 are Wildlife Sanctuaries. They include a variety of ecosystems and
habitats. Some have been created in order to protect highly endangered species of wild plants and
animals found nowhere else in the worldhe Great Himalayan &tional Parkis the largest

sanctuary in this ecosystem and is one of the last homes of the beautiful snow leopard. Dachigam
Sanctuary is the only place where the rare Hangul or Kashmir stag is found. There are several
Sanctuaries ithe Terai region, Kazinga NationaPark is thenost famousvhichhas elephantwild
buffalo,gaur,wild boar,swampdeer,andhogdeer,inlargenumbers aswell astiger andleopard. Its

bird life is extremely rich and includes ducks, geese, pelicans and storks. The Mataargain
addition to the above Terai species, also includes the rare golden langur and the very rare pygmy
hog,the smallestwild boarin the world. Thefloricanisfound only in afew undisturbedgrassland#

the Terai sanctuaries.

In the salforestsof MadhyaPradeshthere are severalProtectedAreas Kanhaoffers awonderful
opportunity to observewild tigersfrom elephantback.It isthe only ProtectedAreain whicha sub
species of the Barasingha is found.
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Bharatpuris one of the mostfamouswater bird sanctuariesn the world. Thousand®f ducks geese,
herons, and other wading birds can be seen here. This is the only home of the very rare Siberian
crane which migrates to India every winter. During the last 20 years, the 30Sibdflan cranes
havedwindledto only 2 or 3. During2002-3 no craneswvere seenandit ispossiblethat this beautiful

bird will never again come to India.

Inthe Thardesert,the wild life isprotectedin the DesertNationalPark . Herelargenumbersof black
buck, neelgai and chinkara can be seen. The Great Indian Bustard lives in these arid lands.

Ranthambomwasthe mostwell knownsanctuaryfor observingigersin the wild till about3 or 4
yearsago.Sincethen manytigershavebeenkilled by poachersTheGreatandthe Little Rannof
Kutch havébeenmadeinto sanctuariego protect thevery rarewild ass,the flamingo,the star
tortoise and the desert fox.

In Gujaratthe GirSanctuanprotectsthe lastpopulationof the majesticAsiaticlion. Thisthorn and
deciduous forest is also the home of large herds of chital, sambhar, and nilgai.

The Sanctuaries of the Western Ghats and associated hill ranges protect some of the most diverse
foresttypesin the country. Thefew examplef highlythreatenedspeciesincludethe Malabargiant

squirrel, the flying squirrel and a variety of hill birds, several species of amphibians, reptiles and
insects. These regions are also rich in highly endemic plant life. Sanctuaries such as Bhimashankar,
Koyana, Chandoli and Radhanagari preserveittisflora in Maharashtra, Bandipur, Bhadra,

Dandeli, Nagarhole, etc. in Karnataka, and Eraviculum, Perambiculum, Periyar, Silent Valley, in
Kerala.

Inthe NilgiriHills therich forest Sanctuaries protect sontd the lastpocketsof the Indianelephant

in South India. Examples include Bandipur, Madhumalai, Wynad and Bhadra. During the last 10
yearsalargenumberof the greattuskerelephantsof this regionhavebeenruthlesslykilledfor their
ivory. Now very few of these magnificent animals are lefhase jungles.

Twoimportant sanctuariesneantfor preservationof coastalecosystemsre the ChilkaLakeand
PointCalimere TheSunderbangrotect the largestmangrovedeltain India. TheMarine National
Park in Gujarat protects shallow areas in the sea, islands, coral reefs and extensive mudflats.

OverahundredProtectedAreashavebeencreatedin the AndamanandNicobarlslandso preserve

their very special island ecosystems.The need for segtated Protected Area System (IPAS):
Protected Areas, to be effective, must be established in every biogeographic region. A relatively
largerrepresentatiormustbe includedof highlyfragileecosystemsareasof highspeciedliversityor

high endemism. Protected Areas must also be integrated with each other by establishing corridors
between adjacent areas wherever possible so that wildlife can move between them.

In our country,whichhasarapidly growinghumanpopulation,it is not easly feasibleto setaside

more andmore landto createProtected Areas. Theeed to providea greateramountof land for
agricultural and other needs has become an increasing cause of concern in land and resource
managementThis forms amajor impediment ér creating newProtected Areasdaving said this,
thereisanurgentneedto addto our ProtectedAreasto preserveour veryrichbiologicaldiversity.

Much of the naturalwildernesshasalreadyundergoneextensivechangesTheresidualareasthat
havehighlevelsof speciegichnessendemismor endangeredclantsandanimalsmustbe notified

as National Parks and Wildlife Sanctuaries. Other areas can be made into Community Conserved
Areas which are managed by local people.



Thelnternationd Unionfor Conservatiorof Natureand NaturalResourcestatesthat it is essential
to includeat least10%of all ecosystemsasProtectedAreasif biodiversityisto be conservedn the
longterm.

India has only 5% of land in its 589 Protected Areas in 2004. However much of this includes

plantationsof salor teak,whichwere developedfor timber in the pastandarethusrelativelypoor
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country that are notified as Protected Areas. Some are overgrazed wastelands in areas that were

once flourishing grasslands. Most of these areas have a low biological valueand need careful
managemento allowthemto revertto amore Wy I (st with heir full complementof plants

and animals. Only a few wetlands have been made into Sanctuaries. These require better

management.

Amajor strategyto reduceimpactson the biodiversityof the PAsshouldbeto provideasustainable
source of resources for local people living around them. A Protected Area curtails their traditional
grazing practices and access fuelwood sources. These resources must be provided by developing
them in buffer areas. Plantations of fuel woadd good grassland management in areas outside
Protected Areas can help reduce the pressure on the habitat of wildlife in the Protected Area.
Managemenmustensurethat localpeoplederiveadirecteconomidenefitfrom the presenceof

the PA.Involvinglocalpeoplein ProtectedAreamanagementnddevelopingourist facilitiesthat

support the income generation for local people helps in involving their support for the Protected
Area.

Acarefullydesignednanagemenplanwhichincorporatesan® S O 2 R S @ Scongpad¥niaiyhédQ
at providing a source of fuel wood, fodder and alternate income generation for local people, is an
important aspect of PA management.

There are several species of plants and animalsdhiative without protectioroutside aur current

network of PAs. As it is not practical to notify more PAs without affecting the lives of people,

alternate strategies such as Community Reserves or Community Conserved Areas need to be

created. These should be managed by local people to bringtabe conservation of biodiversity

while usingthe | NBresfudicesn an equitableandsustainablavay. ACommunityConservedirea
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utilitarian potential. Amajor drive for conservatiorof biologicaldiversitycanonly comefrom amass
environmental education program on the value of protecting our dwindling biological resources.

e )]

Exsitu conservation

Conservatiorof a speciess best done by protecting its habitat along wil the other species that

live in it in nature. This is known assitu conservation, which is conserving a species in its own
environment by creating National Parks and Wildlife Sanctuaries. However afesguations in

which an endangered species is so close to extinction that unless alternate methods are instituted,
the species may be rapidly driven to extinction. This strategy is knownsigieoonservation, i.e.
outsideits naturalhabitatin a carefully controlledsituationsuchasa botanicalgardenfor plantsor a
zoological park for animals, where there is expertise to multiply the species under artificially
managed conditions. These breeding programs for rare plants and animals are however more
expensive than managing a Protected Area.

Thereisalsoanotherform of preservinga plant by preservingts germplasmin agenebanksothat
it can be used if needed in future. This is even more expensive.



Whenananimalisonthe brink of extinction,it mustbe carefullybred sothat inbreedingdoesnot
lead to the genetic makeup becoming weak. Breeding from the same stock can lead to poorly
adapted progeny or even inability to get enough offspring.

Modern breeding programs are doneinZoo G KI & LINPGARS F2NJ I ff GKS | yA
enclosures thasimulate their wild habitats. There may also beegedto assist breeding artificially.

Thus while most zoos are meant to provide visitors with a visual experience of seeing a wild animal
closeup, andprovidethe visitorswithinformationaboutthe speciesamodernzoohasto gobeyond

these functions that include breeding of endangered species as a conservation measure.

In India, successful ex situ conservation programs have been done for all our three species of
crocodilesThishasbeenhighlysuccessfulAnotherrecentsuccessiasbeenthe breedingof the very
rare pygmyhogin Gauhatizoo.Delhizoohassuccessfullypredthe rare Manipurbrow antlereddeer.

Howeverthe mostimportant stepof asuccessfubreedingprogramisthe reintroductionof aspecies
into its originalwild habitat. This requireehabilitation of the degraded habitat and remowithe
other causes such as poaching, disturbance, or other manmade influences that have been the
primary cause of reducing the population of the species.

Conservation of cultivars and livestock breeditere were an estimated thirty thousand
varieties of ricegrown in India till about 50 years ago. Now only a few of these are still grown. The
new varietieswhichare now beingcultivatedeverywherehavebeendevelopedusinggermplasmof
these original types of rice. If all the traditional varieties vanish detaly it will be difficult to
developnewdiseasaesistantvarietiesof ricein the future. Severalarietieshavebeenpreservedn
genebanks However thisisboth veryexpensiveandrisky.Encouragingarmersto continueto grow
severalraditional varietiesis thus animportant concernfor the future of mankind.At presentgene
bank collections have over 34 thousand cereals and 22 thousand pulses.

Inthe past,domesticanimalswere selectedandbredfor their ability to adaptto localconditions.
Traditionalagropastoralistén Indiahaveselectivelybred livestockfor 2 to 3 thousandyears.India
has 27breedsof cattle, 40 breedsof sheep, 22 breedsf goats,and 8 breedsof buffaloes.These
traditional breeds must be maintained fdneir genetic variability.

Unit 5:

Pollution

DEFINITION

Pollution is the effect of undesirable changes in our surroundings that have harmful effects on
plants,animalsandhumanbeings.Thisoccurswheronly short-term economicgainsare madeat the
cost of the longterm ecological benefits for humanity. No natural phenomenon has led to greater
ecological changes than have been made by mankind. During the last few decades we have
contaminatedour air, water and land on which life itself dependshva variety ofwaste products.

Pollutants include solid, liquid or gaseous substances present in greater than natural abundance
produceddueto humanactivity,whichhaveadetrimentaleffecton our environment.Thenature



andconcentrationof a pollutant determinesthe severityof detrimentaleffectson humanhealth.An
averagehuman requires about2 kg of aireach day, which is nearly? to15timesgreaterthan the
amount of food we eat. Thus even a small concentration of pollutants in the air becomes more
significant in comparison to the similar levels present in food. Pollutants that enter water have the
ability to spread to distant places especially ie tharine ecosystem.

Fromanecologicaperspectivgpollutantscanbe classifiedasfollows:

Degradabler non-persistentpollutants: Thesecanberapidlybrokendownby naturalprocessesEg:
domestic sewage, discarded vegetables, etc.

Slowly degradable grersistent pollutants: Pollutants that remain in the environment for many
yearsin anunchangedonditionandtake decader longerto degrade Eg:-DDTandmostplastics.

Non-degradablepollutants: Thesecannotbe degradedby naturalprocessesOncethey arereleased
into the environmentthey are difficult to eradicateand continueto accumulate Eg:toxic elements
like lead or mercury.

CAUSEEFFECTANDCONTROMEASURESFPOLLUTION

Air Pollution

History of air pollution: The origin of air pollution on the earth can be traced from the times when
man started using firewood as a means of cooking and heating. Hippocrates has mentioned air
pollution in 400 BC. With the discovery and increasing usealf air pollution became more
pronouncedespeciallyin urbanareas It wasrecognizedasa problem700yearsagoin Londonin the

form of smoke pollution, which prompted King Edward | to make the first antipollution law to
restrict people from using coal for domestic heating in the year 1273. In the year 1300 another Act
banningthe useof coalwaspassedDefyingthe lawled to impositionof capitalpunishment.In spite

of thisair pollution becamea serious problem in Londaturingthe industrialrevolutiondue to the

use ofcoal in industries. The earliest recordéd- 22 NJ RA & 4G SNJ & | docdurked W[ 2y R?2
in 1952 thatresulted in more than 4000 deaths due to the accumulation of air pollutants over the
city for five days.

In Europe aroundthe middle of the 19th century,ablackform of the Pepperednoth wasnoticedin
industrial areas. Usually the normal Peppered moth is well camouflaged on a clean lichen covered
tree. However the peppered pattern was easily spotted and picked up by birds on the smoke
blackenedarkof treesin the industrialarea,while the blackform remainedwell camouflagedThus

while the peppered patterned moths were successful in surviving in cleafndostrial areas, the
black coloureanothswere successful imdustrial areas. With the spreauf industrialization, it has
been observed thathe black forms are not only see in Peppered moth, but also in many other
moths. This is a classic case of pollution leading to adaptation.

Air pollutionbeganto increase irthe beginningof the twentieth centurywith the developmentof

the transportationsystemsandlarge-scaleuseof petrol anddiesel.Thesevereair quality problems
due to the formation of photochemical smog from the combustion residues of diesel and petrol
engines were feltor the first time in LosAngelesPollutiondue to auto-exhatst remainsa serious
environmental issue in many developed and developing countries including India.

TheAir PollutionControlActin Indiawaspassedn 1981andthe Motor VehicleActfor controlling
the air pollution, very recently. These laws are intended to prevent air from being polluted.



Thegreatestindustrialdisastedeadingto seriousair pollutiontook placein Bhopalwhere extremely

poisonous methyl isocyanide gagvd | OOA RSy Gl f f & NBfSFaSR FTNRY (KS
manufacturing plant on the night of December 3rd 1984. The effects of this disaster on human

health and the soil are felt even today.

Structureof the atmosphere

The atmosphere is normally compabef 79 percent nitrogen, 20 percent oxygen and one percent
asamixtureof carbondioxide,watervapourandtraceamountsof severabther gasesuchasneon,
helium, methane, krypton, hydrogen and xenon. The general structure of the atmosphere has
several important features that have relevance to environmental problems. The atmosphere is
divided into several layers.

The innermost layer the troposphere extds 17 kilometers above sea level at the equator and
about8 kilometersoverthe poles.lt containsabout75percentof the massofthe S I NAirKTOea
fragility of this layer is obvious from the fact that if the earth were an apple this particular layer
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Temperaturedeclineswith altitude in the troposphere At the top of the tropospheretemperatures
abruptly begin to rise. This boundary where this temperature reversal occurs is called the
tropopause.

Thetropopausemarksthe endof the troposphereandthe beginningof the stratospherethe second
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surface. While the compaosition of the stratosphere is similar to that of the troposphere it has two

major differences. The volume of water vapour here iswtll000 times less while the volume of

ozone is about 1000 times greater. The presence of ozone in the stratosphere prevents about 99
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humansfrom cancerand damageto the immunesystem.Thislayerdoes nothavecloudsandhence

airplanes fly in this layer as it creates less turbulence. Temperature rises with altitude in the
stratosphereuntil there isanotherreversal.Thispoint is calledthe stratopauseand it marksthe end
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Inthe mesospherdhe temperature decreasewith altitude fallingup to ¢1100Cat thetop. Above
this is a layer where ionization of the gases is a major phenomenon, thus increasing the
temperature.Thislayeris calledthe thermosphere Onlythe lower troposphereisroutinelyinvolved
in our weatherandhenceair pollution.Theother layers are not significarih determining the level
of air pollution.

Typesandsourcesof Air Pollution

What is air pollution?

Air pollution occurs due to the presence of undesirable solid or gaseous particles in the air in
guantities that are harmful to humahealth and the environment. Air may get polluted by natural
causesuchasvolcanoeswhichreleaseash,dust,sulphurandother gasesor by forestfiresthat are
occasionallyaturallycausedoy lightning.However,unlike pollutantsfrom humanactivity, naturally
occurring pollutants tend to remain in the atmosphere for a short time and do not lead to
permanent atmospheric change.

Pollutantsthat areemitted directlyfrom identifiablesourcesare producedboth by naturalevents
(for example, dust stormand volcanic eruptions) and human activities (emission from vehicles,



industries.etc.). Thesearecalledprimarypollutants. Therearefive primarypollutantsthat together
contribute about 90 percent of the global air pollution. These are carbon oxides (CO and CO2),
nitrogen oxides, sulfur oxides, volatile organic compounds (mostly hydrocarbons) and suspended
particulate matter.

Pollutantsthat are producedin the atmospherewhencertainchemicakeactionstake placeamong
the primary pollutantsare called secondarpollutants. Eg: sulfuri@cid, nitricacid, carbonic acid,
etc.

Carbon monoxide is a colourless, odorless and toxic gas produced when organic matehials
naturalgas,coalor woodareincompletelyburnt. Vehicularexhaustsarethe singlelargestsourceof
carbon monoxide. The number of vehicles has been increasing over the years all over the world.
Vehicles are also poorly maintained and several have inadequate pollution control equipment
resulting in release of greater amounts of carbon monoxide. Carbon monoxide is however not a
persistentpollutant. Naturalprocesseganconvertcarbonmonoxideto other compoundghat are

not harmful. Thereforethe air canbe clearedof its carbonmonoxideif no new carbonmonoxideis
introduced into the atmosphere.

Sulfuroxidesare producedwhensulfurcontainingfossilfuelsareburnt.

Nitrogenoxidesarefoundin vehicularexhaustsNitrogenoxidesare significantasthey areinvolved
in the production of secondary air pollutants such as ozone.

Hydrocarbons are a group of compounds consisting of carbon and hydrogen atoms. They either
evaporatefrom fuel supplies or areremnantsof fuel that did not burn completely Hydrocarbonsre
washedout of the airwhenit rainsandruninto surfacewater. Theycauseanoilyfilm onthe surface
and do not asuchcausea serious issue unttheyreact to form secondary pollutants. Usihigher
oxygenconcentrationsn the fuel-air mixtureandusingvalvesto preventthe escapeof gasesfitting

of catalyticconverters irautomobiles, aresomeof the modificationghat canreduce the releasef
hydrocarbons into the atmosphere.

Particulates are small pieces of solid material (for example, smoke particles from fires, bits of
asbestos, dust particles and ash from industries) dispersed into the atmosphere. The effects of
particulatesrangefrom sootto the carcinogeni¢cancercausingeffectsof asbestosdustparticles
and ash from industrial plants that are dispersed into the atmosphere. Repeated exposure to
particulatescancauseéthemto accumulatan the lungsandinterfere with the ability of the lungsto
exchange gases.

Leadisamajorair pollutantthat remainslargelyunmonitoredandis emitted by vehiclesHighlead
levels have been reported in the ambient air in metropolitan cities. Leaded petrol is the primary
source of airborne lead emissions in Indian cities.

Pollutantsarealsofoundindoorsfrom infiltration of polluted outsideair andfrom variouschemicals
used or produced inside buildings. Both indoor and outdoor air pollution are equally harmful.

What happensto pollutants in the atmosphere?

Oncepollutantsenterthe tropospheretheyaretransporteddownwind,diluted by the largevolume
of air, ransformed through either physical or chemical changes or are removed from the

atmosphereoby rainduringwhichthey areattachedto watervapourthat subsequentlformsrainor
snowthat fallsto the S I NBuKa@eiTheatmospherenormallydispersepollutantsby mixingthem



inthe verylargevolumeof air that coversthe earth. Thisdilutesthe pollutantsto acceptabldevels.
The rate of dispersion however varies in relation to the following aspects:

Topography

Normallyasthe S | NBuifgeebecomesvarmedby sunlightthe layerof air in contactwith the
groundis alsoheatedby convection.Thiswarmerair islessdensethan the coldair aboveit, soit
rises. Thus pollutants produced in the surface layer are effectively dispersed.

