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UNIT-I

ENVIRONMENTALSCIENCEINTRODUCTIONANDNATURAL
RESOURCES

INTRODUCTION

The word Environment is derived from the French word “Environ” which means “surrounding”.
Our surrounding includes biotic factors like human beings, Plants, animals, microbes, etc and
abiotic factors such as light, air, water, soil, etc. Environment is a complex of many variables,
which surrounds man as well as the living organisms.

Environment includes water, air and land and the interrelation ships which exist among and
between water, air and land and human beings and other living creatures such as plants, animals
and micro organisms. She suggested that environment consists of an inseparable whole system
constituted by physical, chemical, biological, social and cultural elements, which are interlinked
individually and collectively in myriad ways. The natural environment consist of fourinterlinking
systems namely, the atmosphere, the hydrosphere, the lithosphere and thebiosphere. These four
systems areinconstant changeandsuch changes areaffectedbyhumanactivities and vice versa.

Components ofEnvironment
Environment hasbeen classified intofourmajor components:

1. Hydrosphere,
2. Lithosphere,
3. Atmosphere,
4. Biosphere.

Hydrosphere includes all water bodies such as lakes, ponds, rivers, streams and ocean etc.
Hydrosphere functions in a cyclic nature, which is termed as hydrological cycle or water cycle.
Lithospheremeansthemantleof rocksconstitutingtheearth’scrust. Theearth isacoldspherical solid
planet of the solar system, which spins in its axis and revolves around the sun at a certain
constant distance.

Lithosphere mainly, contains soil, earth rocks, mountain etc. Lithosphere is divided into three
layers-crusts, mantle and core (outer and inner). Atmosphere The cover of the air, that envelope
the earth is known as the atmosphere.

Atmosphere is a thin layer which contains gases like oxygen, carbon dioxide etc. and which
protects the solid earth and human beings from the harmful radiations of the sun. There are five
concentric layers within the atmosphere, which can be differentiated on the basis of temperature
and each layer has its own characteristics. These include the troposphere, the stratosphere, the
mesosphere, the thermosphere and the exosphere.

Biosphere it is otherwise known as the life layer, it refers to all organisms on the earth’s surface
and their interaction with water and air. It consists of plants, animals and micro-organisms,
rangingfromthetiniestmicroscopicorganismtothelargestwhalesinthesea.Biologyis




concerned with how millions of species of animals, plants and other organisms grow, feed,move,
reproduce and evolve over long periods of time in different environments. Its subject matter is
useful to other sciences and professions that deal with life, such as agriculture, forestry and
medicine. The richness of biosphere depends upon a number of factors like rainfall, temperature,
geographical reference etc. Apart from the physical environmental factors, the man made
environment includes human groups, the material infrastructures built by man, the production
relationships and institutional systems that he has devised. The social environment shows the
way in which human societies have organized themselves and how they function in order to
satisfy their needs.

MULTIDISCIPLINARYNATUREOFENVIRONMENTALSTUDIES

Environmental science is an interdisciplinary academic field that integrates physical and
biological sciences, (including but not limited to Ecology, Physics,Chemistry, Biology,
SoilScience,Geology,  AtmosphericScienceandGeography)tothestudyoftheenvironment,andthe
solution of environmental problems. Environmental science provides an integrated, quantitative,
and interdisciplinary approach to the study of environmental systems.

Related areas of study include environmental studies and environmental engineering.
Environmental studies incorporate more of the social sciences for understanding human
relationships, perceptions and policies towards the environment. Environmental engineering
focuses on design and technology for improving environmental quality.

Environmental scientists work on subjects like the understanding of earth processes, evaluating
alternative energy systems, pollution control and mitigation, natural resource management, and
the effects of global climate change. Environmental issues almost always include an interaction
of physical, chemical, and biological processes.

The multidisciplinary nature of environmental science is illustrated in
following diagram
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SCOPEOFENVIRONMENTALSCIENCE

Because of environmental studies has been seen to be multidisciplinary in nature so it is
consideredtobeasubjectwithgreatscope. Environmentisnotlimitedtoissuesofsanitationand health
but it is now concerned with pollution control, biodiversity conservation, waste management and
conservation of natural resources. This requires expert eyes and hence is creating new
jobopportunities. Theopportunities in thisfieldare immense not onlyfor scientists but also for
engineers, biologists. There is agoodchance of opportunitytofinda jobin this field
asenvironmentaljournalists.Environmentalsciencecanbeappliedinthefollowingspheres:

Ecosystem StructureandFunction

The study of ecosystems mainly consists of the study of the processes that link the leaving
organism or in other words biotic component to the non-living organism or a biotic component.
So for the study of environment we should aware with biotic and a biotic components.
NaturalResourceConservation

For managingand maintenance offorests which are naturalresources and forthemaintenance of
wildlife forms task under natural resource conservation. It is also a scope of environmental

studies

EnvironmentalPollutionControl

With the knowledge of environmental science everybody can control the pollution. He/she can
handle the waste management and also look for ways to control pollution on the aspect of
pollution control.

Environmental management

ThereareseveralindependentenvironmentalconsultantswhoareworkingwithCentralandState
pollution control Board. They offer advice to solve the problems of environment the optimum
solution for the upcoming problems. They give direction for controlling pollution due to
industrial development. There are several current consultants who are working with government
pollution control boobs, involved in policy making, pollution control and maintenance of
ecological balance.

Thescopeofenvironmentalstudiesinindustry

Environmental scientist’s work towards maintenance of ecological balance, they also work
towards conservation of biodiversity and regulation of natural resources as well as on
preservation of natural resources. Most of the industries have a separate environmental research
and development section. These sections govern the impact that their industry has on the
environment.Ourenvironmentisbeingdegradedbytherapidindustrialization. Tocombatthis




menace there is a growing trend towards manufacture of "green" goods and products. So we can
say that there is a good scope in the field of industry from environmental studies.

Researchanddevelopment

Research and development have tremendous scope due to increment in public awareness
regarding the environment. Various universities and governmental organizations offer a scopefor
such research. These universities conduct research studies in order to develop the methods
toward monitoring and controlling the source of environmental pollution. Due to an increasing
threat from global warming, many steps are being undertaken for the reduction of greenhouse
gases and the adoption of renewable energy resources. They generate awareness now regarding
the use of solar energy for variety of purposes. This provides scope of environmental history in
the field of research and development.

SocialDevelopment

NGO (Nongovernmental organizations) help in creating awareness regarding the protection ofthe
environment and making the masses aware of various environmental issues . They also generate
a public opinion in this field. They work towards disseminating information and in bringing
aboutchanges inpoliticalpolicies thatare personally effect theenvironment. Thesocial dimension
of this profession includes controlling population explosion through organizing advisory
awareness camps.

IMPORTANCEOFENVIRONMENTSCIENCE

The environment studies enlighten us, about the importance of protection and conservation ofour
indiscriminate release of pollution into the environment.