Howeveron a still evening the processsreversed Anhour or two before sunsetafter a sunnyday,

the groundstartsto loseheatandthe air nearthe groundbeginsto coolrapidly.Dueto the absence

of wind, a static layer of cold air is produced as the ground cdbls.in turn induces condensation

of fog. Themorningsuncannotinitially penetratethis fog layer. Thecoldair beingdensecannotrise

and is trapped by the warm air above. #nmot move out of the area due to the surrounding hills.
The topographic features resemble a closed chemical reactor in which the pollutants are trapped.
This condition often continues through the cool night and reaches its maximum intensity before
sunrise When the morning sun warms the ground the air near the ground also warms up and rises
within an hour or two. This may be broken up by strong winds. In cold regions this situation can
persist for several days. Such a situation is known as smog (smogk Fhtomost well known
exampleisthatofthe W[ 2 y{ Ry22yHa€bccurredin 1952.Thecity usedlargequantitiesof sulphur
containing coal for domestic heating that released smoke, along with smoke from thermal power
plants andother industrial establishments. This used to lead to the generation of high levels of
smoke containing sulphur oxides. Due to a sudden adweeteorological condition air pollutants

like smoke and sulphur oxides started to beulolin the atmosphere. The white fog accumulated
overthecityturned f | O1 T 2 NIv2AdyLIQwith 2M@bIBZero visibilitywithin two days of

the formation of ths smog, people started suffering from acute pulmonary disorders wigoked
irritation of bronchi, cough, nasal discharges, sore throat, vomiting and burning sensations in the
eyes. This event lead to several deaths.

MeteorologicakonditionsThevelocityof the wind affectsthe dispersabf pollutants.Strongwinds
mix polluted air more rapidly with the surrounding air diluting the pollutants rapidly. When wind
velocity is low mixing takes place and the concentration of pollutants remains high.

When sulplur dioxideand nitrogenoxidesare transported by prevailing windkey formsecondary
pollutants such as nitric acid vapour, droplets of sulfuric acid and particles of sulphate and nitrate
salts.Thesechemicalglescenconthe S I NEBuKaen two forms:wet (asacidicrain, snow,fogand
cloudvapour)anddry (asacidicparticles).Theresultingmixture is calledaciddeposition,commonly
called acid rain.

Acid deposition has many harmful effects especially when the pH falls below 5.1 for tefrestri
systems and below 5.5 for aquatic systems. It contributes to human respiratory diseases such as
bronchitisandasthmawhichcancauseprematuredeath.It alsodamagestatues buildingsmetals

and car finishes. Acid deposition can damage tree foliaggetly but the most serious effect is
weakeningof trees so theybecomemore susceptible tather typesof damage. The nitric acahd

the nitrate saltsin aciddepositioncanleadto excessivesoilnitrogenlevels.Thiscanover stimulate
growthof other plantsandintensifydepletionof otherimportant soil nutrients suchascalciumand
magnesium, which in turn can reduce tree growth and vigour.

Effectsof air pollution on living organisms



Our respiratory system has a number of mechanisms that help in protecting us from air pollution.
Thehairin our nosefilters out largeparticles.Thestickymucusin the lining of the upperrespiratory
tract capturessmallerparticlesand dissolvesomegaseougollutants.Whenthe upperrespiratory
system is irritated by pollutants sneezing and coughing expel contaminated air and mucus.
Prolonged smoking or exposure to air pollutants caerloador breakdown these natural defenses
causingor contributingto diseasesuchaslung cancer,asthma,chronicbronchitisandemphysema.
Elderlypeople,infants,pregnantwomenand peoplewith heartdiseaseasthmaor other respiratory
diseases are especially vulnerable to air pollution.

Cigarette smoking is responsible for the greatest exposure to carbon monoxide. Exposure to air
containingeven0.001percentof carbonmonoxidefor severahourscancausecollapsecomaand
even death. As carbon monoxide remains attached to hemoglotifood for a long time, it
accumulates and reduces the oxygen carrying capacity of blood. This impairs perception and
thinking,slowsreflexesandcauseseadachesjrowsinessdizzinesandnauseaCarbormonoxide

in heavy traffic causes headaches, drowsmand blurred vision.

Sulfurdioxideirritatesrespiratorytissues Chronicexposurecausesconditionsimilarto bronchitis.
It also reacts with water, oxygen and other material in the air to form swkfuntaining acids. The
acids can become attached to particles which when inhaled are very corrosive to the lung.

NitrogenoxidesespeciallyNOZ2canirritate the lungs aggravateasthmaor chronicbronchitisand
also increase susceptibility to respiratory infections such as influenza or common colds.

Suspendegbarticlesaggravatebronchitisandasthma.Exposurdo theseparticlesoveralongperiod
of time damagedungtissueand contributesto the developmentof chronicrespiratorydiseaseand
cancer.

Manyvolatile organiccompoundssuchas(benzeneandformaldehyde)andtoxic particulates(such
as lead, cadmium) can cause mutations, reproductive problems or cancer. Inhaling ozone, a
componentof photochemicabmogcausesoughingchestpain,breathlessnesandirritation of the
eye, nose and the throat.

Effectson plants

When some gaseoumllutants enter leaf pores they damage the leaves of crop plants. Chronic
exposure of the leaves to air pollutants can break down the waxy coating that helps prevent
excessive water loss and leads to damage from diseases, pests, drought and frost.pdaaheex
interfereswith photosynthesisandplant growth, reducesnutrient uptakeandcausedeaveso turn
yellow, brown or drop off altogether. At a higher concentration of sulphur dioxide majority of the
flower budsbecomestiff andhard. Theyeventuallyfall from the plants,asthey areunableto flower.

Prolongedexposureto highlevelsof severalair pollutantsfrom smelters,coalburningpower plants
and industrial units as well as from cars and trucks can damage trees and other plants.

Effectsof air pollution on materials

Everyyearair pollutantscausedamageworth billionsof rupees.Air pollutantsbreakdown exterior
paint on cars and houses. All around the world air pollutants have discoloured irreplaceable
monuments, historic buildings, marbleasties, etc.

Effectsof air pollution on the stratosphere



The upper stratosphere consists of considerable amounts of ozone, which works as an effective
screenfor ultravioletlight. Thisregioncalledthe ozonelayerextendsupto 60kmsabovethe surface

of the earth. Though the ozone is present upto 60 kms its greatest density remains in the region
between 20 to 25 kms. The ozone layer does not consist of solely ozone but a mixture of other
commonatmospheriayasesin the mostdenseozonelayerthere will be onlyoneozonemoleculein
100,000 gas molecules. Therefore even small changes in the ozone concentration can produce
dramatic effects on life on earth.

Thetotal amountof ozoneinaW O 2 f afait ffofh the S I NJuKaReupto analtitude of 50kmis

the total columnozone . This is recorded DobsonUnits (DU), a measuid the thickness of the
ozone layer by an equivalent layer of pure ozone gas at normal temperature and pressure at sea
level. Thismeansthat 100DU=1mnof pure o0zonegasat normaltemperatureandpressureat sea

level.

Ozone is a form of oxygen with three atoms instead of two. It is produced naturally from the
photodissociatiorof oxygengasmoleculesn the atmosphere Theozonethusformedisconstantly
brokendown by naturally occurring processes that maintain its balance in the ozone layer. In the
absence of pollutants the creatiand breakdown of ozone are purely governed by natural forces,
but the presenceof certainpollutantscanacceleratehe breakdownof ozone. Thoughit wasknown
earlier that ozone shows fluctuations in its concentrations which may be accompanied sometimes
with a little ozone depletion, it was only in 1985 that the large scale destruction of the ozone also
calledthe OzoneHolecameinto limelightwhensomeBritishresearchergpublishedmeasurements
about the ozone layer.

Soon after these findings a greater impetus was given to research on the ozone layer, which
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are extremely stable, neflammable, noroxic and harmless to handle. This makes them ideal for
manyindustrialapplicationdike aerosolsair conditionersyefrigeratorsandfire extinguishersMany
canswhichgiveout foamsandspraysuseCFCdeg:perfumes,roomfreshenersetc.) CFCarealso

used in making foams for mattresses and cushions, disposable Styrofoam cups, glasses, packaging
material for insulation, cold storage etc. However their stability also gives themgdife span in

the atmosphere.

Halonsare similarin structureto the CFCsut containbromine atomsinsteadof chlorine. Theyare
more dangerouso the ozone layer thartCFCs. Halorse usedas fireextinguishing agents dbey
do not pose a harm to people and equipment exposed to them during fire fighting.

The CFCs and the halons migrate into the upper atmosphere after they are released. As they are
heavierthan airthey haveto be carriedby aircurrents up tgust above he lower atmosphere and

then they slowly diffuse into the upper atmosphere. This is a slow process and can take as long as
fiveto fifteenyears.Inthe stratosphereunfiltered U\tradiationseverghe chemicabondsreleasing
chlorine from the rest of th€FC. This attacks the ozone molecule resulting in its splitting into an
oxygen molecule and an oxygen atom.

Despite the fact that CFCs are evenly distribute over the globe, the ozone depletion is especially
pronounced over the South Pole due to the extrewsather conditions in the Antarctic
atmosphereThepresenceof the icecrystalanakeshe CtObondingeasier.Theozonelayerover
countries like Australia, New Zealand, South Africa and parts of South Amalsa depleted.

Indiahassignedthe Montreal Protocolin 1992 ,whichaimsto controlthe productionand
consumption of Ozone Depleting Substances.



Ozonedepletion-Whatdoesit do?
Changen the ozonelayerhaveseriousmplicationsfor mankind.

Effects on human healtl8unburn, cataract, aging of the skin and skin cancer are caused

byincreased ultraviolet radiation. It weakens the immune system by suppressing the resistance of

the wholebodyto certaininfectionslike measleschickenpoxandother viral diseaseshat elicit rash
and parasitic diseases such as malaria introduced through the skin.

Food productionultraviolet radiationaffectsthe ability of plantsto capturelight energyduring
the processof photosynthesisThisreducesthe nutrient contentandthe growth of plants. Thisis
seen especially in legumes and cabbage.

Plant and animal planktons are damaged by ulti@et radiation. In zooplanktons (microscopic
animals)he breedingperiodis shortenedby changesn radiation.Asplanktonsform the basisof the

marine food chain a change in their number and species composition influences fish and shell fish

production.

Effecton materialsincreasedJVradiationdamagegaintsandfabrics,causinghemto fade
faster.

Effect on climateAtmospheric changes inded by pollution contribute to global warming, a
phenomenon which is caused due to the increase in concentration of certain gases like carbon

dioxide, nitrogen oxides, methane and CFCs. Observations of the earth have shown beyond doubt

that atmosphericonstituents suclaswater vapour,carbon dioxidemethane, nitrogeroxides and
Chloro Fluro Carbons trap heat in the formof i@ R NI RAF GA 2y Yy SI NJ G KS
knownasthe W D NB S o KF ZF dileihéhdmenorissimilarto what happensn agreenhouseThe
glass in a greenhouse allows sakadiation to enter which is absorbed by the objects inside. These
objects radiate heat ithe form of terrestrial radiation, which does not pass out through the glass.
Theheatisthereforetrappedin the greenhouséncreasinghe temperatureinsideandensuringthe
luxuriantgrowth of plants.

Therecouldbe severaladversesffectsof globalwarming.

wWith awarmerearththe polarice capswill melt causingarisein oceanlevelsandflooding of
coastal areas.

wlncountrieslike Bangladeslor the Maldivesthiswould be catastrophiclf the sealevelrisesby
3m., Maldives will disappear completely beneath the waves.

wTheriseintemperaturewill bringaboutafall in agriculturalproduce.

wChanges in the distribution of solar energy can bring about changes in habitats. A previously
productiveagriculturalareawill sufferseveredroughtswhile rainswill fall in locationsthat were
oncedeserts.Thiscouldbringaboutchangesn the speciesf natural plants,agriculturalcrops,
insects, livestock and micarganisms.

wlinthe polarregionstemperaturerisescausedy globalwarmingwould havedisastrouseffects.
Vast quantitief meth

anearetrappedbeneaththe frozensoilof Alaska\WWhenthe permafrostmeltsthe methanethat will
be released can accelerate the process of global warming.

St



Controlmeasuredor air pollution

Airpollution canbe controlledby two fundamentalapproachespreventivetechniquesandeffluent
control.

One of the effective means of controlling air pollution is to have proper equipment in place. This
includes devices for removal of pollutants from the flue gases though scrubbers, closed collection
recoverysystemghroughwhichit is possibleto collectthe pollutantsbeforethey escapepuseof dry
andwet collectorsfilters, electrostaticprecipitators etc. Providinga greaterheightto the stackscan

help in facilitating the discharge of pollutants as far away from the ground as possible. Industries
should be located in places so as to minimize the effects of pollution after considering the
topography and the wind directions. Substitution of rawtaral that causes more pollution with
those that cause less pollution can be done.

Air pollution in India

The Worldhealth Organization (WH®)hichratesonly mega citieof the world has ratedDelhithe

fourth most polluted city ion the world. Howevermpared to other cities in India, Delhi is not at

the top of the list of polluted cities. Our country has several pollution hotspots. The recent release
from the CentralPollutionControlBoard(CPCBRarivesh,January2003statesthat! KY SR d@rl RQa
is nost noxious flowed by Kanpur, Solapur and Lucknow with small particulate levels (R¥10) 3
times the standard of 60 microgram per cubic meter (mg/m3). The report has ranked 29 cities
accordingo RespirabldarticulateMatter (RSPMlevelsrecordedduringthe year2000.Thisreport

thus confirms the fact that Indian cities show high particulate pollutidth 14 cities hitting critical

levels.

Nitrogendioxidelevelsin mostmajor citiesare generallycloseto the acceptableannualstandardof

60 mg/m3. However sharp increases have been noticed in a few cities with heavy vehicular traffic
anddensity as in a few locations lifolkata andelhi indicatingstrongerimpactof traffic. TheCPCB
indicates vehicles as one of the predominant souiesir pollution. However the impact of hard
measures implemented in Delhi over the last few years such as introduction of Euro Il standards,
lowering the sulphur content in fuel to 500 ppm and implementing Compressed Natural Gas
programhassucceededn improvingthe quality of air. Rapidurbanizationof smallercitiesespecially
thosesituated neatthe bigcommerciakenters have an enormouscrease irtraffic loadespecially

in the most polluted segment such as two and three wheelers and diesel vehicles combined with
poor quality fuel contribute to the deteriorating air quality in a big way.

It is alarming to note that residential locations in India are fast outgaidustrial locations in air
pollutionimplyingthat vehicularfumesareresponsibléefor thistrend. TheSupreme 2 dzNdefba
April 5, 2002 has directed the Central Government for an action plan for other polluted cities.
Absenceof anylocalinitiativesfor actionanddelayin air pollution controlmeasureswill onlymake

the situation worse.

The Supreme Court also played a vital role protecting the Taj Mahal. Being exposed to sulphur
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that corroded its surface giving it a yellowish tinge. The SPM deposits blackened it. Shri MC Mehta

an environmental lawyer filed a public interest litigation in 1984 expressing concern over the havoc

the polluting units inAgra were wreaking on the Taj Mahal. Twelve years later the Supreme Court
ordered292industriesin the vicinityto eitheradoptpollution controlmeasuresr shutdown. It also

made it mandatory for these units to either switch over to ecofriendly fuels like natural gas or shift

out of the area.



Air quality monitoring

Indiadoesnot presentlyhaveawell establishedsystemof monitoringair pollution. Whenair quality
monitoring began in India in the late 1960s planners focused only on a few pollutants namely
sulphurdioxide,nitrogenoxidesandsuspendegarticulatematter. Other pollutantssuchascarbon
monoxideandleadwere monitoredonlyon a limited scale. Thareat from other air toxins suclas
benzenepzone,other smallparticulatesis not knownastheseare not monitoredat all. Adatabase
onambientair qualityin Indiancitieshasbeenpreparedby the monitoringnetworksof the Natioral
Environmental Engineering Research Institute (NEERI), Nagpur. The Central Pollution Control Board
(CPCBiitiated its own national AmbientAir QualityMonitoring (NAAQM programin 1985.Datato
the NAAQMis suppliedbythe respectivestate pollution control boards whichisthentransmittedto
the CPCB. Experts feel that the present air quatibnitoring network cannot capture the true
profile of urban air pollution due to the lack of adequate monitoring stations. Moreover critical
toxins have stilhot been included in the list of pollutants to be monitored.

Legal aspects of air pollution control in India The Air (Prevention and Control of Pollution) Act was
legislatedin 1981.TheActprovidedfor prevention,control andabatementof air pollution. In areas
notified underthis Actnoindustrialpollution causingactivity couldcomeup without the permission

of the concerned State Pollution Control Board. But this Act was not strong enough to play a
precautionary or a corrective role. After the Bhopalaster, a more comprehensive Environment
ProtectionAct (EPAWwaspassedn 1986.ThisActfor the first time conferredenforcementagencies

with necessary punitive powers to restrict any activity that can harm the environment. To regulate
vehicular pdution the Central Motor Vehicles Act of 1939 was amended in 1989. Following this
amendment the exhaust emission rules for vehicle owners were notified in 1990 and the mass
emission standards for vehicle manufacturers were enforced in 1991 for the fimst Tihe mass
emission norms have been further revised for 2000.

Air quality managemerdas a weHldefined program haget to emerge in India. We need a much
more strengthenedair quality managementvith continuousmonitoringof air if we areto havea
better quality of air. Thiswould alsoneedanintegratedapproachwith strict air pollution control
laws. Some of the suggestions for doing this include:

wPuttinga greateremphasison pollution prevention rathethan control
wReducinghe useof fossilfuels

wlimprovingthe qualityof vehicularfuel

wlncreasinghe useof renewableenergy

Water Pollution

Ourliquid planetglowslike asoft blue sapphirein the hard-edgeddarknesof space Thereis
nothing else like it in the solar system. It is because of wgtéohn Todd

Introduction:Wateristhe essentiaklementthat makedife on earth possible Without waterthere
would be no life. We usuallytake water for granted.It flowsfrom our tapswhenthey areturned on.
Most of us are ableéo bathe whenwe wantto, swimwhen we choose andiater our gardensLike
good health we ignore water when we have it.

Although71%ofthe S | NJuKaRdis coveredby water only atiny fraction of this water is available
to usas fresh waterAbout 97% of théotal water available orarth isfound inoceans and ifo



saltyfor drinkingor irrigation. Theremaining3%is freshwater. Ofthis 2.997%slockedin ice capsor

glaciers. Thusonly®.n 0’2 2F GKS SIFENIKQ G2aGFf @2tdzyS 2% 6 4GS
moisture, groundwater, water vapour and water in lakes, streams, rivers and wetlands.
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only about 0.003 litres (onrbalf teaspoon). This makes water a very precious resource. The future

wars in our world may well be fought over water. By thigldte of this century, almost twice as

many people will be trying to share the same amount of fresh water the earth has today. As
freshwaterbecomesnorescarceaccesso water resourceswill be amajorfactorin determiningthe

economic growth of several countries around the world.

Water availability on the planetWater that is found in streams, rivers, lakes, wetlands and
artificial reservoirss called surfacevater. Waterthat percolates intahe groundandfills the pores

in soil and rock is called groundwater. Porous watgiurated layers of sand, gravel or bedrock
through which ground water flows are called aquifers. Most aquifers are replenished naturally by
rainfallthat percolatesdownwardthroughthe soilandrock. Thisprocesds callednaturalrecharge.

If the withdrawalrate of anaquiferexceedsts naturalrechargerate, the watertable islowered.Any
pollutant that is discharged onto the land above is also pulled into the aquifer and pollutes the
groundwater resulting in polluted water in the nearby wells.

India receives most of her rainfall during the months of June to September due to the skasona
winds and the temperature differences between the land and the sea. These winds blow from the
opposite directions in the different seasons. They blow into India from the surrounding oceans
duringthe summerseasorandblow out from the subcontinento the oceansduringthe winter. The
monsoon in India is usually reasonably stable but varies geographically. In some years the
commencemenbf the rainsmaybe delayedconsiderablyoverthe entire countryor apartofiit. The
rainsmayalsoterminate earlierthanusual. Theymaybe heavierthan usualoverone partthanover
another. All these may cause local floods or drought. However in India even areas that receive
adequaterainfall duringthe monsoonsufferfrom watershortagesn the post monsoorperioddue

to lack of storage facilities.

Whenthe quality or compositionof water changedirectly or indirectly asaresult of
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Pointsourcesof pollution: Whenasourceof pollution canbe readilyidentifiedbecausét hasa
definite source and place where it enters the water it is said to come from a point source. Eg.
Municipaland IndustrialDischargePipes.

Whenasourceof pollution cannotbe readilyidentified, suchasagriculturalrunoff, acidrain, etc,
they are said to be nopoint sources of pollution.

Cause®f water pollution

Thereareseveraklasse®f commonwater pollutants.Thesearediseasecausingagents(pathogens)
which include bacteria, viruses, protozoa and parasitic worms that enter water from domestic
sewageanduntreated humarandanimal wastes. Humamastescontainconcentrated populations

of coliform bacteria such as Escherichia coli and S treptacs faecalis. These bacteria normally
grow in the large intestine of humans where they are responsible for some food digestion and for
the production of vitamin K. These bacteria are not harmful in low numbers. Large amounts of
human waste in water, ineases the number of these bacteria which cause gastrointestinal
diseases. Other potentially harmful bacteria from human wastes may also be present in smaller



numbers.Thusthe greaterthe amountof wastesin the water the greaterarethe charcesof
contracting diseases from them.

Anothercategoryof water pollutants isoxygen depleting waste$hese ar@rganic wasteshat can

be decomposed by aerobic (oxygen requiring) bacteria. Large populations of bacteria use up the
oxygen present in water todegrade these wastes. In the process this degrades water quality. The
amountof oxygenrequiredto breakdown a certainamountof organicmatter is calledthe biological
oxygen demand (BOD). The amount of BOD in the water is an indicator of the level of pollution. If
too much organic matter is added to the water all the available oxygen is used up. This causes fish
andother forms of oxygendependentaquaticlife to die. Thusanaerobidbacteria(thosethat do not
require oxygen) begin to break down the wastes. Their anaerobic respiration produces chemicals
that have a foul odour and an unpleasant taste that is harmful to humaitthea

A third class of pollutants are inorganic plant nutrients. These are water soluble nitrates and
phosphates that cause excessive growth of algae and other aquatic plants. The excessive growth of
algaeandaquaticplantsdueto addednutrientsis calledeutrophication.Theymayinterfere with the

use of the water by clogging water intake pipes, changing the tast@dmdr of water and cause a
buildup of organic matter. As the organic matter decays, oxygen levels decrease and fish and other
aquatic sped@is die. The quantity of fertilizers applied in a field is often many times more than is
actually required by the plants. The chemicals in fertilizers and pesticides pollute soil and water.
While excess fertilizers cause eutrophication, pesticides causedimulation and

biomagnification. Pesticides which enter water bodies are introduced into the aquatic food chain.
They are then absorbed by the phytoplanktons and aquatic plants. These plants are eaten by the
herbivoroudfishwhicharein turn eatenby the carnivoroudishwhicharein turn eatenby the water

birds. At each link in the food chain these chemicals which do not pass out of the body are
accumulated and increasingly concentrated resulting in biomagnification of these harmful
substances. One diie effects of accumulation of high levels of pesticides such as DDT is that birds
lay eggs with shells that are much thinner than normal. This results in the premature breaking of
these eggs, killing the chicks inside. Birds of prey such as hawks, aadlether fish eating birds

are affectedby suchpollution. AlthoughDDT has beebanned inIndia for agricultural use andto

be used only for malaria eradication, it is still used in the fields as it is cheap.

A fourth class of water pollutants is wateoluble inorganic chemicals which are acids, salts and
compoundsof toxicmetalssuch asnercury andead.High level®f these chemicals camakethe
water unfit to drink, harmfishandother aquaticlife, reducecropyieldsandacceleratecorrosionof
equipment that use this water.

Another cause ofvater pollution is a variety of organic chemicaidich include oil, gasoline,

plastics, pesticides, cleaning solvents, detergent and many other chemicals. These are harmful to
aquatic life and human health. Thgegt into thewater directly from industrial activityeither from
improperhandlingof the chemicalsin industriesandmore often from improperandillegaldisposal

of chemical wastes.

Sedimentof suspendedmatter is anotherclassof water pollutants. Theseare insolubleparticlesof
soilandother solidsthat becomesuspendedn water. Thisoccurswhensoiliserodedfrom the land.

High levels of soil particles suspended in water, interferes with the penetration of sunlight. This
reduces the photosynthetic activity of aquatic plaatsd algae disrupting the ecological balance of
the aquatic bodieswhen the velocity of water in streams and rivers decreases the suspended
particles settle down at the bottom as sediments. Excessive sediments that settle down destroys
feeding and spawning grounds of fish, clogs and fills lakes, artificial reservoirs etc



Water soluble radioactive isotopeare yet another source of water pollution. These can be
concentratedn varioustissuesandorgansasthey pasghroughfood chainsandfood webs.lonizing
radiation emitted by such isotopes can cause birth defects, cancer and genetic damage.

Hot waterlet out by power plants and industries that use large volumes of water to cool the plant
result in rise in temperature of the local water bodies. Thal pollution occurs when industry
returns the heated water to a water source. Power plants heat water to convert it into steam, to
drivetheturbinesthat generateelectricity.Forefficient functioningof the steamturbines,the steam

is condensed into ater after it leaves the turbine§his condensatiors done bytakingwater from
awater bodyto absorbthe heat. Thisheatedwater, whichis at least150Chigherthanthe normalis
discharged back into the water body. The warm water not only decreasesolhbility of oxygen

but changes the breeding cycles of various aquatic organisms.

Oilis washed into surface water in runoff from roads and parking lots which also pollutes
groundwater Leakagdérom undergroundanksisanothersourceof pollution. Accidentabil spills
from large transport tankers at sea have been causing significant environmental damage.

Thoughaccidentssuchasthe ExxonvValdezgetworldwide attention, muchmore oil isreleasedasa
result of small, regular releases from otherdessible sources. Nearly two thirds of all marine oil
pollution comesfrom three sourcesrunoff from streets, impropedischargeof lubricatingoil from
machinesor automobilecrankcaseandintentionaloil dischargeshat occurduringthe loadingand
unloading of tankerd0il tankersoften use sea wateais ballast to stabilize the shifter they have
discharged their oil. This oil contaminated water is then discharged back into the sea when the
tanker is refilled.

Groundwater pollutionWhile oil gills are highly visible and often get a lot of media attention, a
much greater threat to human life comes from our groundwater being polluted which is used for
drinkingandirrigation. Whilegroundwateriseasyto depleteandpolluteit getsrenewedveryslowly
and hence must be used judiciously. Groundwater flows are slow and not turbulent hence the
contaminants are not effectively diluted and dispersed as compared to surface water. Moreover
pumping groundwater and treating it is very slow and costly.ddehis extremely essential to
prevent the pollution of groundwater in the first place. Ground water is polluted due to:

wUrbanrun-off of untreatedor poorlytreatedwastewater andgarbage

wlndustrialwastestoragelocatedaboveor nearaquifers

wAgriculturalpracticessuchasthe applicationof largeamountsof fertilizersandpesticidesanimal
feeding operations, etc. in the rural sector

wlLeakagdrom undergroundstoragetankscontaininggasolineand other hazardousubstances
wLeachatdrom landfills

wPoorly designedndinadequatelymaintainedseptictanks

wMiningwastes

Severecase®f arsenigpoisoningfrom contaminatedgroundwaterhavebeenreportedfrom West
Bengal in what is known today as the worst case of groundwater pollution. The School of
Environmental Sciences, Jadhavpur University, West Bengal has been involved in the task of
surveying the magnitude of the arsenic problem in West Bengal for gtédarteen years.
Accordingo areportinthe Downto Earth(Vol.11,No.22) arsenigpoisoningwasfirst noticedby K



CSahaformer professorof dermatologyat the Schoobf TropicalMedicine,Kolkatawhenhe began

to receivepatientswith skinlesiongthat resembledhe symptomsof leprosywhichwasin reality not
leprosy.Sinceallthe patientswere from the district of 24-ParganasSahaalongwith othersbeganto

look for the cause and found it to be arsenic toxicity. Thus groundwater arsenic contamination in
West Bengal was first reported in a local daily newspaper in December 1983 when 63 people from
threevillagedocatedin different districtswere identified by healthofficialsassufferingfrom arsenic
poisoning.

Therearetwo theoriesthat havebeenput forth to explainthis unusuallyhighcontentof arsenidn
groundwater.Onegroupof researchersuggestedhat the causeis naturalwhile the other stated
that the cause is mamade.

Accordingo the first hypothesis arsenigprobablyoriginatesin the Himalayarheadwatersof the

Ganga and the Brahmaputra rivers and has been lying undisturbed beneath the surface of the
NBIA2Y Q& RSt (i years it the\tbick IKy2razf fing” dludvial \1dd across the banks of
theserivers.Most of the arsenicaffectedareasof WestBengalie in the alluvialplainsformedin the
guarternaryperiod (last1.6 million years). ThdPuruliadistrict of WestBengais part of the extensive

area of the Precambrian era (last 570 million year) having metamorphic rocks and granites with
widespread sulphidenineralisation. Researchers fraime UK base®ritish Geological Survey (BGS)
suggestedhat their positioncloseto wherethe river GangaentersBangladesiigeologicallyjnaybe

the primary source of arsenic in the Bengal alluvium. According to David Kinniburgh project leader
with BGS the main factor is time. The mud in these areas is thicker, wider and flatter thah almos
anywhere else on earth. It can thus take hundreds or thousands of years for underground water to
percolate through the mud before reaching the sea and thus it absorbs arsenic for a long period.

Other researchers feel that the excess amount of arsergeaandwater can be contributed to by
the highrate of groundwaterextraction.Theirhypothesiscalledthe pyrite oxidationthesisdescribes
how arsenic can get mobilized in the groundwater. In this hypothesis arsenic is assumed to be
present in certain mierals (pyrites) that are deposited within the aquifer sediments. Due to the
lowering of the water table below the deposits, arsepyrite which is oxidized in a zone of the
aquifer called the Vadose zone releases arsenic as arsenic adsorbed on irondeyddoxing the
subsequent recharge period, iron hydroxide releases arsenic into groundwater. This theory is
supported bytwo arguments. The first the intensiveirrigation development itWestBengal using
deeptube wellsandshallow tubewells. Thismethodof extraction,whichwas exactly inhe 20mto
100m below ground level ensured, increased contribution of groundwater to irrigation. The other
argument that supports the pyrite oxidation theory is that prior to irrigation development and
drinking waer supply schemes based on groundwater there were no reported cases of arsenic
poisoning.

Arsenicosis or arsenic toxicity develops after two to five years of exposure to arsenic contaminated
drinking water depending on the amount of water consumption and the arsenic concentration in
water. Initially the skin begins to darken (called diffuseanekis) which later leads to spotted
melanosis when darkened sports begin to appear on the chest, back and limbs. At a later stage
leucomelanosis sets in and the body begins to show black and white spots. In the middle stage of
arsenicosishe skinin partsbecomeshardandfibrous.Roughdry skinwith noduleson handsor the
solesof feet indicateseveretoxicity. Thiscanleadto the formation of gangreneand cancer.Arsenic
poisoning brings with it other complications such as liver and spleen enlargement, cirrhosis of the
liver, diabetes, goiter and skin cancers.

Thestateof L Y R fiver®) &



India has always had a tradition of worshipping rivers. Moshefivers in India are named after
gods, goddesses or saints. However a large majority of the Indian population including those who
worshipthe rivers do not think twice before pollutiragriver.Urbanization, industrialization, excess
withdrawal of water agricultural ruroff, improper agricultural practices and various religious and
social practices all contribute to river pollution in India. Every single river in India be it the Ganga,
YamunaCauvenpor the Krishnahavetheir own shareof problemsdueto pollution. Watersfrom the
Ganga and the Yamuna are drawn for irrigation through the network of canals as soon as these
riversreachthe plainsreducingthe amountof water that flows downstream Whatflowsin the river

is water from small nalas, andreams that carry with them sewage and industrial effluents. The
residual freshwater, is unable to dilute the pollutants and the rivers turn into stinking sewers. In
spiteof datafrom scientificallycompetentstudiesconductedby the CentralPollutionControlBoard
(CPCB), the Government has not been able to tackle this issue. Sewage and municipal effluents
account for 75% of the pollution load in rivers while the remaining 25% is from industrial effluents
and nonpoint pollution sources.

In1985,Indialaunchedthe GangaActionplan(GAP}he largesteverriver cleanup operationin the
country. Theplanhasbeencriticizedfor, overspendingandslowprogressTheGAPPhasdl in 1991
included cleaning operations for the tributaries of the Ganga, ie;amuna, Gomti and the
Damodar.Thusthe YamunaActionPlan(Y AP)GomtiActionPlanandthe DamodarActionplanwere
added.

In 1995 the National River Conservation plan was launched. Under this all the rivers in India were
taken up for clearup operations. Inmost of these plans, attempts have been made to tap drains,
divertsewageo sewagdreatment plantsbeforeletting out the sewagento the rivers. Thebiggest
drawback of these river cleaning programs was that they failed to pin responsibilities as to who
would payfor runningthe treatment facilitiesn the longrun. With the power supply beingrratic

and these plants bag heavily dependent on power, most of these facilities lie underutilized.
Moreoverthe problemof river pollution dueto agriculturalrunoff hasnot beenaddressedn these
programsNRCRsscheduledo be completedby March2005.Theapprovedcostfor the planisRs.
772.08 crores covering 18 rivers in 10 states including 46 towns. The cost is borne entirely by the
Central Government and the Ministry of Environment and Forests is the nodal agency-that co
ordinatesandmonitorsthe plan.Underthis planthe majoractivitiesincludetreatingthe pollution

load from sewer systems of towns and cities, setting up of Sewage treatment plants, electric
crematoria, low cost sanitation facilities,riverfront development, afforestation and solid waste
management.

Controlmeasuredor preventingwater pollution

Whilethe foremostnecessityis prevention,settingup effluenttreatment plantsandtreatingwaste
through these can reduce the pollution load in the recipient water. The treated effluent can be
reused for &her gardening or cooling purposes wherever possible. A few years ago a new
technology called the Root Zone Process has been developed by Thermax. This system involves
running contaminated water through the root zones of specially designed reed bededdw

which are essentially wetland plants have the capacity to absorb oxygen from the surrounding air
throughtheir stomatalopenings. The oxygenpsishedthroughthe porous stenof the reeds into

the hollow roots where it enters the root zone and cresitconditions suitable for the growth of
numeroushacteriaandfungi. Thesamicro-organismxidizeimpuritiesin the wastewaterssothat

the water which finally comes out is clean.

SoilPollution



Introduction: We can no more manufacture a soil with a tank of chemicals than we can invent a
rainforestor produceasinglebird. Wemayenhancethe soilby helpingits processeslong,but we

can never recreate what we destroy. The soil is a resource for which iapesubstitute.
(Environmental historiaonald Worster reminds us that fertilizesise not a substitute for fertile
soil).

Soil is a thin covering over the land consisting of a mixture of minerals, organic material, living
organismsairandwaterthat togethersupportthe growth of plantlife. Severafactorscontributeto
the formation of soilfrom the parentmaterial. Thisincludes mechanicaveatheringof rocksdueto
temperaturechange@ndabrasionwind, movingwater, glacierschemicalwveatheringactivitiesand
lichens. Climate and time are also important in the development of soils. Extremely dry or cold
climates develop soils very slowly while humid and warm climates develop them more rapidly.
Underidealclimaticconditionssoft parentmaterialmaydevelopinto acentimeterof soilwithin 15
years. Under poor climatic conditions a hard parent material may require hundreds of years to
develop into soil.

Mature soilsare arrangedin a seriesof zonescalledsoilhorizons Eachhorizonhasa distincttexture
and compositiorthat varies with different types agoils. A cross sectional viewtbe horizons in a
soil is called a soil profile.

The top layer or the surface litter layer called the O horizon consists mostly of freshly fallen and
partiallydecomposedeavestwigs,animalwaste,fungiandother organicmaterials.Normallyit is
brown or black.

Theuppermostlayerof the soilcalledthe Ahorizonconsistof partiallydecomposedrganicmatter
(humus)andsomeinorganicmineralparticles.lt isusuallydarkerandlooserthanthedeeperlayers.

The roots of most plants are found in these two upper layers. As long as these layers are anchored
by vegetation soil stores water and releases it in a trickle throughout the year instéad édrce

like a flood. These two top layers also contain a large amount of bacteria, fungi, earthworms and
other small insects that form complex food webs in the soil that help recycle soil nutrients and
contribute to soil fertility.

TheBhorizonoften calledthe subsoilcontainslessorganicmaterialandfewer organismgshanthe A

horizon. The area below the subsoil is called the C horizon and consists of weathered parent

material. Thisparentmaterialdoesnot containanyorganicmaterials.Thechemi@l compositionof
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absorption and retention.

Soilsvaryin their contentof clay(veryfine particles) silt (fine particles) sand(mediumsizeparticles)

and gravel (coarse to very coarse particles). The relative amouttie different sizes and types of
mineral particles determine soil texture. Soils with approximately equal mixtures of clay, sand, silt
and humus are called loams.

Cause®f sal degradation

Erosion

Soilerosioncanbe definedasthe movementof surfacelitter andtopsoilfrom one placeto another.
Whileerosionis a naturalprocessften causedoy wind andflowingwater it isgreatlyacceleratedoy

human activities such as farming, construction, overgrazing by livestock, burning of grass cover and
deforestation.



Los2f the topsoilmakesa soillessfertile andreducesdts water holdingcapacity Thetopsoil,which
iswashedaway,also contributesto water pollution cloggingakes,increasingurbidity of the water

and also leads to loss of aquatic life. For one inch of topsoil to be formed it normally requires 200
1000 years depending upon the climate and soil type. Thus if theilog®des faster than it is
formed the soil becomes a naenewable resource.

Thus it isessential thaproper soilconservatiormeasures are used tminimize the lossf top soil.
There are several techniques that can protect soil from erosion. Today both water and soil are
conservedhroughintegratedtreatment methods.Someof the mostcommonlyemployedmethods
include the two types of treatment that are generally used.

wAreatreatment which involvegreating the land

wDrainagdine treatment which involvegreating thenaturalwater coursegnalas)

Continuous contour trenches can be used to enhance infiltration of water reduce the runoff and
check soil erosion. These are actually shallow trenches dug across the slope of the land and along
the contourlinesbasicallyfor the purposeof soilandwater conservationTheyare mosteffectiveon
gentleslopes andn areasof low to medium rainfall Thesebundsare stabilizedby fast growingtree

species and grasses. In areas of steep slopes where the bunds are not possible, continuous contour
benches (CCBs)ade of stones are used for the same purpose.

Gradonies can also be used to convert wastelands into agricultural lands. In this narrow trenches
with bundson the downstreamsideare built alongcontoursin the upperreachesof the catchment

to collectrun-off andto conservemoisturefrom the treesor tree crops.Theareabetweenthe two

bunds is use for cultivation of crops after development of fertile soil cover.

Someof the waysin whichthis canbe achievedare:

Livecheckdamswhichbarrierscreated by plantinggrassshrubsandtreesacrosghe gulliescanbe
used for this purpose.

Abundconstructedout of stonesacrosghe streamcanalsobe usedfor conservingoilandwater.

An Earthencheckbundis constructedout of localsoilacrosghe streamto checksoilerosionand
flow of water.

AGabionstructureisabundconstructedof stoneandwrappedin galvanizedathainlink.

A Gabion structure with ferrocement impervious barriéras a one inch thick impervious wall of
ferrocement at the center of the structure which goes below the ground level upto the hard strata.
Thisferrocementpartition supportedby the gabionportionisableto retainthe water andwithstand

the force of therunoff water.