Environmentsciencehasbecome significantforthefollowingreasons:
1.EnvironmentlssuesBeingoflnternational Importance
It has been well recognized that environment issues like global warming and ozone depletion,

acid rain, marine pollution and biodiversity are not merely national issues but are global issues
and hence must be tackled with international efforts and cooperation.

2. Problems CroppedintheWakeofDevelopment

Development, in its wake gave birth to Urbanization, Industrial Growth, and Transportation
Systems, Agriculture and Housing etc. However, it has become phased out in the developed
World. The North, to cleanse their own environment has fact fully, managed to move ‘dirty’
Factories of South. When the West developed, it did so perhaps in ignorance of the
Environmental impact of its activities. Evidently such a path is neither practicable nor desirable,
even if developing world follows that.




3. ExplosivelyIncreaseinPollution

World census reflects that one in every seven persons in this planted lives in India. Evidently
with 16 per cent of the world's population and only 2.4 per cent of its land area, there is a heavy
pressure on the natural resources including land. Agricultural experts have recognized soilshealth
problems likedeficiency of micronutrientsand organic matter, soil salinity anddamage of soil
structure.

4. NeedtoSaveHumanityfromExtinction

Itisincumbentuponustosavethehumanityfromextinction. Consequenttoour activities Constricting the
environment and depleting the biosphere, in the name of development.

5. Needfor WisePlanningof Development

Our survival and sustenance depend. Resources withdraw, processing and use of the producthave
all to by synchronized with the ecological cycles in any plan of development our actions should
be planned ecologically for the sustenance of the environment and development.

NEEDFORPUBLIC AWARENESS

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

Someofthese challengesare asunder:

1.GrowingPopulation

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

2. Poverty

India has often been described a rich land with poor people. The poverty and environmental
degradation have a nexus between them. The vast majority of our people are directly dependent
on the nature resources of the country for their basic needs of food, fuelshelter and fodder.
About40%  ofourpeoplearestillbelowthepovertyline.Environment  degradationhasadversely
affected the poor who depend upon the resources of their immediate surroundings. Thus, the
challenge of poverty and the challenge environment degradation are two facets of the same
challenge. The population growth is essentially a function of poverty. Because, to the very poor,
every child is an earner and helper and global concerns have little relevance for him.




3. AgriculturalGrowth
The peoplemust beacquainted withthe methodsto sustain andincrease agricultural growth with
damaging the environment. High yielding varieties have caused soil salinity and damage to
physical structure of soil.

4. Needto Ground water

It is essential of rationalizing the use of groundwater. Factors like community wastes, industrial
effluents and chemical fertilizers and pesticides have polluted our surface water and affected
qualityofthegroundwater.Itisessentialtorestorethewater qualityofour riversandother water bodies
as lakes are an important challenge. It so finding our suitablestrategies for consecrationof water,
provision of safe drinking water and keeping water bodies clean which are difficult challenges is
essential.

5. DevelopmentandForests

Forests serve catchments for the rivers. With increasing demand of water, plan to harness the
mighty river through large irrigation projects were made. Certainly, these would submerge
forests; displace local people, damage flora and fauna. As such, the dams on the river Narmada,
Bhagirathi and elsewhere have become areas of political and scientific Debate.

NATURALRESOURCES

The word resource means a source of supply. The natural resources include water, air, soil,
minerals, coal, forests, crops and wildlife are examples. All the resources are classified based on
quantity, quality, re-usability, men’s activity and availability.

Natural resources are naturally occurring substances that are considered valuable in their
relatively unmodified (natural) form. A natural resource’s value rests in the amount of the
material available and the demand for it. The term was introduced to a broad audience by
E.F.Schumacher in his 1970s book Small is Beautiful.

a) Renewableresource orinexhaustible resources

The renewable resources can maintain themselves or can be replaced if managed wisely. These
resources are constantly renewed in nature. The renewable resources are therefore not likely tobe
lost due to excessive and unwise use.

b) Non-renewableresourcesorexhaustible resources

These resources once used are lost forever, as they are not restored. They include metallic
mineralsandfossilfuels. Atcurrentrates of usage,all theindustrial metalsmay loseforlessthan a
century and those of petroleum and natural gas may exhaust in 15-20 years.

NaturalResourcesandAssociated Problems

Human population is growing day-by-day. Continuous increase in population caused an
increasing demand for natural resources. Due to urban expansion, electricity need and
industrialization, man started utilizing natural resources at a much larger scale. Non-renewable
resources are limited. They cannot be replaced easily. After some time, these resources maycome
to anend. Itis amatter of muchconcern andensures a balance between populationgrowth
andutilizationofresources. Thisoverutilizationcreatesmanyproblems.Insomeregionsthere
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are problems of water logging due to over irrigation. In some areas, there is no sufficient water
for industry and agriculture. Thus, there is need for conservation of natural resources.

Therearemanyproblemsassociatedwithnaturalresources:

Forestresourcesandassociated problems

1. Useandover-exploitation.

2. Deforestation.

3. Timberextraction.

4. Mining anditseffectsonforest.

5. Damsandtheireffectsonforestsandtribal people.
Waterresourcesandassociatedproblems

1. Useandoverutilization ofwater.

2. Floods,droughts etc.

3. Conflictsover water.

4. Damsandproblems.
Mineralresourceandassociated problems

1. Useand exploitation.

2. Environmentaleffectsofextractingandusing minerals.
Foodresourcesandassociatedproblems

1. Worldfood problems.

2. Changescaused by agricultureandovergrazing.

3. Effectsofmodernagriculture.

4. Fertilizer-pesticideproblems.

5. Waterloggingandsalinity.
Energyresourcesandassociatedproblems

1. Growingenergyneeds.
Landresourcesandassociated problems

1. Land degradation.

2. Man-inducedlandslides.

3. Soilerosionanddesertification.

FORESTRESOURCES

Forests are one of the most important natural resources and a part of biosphere since these are
natural assets on this earth. Forests predominantly composed of trees, shrubs, woody vegetation
etc... Approximately 1/3rd of the earth’s total land area is covered by forests. Forests are
important ecologically and economically. Ecologically forests are to be considered as earth’s
lungs because they consume COzand release Owhich is required for sustaining the life on this
earth. The poisonous gas CO.is absorbed by the trees of forests and reduces the global warming
and helps to continue hydrological cycle, reduce soil erosion. Forest ecosystems are extremely
good & hold a good quantity of water.

Economically forests provide timber, fodder to grazing animals, firewood(conventional fuel),
bamboos, rubbers, medicines, gums, resins, food items etc.




USESOF FOREST

1. Watershedprotection:

* Reducethe rateofsurfacerun-offofwater.

» Preventflashfloodsandsoil erosion.

* Producesprolongedgradualrun-offand thusprevent effectsof drought.

2. Atmosphericregulation:

* Absorptionof solarheatduringevapo-transpiration.
 Maintainingcarbondioxidelevelsforplantgrowth.

 Maintainingthelocal climaticconditions.

3. Erosion control:

* Holdingsoil (bypreventingrainfromdirectly washing soilaway).