AnUndergroundbandharaisanundergroundstructureacrossanallabedto functionasabarrierto
check the ground water movement.
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directly attributed to the use of chemical fertilizers. The use of chemical fertilizes has increased

significantly over the last few decadesand is expected to rise even higher. Faralizevery

valuableasthey replacethe soilnutrientsusedup by plants. Thethree primarysoilnutrients often

in shortsupplyare potassiumphosphorusandnitrogencompoundsTheseare commonlyreferred



to as macronutrients. Certain other elements like boron, zinc and manganese are necessary in
extremely small amounts and are known as micronutrients. When crops are harvested a large
amountof macronutrientsanda smallamountof micronutrientsare removedwith the crops.If the

same crop is grown again depleted levels of thee nutrients can result in decreased yields. These
necessary nutrients can be returned to the soil through the applicatfdertilizers. In additiorto
fertilizers a large amount of péicides (chemicals used to kill or control populations of unwanted
fungi, animals or plants often called pests) are also used to ensure a good yield. Pesticides can be
subdivided into several categories based on the kinds of organisms they are usedrtd. con
Insecticidesreusedto controlinsectpopulationswhile fungicidesare usedto controlunwanted

fungal growth. Mice and rats are killed by rodenticides while plant pests are controlled by
herbicides.

Problemswith pesticideuse

Pesticidesiot only kill the pestsbut alsoa largevariety of livingthingsincludinghumans. Theymay
be persistent or nospersistent. Persistent pesticides once applied are effective for a long time.
Howeverasthey do not breakdown easilythey tend to accumulaten the soilandin the bodiesof

animals in the food chain.

Forexample DDTwhichwasone of the first syntheticorganicinsecticideto be usedwasthoughtto

be the perfectinsecticide Duringthe first ten yearsof its use(19421952)DDTis estimatedto have
saved about fivenillion lives primarily because of its use to control disease carrying mosquitoes.
Howeverafter a period of usemanymosquitoesandinsectsbecametolerant of DD T thus makingit

lose its effectiveness. DDT in temperate regionthefworld has a half life (the amount of time
required forhalf ofthe chemicalto decomposepf 10to 15years. Thisneans that if 10&ilograms

of DDT were to be sprayed over an area, 50 kilograms would still be present in the area 10 to 15
yearslater. Thehalf-life of DDTvariesaccordingo the soiltype, temperature kind of soilorganisms
present and other factors. In tropical parts of the world the half life may be as short as six months.
The use of DDT has been banned in some countries. India still however permits the use of DDT
though for purposes of mosquito control only. Hstent pesticides become attached to small soil
particleswhichare easilymovedbywind andwaterto different partsthusaffectingsoilselsewhere.
Persistent pesticides may also accumulate in the bodies of animals, and over a period of time
increase irconcentration ithe animal is unabléo flush them out of its system thus leading to the
phenomenorcalledbioaccumulationWhenanaffectedanimalis eatenby anothercarnivorethese
pesticides are further concentrated in the body of the carnivore. phé&iomenon of acquiring
increasing levels of a substance in the bodies of higher trophic level organisms is known as
biomagnification Thisprocessespeciallyin thecaseof insecticidedike DDThavebeenprovedto be
disastrous. DDT is a well known case of biomagnification in ecosystems. DDT interferes with the
production of normal eggshells in birds making them fragile.

Other problems associated with insecticides is the ability of insect populations to becomantesis
to them thus rendering them useless in a couple of generations. Most pesticides kill beneficial as
well aspestspeciesTheykill the predatoraswell asthe parasiticinsectsthat control the pests.Thus

the pest species increase rapidly followitg use of a pesticide as there are no natural checks to
their population growth. The short term and the leteym health effects to the persons using the
pesticide and the public that consumes the food grown by using the pesticides are also major
concernsExposurgo smallquantitiesof pesticidesverseveralyearscancausemutations,produce
cancers, etc.



Thus the question that comes to mind is that if pesticides have so many drawbacks then why are
they used so extensively and what are gbstitutes for them? There are three main reasons for

the useof pesticidesFirstlythe useof pesticidesn the shortterm hasincreasedhe amountof food

that can be grown in many parts of the world as the damage by pests is decreased. The second
reason for its extensive use is base on an economic consideration. The increased yields more than
compensates the farmer for cost of pesticides. Thirdly aurhealth problems especially in

developing countries due to mosquitoes are impossible to control without insecticides.

However more and more farmers are increasingly opting to replace chemical fertilizers and use
different methods of controlling pests vibut affecting their yield. Thus several different
approaches that have slightly varying and overlapping goals have been developed. Alternative
agriculture is the broadeserm that is usedhat includes alhon-traditional agriculturalmethods
andencompasessustainableagriculture organicagriculture alternativeusesof traditional crops,
alternative methods for raising crops, etc.

Sustainable agriculture advocates the use of methods to produce adequate safe food in an
economically viable manner whiteaintaining the state of the ecosystem. Organic agriculture
advocatesvoidingthe useof chemicalfertilizersand pesticides Awide variety of techniquescanbe

usedto reducethis negativeimpactof agriculture .Leavingcropresidueon the soilandincorporating

it into the soil reduces erosion and increase soil organic matter. Introduction of organic matter into
the soil also makes compaction less likely. Crop rotation is an effective way to enhance soil fertility,
reduce erosion andontrol pests.There havdbeen arguments both for anaigainst organiéarming.
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population and it is economically viable only in certain conditions. However supporters for organic
farmingfeelthat of the hiddencostsof soilerosionand pollution aretakeninto accountit isaviable
approach. Besides organic farmers do not have to spend on fertilizers and pesticides and also get a
premium price for their products thus making it financially viable for them.

Another way to reduce these impacts is through the use of integratetirpasagement. This is a
technique that uses a complete understanding of all ecological aspects of a crop and the particular
peststo whichit issusceptibldo establishpestcontrol strategieshat usesno or few pesticidesIPM
promotesthe useof biopedicides.Biopesticidesre derivedfrom three sourcesmicrobial,botanical

and biochemical. Microbial pesticides are miarganisms such as bacteria, fungus, virus or
protozoa that fight pests through a variety of ways. They produce toxins specifie fe#ts and
produce diseases in them. Biochemical pesticides contain several chemicals that affect the
reproductive and digestive mechanisms of the pests. The mostcommonly used biopesticides are
Bacillus thuringiensis (Bt) , neem ( Azadirachta indica jrantibgramma. Although they are

available in the market thewre yet to become market favourites.

Excessaltsandwater

Irrigated lands can produce crop yields much higher than those that only use rainwater. However
this hasits own setof ill effects.Irrigationwater containsdissolvedsaltsandin dry climatesmuchof

the water in the saline solution evaporates leavingsd#is such as sodium chloride in the topsoil.
Theaccumulatiorof thesesaltsis calledsalinizationwhichcanstunt plantgrowth, lower yieldsand
eventuallykill the cropandrenderthe landuselesdor agriculture. Thesesaltscanbe flushedout of

the soil by usingnore water. This practice however increasies cost of crop production and also
wastes enormous amounts water. Flushingsalts caralsomake the downstream irrigatiowater
saltier.



Anotherproblemwith irrigationiswaterlogging.Thisoccurswhenlargeamountsof water is usedto
leach the salts deeper into the soil. However if the drainage is gosmater accumulates
underground gradually raising the water table. The roots of the plants then get enveloped in this
saline water and eventually die.

Thusinthe longrunit isbetter for usto adoptsustainabldarmingpracticessoasto preventthe
degradation of soil.

Marine Pollution

Marine pollution can be defined as the introduction of substances to the marine environment
directly or indirectly by man resulting in adverse effects such as hazards to human health,
obstructionof marineactivitiesandloweringthe quality of seawater. Whilethe causesf marine
pollution maybe similarto that of generalwater pollutionthere are someveryspecificcauseghat
pollute marine waters.

wThemostobviousinputsof wasteisthroughpipesdirectlydischargingvastesinto the sea.Very
often municipal waste and sewage from residences and hotels in coastal towns are directly
discharged into the sea.

wPesticidesndfertilizersfrom agriculturewhicharewashedoff the landbyrain,enterwater
coursesand eventually reach the sea.

wPetroleumandoilswashedoff from the roadsnormallyenter the sewagesystembut stormwater
overflows carry these materials into rivers and eventually into the seas.

wShipscarrymanytoxic substancesuchasoil, liquefiednaturalgas pesticidesjndustrialchemicals,
etc. in hugequantitiessometimeso the capacityof 350,000tonnes.Shipaccidentsandaccidental
spillages at sea therefore can be very damaging to the marine environment. Shipping channels in
estuaries andt the entrances to ports often require frequent dredging to keep them open. This
dredgedmaterialthat maycontainheavymetalsandother contaminantsare often dumpedout to
sea.

wOffshoreoil explorationandextractionalsopollute the seawatento alargeextent.
Pollution dueto organicwastes

The amount of oxygen dissolved in the water is vital for the plants and animals living in it. Wastes,
which directly or indirectly affect the oxygen concentration, play an important role in determining
the qualty of the water. Normally the greatest volume of waste discharged to watercourses,
estuaries and the sea is sewage, which is primarily organic in nature and is degraded by bacterial
activity. Usingthe oxygenpresentin the water thesewastesare brokendown into stableinorganic
compounds. However as a result of this bacterial activity the oxygen concentration in the water is
reduced. When the oxygen concentration falls below 1.5 mg/ lit, the rate of aerobic oxidation is
reduced and their place is taken over by the amdxc bacteria that can oxidize the organic
molecules without the use of oxygen. This results in end products such as hydrogen sulphide,
ammoniaandmethane whicharetoxicto manyorganismsThisprocesgesultsin the formation of

an anoxic zone which igw in its oxygen content from which most life disappears except for
anaerobic bacteria, fungi, yeasts and some protozoa. This makes the water foul smelling.

Control measure$ne way of reducing the pollution load on marine waters is through the
introduction of sewagdreatment plants.Thiswill reducethe biologicaloxygendemand(BODpf the



final productbeforeit isdischargedo the receivingwaters.Variousstageof treatmentsuchas
primary, secondary or advanced can be used depending on the quality of the effluent that is
required to be treated.

Primary treatmentThese treatment plants use physical processes such as screening and
sedimentation to remove pollutants that will settl#oat or, that are too large to pass through
simplescreeninglevicesThisincludes stones sticks rags,andall suchmaterialthat canclogpipes.

A screen consists of parallel bars spaced 2 to 7cms apart followed by a wire mesh with smaller

openings Onewayof avoidingthe problemof disposabf materialscollectedon the screendsto use
adevicecalleda comminuterwhichgrindsthe coarsematerialinto smallpiecesthat canthen be left

in the wastewater. After screeninghe wastewaterpassesnto agrit chamber. Thedetentiontime is
chosen to be long enough to allow lighter, organic material to settle. From the grit chamber the
sewage passdnto a primary settling tank (also called sedimentationiank) where the flow speed
isreducedsufficientlyto allowmostof the suspendedsolidsto settle out by gravity.If the wasteis to
undergo only primary treatment it is then chlorinated to destroy bacteria and control odours after
which the effluent is released. Primary treatment normally removes about 35 percent of the BOD
and 60 percent of the suspended solids.

Secondarytreatment: Themainobjectiveof secondarytreatmentisto removemostof the BOD.
Therearethree commonlyusedapproachestricklingfilters, activatedsludgeprocessandoxidation
ponds. Secondary treatment can remove at least 85 percent of the BOD.

A trickling fiter consists of rotating distribution arm that sprays liquid wastewater over a circular

0 SR2F \YoEKsat dihericdaiséh@erials. The spaces between thecks allow aito circulate
easilysothat aerobicconditionscanbe maintained.Theindividualrocksin the bedare coveredwith

a layer of slime, which consists of bacteria, fungi, algae, etc. which degrade the waste trickling
through the bed. This slime periodically slides off individual rocks and is collected at the bottom of
the filter along with the treated wastewater and is then passed on to the secondary settling tank
where it is removed.

Inthe activated sludge process the sewag@umped into dargetank andmixed for several hours

with bacteria rich sludge and air bubbles teifdate degradation by microrganisms. The water

then goes into a sedimentation tank where most of the microorganisms settle out as sludge. This
sludge is then broken down in an anaerobic digester where metifiameing bacteria slowly

convert the organienatter into carbon dioxide, methane and other stable end products. The gas
produced in the digester is 60 percent methane, which is a valuable fuel and can be put to many
uses within the treatment plant itself. The digested sludge, which is still ligumbrmally pumped

out onto sludge dryindpeds where evaporatioandseepage removéhe water. This driedsludge is
potentially a good source of manure. Activated sludge tanks use less land area than trickling filters
with equivalentperformance Theyarealsolessexpensiveao constructthantricklingfilters andhave
fewer problems with flies and odour and can also achieve higher rates of BOD removal. Thus
although the operating costs are a little higher due to the expenses incurred on energy for running
pumps and blowers they are preferred over trickling filters.

Oxidationpondsarelargeshallowpondsapproximatelyl to 2 metresdeepwhereraw or partially
treated sewage is decomposed by microorganisms. They are easy to build and manage and
accommodate large fluctuations in flow and can provide treatment at almhuwer cost. They
however require a large amount of land and hence can be used where land is not a limitation.



Advanced sewagé&reatment: Thisinvolvesa seriesof chemicalandphysicabrocesghat removes
specific pollutantdeft in the waterafter primary andsecondantreatment. Sewage treatmenplant
effluents contain nitrates and phosphates in large amounts. These contribute to eutrophication.
Thusadvancedreatment plantsare designedo specificallyemovethesecontaminants Advanced
treatment plants are very expensive to build and operate and hence are rarely used.

Pollution due to oilOilpollution of the seanormallyattractsthe greatestattention becauseof its
visibility. There are several sources though which the ailreach the sea.

Tanker operations Hatlhe world production oftrude oil which is close to three billion tonegear
istransportedby sea.After atankerhasunloadedits cargoof oil it hasto take on seawaterasballast

for the return journey. This ballast water is stored in the cargo compartments that previously
contained the oil. During the unloading of the cargo a certain amount of oil remains clinging to the
walls of the container and this may amount to 80Gies in a 200,000 tonne tanker. The ballast
water thus becomes contaminated with this oil. When a fresh cargo of oil is to be loaded, these
compartmentsare cleanedwith water, which discharges thdirty ballast along with theil into the

sea. Two techniges have substantially reduced this oil pollution. In the loadop system, the
compartments are cleaned by high pressure jets of water. The oily water is retained in the
compartment until the oil floats to the top. The water underneath that containy anlittle oil is

then discharged into the sea and the oil is transferred to a slop tank. At the loading terminal, fresh
oil is loaded on top of the oil in the tank and hence the name of the technique. In the second
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being unloaded. Some modern tankers have segregated ballast where the ballast water does not
comein contactwith the oil. Thuswith the introduction of thesenew methodsof deballastingthe
amouwnt of oil entering the sea has been considerably reduced.

Drydocking

Allshipsneedperiodicdry dockingfor servicingrepairs,cleaninghhe hull, etc. Duringthis period
whenthe cargocompartmentsareto completelyemptied, residualoil findsits wayinto the sea.

Bilgeandfuel oils

Asballasttankstake up valuablespace additionalballastis sometimes carrieih empty fuel tanks.
While being pumped overboard it carries oil into the sea. Individually the quantity of oil released
maybe smallbut it becomesa considerablemountwhenall the shippingoperationsaretakeninto
consideration.

Tankeraccidents

Alargenumberof oil tankeraccidentshappeneveryyear.Sometimeghis canresultin major
disasters such as that of the Exxon Valdez desciib#te section on water pollution.

Offshoreoil production

Oil that is extracted from the seabed contains some water. Even after it is passed through oil
separators the water that is discharged contains some oil, which adds to marine pollution. Drilling
mudswhichare pumpeddown oil wellswhenit is beingdrilled normallycontain70to 80 percentof

oil. They are dumped on the seabed beneath the platform thus heavily contaminating the water.

Uncontrolledreleaseof oil from the wellscanbe catastrophiaeventsresultingin oil pollution.



Controlmeasuredor oil pollution: Cleaningil from surfacewatersandcontaminatedoeachess

a time consuming labour intensive process. The natural process of emulsifichtidnn the water
can be accelerated through the use of chemical dispersants which can be sprayed on the oil. A
varietyof slicklickersin whicha continuousbelt of absorbentmaterialdipsthroughthe oil slickand

is passed througlollers toextractthe oil have been designedRocksharbourwalls carbe cleaned
with high

pressuresteamor dispersantafter whichthe surfacemustbe hoseddown.

Effects of marine pollutiompartfrom causingeutrophicationalargeamountof organic
wastes can also result in the developmerfitred tides. These are phytoplanktbfoomsof such
intensitythat the areais discolored Manyimportant commercialljimportant marinespeciesare
also killed due to clogging of gills or other structures.

Whenliquid oil is spilledon the seait spreadsover thesurfaceof the water to form athin film called
anoil slick. Therate of spreadingandthe thicknessof the film dependson the seatemperatureand
the nature of the oil.

Oil slicksdamagemarinelife to alargeextent. Saltmarshesmangroveswampsare likelyto trap oil
andthe plants,whichform the basisfor theseecosystemshus suffer. Forsaltmarshplants,oil slicks
can affect the flowering, fruiting and germination.
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penetratesthe plumageanddisplaceghe air trappedbetweenthe feathersandthe skin.Thisair

layer is necessary as it provides buoyancy and thermal insnlaith this loss the plumage
becomes water logged and the birds may sink and drown. Even if this does not happen loss of
thermal insulation results in exhaustion of food reserves in an attempt to maintain body
temperature often followed by death. Bird$ten clean their plumage by preening and in the
process consume oil whickepending on its toxicity can lead to intestinal, renalicer failure.

Drill cuttings dumped on the seabed create anoxic conditions and result in the production of toxic
sulphidesn the bottom sediment thus eliminating the benthic fauna. Fish and shellfish production
facilitiescanalsobe affectedby oil slicks Themostimportant commerciadamagecanhoweveralso
come from tainting which imparts an unpleasant flavour to fist aeafood and is detectable at
extremely low levels of contamination. This reduces the market value of seafood.

NoisePollution

Noise may not seem as harmful as the contaminatibair or water but it is a pollution problem
that affectshumanhealthandcancontributeto ageneraldeteriorationof environmentalquality.

Noise isundesirable andinwanted sound. Naall sound is nois@Vhatmay beconsidered asnusic

to one personmaybe noiseto another.It isnot a substancehat canaccumulatan the environment

like mostother pollutants.Sounds measuredn aunit calledthe W5 S O Xher&fe Sederalsources

of noisepollutionthat contribute to both indoorandoutdoor noisepollution. Noiseemanatingirom
factories, vehicles, playing of loudspeakers during various festivals can contribute to outdoor noise
pollutionwhile loudly playedradio or musicsystemsandother electronicgadgetscancontribute to

indoor noise pollution. A study conducted by easchers from the New Delhi based National

Physical Laboratory show that noise generated by firecrackers (presently available in the market) is
much higher than the prescribed levels. The permitted noise level is 125 decibels, as per the
Environment (Protetion) (second amendment) Rules, 1999.
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Thedifferencesbetweensoundandnoiseisoften subjectiveandamatter of personalopinion.There
are however some very harmful effects caused by exposure to high sound levels. These effects can
range in severity from being extremely annoying to being extremely painful and hazardous.

Effectsof noisepollution on physicalhealth

Themostdirectharmfuleffect of excessiveoiseis physicadamageto the earandthe temporaryor
permanent hearing loss often called a temporary threshold shift (TTS). People suffering from this
condition are unable to detect weak sounds. However hearing abilityusllygecovered within a
month of exposure. In Maharashtra people living in close vicinity of Ganesh mandals that play
blaringmusicfor ten daysof the Ganestestivalare usuallyknownto sufferfrom this phenomenon.
Permanentoss, usuallgallednoiseinduced permanent thresholghift (NIPTS) represendsiossof
hearing ability from which there is no recovery.

Below a sound level of 80 dBA haring loss does not occur at all. However temporary effects are
noticedat soundlevelsbetween80and130dBA.About 50 percentof the peopleexposedo 95dBA
sound levels at work will develop NIPTS and most people exposed to more than 105 dBA will
experiencepermanenthearinglossto somedegree Asoundlevelof 150dBAor more canphysically
rupture the human eardrum.

The degree of hearing loss depends on the duration as well as the intensity of the noise. For
example lhourof exposureto a100dBAsoundlevelcanproducea TTShat maylastfor aboutone

day. However in factoriesith noisy machinery workers are subjected to high sound levels for
several hours a day. Exposure to 95 dBA for 8 hours everyday for over a period of 10 years may
causeabout15dBAof NIPTSIn additionto hearinglossesxcessivasoundlevelscancauseharmful
effects on the circulatory system by raising blood pressure and altering pulse rates.