4. Landbank:

» Maintenanceofsoilnutrientsandstructure.

5. Localuse-Consumptionofforestproducebylocalpeoplewhocollectitforsubsistence —
(Consumptive use)

« Food-gatheringplants, fishing,huntingfromtheforest. (Inthepastwhenwildlifewas

Plentiful, people could hunt and kill animals for food. Now those populations of most

Wildlife species have diminished; continued hunting would lead to extinction.)

« Fodder -forcattle.

» Fuelwood andcharcoalforcooking, heating.

* Poles-buildinghomesespecially inrural andwilderness areas.

« Timber—householdarticlesand construction.

« Fiber-weaving ofbaskets,ropes,nets,string,etc.

» Sericulture —forsilk.

« Apiculture-beesforhoney,forestbeesalso pollinatecrops.

 Medicinal plants - traditionally used medicines, investigating them as potential Source for new
modern drugs.

6. Marketuse -(Productiveuse)

 Most of the above products used for consumptive purposes are also sold as source ofincome for
supporting the livelihoods of forest dwelling people.

» Minorforestproduce-(non-woodproducts):Fuelwood,fruit,gum,fiber,etc.whichare Collected and
sold in local markets as a source of income for forest dwellers.

» Majortimberextraction-construction,industrialuses,paperpulp,etc. Timberextractionis done in
India by the Forest Department, but illegal logging continues in many of the forests of India and
the world.




OVEREXPLOITATIONOFFORESTS

Forest has been known to possess huge potential for human use and they have been exploited
since early times for their vast potential. Exploitation of forest has taken place to meet human
demands in the following ways:

Due to wood cutting and large scale logging for raw materials like timber,
pulp wood, fuel wood etc

Deforestation due toroadconstruction

Clearing of forest to create more agricultural lands to meet the food needs
of growing population
Encroachmentofforestsleadingtodestructionofabout19.57lakh hectares
(2013)of forest in the country

About78%offorest areaisunderheavy grazing
Miningactivitiesleadstoclearing offorests

Bighydro electricprojectsresult inlargescale destruction of forest

In India, Joint forest management has come up as innovative approach involving community
participation so that the rural economy is strengthened as well as forest resources are conserved
through public involvement

DEFORESTATION

Deforestation is the permanent destruction of indigenous forests and woodlands. The term does
not include the removal of industrial forests such as plantations of gums or pines. Deforestation
has resulted in the reduction of indigenous forests to four-fifths of their pre-agricultural area.
Indigenous forests now cover 21% of the earth's land surface. Deforestation refers to the loss of
forest cover (or) theaimlessdestruction of trees. Theclearing of forestsacrosstheearth hasbeen
occurring on a large scale basis for many centuries. This process involves the cutting down,
burning and damaging of forests. Currently 12 million hectares of forests are cleared annually
andthecurrentrateofdeforestationcontinues, theworld’sforestswillvanishwithinthenext100 years
about 80% of the original forests on the earth have already been cleared.

MajorcausesofDeforestation:

a. Shiftingcultivation:Thereareanestimated300millionpeoplelivingasshiftingcultivatorswho
practice slash and burn agriculture and are supported so clear more than 5 lakh ha of forests for
shifting cultivation annually. In India, we have this practice of North-East and to some extent in
Andhra Pradesh, Bihar and M.P. which contribute to nearly half of the forest clearing annually.

b. Fuelrequirements:Increasingdemandsforfuelwoodbythegrowingpopulationinindiaalone  has
shooted up to 300-500 million tons in 2001 as compared to just 65 million tons during
independence, thereby increasing the pressure on forests.

c. Rawmaterialsforindustrialuse:Woodformakingboxes, furniture, railway-sleepers,plywood,
matchboxes, pulpforpaperindustryetc.haveexertedtremendouspressureonforests. Plywood




is in great demand for packing tea for Tea industry of Assam while fir tree wood is exploited
greatly for packing apples inJ & K.

d. Developmentprojects:Massivedestructionofforestsoccursforvariousdevelopmentprojects like
hydroelectric projects, big dams, road construction, mining etc.

e. Growingfoodneeds:Indevelopingcountriesthisisthemainreasonfordeforestation. Tomeet ~ the
demands of rapidly growing population, agricultural lands and settlements are created
permanently by clearing forests.

f. Overgrazing: Thepoorinthetropicsmainlyrelyonwoodasasourceoffuelleadingtolossof tree cover
andthe clearedlands areturnedintothe grazinglands. Overgrazingbythe cattleleads to further
degradation of these lands.

g. Conversion offorestsand woodlandsto agricultural land tofeed growing numbersofpeople

MajoractivitiesandthreatstoForestsresources:

1. TimberExtraction:Loggingforvaluabletimber,suchasteakandMahogany notonlyinvolvesa few
large trees per hectare but about a dozen more trees since they are strongly interlocked with each
other a by vines etc. Also road construction for making approach to the trees causes further
damage to the forests. The steps in timber extraction are:

a) Clear felling

b) Mechanizedlogging

c¢) Manual logging

d) Selectivelogging

2. Mining:Miningoperationsfor  extractingmineralsandfossil  fuelslikecoal ofteninvolvesvast
forest areas. Mining from shallow deposits is done by surface mining while that from deep
deposits is done by sub-surface mining. More than80000 ha of land of the country is presently
under the stress of mining activities. Mining and its associated activities require removal of
vegetation along with underlying soil mantle andoverlying rock masses. This results in defacing
the topography and destruction of the landscape in the area. Large scale deforestation has been
reported in Mussorie and Dehradun valley due to indiscriminating mining of various minerals
over a length of about 40 Km.

DAMSANDOTHEREFFECTS ONFORESTANDTRIBAL PEOPLE

Forest are directly are indirectly effected by the forest. Hydro-electric dams are main cause for
deforestation. About 40,000 large dams are currently obstructing Workloads Rivers. Destruction
of forest occurs for constructing big dams, which alters ecological balance. In these way
landslides, droughts and floods conditions may rise in area. Socio-economic problems related to
tribal and native people results from big dam construction

Dam construction produces a number of health hazards. Thousands of workers who build the
dams attacked by the diseases like AIDS, measles, tuberculosis, syphilis etc. Dam building has
resultedinwiderangehumanrightsviolations.Rehabilitationpolicyofthegovernmentis




important and typical when most of the displaced persons are tribal people. Tribal life andculture
are mostly associated with forest

CASESTUDIES:

Chipko movementrelatedtominingorquarryingopposed by SundarlalBahuguna inNorth India. The
first Chipko action took place spontaneously in April 1973 and over the next five years spread to
many districts of the Himalaya in Uttar Pradesh. The name of the movement comes from a word
meaning 'embrace’: the villagers hug the trees, saving them by interposing their bodies between
them and the contractors' axes. The Chipko protests in Uttar Pradesh achieved a major victory in
1980 with a 15-year ban on green felling in the Himalayan forests of that state by order of India’s
then Prime Minister, Indira Gandhi. Since then the movement has spread to Himachal Pradesh in
the North, Kamataka in the South, and Rajasthan in the West, Bihar in the East and to the
Vindhyas in Central India. In addition to the 15-year ban in Uttar Pradesh, the movement has
stopped clear felling in the Western Ghats and the Vindhyas and generated pressure for a natural
resource policy which is more sensitive to people's needs and ecological requirements.
SardarSarovar—Narmadaprojectisamultipurpose project inGujarat

WATERRESOURCES
Water resources are sources of water that are useful orpotentiallyuseful. Uses ofwater include
agricultural, industrial, household, recreational and environmental activities. Virtually all ofthese

human uses require fresh water.

Distributionofwateronearth:

97% of the water on the Earth is salt water. Only three percent is fresh water; slightlyover
two thirds of this is frozen in glaciers and polar ice. The remaining unfrozen freshwater is
found mainly as groundwater, with only a small fraction present above ground or in the
air

Fresh wateroccursmainlyintwoforms
1. Groundwaterand2.Surfacewater

1. Groundwater:About9.86%ofthetotalfreshwaterresourcesisintheformofgroundwater and it
is about 35-50 times that of surface water supplied

USES OF WATER:

DOMESTIC USE: Water used in the houses for the purposes of drinking, bathing,
washing Clothes, cooking, sanitary & other needs. The recommended value according to
Indian standard specification for domestic use is 135 liters/day
INDUSTRIAL USE: Water is required for various industries such as cement, mining,
textile, leather industries.
PUBLICUSE:Thisincludeswaterusedforpublicutilitypurposesuchaswateringparks,
Flushing streets, jails etc.

. FIRE USE: Waterisused incaseofaccidentsand to preventthefire issues.
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5. IRRIGATION:Togrowcropswhichisthemainsourcesfor food?
6. OTHERUSES:Hydroelectricpowergenerationrequireswater.

OVERUTILIZATIONOFGROUNDWATERANDSURFACE WATER

Over useof groundwaterhasfollowing effects.

1. Lowering of water table: Excessive use of ground water for drinking, irrigation and
Domestic purposes has resulted in rapid depletion of ground water in various regions
leading to lowering of water table & drying of wells.

Thereasons forshortageofwaterare:

a. Increasein population,
b. Increasingdemandof waterfor various purposes.
c. Unequal distributionoffreshwater.
d. Increasingpollutionofwatersourcescauseover exploitation.
2. Ground subsidence: When ground water withdrawal is greater than its recharge rate,the
sediments in the aquifer become compacted. This is called ground subsidence whichmay cause
damage of buildings, destroy water supply systems etc.
3. Drought. A drought is an extended period of months or years when a region notes a
deficiency initswater supplywhether surfaceor undergroundwater.Generally,thisoccurswhen a
region receives consistently below average precipitation.
We candefinedroughtinfour mainways:
a) Meteorologicaldrought:relatedtorainfallamounts
b) Hydrologicaldrought:determinedbywater levelsinreservoirs
c¢) Agriculturaldrought: related to theavailabilityof waterforcrops
d) SocioeconomicDrought:relatedtodemandandsupplyofeconomic
goods
a) Meteorological Drought: Meteorological drought is generally defined by comparing the
rainfall in a particular place and at a particular time with the average rainfall for that Place.The
definition is, therefore, specific to a particular location.Meteorological drought leads to a
depletion of soil moisture and this almost always has an impact on crop production.

b) Hydrological Drought: Hydrological drought is associated with the effect of low rainfall on
water levels in rivers,reservoirs,lakes and aquifers. Hydrological droughts usually are noticed
some time after meteorological droughts. First precipitation decreases and, Sometime after that,
water levels in rivers and lakes drop.

C) Agricultural Drought: Agricultural drought mainly effects food production and farming.
Agricultural drought and precipitation shortages bring soil water deficits, reduced ground water
or reservoir levels, and so on. Deficient topsoil moisture at planting may stop germination,
leading to low plant populations.

d) Socioeconomic Drought: Socioeconomic drought occurs when the demand for an economic
good exceeds supply as a result of a weather-related shortfall in water supply.The supply of
manyeconomicgoods,suchaswater,forage,foodgrains,fish, andhydroelectricpower,depends on
weather. Due to variability of climate, water supply is sufficient in some years but not
satisfactory to meet human and environmental needs in other year
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FLOODS

Aflood isan overflow of water that submergeslandwhich isnormally dry.The European Union
(EV) Floods Directive defines a flood as a covering by water of land not normally covered by
water. Flooding may occur as an overflow of water from water bodies, such as a river or lake, in
whichthewater overtopsor breaks, resultinginsomeof thatwater escapingitsusualboundaries, or it
may occur dueto anaccumulation of rainwater on saturated ground inan areaflood. Floods can
also occur in rivers when theflow rate exceeds the capacity of the river channel, particularly at
bends in the waterway. Floods often cause damage to homes and businesses if they are in the
natural flood plains of rivers.

CONFLICTSOVERWATER

Water conflict isatermdescribing aconflictbetween countries, states, orgroupsover anaccess to
water resources. The United Nations recognizes that water disputes result from opposing
interests of water users, public or private.

A wide range of water conflicts appear throughout history, though rarely are traditional wars
waged over water alone. Instead, water has historically been a source of tension and a factor in
conflictsthatstartforotherreasons. However, waterconflictsariseforseveralreasons, including
territorial disputes, a fight for resources, and strategic advantage.

These conflicts occur over both freshwater and saltwater, and between international boundaries.
However, conflicts occur mostly over freshwater; because freshwater resources are necessary,yet
limited, they are the center of water disputes arising out of need for potable water. As freshwater
is a vital, yet unevenly distributed natural resource, its availability often impacts the living and
economic conditions of a country or region. The lack of cost-effective waterdesalination
techniques in areas like the Middle East, among other elements of water crises can put severe
pressures on all water users

According to the 1992 International Conference on Water and the Environment, Water is a vital
element for human life, and any human activity relates somehow to water. Unfortunately, it isnot
a renewable resource and in the future it "might get worse with climate change

Water conflicts occur because the demand for water resources and potable water extend far
beyond the amount of water actually available. Elements of a water crisis may put pressures on
affected parties to obtainmore of a shared water resource, causing diplomatic tension or outright
conflict.

The Cauvery water dispute: Out of Indias 18 major rivers, 17 are shared between different
states.In all these cases, there are intense conflicts over these resources which badly seem to
resolve. The Cauvery river water is a born of contention between tamilnadu and Karnataka and
the problem is almost hundred years old. Tamilnadu occupying the downstream region of the
river wants water-use regulated in the upstream state Karnataka refuses to do so and claims its
privacyovertheriverasupstreamuser. Theriverwaterisalmostfullyutilizedandboththe
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states having increasing demands for agriculture and industry. The consumption is more in
Tamilnadu than Karnataka where the catchment area is rockier. On June 2, 1990, the Cavery
Water dispute tribunal was set up which through an interim award directed Karnataka to ensure
that 205 TMCF of water was made available in Tamilnadus mettur dam every vyear, till a
settlement was reached. In 1991-92 due to good monsoon, there was no disputr as there wasgood
stock of water in Mettur , but in 1995, the situation turned into a crisis due to delayed rains and
an expert committee was set up to look into the matter which found there was a complex
cropping pattern in Cauvery basin. Sambra paddy in winter, Kurvai paddy in summer and some
cash crops demanded intensive water, thus aggravating the water crisis. Proper selection of crop
varieties, optimum use of water, better rationing and rational sharing patterns, and pricing of
water are suggested as some measures to solve the problem.