Effectsof noisepollution on mental health:

Noisecanalsocauseemotionalor psychologicagffectssuchasirritability, anxietyandstressLackof
concentration and mental fatigue are significant health effects of noise. It has been observed that
the performance of school children is poor in comprehension tasks when schools are situated in
busy areas of a city and suffer from noise pollution.

Asnoiseinterfereswith normalauditorycommunicationjt maymaskauditorywarningsignalsand
hence increases the rate of accidents especially in industries. It can also lead to lowered worker
efficiency and productivity and higher accident rates on the job

Thusnoiseisjustmorethanamerenuisanceor annoyancelt definitely affectsthe quality of life. It
is thus important to ensure mitigation or control of noise pollution.

NoiseControltechniques

Therearefour fundamentalwaysin whichnoisecanbe controlled:Reducenoiseat the source block
the path of noise, increase the path length and protect the recipient. In general, the best control
method is to reduce noise levels at the source.

Sourcereductioncanbe done by effectivelymuffling vehiclesandmachineryto reducethe noise.In
industriesnoisereductioncanbe doneby usingrigid sealedenclosuresaroundmachinerylinedwith
acoustic absorbing material. Isolating machines and their enclosures from the floor using special
spring mountor absorbent mounts and padmdusing flexible couplings famterior pipelines also
contribute to reducing noise pollution at the source.



Howeverone of the bestmethodsof noisesourcereductionis regularandthoroughmaintenanceof
operating machinery. Noise levels at construction sites can be controlled using proper construction
planningandschedulingechniquesLocatingoisyair compressorsindother equipmentawayfrom

the site boundary along with creation of temporary barriers to [itaiy block the noise can help
contribute to reducing noise pollution. Most of the vehicular noise comes from movement of the
vehicle tires on the pavement and wind resistance. However poorly maintained vehicles can add to
the noise levels. Traffic volunaand speed also have significant effects on the overall sound. For
example doubling the speed increases the sound levels by about 9 dBA and doubling the traffic
volume (humber of vehicles per hour) increases sound levels by about 3 dBA. A smooth flow of
traffic also causes less noise than does a-stmbgo traffic pattern. Proper highway planning and
design are essential for controlling traffic noise. Establishing lower speed limits for highways that
pass through residential areas, limiting traffic voluarel providing alternative routes for truck

traffic are effective noise control measures. The path of traffic noise can also be blocked by
constructionof vertical barriers alongside theghway. Plantingf trees around housesan also act
aseffectivenoisebarriers.In industriesdifferent typesof absorptivematerialcanbe usedto control
interior noise. Highly absorptive interior finish material for walls, ceilings and floors can decrease
indoor noise levels significantly. Sound levels drop signifig with increasing

distance from the noise source. Increasing the path length between the source and the recipient
offers a passive means of control. Municipal larsg ordinances pertaining to the location of
airports make use of the attenuating effeat distance on sound levels. Use of earplugs and
earmuffscanprotect individualseffectivelyfrom excessivaoiselevels.Speciallydesignedearmuffs
canreducethe soundlevelreachingthe eardrumby asmuchas40 dBA . Howeververyoften workers
tend not to wear them on a regular basis despite company requirements for their use.

ThermalPollution

SourcesThe discharge of warm water into a river is usually called a thermal pollution. It occurs
when an industry removes water from a sourases the water for cooling purposes and then
returnsthe heatedwaterto its source Powerplantsheatwaterto convertit into steam,to drivethe
turbines that generate electricity. For efficient functioning of the steam turbines, the steam is
condensednto water after it leavesthe turbines. Thiscondensatioris done by takingwater from a
water body to absorb the heat. This heatedter, which is at least 150C higher than the normal is
discharged back into the water body.

Effects:Thewarmertemperaturedecreaseshe solubilityof oxygenandincreaseshe metabolismof
fish. This changes the ecological balance of the river. Within certain limits thermal additions can
promote the growth of certain fish and the fish catch may be high in theityi@f a power plant.
Howeversuddenchangesn temperaturecausedy periodicplant shutdownsboth plannedand
unintentional can change result in death of these fish that are acclimatized to living in warmer
waters.

Tropicalmarine animals are generallynable to withstand a temperature increasedto 30C and
mostspongesmollusksandcrustaceansre eliminatedat temperaturesabove370C Thisresultsin
a change in the diversity of fauna as only those species that can live in warmer water survive.

Cortrol measures:Thermal pollution can be controlled by passing the heated water through a
coolingpondor acoolingtower after it leaveghe condenserTheheatisdissipatednto the airand

the water can then be discharged into the river or pumped back to the plant for reuse as cooling
water. There are several ways in which thermal pollution can be reduced. One method is to



construct a large shallow pond. Hot water is pumf@d one end of the pond and cooler water is
removedfrom the other end. Theheatgetsdissipatedrom the pondinto the atmosphere Asecond
methodisto useacoolingtower. Thesestructurestake up lesslandareathanthe ponds.Heremost

of the heat transfer occurs through evaporation. Here warm waters coming from the condenser is
sprayeddownwardoververticalsheetsor baffleswherethe water flowsin thin films. Coolair enters

the tower through the water inlet that encircles thege of the tower and rises upwards causing
evaporative cooling. A natural draft is maintained because of the density difference between the
cool air outside and the warmer air inside the tower. The waste heat is dissipated into the
atmosphere about 100 mkeve the base of the tower. The cooled waigrcollected at the floor of
the tower and recycled back to the power plant condensers. The disadvantage in both these
methods is however that large amounts of water are lost by evaporation.

NuclearHazards

Nuckar energy can be both beneficial and harmful depending on the way in which it is used. We
routinely use Xays to examine bones for fractures, treat cancer with radiation and diagnose
diseases with the help of radioactive isotopes. Approximately 17 ¥eddlectrical energy

generated in the world comes from nuclear power plants. However on the other hand it is
impossible to forget the destruction that nuclear bombs caused the cities of Hiroshima and
NagasakiTheradioactivewastesfrom nuclearenergyhave causedseriousenvironmentaldamage.

Nuclear fission is the splitting of the nucleus of the atom. The resulting energy can be used for a
variety of purposes. The first controlled fission of an atom was carried out in Germany in 1938.
However the United t8tes was the first country to develop an atomic bomb which was
subsequentlyroppedon the Japaneseitiesof HiroshimaandNagasakiTheg 2 NJXirst €ectricity
generating reactor was constructedtime United States in 1951 arkde Soviet Union built its first
reactorin 1954.I1n December1 953, PresidenDwightD.Eisenhowem hisW! (i foif 8S I €p&ech
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be necessary to metat. The users will pay a fee and use as much electricity as they want. Atoms
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Today however though nuclear power is being used as a reliable source of electricity the above
statementsoundshighlyoptimistic.Severateriousaccidentshavecausedvorldwide concernabout
safety and disposal of radioactive wastes.

In order to appreciate the consequences of using nuclear fuels to generate energy it is important to
understand how the fuel is prossed. Lowgrade uranium ore, which contains 0.2 percent uranium

by weight, is obtained by surface or underground mining. After it is mined the ore goes through a
milling process where it is crushed and treated with a solvent to concentrate the uranium and
produces yellow cake a material containing 70 to 90 percent uranium oxide. Naturally occurring
uranium contains only 0.7 percent of fissionabl28b, which is not high enough for most types of
reactors.Henceit isnecessaryo increasehe amountof U-235by enrichmentthoughit is a difficult

and expensive process. The enrichment process increases2B8& dontent from 0.7 to 3 percent.

Fuel fabrication then converts the enriched material into a powder, which is then compacted into
pellets.Thesepellets are sealedin metalfuel rodsabout4 metersin lengthwhichisthenloadedinto

the reactor.Asfissionoccursthe concentrationof U-235atomsdecreasesAfter aboutthreeyearsa

fuel rod does not have enough radioactive material to sustain a chain reaction and hence the spent
fuelrodsmustbereplacedby newones.Thespentrodsare howeverstill veryradioactivecontaining

about one percent k235 and one percent plutonium. Tee rods are a major source of radioactive
waste material produced by a nuclear reactor.



Initially it was thought that spent fuel rods could be reprocessed to not only provide new fuel but
also to reduce the amount of nuclear waste. However tst of producing fuel rods by
reprocessingvasfoundto be greater tharthe costof producing fuel rods fronere. Presently India
doesoperatereprocessinglantsto reprocesspentfuel asanalternativeto storingthemasnuclear
waste. At each stemithe cycle there is a danger of exposure and poses several health and
environmental concerns.
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towardsnuclearpower plantswasthe ChernobyHisasterthat occurredin 1986.Chernobyisasmall

city in Ukraine near the border with Belarus north of Kiev. At 1.00 am April 25, 1986 a test to
measure the amount of electricity that the still spinning turbine would produce if steam were shut
off was being conductiat the Chernobyl Nuclear Power Station4. This was important information
since theemergencycore cooling system requirezhergy forits operation andthe coasting turbine
could provide some of that energy until another sourcebecame available. The awfosteim
beingproducedwasreducedby loweringthe controlrodsinto the reactor.Butthe test wasdelayed
becauseof ademandfor electricityanda new shift of workerscameon duty. Theoperatorsfailedto
program the computer to maintain power at 700 megawatts and the output dropped to 30
megawatts. This presented an immediate need to rapidly increase the power and many of the
control rods were withdrawn. Meanwhile an inert gas (xenon) had accumulatédeoiuel rods.
Thegasabsorbedhe neutronsandslowedthe rate of powerincreaseln anattempt to obtainmore

power the operators withdrew all the control rods. This was a second serious safety violation.

At 1.00am the operatorsshutoff mostof the emergencywarningsignalsandturned on all the eight
pumps to provide adequate cooling for the reactor following the completion of the test. Just as the
final stagedor the testwere beginninga signalindicatedexcessiveeactionin the reactor.In spite of

the warning the operators blocked the automatic reactor shutdown and began the test. As the test
continued the power output of the reactor rose beyond its normal level and continued to rise. The
operators activated the emergency system designepubthe control rods back into the reactor

and stop the fission. But it was already too late. The core had already been deformed and the rods
would not fit properlythusthe reactioncouldnot be stopped.In4.5secondghe energylevelof the
reactor inceased two thousand times. The fuel rods ruptured the cooling water turned into steam
and a steam explosion occurred. The lack of cooling water allowed the reactor to explode. The
explosion blew the 1000 metric ton concrete roof from the reactor and tlet@ caught fire. This
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under control. There were of course immediate fatalities, but the {targh consequences were
devastating. 116,000 people were evacbf which 24,000 had received high doses of radiation.
Even today many people suffer from ilinesses they feel are related to their exposure to the fallout
from Chernobyl. In 1996 ten years after the accident it was clear that one of the longterm effects
was the increased frequency of thyroid cancer in children.

The degree and the kind of damage from nuclear accidents vary with the kind of radiation, the
amount of radiation, the duration of exposure and the types of cells irradiated. Radiation can also
cause mutations which are changes in the genetic makeup of the cells. Mutations can occur in the
ovaries or the testes leading to the formation of mutated eggs or sperms which in turn can lead to
abnormaloffspring.Mutationscanalsooccurin the tissuesof the bodyad maymanifestthemselves

as abnormal tissue growths known as cancer. Two common cancers that are linked to increased
radiation exposure are leukemia and breast cancer.



SOLIDVASTEMANAGEEMNTCAUSEEFFECTTENDCONTROMEASURESFURBAN
AND INDUSTRIAL WASTE

Inancientcities,food scrapsandother wasteswere simplythrown into the unpavedstreetswhere
they accumulated. Around 320 B.C. in Athens, the first known law forbidding this practice was
establishedanda systemof wasteremovalbeganto evolvein severakasternMediterraneancities.
Disposal methods were very crude and often were just open pits outside the city walls. As
populations increased, efforts were made to transport the wastes out further thus creating city
dumps. Until recently the disposal of municipal solid wastendit attract much public attention.

Thefavouredmean®f disposailvasto dumpsolidwastesoutsidethe city or villagelimits.

Around most towns and cities in India the approach roads are littered with {cnittiured plastic
bagsandother garbageWasteisalsoburnt to reduceits volume.Modernmethodsof disposakuch

as incineration and the development of sanitary landfills, etc. are now attempting to solve these
problems.Lackof spacefor dumpingsolidwastehasbecomea seriousproblemin severakitiesand
towns all over the world. Dumping and burning wastes is not an acceptable practice today from
either anenvironmentalor a health perspectiveloday disposaif solidwaste shoulde partof an
integrated waste management plan. The method ofextilon, processing, resource recovery and
the final disposal should mesh with one another to achieve a common objective.

Characteristic®f municipalsolid waste

Solid wastes are grouped or classified in several different ways. These different cléssHiast
necessary to address the complex challenges of solid waste management in an effective manner.
Theterm municipalsolidwaste(MSW)is generallyusedto describemostof the non-hazardousolid
waste from a city, town or village that requires ragicollection and transport to a processing or
disposasite. Source®f MSWincludeprivate homes,commerciakstablishmentandinstitutionsas

well as industrial facilities. However MSW does not include wastes from industrial processes,
construction and demolition debris, sewage sludge, mining wastes or agricultural wastes.

Municipal solid waste contains a wide variety of materials. It catagtofood waste such as
vegetableandmeatmaterial,left overfood, eggshells etc whichis classifiedaswet garbageaswell
aspaper,plastic tetrapacksplasticcans newspaperglassottles, cardboardooxes aluminumfoil,
metal items, wood piece®tc. which is classified as dry garbage.

Controlmeasuref urbanandindustrial wastesAnintegratedwastemanagemenstrategy
includes three main components:

1. Sourceaeduction
2. Recycling
3. Disposal

Source reductiois one of the fundamental ways to reduce waste. This can be done by using less
material when making a product, reuse of products on site, designing products or packaging to
reduce their quantity. On an individual level we can reduce the use of unnecéssasywhile
shoppingpuyitemswith minimalpackagingavoidbuyingdisposabldtemsandalsoavoidaskingor
plastic carry bags.

Recyclingsreusingsomecomponentsof the wastethat mayhavesomeeconomicvalue.Recycling
has readily visible benefits such as conservation of resources reduction in energy used during



manufacture and reducing pollution levels. Some materials such as aluminum and steel can be
recycled many times. Metal, paper, glass ghaktics are recyclable. Mining of new aluminum is
expensive and hence recycled aluminum has a strong market and plays a significant role in the
aluminumindustry.Paperrecyclingcanalsohelp preserveforestsasit takesabout17 treesto make
oneton of paper.Crushedjlasqcullet)reduceshe energyrequiredto manufacturenew glassy 50
percent. Cullet lowers the temperature requirement of the glassmaking process thus conserving
energy and reducing air pollution. However even if recycling is a \a#tblmative, it presents

several problems.

The problems associated with recycling are either technical or economical. Plastics are difficult to
recyclebecauseof the different typesof polymerresinsusedin their production.Sinceeachtype has

its own chemicalmakeupdifferent plasticscannotbe recycledtogether. Thusseparationof different
plastics before recycling is necessary. Similarly in recycled paper the fibers are weakened and it is
difficult to control the colour of the recycled product. Reled paper is banned for use in food
containersto preventthe possibilityof contamination It veryoften costslessto transportraw paper

pulp than scrap paper. Collection, sorting and transport account for about 90 percent of the cost of
paper recyclig. The processes of pulping, deinking and screening wastepaper are generally more
expensive than making paper from virgin wood or cellulose fibers. Very often thus recycled paper is
more expensive than virgin paper. However as technology improves thevidbsbme down.

Disposabf solidwasteis donemostcommonlythroughasanitarylandfill or throughincineration.A
modern sanitary landfill is a depression in an impermeable soil layer that is lined with an
impermeable membrane. The three key characteristics of a municipal sanitary landfill that
distinguish it from an open dump are:

wSolidwasteis placedin asuitably selectedandpreparediandfill sitein a carefullyprescribed
manner.

wThewastematerialisspreadout andcompactedwith appropriateheavymachinery.

wThewasteiscoveredeachdaywith alayerof compactedsoil.

The problem wittolder landfills are associatedith groundwaterpollution. Pollutants seeping out
from the bottom of a sanitary landfill (leachates) very often percolate down to the groundwater
aquifer no matter how thick the underlying soil layer. Today it is essential todwatable bottom
liners and leachate collection systems along with the installation of monitoring systems to detect
groundwater pollution. The organic material in the buried solid waste will decompose due to the
action of microorganisms. At first the wastecomposes aerobically until the oxygen that was
present inthe freshly placed fill is used up by the aerobic microorganisms. The anerobes take over
producingmethanewhichis poisonousandhighlyexplosivewhenmixedwith airin concentrations
between 5and 15 percent. The movement of gas can be controlled by providing impermeable
barriersin the landfill. Aventingsystemto collectthe blockedgasandventit to the surfacewhereit

can be safely diluted and dispersed into the atmosphere is thus a necessary component of the
design of sanitary landfills.

Even though landfilling is an economic alternative for solid waste disposal, it has become
increasinghdifficult to find suitablelandfillingsitesthat arewithin economichaulingdistanceand
veryoften citizensdo not want landfillsin their vicinity. Anotherreasonisthat no matter howwell
engineered the design and operation may be, there is always the danger of some envitahme
damage in the form of leakage of leachates.



Incinerationis the process of burning municipal solid waste in a properly designed furnace under
suitable temperature and operating conditions. Incineration is a chemical process in which the
combustibleportion of the wasteiscombinedwith oxygenformingcarbondioxideandwater, which

are released into the atmosphere. This chemical reaction called oxidation results in the release of
heat. For complete oxidation the waste must be mixed with appropriate volumes of air at a
temperatureof about8150Cfor aboutone hour. Incinerationcanreducethe municipalsolidwaste

by about 90 percent in volume and 75 percent in weight. The risks of incineration however involve
airquality problems and toxicity and disposal of the fly and bottom ash produced during the
incineration process. Fbsh consists ofinely dividedparticulatematter, including cindersmineral

dust andsoot. Most of the incineratorashisbottom ashwhile the remainderis fly ash.Thepossible
presence of heavy metals in incinerator ash can be harmful. Thus toxic products and materials
containing heavy metals (for example batteries and plastics) should be segregated. Thus extensive
air pollution control equipment and higlevel technichsupervision and skilled employees for

proper operation and maintenance is required.

Thuswhile sanitarylandfillsandincineratorshavetheir own advantagesnddisadvantageghe
most effective method of solid waste management is source reduction arytling.

Vermig Composting

Nature has perfect solutions for managing the waste it creates, if left undisturbed. The
biogeochemicatyclesaredesignedo clearthe wastematerialproducedby animalsandplants.We

can mimic the same methods that are prasé nature. All dead and dry leaves and twigs
decompose and are broken down by organisms such as worms and insects, and is finally broken
down by bacteria and fungi, to form a dark rich di&ié material called compost.

Theseorganismsn the soilusethe organicmaterialasfood, whichprovidesthem with nutrientsfor
their growth and activities. These nutrients are returned to the soil to be used again by trees and
other plants. This process recycles nutrients in nature.

Thissoilcanbe usedasa manurefor farmsandgardens.

Hazardouswvastes

Modernsocietyproducedargequantitiesof hazardousvastewhichare generatedoy chemical
manufacturing companies, petroleum refineries, paper mills, smelters and other industries.
Hazardous wastes are thotieat can cause harm to humans or the environment. Wastes are
normallyclassifiecashazardousvastewhenthey causeor significantlycontributeto anincreasdn
mortality or an increase in serious irreversible or incapacitating reversible iliness or pose a
substantial present or potential hazard to human health or the environment when improperly
treated, stored, transported or disposed of.