DAMS-BENEFITSANDPROBLEMS

Today there are more than 45,000 large dams around the world, which play an important role in
communities and economies that harness these water resources for their economic development.
Current estimates suggest some 30-40% of irrigated land worldwide relies on dams.Hydropower,
another contender for the use of stored water, currently supplies 19% of theworld’s total electric
power supply and is used in over 150 countries. The world’s two most populous countries —
China and India — have built around 57% of the world’s large dams.

BENEFITS:

River valley projects with big dams have usually been considered to play a key role in the

development process due to their multiple uses. India has the distinction of having the largest
number of river valley projects.The tribal’s living in the area pin big hopes on these projects as
they aim at providing employment and raising the standard and quality of life. The dams have
tremendous potential for economic upliftment and growth. They can help in checking floods and
famines, generate electricity and reduce water and power shortage, provide irrigation water to
lower areas, provide drinking water in remote areas and promote navigation, fishery etc

PROBLEMS:

« Fragmentationandphysicaltransformationofrivers.

« Seriousimpactsonriverineecosystems.

« Socialconsequencesoflargedamsduetodisplacement ofpeople.

« WaterloggingandStalinizationof surrounding lands.

« Dislodginganimalpopulations, damagingtheirhabitatandcuttingofftheirmigrationroutes.

« Fishingandtravelbyboatdisrupted.

Large dams have had serious impacts on the lives, livelihoods, 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 displaced by dams, 40 to 50% were tribal people, who account for only 8% of ournation’s
one billion people.




MINERALRESOURCES

A mineral is a naturally occurring substance of definite chemical composition and identifiable
physical properties. An ore is a mineral or combination of minerals from which a useful
substance, such as a metal, can be extracted and used to manufacture a useful product.

The geological processes are caused for the formation of the minerals over millions of years ago
in the earth’s crust. Minerals are generally localized in occurrence and the deposits are very
sporadicin distribution. Mineral resourcesarenonrenewableand themineral /oreisextractedby the
process of mining.

Iron, aluminum, zinc, manganese and copper are important raw materials for industrial use.
Important non-metalresources include coal, salt, clay, cement and silica. Stoneused for building
material, such as granite, 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 and rubies. The luster of gold, silver and platinum is used for ornaments.
Minerals in the form of oil, gas and coal were formed when ancient plants and animals were
converted into underground fossil fuels.

Usesofminerals:

Mineralsareusedinalargenumberofwaysfordomestic,industrial,commercial

Sectors etc...

1. Generation of energy by using coal (lignite / anthracite); uranium, gold, silver, platinum,
diamond are used in jewellery. Copper, aluminum etc are used as cables for transmission of
power.

2. Someofthe mineralsareusedinayurvedamasmedicine.

Gold is reputed tostrengthentheheartmuscle andincrease energyandstamina.

Mining andits Process:

Minerals and their ores need to be extracted from the earth’s interior so that they can be used.
This process is known as mining. Mining is the extraction of valuable mineralsor othergeological
materials from the earth, from an ore body, lode, vein, (coal) seam or reef, which forms the
mineralized horizon and package of economic interest to the miner.

Mining operationsgenerally progressthrough four stages:

(1) Prospecting:Searchingforminerals.

(2) Exploration: Assessingthesize,shape, location,

(3) Development: Work of preparing access to the deposit so that the minerals can be extracted
from it.

(4) Exploitation:Extractingthemineralsfromthe mines.

Typesofmining:

The method of mining has to be determined depending on whether the ore or mineral deposit is
nearer the surface or deep within the earth. The topography of theregion and the Physical nature
of the ore deposit is studied. Mines are of two types

a) Surface(opencutorstripmines)

b) Deeporshaftmines.
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a) Surface Mining: Surface mining is used to obtain mineral ores that are close to Earth’s
Surface. The soil and rocks over the ore are removed by blasting. Typically, theremaining ore is
drilled or blasted so thatlargemachines canfilltrucks with thebrokenrocks. The truckstake the
rocks to factories where the ore will be separated from the rest of the rock.Surface mining
includes open-pit mining, quarrying, and strip mining.

1) Open-pit mining creates a big pit from which the ore is mined. The size of the pit grows
until it is no longer profitable to mine the remaining ore.

2) Stripminesaresimilartopitmines,buttheoreisremovedin large strips.

3) Aguarryisatypeofopen-pitminethatproducesrocksandmineralsthatareusedto make
buildings.

b) Underground Mining: Underground mining is used for ores that are deep in Earth's surface.
For deep ore deposits, it can be too expensive to remove all of the rocks above the ore.
Underground mines can be very deep. The deepest gold minein South Africais more than3,700
meters deep (that is more than 2 miles)! There are various methods of underground mining.
These methods are more expensive than surface mining because tunnels are made in the rock so
that miners and equipment can get to the ore. Underground mining is dangerous work. Fresh air
and lights must also be brought in to the tunnels for the miners. Miners breathe in lots ofparticles
and dust while they are underground. The ore is drilled, blasted, or cut away from the
surrounding rock and taken out of the tunnel

Environmentaleffects:

Mineral extraction and processing in mines involves a negative impact on environment. Much
risk is involved in mining process because of high temperature, pressure Variations, fire hazards
and lack of ventilation in mines.

Mining process involves removal of over burden of soil, ore extraction & transportation,
crushing & grinding of ore, water treatment of ore, storage of waste material. As a result
of these activities cause air pollution, noise pollution, water pollution, loss of habitat of
wildlife, concentration of toxic substances in tailing ponds and spreading of dust.
Peopleworking inminesoftensufferfrom seriousrespiratory system and skindiseases.
Miningoftencausesgroundsubsidencewhichresultsintiltingofbuildings,cracksin houses,
buckling of roads, bending of rail tracks etc.
Explorationprocessbeforeamininginvolves,geochemical,geophysicalsurveys

Drilling activities which causes for air pollution, noise pollution etc...
Inaddition,disturbanceofall vegetation(flora)and fauna(animals)from thata region.
Acidminedrainage(AMD), or acidrockdrainage(ARD):Theoutflowof acidicwater from
(usually abandoned) metal minesor coal mines. However, other areas where the earth has
been disturbed (e.g. construction sites, subdivisions, transportation corridors, etc.) may
also contribute acid rock drainage to the environment

FOOD RESOURCES

The mainsources ofhumanfoodare plants andanimals. Humanbeings consume almostallparts of
plants in the form of cereals (wheat, barley, millet, rye, oats, maize, corn, rice etc.); pulses (peas,
red grams, green grams); vegetables (carrot, cauliflower, beans); fruits (banana, orange, grapes,
pineapple) and spices (pepper, cloves). Also a number of products such as milk, butter, egg and
meat supplement the requirements.
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WORLD FOODPROBLEMS

Since world’s population is growing every year and the demand of food is also increasing
continuously. Although world’s food production has increased almost three times during the last
50 years, but at the same time rapid population growth outstripped the food production. So, the
world food problem is a complex one depending on food production, population increase, the
prevalence of poverty and environmental impacts.

Famines are due to lack of access to food but not lack of food. Modern agriculture is largely
based upon technological factors like the use of improved seeds, chemical fertilizers, synthetic
pesticides etc...

The green revolution howeverchanged traditional agricultural practices with a rapid increase in
food production in developing countries. An American agricultural scientist, Norman Borlaug
developed a high yielding variety of wheat through new concepts in plant breeding. By the mid
1960’s, the green revolution was fully adopted in India.

CHANGESCAUSEDBYAGRICULTUREANDOVERGRAZING
CHANGESCAUSEDBYAGRICULTURE

Therearetwotypesofagricultural systems:
(1) Traditionalsystemand (2)Modern andindustrialized system

(1) Traditionalsystem:
Thetraditionalsystemisagain subdividedintotwotypes namely:

(a) Traditional Subsistence Agriculture (TSA): In this system, only enough crops or livestock
Are produced for the use of family and a little surplus to sell to meet the needs.
(b) TraditionallntensiveAgriculture(TIA):Farmersincreasetheir inputsofhumanlabor,

Water fertilizers to get higher yields for the use of their families and to sell small quantities
for getting income.

(2) Modern and industrialized system: In the system of modern and industrialized
agriculture, a large extent of land will be brought under agriculture and huge quantities of fuel,
energy,

water, chemical fertilizers, pesticides used to produce large quantities of single crops purely for
sale. This system is spreading in India in the name of Green revolution. But this modern
agricultural system has its own adverse effects on environment.

a. Excessive use of chemical fertilizers to boost up the crop yield, contaminate groundwater
with nitrate. The presence of excess of nitrate in drinking water is dangerous for human Health.
Excess Nitrate reacts with hemoglobin and causes for “Blue Baby Syndrome” which kill the
infants.

b. The excessive N P K fertilizers in agriculture fields are often washed off with water and
leads to algal blooming and Eutrophication. Phosphates have been accumulating in soils, lake
sediments for decades change the ecology. Increased levels of phosphates in waterbodies cause
Eutrophication ( growth of unwanted plants ).

c. Theexcessiveuseofpesticidesentersthefood chain andbecomehazardoustohuman life.

d. Alargearea offertile landhasbecome salineinrecent yearsduetoexcessiveirrigation.




e. Consumptionoffuelenergyismorewhenshiftingofhumanandanimallabourto agriculture
machinery. Use of fuel leads to air pollution.

f. Continuingtoincreaseinputoffertilizers,waterandpesticides eventuallyproducesno
Additional increase in crop yield but slows down the productivity of the crop.

g. Due to increased irrigation, the underground aquifers are slowly and constantly become
dry. The rate at which they are being depleted is much faster than its recharge.

h. Excessiveapplicationofchemicalfertilizerscanincreasesoil saltcontent.Thepercolation of
domestic and industrial sewage also increase the salinity of soil.

I. Thestagnationofwaterinthesoilintheupperlayerscausesforwaterloggingwhich Causes for

less oxygen availability for respiration of plants.

Modern,intensiveagriculturecausesmanyproblems,including thefollowing:
« Artificialfertilizersandherbicidesareeasilywashedfromthesoilandpolluterivers, lakesand Water
courses.
» Theprolongeduseof artificialfertilizersresultsinsoilswithaloworganicmatter content Which
is easily eroded by wind and rain?
 Dependency on fertilizers. Greater amounts are needed every year to produce the same Yields
of crops.
« Artificialpesticidescanstayinthesoilfor alongtimeandenter thefoodchainwherethey build up
in the bodies of animals and humans, causing health problems.
« Artificialchemicalsdestroysoilmicro-organismsresultinginpoorsoilstructureandaeration and
decreasing nutrient availability.
« Pestsanddiseasesbecomemoredifficulttocontrolastheybecomeresistanttoartificial Pesticides.
The numbers of natural enemies decrease because of pesticide use and habitat loss.

WATERLOGGING

Water logging refers to the saturation of soil with water. Soil may be regarded as waterlogged
when the water table of the groundwater is too high to conveniently permit an anticipated
activity, like agriculture. In agriculture, various crops need air (specifically, oxygen) to a greater
or lesser depthinthesoil. Water logging of the soil stops air gettingin. Hownear thewater table
must be to the surface for the ground to be classed as waterlogged varies with the purpose in
view. Acrop'sdemandforfreedomfrom water logging mayvarybetweenseasonsof theyear, as with
the growing of rice (Oryza sativa).

Inirrigatedagriculturalland, waterloggingisoftenaccompaniedbysoilsalinityaswaterlogged soils
prevent leaching of the salts imported by the irrigation water

SALINITY

Soilsalinity isthesaltcontentinthesoil;theprocessof increasingthesaltcontentisknownas
salinization. Salt is a natural element of soils and water. Salinization can be caused by natural
processes such as mineral weathering or the gradual withdrawal of an ocean. It can also be
caused by artificial processes such as irrigation

Salinizationisaprocessthat results from:

e High levels ofsaltinthe water.
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Landscapefeaturesthat allowsaltsto becomemobile(movement ofwatertable).
Climatictrends thatfavorsaccumulation.
Humanactivitiessuch aslandclearing,aquaculture activitiesandthesalting oficyroads.

CHANGES CAUSEDBYOVERGRAZING

Overgrazing occurs when plants are exposed to intensive grazing for extended periods of time,
or without sufficient recovery periods. It can be caused by either livestock in poorly managed
agricultural applications, orbyoverpopulationsofnative or native wild. Overgrazingreduces the
usefulness, productivity, and biodiversity of the land and is one cause of desertification and
erosion. Overgrazingisalsoseenasacauseofthespreadof invasivespeciesof non-nativeplants and of
weeds. Overgrazing typically increases soil erosion. Reduction in soil depth, soil organic matter
and soil fertilityimpair the land'sfuturenatural and agriculturalproductivity. Soil fertility can
sometimes be mitigated by applying the appropriate lime and organic fertilizers. However, the
loss of soil depth and organic matter takes centuries to correct. Their loss is critical in
determining the soil's water-holding capacity andhow well pasture plants doduringdry weather.