Characteristicof hazardouswastes

A waste ilassifiedas a hazardous wasteitifexhibitsany ofthe four primary characteristics based
onthe physicabr chemicabpropertiesof toxicity, reactivity,ignitabilityandcorrosivity.In additionto
this waste products that areither infectious or radioactive are also classified as hazardous

Toxiovastesarethosesubstanceshat are poisonousvenin verysmallor traceamounts.Some
may have an acute or immediate effect on humans or animals causing death or violent illness.
Othersmayhaveachronicor longterm effect slowlycausingrreparableharmto exposedpersons.

Acute toxicity is readily apparent becaumganisms respond to the toxin shortly after being



exposedChronidoxicityismuchmore difficult to determinebecausehe effectsmaynot be seen
for years. Certain toxic wastes are known to be carcinogenic, causing cancer and others may be
mutagenic causing biological changes in the children of exposed people and animals.

Reactivevastesarethosethat haveatendencyto reactvigorouslywith air or water, are unstableto
shock or heat, generate toxic gases or explode during routine management. For example,
gunpowder, nitroglycerine, etc.

Ignitablewastesarethosethat burn at relativelylow temperatures(lessthan 60 C)andare capable
of spontaneous combustion during storage, transport or disposal. For example, gasoline, paint
thinners, and alcohol.

Corrosivewastesarethosethat destroymaterialsandlivingtissueby chemicakeaction.For
example, acids and bases.

Infectiouswastesincludehumantissuefrom surgeryusedbandagesandhypodermicmeedles,
microbiological materials, etc.

Radioactivavasteisbasicallyanoutput from the nuclearpower plantsandcanpersistin the
environment for thousands of years before it decays appreciably.

Environmentalproblemsand health riskscausedoy hazardouswvastes.

Asmostof the hazardousvastesaredisposedf on or in landthe mostseriousenvironmentaleffect
is contaminated groundwater. Once groundwater is polluted with hazardous wastes it is very often
not possible to reverse the damage.

Pesticides are used increasingly to protect and increase food production. They form residues in the
soilwhicharewashedinto streamswhichthen carrythem forwards.Theresiduesmaypersist inthe

soil or in the bottom of lakes and rivers. Exposure can occur through ingestion, inhalation and skin
contact resulting in acute or chronic poisoning. Today we have an atteerto the excess use of
pesticides through the use of Integrated Pest Management (IPM). The IPM system uses a wide
varietyof plantsandinsectsto createa more naturalprocessThenaturalbalancebetweenclimate,
soilandinsectpopulationscanhelpto preventaninsectfrom overpopulatinganareaanddestroying

a particular crop.

Lead, mercury and arsenic are hazardous substances which are often referred to as heavy metals.
Lead is an abundant heavy metal and is relatively easy to obtain. It is used in batteries, fuel,
pesticidespaints,pipesandother placeswvhereresistancdo corrosionisrequired.Mostof the lead

taken up by people andildlife is stored irbones.Lead can affect red blood cellg reducing their

ability to carryoxygen andshortening theiife span. Lead may also damagerve tissuavhichcan

result in braindisease.

Mercury occurs in several different forms. Mercury is used in the production of chlorine. It is also
usedasa catalyst inthe productionof someplasticsIndustrialprocessesuchasthe productionof
chlorineandplasticsareresponsiblgor mostof the environmentaldamageresultingfrom mercury.

Our body has a limited ability to eliminate mercury. In the food web mercury becomes more
concentrated as it is taken up by various organisms. In an aquatic environment, mercury can be
absorbed by tk plankton which are then consumed by fish. In addition, fish take up mercury
through their gills and by eating other fish contaminated with mercury. Generally older the fish
greater is the mercury concentration in its body. Birds that eat the fish coreter¢ven more



mercuryin their bodies.It isa cumulativepoison( it buildsupin the bodyoverlongperiodsof time)
and is known to cause brain damage.

Thousands of chemicals are used in industry everyday. When used incorrectly or priaiptp

they canbecomehealthhazardsPCBgPolychlorinatediphenyls)areresistantto fire anddo not
conductelectricityverywell whichmakeshem excellentmaterialsfor severaindustrialpurposes.
Rainwater can wash PCBs out of disposal areas in dumps and landfills thus contaminating water.
PCBs do not break dowmry rapidly inthe environment andhus retaintheir toxic characteristics.
Theycausdongterm exposureproblemsto both humansandwildlife. PCBsre concentratedn the
kidneys and liver and thus cause damage. They cause reproductive failure in birds and mammals.

Vinylchlorideisachemicathat iswidelyusedin the manufactureof plastic.Usuallypeopleareonly
exposed to high levels of vinyl chloride if they work with it or near it but exposure can also occur
from vinylchloridegasleaks After alongcontinuousexposurgoneto three years)in humansyinyl
chloride can cause deafness, vision problemsutition disorders and bone deformities. Vinyl
chloride can also cause birth defects.

It is essential to substitute the use of PCBs and vinyl chloride with chemicals that are less toxic.
Polyvinyl chloride use can be lowered by reducing our use of @a3tiws by reducing waste,
encouragingecyclingandusingproductsthat arewellmadeanddurablewe cangreatlyreduceour
consumption of these chemicals thus curtailing our exposure to these substances.

Wemaynot realizeit but manyhouseholdchemicalsanbe quite toxicto humansaswell

as wildlife. Most of the dangerous substances in our homes are found in various kinds of cleaners,
solventsandproductsusedin automotivecare. Whentheseproductsare usedincorrectlythey have
the potential to be larmful.

Today the most common methods for disposing off hazardous wastes are land disposal and
incineration. In countries where there is abundant land available for disposal for example, North
America land disposal is the most widely used method. In caslike Europe and Japan where
land is not readily available and is expensive, incineration is the preferred method for disposal. In
spite of strong laws however illegal dumping of these wastes continues. Hazardous waste
managemenmustmovebeyondburyingandburning.Industriesneedto beencouragedo generate

less hazardous waste in their manufacturing processes. Although toxic wastes cannot be entirely
eliminated, technologies are available for minimizing, recycling and treating wastes. An informed
public can also contribute in a big way towards #msl. It is essential for us to understand the ill
effects of chemical substances so that we can make informed decisions about its use. We might
decide thatthe benefitsof the useof atoxic substance do nobutweigh the riskandchoose noto

use it at # or we may decide that it is acceptable to use a substance under certain specific
circumstances where it is adequately controlled and exposure to toxic levels is prevented.

ROLEOFANINDIVIDUAIN PREVENTIOBIFPOLLUTION

Thereareahostof environmentd problemscausedoy humanactionson the environment.If we are

to respondto theseproblemswe haveto recognizehat eachof usisindividuallyresponsibldor the
guality of the environment we live in. Our personal actions can either worsen or improve our
environmental quality. Several people may feel that environmental problems can be solved with
quick technological fixes. While a majority of individuals wavddt a cleaner environment, not
many of them want to make major changes in their lifestyle that could contribute to a cleaner
environment.Decisionandactionstakenbyindividualsto averylargeextentdeterminethe quality



of life for eveyone. This necessitates that individuals should not only be aware of various
environmentalissuesandthe consequencesftheir actionsonthe environmentbut shouldalso
make a firm resolve to develop environmentally ethical lifestyles.

With the help of solar energy, natural processes developed over billions of years can indefinitely
renew the topsoil, water, air, forests, grasslands and wildlife on which all forms of life depend, but
only as long as we do not use these potentially rengleaesources faster than they are

replenished. Some of our wastes can be diluted, decomposed and recycled by natural processes
indefinitelyaslongastheseprocessesrenot overloaded Naturalprocessesilsoprovideserviceof

flood prevention,erosioncontrolat no costsat all. Wemustthereforelearnto valuetheseresources

and use them sustainably.

Conceptghat helpindividualscontributetowardsa better quality of our environmentandhuman
life.

wDeveloprespector reverencefor allformsof life.

wEachndividualmusttry to answerfour basicquestionsMWheredo the thingsthat | consumecome
from? What do | know about the place where | live? How am | connected to the earth and other
living things? What is my purpose and responsibility asmaambeing?

wTryto planttreeswhereveryoucanandmoreimportantly take careof them. Theyreduceair
pollution.

wReduce the use of wood and paper products wherever possible. Manufacturing paper leads to
pollution andlossof forestswhichreleasesxygenandtakesup carbondioxide.Tryto recyclepaper
products and use recycled paper wherever possible.

wFromthe mailyoureceivereuseasmanyenvelopeghat youcan.

wDonot buyfurniture, doors,windowframesmadefrom tropicalhardwoodssuchasteakand
mahogany. These are forest based.

wHelpin restoringadegradedareanearyourhomeor join in anafforestationprogram.

wUsepesticidesn yourhomeonlywhenabsolutelynecessaryandusethemin assmallamountsas
necessary. Some insect species help to keep a check on the populations of pest species.

wAdvocateorganicfarmingby askingyour grocerystoreto stockvegetablesandfruits grownbyan
organic method. This will automatically help to reduce the use of pesticides.

wReducehe useof fossilfuelsby either walkingup a shortdistanceusinga carpool, sharinga bike
or using public transport. This reduces air pollution.

wShutoff the lightsandfanswhennot needed.

w5 2 yuSk#erosolsprayproductsandcommerciatoom air freshenersTheydamagethe ozone
layer.

wDonot pour pesticidespaints,solvents pil or other productscontainingharmfulchemicalgown
the drain or on the ground.

wBuy consumer goods that last, keep them as long as possible and have them repaired as far as
possiblansteadof disposinghem off. Suchproductsendup in landfillsthat couldpollute ground
water.



wBuyconsumeigoodsagesn refillableglasscontainersinsteadof cansor throwawaybottles.

wUserechargeabldatteries.

wTryto avoidaskingfor plasticcarrybagswhenyoubuygroceriesor vegetablesr anyother items.
Use your own cloth bag instead.

wUsespongesandwashablecloth napkinsdishtowelsandhandkerchiefsnsteadof paperones.
w5 2 yusethrowawaypaperandplasticplatesandcupswhenreusableversionsareavailable.

wRecyclallnewspaperglassaluminumandotheritemsacceptedor recyclingn yourarea.You
might have to &ke a little trouble to locate such dealers.

wSetup acompostbinin yourgardenor terraceanduseit to producemanurefor your plantsto
reduce use of fertilizers.

wTryto lobbyandpushfor settingup garbageseparatiorandrecyclingprogramsn your localities.

wChoosdtemsthat havethe leastpackagingr no packaging.

wStartindividualor communitycompostingor vemicompostingplantsin yourneighborhoodand
motivate people to join in.

wDonot litter the roadsandsurroundinggust becausehe sweeperfrom the MunicipalCorporation
will cleanit up. Takecareto put trashinto dustbinsor bringit backhomewith youwhere itcanbe
appropriately disposed.

wYoumustrealizethat youcannotdo everythingandhavesolutionsfor everyproblemin the world.
Youcanhoweverconcentrateon issueghat you feel stronglyaboutand cando somethingabout.
Focusing your energy on a particular issue will help you get better results.

wYoucouldjoin anyof the severaNGOghat existin our countryor becomevolunteers.Organize
small local community meetings to discuss positive approaches of pollution prevention.

wLearnaboutthe biodiversityof yourown area.Understandhe naturalandculturalassetsThis
would help you to develop a sense of pride in yaty/mwn/village and will also help you
understand the problems facing their survival.

wYoucannotimproveyourworld by not voting. Youhavethe optionto makeachoiceratherthan
complain later on.

wlt is important that you do not get discouraged at the first sign of trouble. Do not dwell on the
negativeaspectsButtake positiveactionswhereveryoucanto makethe world abetter placeto live
in.

wWhentalkingto electedofficialsalwaysbe courteousandreasonableYoumaydisagreewith a
particularpositionbut be respectfulin doingsoasyouwill gainlittle by beinghostileandbrash.

wTakecareto putinto practicewhatyoupreach.Remembeenvironmentprotectionbeginswith
YOU.

POLLUTIORASETUDIES

A casestudy of groundwaterpollution in India



Anexampleof groundwaterpollution causedby excessivextractionis that fluoride contamination.
Fluorisis is not a localized problem. It has spread across 19 states and across a variety of ecological
regions ranging from the Thar desert, the Gangetic plains and the Deccan plateau. Each of these
regions are distinct in terms of rainfadloil type, groundwater recharge regime, climatic conditions
and hydrology. High fluoride concentration in groundwater is a natural phenomenon in several
countriessuchasChinaSriLankaWestIndies,SpainHolland,ltaly andMexico.Expertsclaimthat a
fluoride belt stretchesacrosshe Middle EastacrossPakistarandIndiaandtheninto Southeast®sia

and the South of China. According to a report of the Rajiv Gandhi National Drinking Water mission,
the bedrock of the Indian peninsula consists of anber of fluoride bearing minerals. When the
bedrock weathers the fluoride leaches into water and the soil. Although the Indian peninsular
bedrock has always been the same, this problem has only surfaced during the last three decades.
Thisisrelatedto the overextractionof groundwaterwhichhasresultedin the tappingof aquifers

with high fluoride concentrations.

Thebeginning®f this phenomenorncanbe tracedbackto the 1970sandthe 1980swhentherewas
massive state investment in rural water development for irrigation as well as for drinking.
Encouragetby statesubsidieon dieselandelectricity,peopleinvestedin dieselandsubmersible
pumps in a bid to extract groundwater through borewells. Poiicy aggravated the fluoride
problem.

Fluoride mainly enters the human body through drinking water where 96 to 99 percent of it
combines with the bones as it has an affinity for calcium phosphate in the bones. Excess intake of
fluoride can lead to dentdluorosis, skeletal fluorosis or neskeletal fluorosis. Dental fluorosis is
characterized by discoloured, blackened, mottled or chalky white teeth. Skeletal fluorosis leads to
severe angermanentboneandjoint deformities.Non-skeletalfluorosisleadsto gastraintestinal
problemsandneurologicatlisorders Fluoridecandamagethe foetusandadverselyaffectthe IQof
children.

Once fluoride is detected in water, the only solution is to deflouridate it. Various technologies are
availablefor this processHoweverthe type of technologyto be selecteddependsuponthe fluoride
levelsin the water andthe volumeof waterto be deflouridated.Noneof the Indiantechnologiesare
however foolproof. Deflouridation plants and household water treatment kits are sjap

solutions.

A casestudy of pesticidepollution in India

One of the most terrifying effects of pesticide contamination of ground water came to light when
pesticideresidues were found in bottled water. Between July and December 2002, the Pollution
Monitoring Laboratoryof the NewDelhi based Centdor Scienceand Environment (CSE) analysed
17 brands of bottled water both packaged drinking water and packaged nahimatal water
commonly sold in areas that fall within the national capital region of Delhi. Pesticide residues of
organochlorine and organophosphorus pesticides which are most commonly used in India were
foundin allthe samplesAmongorganochlorinesgammahexachlorocyclohexar{gndane)andDDT
were prevalentwhile amongorganophosphorus pesticides, Malathiand Chlorpyrifosvere most
common. All these were present above permissible limits specified by the European Economic
Community, which is the nornused all over Europe.

Onemaywonderasto howthesepesticideresidueggetinto bottled water that ismanufacturedby
several big companies. This can be traced to several facts. There is no regulation that the bottled
waterindustrymustbelocatedin ¥ O f Z&heg@irrentlythe manufacturingplantsof mostbrands



aresituatedin the dirtiestindustrialestatesor in the midstof agriculturalfields.Most companies
useborewellsto pumpout water from the groundfrom depthsvaryingfrom 24mto evenl52m
belowthe ground.Therawwater samplescollectedfrom the plantsalsoreveledthe presenceof
pesticide residues. This clearly indicated that the source of pesticide residues in the polluted
groundwater are used to manufacture the botlevater. This is despite the fact that all bottled
water plants use a range of purification methods. Thus obviously the fault lies in the treatment
methods used.

Theseplantsusethe membranetechnologywherethe waterisfiltered usingmembraneswith ultra-

small pores to remove fine suspended solids and all bacteria and protozoa and even viruses. While
nanofiltration can remove insecticides and herbicides it is expensive and thus rarely used. Most
industries also usanactivatedcharcoal adsorptioprocess, which is effectivia removingorganic
pesticides but not heavy metals. To remove pesticttiesplants use reverse osmaosis and granular
activated charcoal methods. Thus even though manufacturers claim to use these process the
presenceof pesticideresiduesointsto the factthat either manufacturerdo not usethe treatment
process effectively or only treat a part of the raw water.

Thelow concentrationof pesticideresiduesn bottled water do not causeacuteor immediateeffect.
However repeated exposure even to extremely miniscule amounts can result in chronic effects like
cancer, liver and kidney damage, disorders of the nervous system, damage to the immune system
and birth defects.

Similarly six months after CSE repdrfgesticide residues in bottled water it also found these
pesticidesn popularcolddrink brandssoldacrosghe country. Thisis becausehe mainingredient
in acolddrink or acarbonatednonalcoholideveragaswater andthere are no standardsspecified
for water to be used in these beverages in India.

Therewere nostandards for bottledvater inIndia tillon September29,2000 the UniorMinistry of
Health and Family Welfare issued a notification (no759(E)) amending the Prevention of Food
AdulterationRules1954.TheBISBureauwf IndianStandardstgertificationmarkbecamemandatory

for bottled water from March 29, 2001. However the parameters for pesticide residues remained
ambiguous. Following the report published by CSE in Down to Earth, Vol 11, no. 18, a series of
Committees were established and eventually on 18th J0§8Z2amendments were made in the
Preventionof FoodAdulterationRulesstatingthat pesticideresiduesconsideredndividuallyshould

not exceed).0001mg.liandthe total pesticideresidueswill not be morethan 0.0005mg/lit that the
analysis shall be cduncted by using internationally established test methods meeting the residue
limits specified herein. This notification came into force from January 1, 2004.

A casestudy of river pollution in India

Almostallthe riversin Indiaare polluted. Thecausesf pollution mayalsobe more or lesssimilar.

This is a&asestudy of theriver Damodar agseported in Down to EarthThe563 km longDamodar

river originates neaChandwa village ithe/ K K2 ( I y I 3 LJdzNJ K A fdistiict. Kfidws. A K ND &
throughone of the richestmineralbelts inthe world beforedraininginto the Hooghly,about50 km

southof Calcuttalndianindustrydependsheavilyon this regionas60 percentof the coalconsumed

in our country comes from the Chhotanagpur belt. Coal based industries of all types dot the area
because of locational advantages and the easy availability of water and power. In addition various
industries such as the steel, cement, fertilizedaxplosive plants are also located here. The river

Damodar is polluted witminerals, mine rejects anmxic effluents. Both its water and its sand are
infestedby coaldust andwaste from these industrie§.hereare seventhermal power plants irthe



Damodarvalley. The statesf Biharand West Bengatlependalmostentirely on this area fortheir
powerrequirements.Thesepower plantsnot only consumealot of water but alsodumpashin the
valley.

Mining As underground mines cannot keep pace with the rising demand, 60 percent of the coal
extracted from the area comes from open cast mines which are responsible for serious land
degradation.Thedisposabf rockandsoilextractedalongwith the coalonly addsto the problem.

Industries The industries in the area do not have proper effluent treatment plants. Among the big
coal based industries the washeries account for the bulk of the pollution in terms of the total
suspendedsolids(TSS)il andgrease About20 percentof the coalhandledgoesout in the form of
slurry which is deposited in the ponds outside. After the slurry settles, coalfine (the sediment) is
collected manually. Due to inadequate retrieval methods very often the water dischargpethe

river from the pond carries highamounts of fine coal particles and oil thus polluting the river. The
other major coalbasedpollutersarethe cokeovenplantsthat heatcoalto temperaturesashighas
11000C in the absence of oxygen to prepaferi use in blast furnaces and foundries. The volatile
components in the coal are removed, leaving hot, wolatile coke in the oven which is washed
with huge quantities of water. This water that contains oil and suspended particles is then
discharged ito the river.

Flyash from the thermal power plants Only one of the thermal power plants has an electrostatic
precipitator to collect the fly ash while the other just make do with mechanical dust collectors. As
mostof theseplantsare locatedon the banksof the river the fly asheventuallyfindsits wayinto the

river. The bottom ash from the boilers is mixed with water to form a slurry which is then drained
into ash ponds. Most of the ponds are full and in several cases the drainage pipes are choked. The
slurry is therefore directly discharged into the river.