ENERGYRESOURCES

Energy is defined by physicists as the capacity to do work. Energy is found on ourplanet in a
variety of forms, some of which are immediately useful to do work, while others require a
process of transformation. Energy canneither becreated nor destroyed buttransformedfromone
form to other. Energy is closely related to force. When a force causes an object to move, energy
isbeing transferred fromtheforceto kineticenergy. Energyispresent in anumber of formssuch as
mechanical, thermal, chemical, biological energy etc.. Energy production and utilization have
become essential to carry out many activities in modern life. Energy is one of the important
requirements that a country needs for its economic growth. At the same time, energy production
has its impact on environment due to pollution and finally affects the quality of life of people.

GROWINGENERGY NEEDS

Energy plays a key role in the process of economic growth of a nation. The industrial
development of any country is dependent on the organized development of its power resources'.

Energy is also indispensable for agriculture, transport, business and domestic requirements. In
fact, electricity has such a wide range of applications in modern economic development that its
per capita consumption is,to agreat extent, anindex of thematerial advancement ofthe country.

Energy is the capacity for doing useful work. It is an essential input for economic growth. This
energy is used in the form of electrical energy, thermal energy, light, mechanical energy and
chemical energy etc.

Energy ismeasured injoules inSiunits. Theannual per capita energyconsumption indeveloped
countries ranges from 5 to 11 kW whereas in the developing countries it is between 1 to 1.5 KW
Only
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UsesofEnergy

1. Energyisaprimaryinputinanyindustrialoperation.

2. Itisalso amajorinput insectorssuch ascommerce,transport,tele-communicationsetc.
3. Thewide rangeofservicesrequired inthe household andindustrialsectors.

4. Owing to the far-reaching changes in the forms of energy and their respective roles in
supportinghumanactivities,researchandtrainingonvariousaspectsof energyandenvironment have
assumed great significance.

Typesofenergy:There arethree maintypesofenergy;
A.Non-renewableB.RenewableC.Nuclear energy

. Non — renewable energyresources

Fossil fuels: Fossil means the remains of an animal or a plant which have become hard and
turned into rock. All these found in earth’s crusts which have been formed in the past by the
geological processes. Fossil fuels are solid coal (lignite), liquid(crude oil / petroleum) and gases
(natural gas ).

a)Coal: Huge quantity of plant materials buried under earths crust and altered by geological
processandconvertedintocarbonrichfuel.ltisanon  —renewablesourcebecauseittakesavery  long
period (million of years) for its formation.

Coal is extracted by the process of mining and involves accidents due to mine collapse, ground
water pollution, accumulation of poisonous material, explosive gases etc cause diseases. CO2
pollution leads to green house effect (global warming).

b) Crude oil: It is obtained in the form of liquid . The crude oil is heated up to 600°C in the oil
refinery and condense the vapours of hydro — carbons. Petrol another petroleum products are
refined fuels from crude oil. Petroleum products are used in large quantities in the manufactureof
detergents, plastics, fertilizers, pharmaceuticals, synthetic rubber etc.. The transport sector
consumes about 40% of diesel; 25% industries and 19%household and rest 16% agriculture and
other sectors. .

¢) Natural Gas: Gas deposits are trapped from the sedimentary formations by means drilling
holes into the rock formations. While burning of naturalgas, the emission of CO2 is less andthus
reduces green house effect and global warming. A total of 734 billion cubic mts of gas is
estimated as proven reserves.

. Renewable energy resources: Renewable energy systems use resources that are constantly
replaced and are usually less polluting.

Examples include hydropower, solar, wind, and geothermal (energy from the heat inside the

earth).

1. Solar energy: The energy which is derived from the sun is known as solar energy. It can be

used for direct heating or sun’s heat is converted into electricity. Photo voltaic cells convertdirect

solar energy into electricity.




A number of solar equipments have been developed to utilize sun rays to heat water, to cook
food, to pump water and to run certain machines and used for street lighting, railway signals etc.
But the major problem with solar energy is that during cloudy weather it is available in less
quantity than on sunny days.

HowSolarPowerWorks

Thesun'senergycanbecapturedtogenerateelectricityorheatthroughasystemofpanelsor mirrors.

e Solar, or photovoltaic, cells convert sunlight directly into electricity. Most photovoltaic cells
are made primarily of silicon, the material used in computer semiconductor chips, and
arranged onrectangular panels. When sunlighthits a cell, theenergy knocks electronsfreeof
their atoms, allowing them to flow through the material. The resulting DC (direct current)
electricity is then sent to a power inverter for conversion to AC (alternating current).

Solar thermal collectors use heat-absorbing panels and a series of attached circulation tubesto
heat water or buildings.

Solar concentration systems use mirrors -- usually arranged in a series of long, parabolic
troughs, a large round dish, or a circle surrounding a "power tower" -- to focus the sun's
reflected rays on a heat-collecting element. The concentrated sunlight heats water or a heat-
transferring fluid such as molten salt to generate steam, which is then used conventionally to
spin turbines and generate electricity.

Passivesolardesignisthecreativeuseofwindows, skylightsandsunrooms,buildingsiteand
orientation, and thermal construction materials to heat and light buildings, or to heat water,
the natural way.

2. Hydro-Power energy: Electrical power is generated by hydro-electric projects inwhich dams
are constructed across the river. The kinetic energy of water is converted into mechanical energy
by means of turbines and in turn, the mechanical energy is transferred into electrical energy by
generators. Hydro power projects lead to several environmental problems like destruction of
animal habitats, deforestation, migration of people etc..

3. Geothermal energy: Geothermal energy found within rock formations. Inside the earth the
temperature rises with depth .The temperature in earth’s crust is around 40000 C. Geysers ( a
natural spring that emits hot water ) and hot springs are examples for geothermal energy where
the steam and hot water come to the surface, in areas where the steam is tapped by drilling. The
obtained steam is thenused togenerate power. Airpollutionresults incase ofgeothermalenergy
where the gases like H2S, NH3, COzpresent in the steam coming out of the geothermal sources.
The overall efficiency for power production is low (15%) as compared to fossil fuels (40%).

4. Wind energy: Wind energy is the Kinetic energy associated with the movement of
atmospheric air. Wind mills convert the wind energy into electrical energy. On an average wind
mills can convert 30 — 40 % of available wind energy into electrical energy at a steady wind
speed of 8.5mts / sec. The efficiency of wind millis increased with the speed of wind andlength
of rotor blade.

The total wind energy potential in India’s estimate is 25,000 MW of this about6000 MW is
located in Tamil Nadu; 5000 MW in Gujarat and contribute thestates of Andhra Pradesh,
Maharashtra, Uttar Pradesh and Rajasthan forbalance quantity.
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Merits&demeritsofwind energy:

1. Itisanon—pollutingandenvironmentfriendlysource ofenergy.

2. Itisarenewable energy available atfree ofcost

3. Powergeneration ischeaperwith nilrecurringexpenses.

4. Windmillsaresuitabletoerectatonshore,remoteandruralareaswherewindblowswith required
intensity.

5. Favorableingeographiclocationswhichareawayfromcities.

6. Windturbinedesign,manufacturing,installationiscomplexduetovaryingatmosphericconditions.
7. Windpower doesn’tsuitableforlargescalegeneration.