EffectsTheriver andits tributariesare the largestsourceof drinkingwater for the hugepopulation

that livesin the valley.OnApril 2, 1990about200,000itres of furnaceoil spilledinto the river from

the Bokaro Steel Plant. This oil traveled kX&® downstream to Durgapur. For a week after the
incident five million people drank contaminated water in which the oil levels were 40 to 80 times
higher than the permissible value of 0.03 mgl/l.

The Damodar Action Plam endof-the pipe pollutiontreatment scheme seek® tackle effluents.
Oneviableoption couldbe to switchto lesspollutingindustriesand cleanertechnology.Thiswould
need strong Government initiative and also a mass movement by people.

DISASTERANAGEMENTELOODEARTHQUAKESYCLONESANDSLIDES

The Indiarsubcontinent isvery vulnerable to droughts, floods, cyclonearthquakes, landslides,
avalanchesindforestfires. Amongthe 36 statesandUnionterritories in the country,22 are prone
to disasters.

Among all the disasters that occur in the country, floods are the most frequently occurring natural
disastersdueto the irregularitiesof the Indianmonsoon.About 75 percentof the annualrainfallin

India is concentrated in three to four months of th®@nsoon season. As a result there is a very
heavy discharge from the rivers during this period causing widespread floods. Approximately 40
million hectaresof landin the countryhasbeenidentified asbeingproneto floods.Major floodsare
mainly causedh the GangaBrahmaputraMeghna basin which carries 60 percent of the total river
flow of our country.



India has a longoastlineof 5700kms,whichis exposed to tropicatyclones arisingh the Bay of
Bengabndthe Arabiansea.ThelndianOcearis one of the sixmajorcycloneproneregionsof the
world. In India, cyclones occur usually between April and May and also between October and
DecemberTheeasterncoastlineismore proneto cyclones a# is hit by about80 percentof the
total cyclones generated in the region.

Droughtsareaperennialfeaturein somestatesof India.Sixteerpercentofthe O 2 dzy tothllBrend

is drought prone. Drought is a significant environmental problem as it is caused by a lower than
average rainfall over a long period of time. Most of the drought prone areas identified by the
Government lie in the arid and sefaiid areas of the couny.

Earthquakes are considered to be one of the most destructive natural hazards. The impact of

this phenomenoroccurswith solittle warningthat it isalmostimpossibleto makepreparations

againstdamagesandcollapseof buildings About50to 60 percert of Indiaisvulnerableto seismic
activity of varyingintensities. Mosbf the vulnerableareas are locateth the Himalayamnd sub-
Himalayan regions.

Frommanagemento mitigation of disasters

Till very recently the approach towards dealing with natural disasters has been post disaster
managementnvolvingproblemssuchasevacuationwarningscommunicationssearchandrescue,
fire-fighting, medical and psychiatric assistance, provision @fredhelter, etc. After the initial
trauma and the occurrence of the natural disaster is over and reconstruction and rehabilitation is
done by people, NGOs and the Government, its memories are relegated to history.

It isevidenttodaythat humanactivities are responsibleor acceleratinghe frequencyandseverity

of natural disasters. Natural occurrences such as floods, earthquakes, cyclones, etc. will always
occur.Theyareapart of the environmentthat we live in. Howeverdestructionfrom naturalhazards

can be minimized by the presence of a well functioning warning system combined with
preparedness on part of the community that will be affected. Thus though traditionally disaster
management consisted primarily of reactive mechanisms, the pasyéans have witnessed a
gradual shift towards a more proactive, mitigation based approach.

Disaster managemeii$ a multidisciplinary area imhich a wide range of issuézat range from
forecastingwarning,evacuationsearchandrescue relief, reconstriction andrehabilitationare
included.lt isalsomulti-sectoralasit involvesadministrators scientistsplannersyolunteersand
communities. These roles and activities span thegisaster, during disaster and post disaster
plans.Sincetheir activiiesare complementaryaswell assupplementaryto eachother thereisa
critical need for coordinating these activities.

Inorderto transferthe benefitsof scientificresearchand developmentto the communitieslinks
must be developed between scientific communities and field agencies. Coordination between
GovernmentgencieandNGOfeedsto be built up sothat overlapof activitiesmaybe avoided

and linkages between the Government and communities are estallish

Today we have a range of early warning systems for a range of natural hazards. Although they are
more accurate than before and can help in prediction it is not enough to ensure communities are
safe from disasters. This is where disaster mitigation cangslagnportant role. Mitigation means
lessening the negative impact of the natural hazards. It is defined as sustained action taken to
reducelongterm vulnerabilityof humanlife andpropertyto naturalhazardsWhilethe preparatory,



responseandthe recoveryphasef emergencynanagementelateto specificevents,mitigation
activities have the potential to produce repetitive benefits over time.

Certainguidelinesf followed can result iran effective mitigation program.
wPredisaste mitigation can helpin ensuringfasterrecoveryfrom the impactsof disasters.

wMitigation measuresnustensureprotectionof the naturalandculturalassetf the community.

wHazardeductionmethodsmusttakeinto accountthe varioushazardgacedbythe affected
community and their desires and priorities.

wAnymitigationprogrammustalsoensureeffectivepartnershipbetweenGovernmentscientific,
private sector, NGOs and the community.

Themainelementsof amitigation strategyare asfollows:

Risk assessment and Vulnerability analysis This involves identification of hot spot areas of prime
concern, collection of information on past natural hazards, information of the natural ecosystems
and information on the population and infrastructure. Onbés information is collected a risk
assessment should be done to determine the frequency, intensity, impact and the time taken to
return to normalcy after the disaster. The assessment of risk and vulnerabilities will need to be
revised periodically. A redar mechanism will therefore have to be established for this. The use of
Geographicadinformation SystemgGISh computerprogramcanbe avaluabletool in this processas

the primary data can be easily updated and the corresponding assessments cadde ma

Applied researcland technology transfer There asneed to establish anpgrade observation
equipmentandnetworks,monitor the hazardgroperly,improvethe quality of forecastingand
warning,disseminatanformation quicklythroughthe warningsystemsandundertakedisaster
simulation exercises.

Thusspaceechnologiesuchasremote sensingsatellitecommunicationsandGlobalPositioning
Systems have a very important role to play. Government organizations like ISRO (Indian Space
Research Orgazation) can play a vital role. Similarly Government organizations the National
BuildingResearctOrganizationthe MeteorologicalDepartment,IrrigationDepartment,etc. can
undertakeappliedresearchfor devisingocalespecificmitigation strategiesin collaborationwith
educational institutions or Universities.

Such steps coulgadto the formulationof localespecific mitigation measureé. combination of
scientificknowledgeandexpertisewith the communitybasedmitigationmeasuresvould not only
enhance the database but would also form the basis of a successful mitigation strategy.

Public awareness and training One of the most critical components of a mitigation strategy is the
trainingto beimpartedto the officialsandstaff of the variousdepartmentsinvolvedat the stateand

the district levelThis enables sharing of information and methodolddye success of a mitigation
strategy will depend to a large extent on the intggctional, interdepartmental coordination and
efficientteamwork. Thusatrainingprogramthat is designedafter assessmendf gapsin knowledge,
skillsandattitude with respectto the varioustasksthat needto be undertakenisavital component.

Institutionalmechanismd hemostimportant needatthe Nationallevelisto strengthenor develop
the capacityto undertakedisastemitigation strategies.There isaneedto emphasizeon proactive
and predisaster measures rather than post disaster response. It is thus essential to have a
permanent administrative structure which can monitor the developmental activities across



departments and provides suggestions for necessdtigation measures. The National Disaster
Management Center (NDMC) can perform such a task. Professionals like architects, structural
engineersdoctors,chemicakngineersvho areinvolvedwith managemenbf hazardoushemicals
can be asked to form grgs that can design specific mitigation measures.

Incentivesandresourcedor mitigationToaverylargeextentthe successf mitigationprogramswill
depend upon the availability of continued funding. There is thus a need to develop mechanisms to
providestable sources of funding for all mitigation programs. This will include incentives for
relocationof commerciabndresidentialactivitiesoutsidethe disasterproneareas Housinginance
companies should make it mandatory for structures in such hazard prone areas to follow special
buildingspecificationsTheintroduction of disasterdinkedinsuranceshouldbe exploredand should

cover not only life but also household goods, catsiguctures and crops.

Landuse planning and regulations Long term disaster reduction efforts should aim at promoting
appropriate landuse in the disaster prone areas. Separation of industrial areas from residential
areasmaintainingwetlandsasbuffer zonesfor floods,creationof publicawarenes®f properland
practicesandformation of land-usepoliciesfor longterm sustainable development is imperative.

Hazardesistantdesignandconstructionin areasthat are proneto disastergprotectioncanbe
enhancedy carefulselectionof sitesandthe waythe buildingsare built. Thusit isessentiato
promote the knowledge of disaster resistant construction techniques and practices among
engineers, architects and technical personnel.

Structural and Castructional reinforcement of existing buildings It is also possible to reduce the
vulnerability of existing buildings through minor adaptations or alterations thereby ensuring their
safety. This can be done by insertion of walls on the outside of theibgijlduttresses, walls in the
interior of the building, portico filln-walls, specially an chored frames, covering of columns and
beams constructionof newframesystem placingresidentialelectricalequipmentaboveflood level,
designing water storagenks to be able to withstandyclonic winds, earthquakes and floods, etc.

Floodsand mitigation measures

The lowerplainregionsof India inparticularBihar, Uttar Pradesh ant/est Bengal imespectof the
GangaandAssanin respectof the Brahmaputrasufferfrom the adverseeffectsof floodseveryyear.
The Ganga Brahmaputra basin receives maximum ruwitifin the three monsoomonths.Based
on hydrological studies carried out, it is estimated that only 18 percent of the rainwater can be
storedin dams,reservoirsgtc. while 82 percentof the rainwaterflowsthroughriversultimatelyinto
the sea. Floods are therefore a recurring phenomenon in our country.

Floods can be caused by natural, ecological or anthropogenic factors either individually or as a
combined result. Anthropogenic activities such as deforestation and shifting cultivation can also
contribute to floods. Forests on the hill slopes normallyregesponge effect soaking up the
abundant rainfall and storing it before releasingnismall amount®ver a period of timeHowever
whenthe forestsare clearedthe riversturn muddyandswollenduringthe wet monsoonseasorand

run dry later on in theyear during the drier periods. An increasing proportion of the rainfall is
therefore released shortly after precipitation in the form of floods.

Themitigationmeasuredgor floodsincludeboth structuralandnon-structuralmeasuresThe
structural measuresclude:

wReservoirgorimpoundingmonsoonflowsto bereleasedn aregulatedmannerafter the peak
flood flow passes.



wPreventiorof over-bankspillingby the constructionof embankmentandfloodwalls.
wlmprovementof flow conditionsin the channelandanti-erosionmeasures.
wlmproveddrainage.

Thenon-structuralmeasuresnclude:

wFloodplainmanagemensuchasFloodPlainZoningand FloodProofingincludingDisaster
Preparedness

wMaintainingwetlands
wFloodforecastingandwarningservices

wDisaster relief, flood fighting and public heatttreasures
wFloodinsurance

Earthquakesand mitigation measures

It has been several years since the earthquake struck Gujarat on January 26, 2001. In these years
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shelterswith lessvulnerability to earthquakeshouldalso take into consideration the specific needs

of the victimsinsteadof beingatop downapproach.Therole of NGOsn thisisveryimportant. Their

strength lies in their manpower, informality in operations and valuable human resources. Their

ability to reachout to the community andensitivity to local traditions is an assetsunch situations.

Areport onthe various initiativesn Gujaratreportedin Downto Earth(Vol12,No. 2) by Mihir Bhatt

throws light on the various developments that have taken plafter the earthquake. According to

the report the initiatives of the International Fund for Agriculture Development in supporting the
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security for earthquakesra drought victims have the potential to shape future disaster response
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Corporationinitiative in revivingg 2 Y S juSiressesfter the calamityalsoprovidesmanypractical

lessons in regenerating local economies and artisan markets. This project supported by the Asian
Development Bank, puts premium on investments in income generation and asset building after a

natural disaster. The farming kits provided to affeclel NY¥ SNE o0& Ddz2l NI} 4 Qa I 3 NA C
also showing promising results after two seasons. The author however states that coordination

between Government, local NGOs and local community initiatives both for rescue as well as

rehabilitation needs to betrengthened as this can cause delays, overlaps and waste of relief

material and efforts.

Cyclonesaand mitigation measures

Tropicakyclonesarethe worstnaturalhazardsn the tropics. Theyarelargerevolvingvorticesin the
atmosphere extending horintally from 150 t01000 km anekrtically from the surface to 12 to 14
km. These are intense lepressure areas. Strong winds spiraling anti clockwise in the Northern
Hemisphere blow around the cyclone center at the lower level. At the higher levels the eén
rotation isjustoppositeto that at the lower level. Theygenerallymove 300to 5000km per dayover
the ocean.Whilemovingoverthe oceanthey pickup energyfrom the warmwater of the oceanand
someofthem growinto adevastatingntensity.Onanaverageabout5 to 6 tropicalcyclonedormin
the Bayof Bengalndthe ArabianSeaeveryyearout of which2 to 3 maybe severe More cyclones
form in the Bay of Bengal than in the Arabian Sea. The main dangers from cyclones



are verystrongwinds,torrential rains andhighstormtides. Mostof the causalities areaused by
coastalinundationby stormtides. Thisis often followed by heavyrainfallandfloods.Stormsurges
cause the greatest destruction.

Althoughone cannotcontrol cyclonesthe effectsof cyclonesanbe mitigatedthrougheffectiveand
efficient mitigation policies and strategies. A brief description of the same is given below.

Installationof earlywarningsystemsSuchsystemditted alongthe coastlinesangreaty assist
forecasting techniques thus helping in early evacuation of people in the storm surge areas.

Developing communication infrastructure: Communication plays a vital role in cyclone disaster
mitigationandyet thisisone of the first serviceghat gets disruptedduringcyclonesAmateurRadio

has today emerged as a second line unconventional communications systems and is an important
tool for disaster mitigation.

Developing shelter belts: Shelter belts with plantations of trees can act as effectidean tide
breakersApartfrom actingaseffectivewindbreakersaandprotectingsoilcropsfrom beingdamaged
they prevent soil erosion.

Developinggcommunitycycloneshelters:Cyclonesheltersat strategiclocationscanhelpminimizing
the loss of human life. In the normal course these shelters can be used as public utility buildings.

Constructiorof permanenthousesThereisaneedto build appropriatelydesignedtoncretehouses
that can withstand high winds and tidal waves.

Trainingandeducation: Publicawarenesprogramsthat inform the populationabouttheir response
to cyclone warnings and preparedness can go a long way in reducing causalities.

Landusecontrolandsettlementplanning: Noresidentialandindustrialunits shouldbeideally
permitted in the coastalbelt of 5 km from the seaasit isthe mostvulnerablebelt. No further
growth of settlements in this region should allowed. Major settlements and other important
establishments should be located beyond 10 kom the sea.

Landslidesand mitigation measures

Landslidegarerecurringphenomenan the Himalayarregion.Inthe recentyearshoweverintensive
constructionactivityandthe destabilizingorcesof nature haveaggravatedhe problem.Landslides
occur as a result of changes on a slope, sudden or gradual, either in its composition, structure,
hydrology or vegetation. The changes can be due to geology, climate, weatheringskadd
earthquakes.

A significant reduction in the hazardsused by landslides can be achieved by preventing the
exposure of population and facilities to landslides and by physically controlling the landslides.
Developmental programs that involve modification of the topography, exploitation of natural
resources ad change in the balance load on the ground should not be permitted. Some critical
measures that could be undertaken to prevent further landslides are drainage measures, erosion
control measures such a bamboo check dams, terracing, jute and coir nettirrgckddll control
measuresuchasgrasslantation,vegetateddry masonrywall, retainingwallandmostimportantly
preventing deforestation and improving afforestation.

Disasters cannot be totally prevented. However early warning systems, careful gamn
preparednes®n part of the vulnerablecommunitywould helpin minimizingthe lossof life and
property due to these disasters.



Unit 6:

Social Issues and The Environment

FROMUNSUSTAINABOI®SUSTAINABIBEEVELOPMENT

Until two decades ago the world looked at economic status alone as a measure of human
development. Thus countries that were economically well developed and where people were
relativelyricherwere calledadvancedationswhile the restwhere povertywaswidespreadand
were economicallybackwardwere calleddevelopingcountries.Most countriesof North America
andEuropewhichhadbecomeindustrializedat anearlierstagehavebecomeeconomicallynore
advanced. They not only exploited their own natuesburces rapidly but also used the natural
resources of developing countries to grow even larger economies. Thus the way development
progressed, the rich countries got richer while the poor nations got poorer. However, even the
developed world has begun tealise that their lives were being seriously affected by the
environmental consequences of development based on economic growth alone. This form of
development did not add to the quality of life as the environmental conditions had begun to
deteriorate.

Bythe 1970smostdevelopmentspecialistbeganto appreciatethe factthat economicgrowth alone

could not bring about a better way of life for people unless environmental conditions were

improved. Development strategieshichonly economic considerations were used, had begun to

suffer from serious environmental problems due to air and water pollution, waste management,
deforestationandavariety of other ill effectsthat seriouslyaffectedLJS 2 Liteb@ityandhealth.
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global and national levels. The disparity in the lifestyles between the rich and the poor was made

worse by these unsustainable development strategies.

Many decades@o, Mahatma Gandhi envisioned a reformed village community based onsound
environmentaimanagementHestressedn the needfor sanitationbasedon recyclinghumanand
animal manure and wellentilated cottages built of recyclable material. He envisionextisoas
beingcleanandfree of dust. Hismainobjectivewasto usevillagemadegoodsinsteadof industrial
products. All these principals are now considered paound longierm development. Gandhiji
had designed a sustainable lifestyle for himself when these concepts were not a part of general
thinking.

A growing realization of the development strategy that Mahatma Gandhi had suggested many

decades earlier isaw accepted by experts on development across the world. This is based on his
conceptthat the world couldsupportLJS 2 Lifeegi®it not their greed.It hasbecomeobviousthat

the quality of human life has worsened as economies grew. The world now apgpdsst a

crossroad. It has taken the path of short term economic growth and now suffers the consequences
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the amount of resources used and wasted by geenomically well off sectors sbciety as well as



that requiredfor day to day sustenanasf the evergrowingpopulationin less developed countries.
Societymustthus changeits unsustainablelevelopmentstrategyto a newform wheredevelopment
will not destroythe environment.Thisform of sustainabledevelopmentcanonly be broughtaboutif
each individual practices a sustainable lifestyle based on caring for the earth.

It was also realized that these were not simple issues. Indira Gandhi said in the Stockholm
Conference in 1972 that poverty was the greatest polluter. This meant that while the super rich
nationshadseriousenvironmentalproblems the under-developedn Asia,Africaand SouthAmerica
had a different set of environmental problems linked to poverty. Developing countries were
suffering the consequences of a rapidly expanding human population with all itseffettte omer
utilization of natural resources.

Thusincreasinglythe world beganto seethe needfor a more equitableuseof earth resourcesThe
control over natural resources and the wealth that it produces also begins to create tensions
betweenpeoplethat caneventuallyleadto both strife within acountryandwarsbetweennations.
Thisis alsoamajor causefor the lossof quality of life. Howthen coulda new form of development
be broughtaboutthat couldsolvethe growingdiscontentin the world? It hasbecomeobviousthat
development must begin to change from aiming at short term economic gains to a long term
sustainablegrowth that would not only supportthe well beingand quality of life of all peopleliving
in the world today but that of future generations as well.

Thecurrentstrategiesof economicdevelopmentare usingup resourcesof the world so rapidlythat

our future generationsthe youngpeopleof the world, would haveseriousenvironmentalproblems,

much worse than those that we are facing at present. Thus current development strategies have
cometo be consideredunsustainabldor the g 2 NJAoRg@e#m development Thenewerconceptof
developmentha®2 YS (2 0S5 {1y 2 DeveldpyaS yaieddationsoh tiyelworld &me

to clearly understand these issues at the Rio Conference in 1992. Several documents were created
for the United Nations Conference on Environment and Development (UNCED), which brought out
the fact that environment andevelopment were closely connected and that there was a need to
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Sustainable development is defined as development that meets the needs of the present without
compromisinghe ability of future generationgo meettheir own needs.It alsolooks atthe equity
between countries and continents, races and classes, gender and ages. It includes social
developmentandeconomi®pportunity on one handandthe requirementsof environmenton the

other. It isbasedon improvingthe quality of life for all, especiallythe poor anddeprivedwithin the
carryingcapacityof the supportingecosystemslt isaprocessvhichleadsto abetter quality of life

while reducing the impact on the environment. Its strength is that it acknowledges the
interdependence of human needs and environmental requirements.

To ensure sustainable development, any activity that is expected to bring about economic growth
mustalsoconsidelits environmentaimpactssothat it ismore consistenwith longterm growth and
RSOSt2LYSyidod alye WRSEOSt2LIVSyld LINRP2SOGAQT &dzOK |
development, have seveenvironmental consequences thatust be stidied before they are even

begun. Thus for every project, in a strategy that looks at sustainable development, there must be a
scientifically and honestly done EIA, without which the project must not be cleared.

Large dams, major highways, mining, indusétg. can seriously damage ecosystems that support
the ecologicahealthof aregion.Forestsareessentiafor maintainingrenewableresourcesreducing
carbon dioxide levelsarndl Ay it AyAy3 2E&3Sy fS@gSta Ay (GKS SI NI



future human development. Loss of forests depletes biodiversity which has to be preserved to
maintain life on earth. Major heavy industries if not planned carefully lead to environmental
degradationdueto air andwater pollution andgenerateenormousquantitiesof wastethat leadto
longterm environmentahazardsToxicandNucleawastescanbecomeseriouseconomigproblems
asgettingrid of them isextremelycostly. Thusthe economicbenefitsof a projectmust beweighed
againstthe possibleenvironmentalcostsbefore a projectis permitted.Weascitizensof our Nation,

and increasingly as citizens of one common future at the global level, must constantly monitor the
pattern of development. If we see that a development project or an industry is leading to serious
environmental problems, it is our duty to britigis to the attention ofauthorities such as the local
administration the ForestDepartmentor the PollutionControlBoard,to lookinto the issue Further

if new developmentprojects arebeingplannedin andaroundthe placewherewe liveit isour duty

to seethat thisisbroughtaboutin accordanceavith environmentalsafeguardsWhilewe all needto
think globally, we need to act locally. We have to see to it that we change development from its
present mandate of rapid economic growth without a thought for future ecological integrity, to a
more sustainable ecologically appropriate strategy.

If newprojectsof a large size ar® be passed Governmehaismade it compulsoryo publish the
summaryreport of the EnvironmentalmpactAssessmenfEIAjandconductaWt dzb § h Rkig 3 Q @
essential that all of us as responsible citizens read, evaluateespdnd to such public hearings

held in our area and make comments on the possible impacts of the project. In many situations
there are proponentsof the projectwho onlylook at their own rapideconomicgains It isfor citizens
asconcernedndividualsandgroupsto counterthesevestedinterestssothat our environmentis not
degraded furtherLife hago be mademore livable forall. We cannotsupportthe economic growth

of one sector of society while we permit environmental degradation to destroyivks of the less
fortunate.

URBANPROBLEMBELATEDOENERGY

Urban centers use enormous quantities of energy. In the past, urban housing required relatively
smaller amounts of energhan we use at present. Traditional housing in India requiredvery little
temperature adjustments as the materials used, such as wood and bricks handled temperature
changedetter thanthe currentconcrete glassandsteelof ultra modernbuildings.Untithe 1950s

many urban kitchens were based on fuelwood or charcoal. This was possible and practical when
homes had chimneys and kitchens were isolated from the rest of the house. Smoke became a
problemoncethis changedo apartmentblocks Kerosenghusbecamea popularurbanfuel. This
changed to electrical energy and increasingly to natural gas by the 1970s in most parts of urban
India.

Urban centers in hot climates need energy for cooling. The early systems of fans changed into air
conditioning, which cosumes enormous quantities of energy. New buildings in our country have
takento usinglargeareascoveredby glassWhilein coldclimatesthis usesthe greenhouseeffectto
trap the warmth of the sun inside, in our hot climate this adds several de¢pabe temperature
inside. Thus it requires even more energy to run large central air conditioning units. High rise
buildings in urban centers also depend on energy to operate lifts and an enormous number of
lights.Urbantransportdependson energymainlyfrom fossilfuels.Most urbanpeopleusetheir own
individualtransportratherthan publictransportsystemdor avarietyof reasonsUrbantransportin
different cities and even different parts of a city are either inefficient or overcrowded. Thus even
middleincomegroupstendto usetheir own privatevehicles Thismeansmore andmore vehicleson
the roadwhich leads to traffic congestion, waste of time forth# commuters, and a great loaud



particulate matter and carbon monoxide from the exhaust of vehicles. This causes a rise in the
number of people having serious respiratory diseases. Thus there is a need to develop a more
efficientpublictransportsystemanddiscouragehe useof individual vehiclesn all our urbanareas.

Each of us as an environmentally conscious individual must reduce our use of energy. An
unnecessariightleft on carelesshaddsto energyuse.lmaginethe amountof energywastedby
thousands of careless people. If Vearned to save electricity, we would begin to have a more
sustainable lifestyle.

WATERCONSERVATIORAINWATERARVESTING/ATERSHERWANAGEMENT

Water Conservation:

Conservingvater hasbecomea prime environmentakconcern Cleanvateris becomingncreasingly
scarce globally. With deforestation surface runoff increases and the sub soil water table drops as
water has no time to seep slowly into the ground once vegetation is cleared.

Asmanyareasdependonwells,it hasbecomenecessaryo goon makingdeeperanddeeperwells.

This adds to the cost and further depletes underground stores of water. This could take years to
recharge even if the present rate of extraction is reduced which seems hardly possible in most
situations.

Asdeforestationanddesertificationspreadsdueto extensivechangesn landusethe onceperennial

rivers are becoming increasingly seasonal. In many areas the small streams run dry soon after the
monsoon as the water table drops further and further below the surface. To this is added serious
problems caused by rapid surface flow of water dgrihe rains, which leads to extensive floods

with loss of life and property.

Whenwe wastewater, we do not realisethat it isaffectingthe livesof all of usin somanydifferent

ways. Water has to be equitably and fairly distributed so that househsxd agriculture and
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water or cause pollution has led to a serious shortage of potable drinking water. Thus water

conservation is linked closely with ovdraliman well being.

Traditional systems of collecting water and using it optimally have been used in India for many
generations. These have been forgotten in the recent past. Conserving water in multiple small
percolationtanksand¥ 2 K $&itngofantintraditionalformsof agriculture Villagesalloverthe

countryhadoneor morecommonW¥ i | britadk&f@m whichpeoplecollectedor usedwater
carefully.

As women had to carry water to their homes over long distances, this was a time consuming and
laborious activity, thus the water could not be wast&thny homes had a kitchen garden that was
watered by the wastewater. Conservation of water was done initi@thl homes through a
conscioueffort.Duringthe Britishperiod manydamswere built acrosghe countryto supplywater
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building large dams for expanding agitare to support the green revolution. While this reduced

the need to import food material and removed starvation in the country, the country began to see
the effects of serious water shortages and problems related to its distribution. The newer forms of
irrigated agriculture such as sugarcane and other water hungry cash crops required enormous
guantitiesof water. Finallyhowever,suchirrigatedareasbecomewaterloggedandunproductive As
excess water evaporates rapidly from the surface of heavilyatedycroplands, it pulls up subsoil
water alongwith saltsto the surfaceof the soil. Thisleadsto salinizatiorby whichthe landbecomes



unproductive Reducinghe highsalinitylevelsin soilisextremelyexpensiveandfrequently
impossible.

With alltheseill effectsof the poorly conceivednanagementf water at the nationalandlocallevel
there is a need to consider a new water policy for the country.

Savingvaterin agriculture:Dripirrigationsupplieswvater to plantsnearits roots througha systemof
tubes, thus saving water. Small percolation tanks and rainwater harvesting can provide water for
agricultureanddomesticuse.Rainwatercollectedfrom rooftops canbe storedor usedto effectively
recharge subsoil aquifers.

Svingwater inurbansettings: Urbarpeoplewaste large amountef water. Leakindaps andpipes
areamajorsourceof lossof water. Canalandpipescarryingwater from damsto the consumeiead
to nearly 50% loss during transfer. Reducing the demand for water by savingpitdsappropriate
than trying to meet growing demands.

Rainwater Harvesting

Asourworld facesseriouswater shortageseverydrop of water we canuseefficientlybecomes of

great value. One method is to manage rain water in such a way that it is used at the source. If as
much water as possible is collected and stored this can be used after the rainy season is over. In
manypartsof the world especiallyin verydry areasthis hasbeentraditionally practiced.However

the stored water has to be kept pollution free and clean so that it can be used as drinking water.
Stored water can grow algaeand zooplankton (microscopic animals). This can be pathogenic and
cause infections. Thus keeping the water uncontaminaseaf great importance.

Current technologies of rainwater harvesting require that all roof and terrace water passes down
into acoveredtankwhereit canbe storedfor useafter the monsoon.Thisismostadvantageoui

arid areas where clean water is veyarce. However there are practical difficulties such as
constructing large storage tanks which are expensive.Another way of using rooftop rainwater
harvesting ito collect it so that ippercolates into theground to recharge wells instead flowing

over the ground into rivers. Thus by recharging growater harvested from rooftops, the water
table rises and the surrounding wells retain water throughout the year.

WatershedManagement:

Riversoriginatein streamsthat flow downmountainsandhill slopes Agroupof smallstreamsflow

down hillsidesto meetlargerstreamsin the valleywhichformsthe tributariesof majorrivers.The
management of a single unit of land with its water drainage system is called watershed
management. It is a technique that has several components. This includes soil and water
managementnddevelopingvegetativecover.Thenaturaldrainagepattern of awatershedunit if
managed appropriately can bring about local prosperity by a year round abundance of water that
improves the quality of human life in the area.

Asit provideswater throughout theyear,thisimproveshealthin the community,ascleanwater
becomesavailable Watershedmanagemenenhanceghe growth of agriculturalcropsandeven
makes it possible to grow more than one crop in a year in dry areas.

Watershed management begins by taking control over a degraded site through local participation.
Peoplemustappreciatethe needto improvethe availabilityof water both in quantity andquality for

their own area. Once this is adequately demonstrated,dbmmunity begins to understand the
project, people begin to work together in the activities that lead to good watershed management.



Thefirst technicalstepisto takeappropriatesoilconservatiormeasuresThisisdoneby
constructing a sees of long trenches and mounds

along contours of the hill to hold the rainwater and allow it to percolate into the ground. This
ensures that underground stores of water are fully recharged. This is enhanced by allowing grasses
and shrubs to grow and byapiting trees (mainly local species) which hold the soil and prevents it
from beingwashedawayin the monsoon Localgrasscovercanhoweveronlyincreassf free grazing

of domestic animals is prevented by stall feeding.

Thenextmeasureisto makeW y Ipfudgsi@the streamssothat the water isheldin the stream and
doesnot rushdownthe hillside.In selectedsites,severalsmallcheckdamsare built whichtogether
hold backlargeramountsof water. Allthesemeasuresonstitute soundwatershedmanagementlt

improves the water table and keeps the streams and nalas flowing throughout the year.

RESETTLEMERAND REHABILITATIQ¥PEOPLETSPROBLEMSNDCONCERNS

Major projectssuchasdams,mines, expresswayser the notificationof a National Pardisrupts the
lives of the people who live there and may also require moving them tdtarmmative site None of
uswouldliketo giveup the homewe grewup in. Uprootingpeopleisaseriousissue It reducesheir
ability to subsist on their traditional natural resource base and also creates great psychological
pressures. Especially tribal people, whose lives are woven closely around their own natural
resources, cannot adapt to a new way of life in a new plabeis no major project that is likely to
displace people can be carried amithout the consent ofhe local people. In India, lakle$ people
have been unfairly displaced by thousands of dams created since independence to drive the green
revolution. Thedamshavebeenbuilt virtually at the costof thesepoor localpeoplewho havebeen
powerlesgo resistthe D 2 @ S NJ/ Wil ThéGdéernmenis expectedto find W 3 2 @&aRI€landto
resettle displaced persons and provide them with an adequate rehabilitation package to recover
from the disruption.Thishasrarelyoccurredto the satisfactiorof the projectaffectedindividualsin
many cases across the country, this has not beenemented satisfactorily for decades.

Resettlementequiresalternateland.Howeverjn ouroverpopulatedcountry,thereisno arable

high quality land available. Thus most project affected persons are given unusable wasteland.
Rehabilitation involves morénan just giving land. In most cases this is also not adequately done.
The greatest battle to save their own precious land has been carried out by the tribal people of the
NarmadaRiver.Theyhavefoughtto savetheir landsfor decadesTheNarmadaBachacAndolanhas
shown how bittermpeople can gebver this issue.Resettlement nohly puts pressure othe project
affected people but also on the people who have been living in the area that has been selected for
resettlement.Thusboth the communitiessufferandconflictoverresourcess adistinctpossibilityin
future.There are however situations where communities request for shifting to a new site. This is
often observedwvhere peoplelive insideor onthe peripheryof a NationalParkor Wildlife Sanctuary
Inthese situations, such d@ke Gir inGujarat,the localpeoplehave asked to bgiven alternatdand
wherethey couldlive peacefully away from lions th&ill their cattle, but the Government has been
unable to find suitable areas where they can be shifted for decades.

ENVIRONMENTATHICISSUEBNDPOSSIBLEOLUTIONS

Environmentakthicsdealswith issueselatedto the rights ofindividualsthat are fundamentalto
life andwell being.Thisconcernsnot only the needsof eachpersontoday, but alsothosewho will
come after us. It also deals with the rights of other living creatures that inhabit our earth.

Resourceconsumptionpatternsandthe needfor their equitable utilisation:



Environmental ethics deals with issues that are related to how we utilise and distribute resources.
Canindividualgjustifiablyuseresourcesso differently that one individualusesresourcesnanytimes
more lavishlythan other individualswho havebarelyenoughto survive?n ajustworld, there hasto

be a more equitable sharing of resources than we encounter at present. The just distribution of
resources has global, national and local concerns that we need to ad@ifese. are rich and poor
nations.Therearerichandpoor communitiesin everycountry.Andthere arerichandpoor families.

In this era of modern economic development, the disparity between the haves andnuyés
widening.Ourhumanenvironmentsn the urban,ruralandwildernesssectorsusenaturalresources
that shift from the wilderness(forests,grasslandsyetlands,etc.)to the rural sector,andfrom there

to the urbansector.Wealthalsoshiftsin the samedirection. Thisunequaldistribution of wealthand
access to land and its resources is a serious environmental concern. An equitable sharing of
resources forms the basis of sustainable development for urban, rural and wilderness dwelling
communities Asthe political powerbaseisin the urbancenters thisitself leadsto inequalitiesanda
subsequent loss of sustainability in resource management in the rural and even more so for forest
dwelling people.

In 1985,Anil Agarwalpublishedthe first report onthe Statusof L Y R Enlvir@rimentlt emphasized
thatL Yy RdnVirtnénentaproblemswere causedy the excessiveonsumptiorpatternsof the rich
that left the poor poorer. It was appreciated for the first time that tribals, especially women and
other marginalized sectorsf our societywere being leftout of economic developmenthereare
multiple stakeholders in Indian society who are dependent on different natural resources which
caterdirectlyor indirectlyto their survivalneeds.AnilAgarwalbroughtforth a setof 8 propositions
which are of greatrelevanceto the ethicalissueghat arerelatedto environmentalconcernsThese
include:

1. Environmentatlestructionislargelycausecdoythe consumptiorof the rich.

2. Theworst sufferersof environmental destructiomrethe poor.

3.Everwherenatureisbeing®¥ NB O N&sin a@ff&ds@atbn, it isbeingtransformedawayfrom the
needs of the poor and towards those of the rich.

4. Everamongthe poor,the worst sufferersarethe marginaliseculturesandoccupationsand
most of all, women.

5.Therecannotbe propereconomicandsocialdevelopmentwithout a holisticunderstandingpf
society and nature.

6.1f we carefor the poor, we cannotallowthe GrossNatureProductto be destroyedanyfurther.
Conserving and recreating nature has become our highest priority.

7.Gross Nature Product will be enhanced only if we can arrest and reverse the growing alienation
betweenthe peopleandthe commonpropertyresourcesin thiswe will haveto learnalot from our
traditional cultures.

8.1t is totally inadequate to talk only of sustainable rural development, as the World Conservation
Strategydoes.Wecannotsavethe rural environmentor rural peopledependentonit, unlesswe can
bring about sustainable urban development.

Whopaysfor the costof environmentaldegradationMost sectionsof societydo not feel the direct
effects of degradation of the environment till it is too late. Those who suffer most are the poor,
especiallyuralwomen,andtribal peoplewho aredependentonforests.Traditionalfishermernwho



aredependenton streamsandrivers,andcoastalpeoplewho fishandcatchcrustaceaare seriously
affected by the degradation of aquatic ecosystems. Fuelwood gatherers from different types of
forests, andoastoralistsvho aredependenton commongrazingands suffewhentheir resources
are depleted.

Severamarginalisedectorsof societyare mostaffectedby deforestation,or the lossof grassland
tracts, or the deterioration of perennial water sources. All these effects can be linked to
unsustainable increasing pressures on land and natural resources.

The well to do educated urban dwellesrisumes much larger quantities of resources and energy,
thanthe traditionalruralindividual.Urbandwellerswho arefar removedfrom the sourceof natural
resources that sustain their lives thus require exposure to agedigned environment education
program to appreciate these issues. While the rural people have a deep insight on the need for
sustainable use of natural resources and know almethods of conservation, there are however
several neweenvironmental concernthat are frequentlyoutsidetheir sphereof life experiences.
Their traditional knowledge of environmental concerns cannot be expected to bring about an
understanding of issues sl as global warming, or problems created by pollution, pesticides, etc.
Thesepeoplethusrequireadifferent pattern of environmenteducationthat isrelatedto their gaps

in information. With the rapidly changing rural scenario the development thairisst on
unsuspecting rural communities needs to be addressed through locale specific environment
awareness programs designed specifically for rural school children and adults. This must also use
their local traditional knowledge systems as a base on wiigtiern concepts can be built, rather
than by fostering concepts that are completely alien to their own knowledge systems.

Common property resources in India once included vast stretches of forests, grazing lands and
aquatic ecosystems. When the Britislufal that they were unable to get enough wood for ship
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own use to grow timber trees. This alienated local people from having a stake in preserving these
resour@s.Thisinturn ledto large-scalelossesdn forest coverandthe creationof wastelandInthe

past, in traditional villages that were managed by local panchayats, there were well defined rules
about managing grazing lands, collecting forest resouraesegting sacred groves, etc. that
supported conservation. There was a more or less equitable distribution that was controled by
traditional mechanisms to prevent misuse of common property resources. Any infringement was
quickly dealt with by the panchayand the offender was punished. Common property resources
werethuslocallyprotectedby communities Aslandusepatternschangedthesemechanismsvere

lost and unsustainable practices evolved, frequently as a result of an inadequately planned
development strategy.

Equity¢ Disparityin the Northern and Southerncountries

Environmental ethics are concerned with, who owns resources and how theystiibutied. This
canbelookeduponat different levels.At the globallevelit dealswith the greatNorth ¢ Southdivide
between the rich industrialized nations of North America and Europe, as against the needs of
developing countries of the South

suchasin South and Southeast Asaad South America. People livingl economicallyadvanced
nationsusegreateramountsof resourcesand energyper individualand alsowastemore resources.
This is at the cost of poor people who are resource dependant and live in developing nations.

The economically advanced West has exploited their own natural resources to such an extent that
they haveexhaustedhem nearlyeverywhere Theynow buy their resourcesrom resourcerich but