5. Ocean energy: Seas and oceans are large water bodies . Seas absorb solar radiation and large
amounts of solar energy are stored in the tides and waves of the ocean. Ocean energy is non —
pollutinginnatureandsuitableata fewplacesonly. Energyfromseasor oceansisobtainedfrom the
following:

(1) Ocean Thermal Energy Conversion: The oceans collect and store huge quantities of solar
on the surface of the water while the temperature of deepwater is very low. Using this
temperature difference it is possible to convert heat into electricity.

(2) Tidal energy: Tidal waves of the sea can be used to turn turbine and generate electricity.
Asia’s first tidal power plant of 800 - 1000 MW capacity is proposed to be set up at Kandla in
Gulf of Kutch.

6. Bio mass energy: Bio-mass is an organic material from living beings or its residues. It is a
renewable source of energy derived from the waste of various human and natural activities. The
bio-mass energy sources include Wood, animal manure, sugarcane waste, agriculture crops,
house hold waste, roots of plants, garbage etc. The simplest way of using bio-mass energy
sources is to allow them to dry out in the sun and burn them.

7. Bio-gas: Bio-gas is a sustainable source of energy by virtue of its production from available
natural organic wastes of cattle dung, human excreta, poultry waste, plant leaves, paddy husk
etc.... Bio-gas is amixture of methane (68%), CO2(31%) and N2(1%). Methane gas (CHs) is
produced by bio-gas plants and this gas is utilized as cooking gas whose calorific value varies
from4400-6200KiloCalories/cum.Heatvalueofbiogascanbeimprovedbyreducingits




COqcontent.Bio-gas production is carried out in an enclosed bio-gas plant made of bricks or
steel. Aslurry of waste organic matter is fed into the plant through an inlet and gas formed is
tapped by an inverted drum. As gas is produced the drum rises and the gas may be drawnthrough
an outlet.Bio-gas is commonly produced from cattle dung in a bio gas plant known as Gobar Gas
plant. Bio-gas is a clean, cheap fuel that can be used for lighting purpose, liftingwater through
small pumps.

C.Nuclear Energy or Atomic power: It is the energy which is trapped inside the atom. It is
non-renewable source of energy which is released during fission or fusion of certain radioactive
elements. The most important advantage of atomic power is the production of an enormous
amount of energy from a small quantity of radioactive element. For eg: 1 kg of Uranium
liberatesenergyequivalentto30000kgsofcoal.

Energy released during nuclear reaction (mass — energy equation as per Albert Einstein’sformula
E = mc2).

Nuclear Energy is produced by two processes namely (1) Nuclear Fission and (2) NuclearFusion.
Nuclear Fission: Thenucleus in atoms is split byfast moving neutrons and inturnatremendous
amount of energy in the form of heat, light etc is released by a chain of reactions. Uranium is
used as fuel. The energy released slowly in this process is utilized to generate electricity or else
released suddenly all at once, results a tremendous explosion as in the case of Atom bomb.
Nuclear Fusion: Nuclear energy can be generated by fusion process which involves two
hydrogen atoms combine to produce one helium atom.

Eg: hydrogen bomb. The disposal of nuclear wastes during mining, fuel production and reactor
operation for a long time period resulting in adverse effects on environment. Disposable of
nuclear waste is a national and global problem.

USEOF ALTERNATIVEENERGY SOURCES

Alternative energy is any energy source that is an alternative to fossil fuel. These alternatives
are intended to address concerns about such fossil fuels.

The nature of what constitutes an alternative energy source has changed considerably over time,
as have controversies regarding energy use. Today, because of the variety of energy choices and
differing goals of their advocates, defining some energy types as "alternative” is highly
controversial.

In a general sense, alternative energy as it is currently conceived, is that which is produced or
recovered without the undesirable consequences inherent in fossil fuel use, particularly high
carbon dioxide emissions, an important factor in global warming. Sometimes, this less
comprehensive meaning of "alternative energy" excludes nuclear energy

e Solar energyisthegenerationof electricityfromthesun. Itissplitupintotwotypes,
thermal and electricenergy.These two subgroupsmean that they heat uphomesand
generate electricity respectively.

Windenergyisthegenerationofelectricityfromthe wind.
GeothermalenergyisusinghotwaterorsteamfromtheEarth’sinteriorforheating
buildings or electricity generation.
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Biofueland Ethanolare plant-derivedsubstitutesofgasoline forpoweringvehicles.
Nuclearbindingenergyusesnuclear fissiontocreateenergy.
Hydrogenisused ascleanfuelforspaceships,and somecars

CASESTUDIES

* In 1981, a plane called ‘The Solar Challenger ‘flew from Paris to England in Shours,
20minutes. It had 16,000 solar cells glued to the wings and tail of the plane and they produced
enoughpower todriveasmallelectricmotorand propeller.Since1987,everythreeyearsthereis a World
Solar challenge for solar operated vehicles in Australia where the vehicles cover 3000 kms.

» The world’s first solar-powered hospitals in Mali in Africa. Being situated at the edge of the
Sahara desert, Mali receives a large amount of sunlight. Panel’s of solar cells supply the power
needed to run vital equipment and keep medical supplies cool in refrigerators.

* In recent years, the popularity of building integrated photovoltaic’s (BIPV’s) has grown
considerably. In this application, PV devices are designed as part of building materials(i.e. roofs
and siding) both to produce electricity and reduce costs by replacing the costs of normal
construction materials. There are more than 3, 000 BIPV systems in Germany and Japan has a
program that will build 70,000BIPV buildings.

LAND RESOURCES

Land as a resource: Landforms such as hills, valleys, plains, river basins and wetlands include
different resource generating areas that the people living in them depend on. Many traditional
farming societies had ways of preserving areas from which they used resources.If land is utilized
carefully it can be considered a renewable resource. The roots of trees and grasses bind the soil.
If forests are depleted, or grasslands overgrazed, the land becomes unproductive and wasteland is
formed. Intensive irrigation leads to water logging and salinization, on which crops cannot grow.
Land is also converted into a non-renewable resource when highly toxic industrial and nuclear
wastes are dumped on it. Land on earth is as finite as any of our other natural resources. While
mankind has learnt to adapt his lifestyle to various ecosystems world over, he cannot live
comfortably for instance on polar ice caps, on under the sea, or in space in the foreseeable future.

LANDDEGRADATIONANDCONTROLOFLANDDEGRADATION

Land degradation can be defined as any change in the land that alter its conditions or reduces its
quality. Land degradation occurs due to both natural disasters like volcanic eruptions,
earthquakes, heavy rains, fire etc or human induced activities. The other causes of land
degradation consist of wind blow, salinity of water, water logging, soil acidity, loss of flora and
fauna.

Desertification is land degradation occurring in the arid, semi-arid regions of the world. These
dry lands cover about 40% of the earth’s surface and puts at risk more than 1 billion people who
are dependent on these lands for survival.
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Landclearinganddeforestation;Miningactivityinforestareas; urbanconversion;bringingmore land
under cultivation; soil pollution ; loss of organic matter in the soils; alkalinization of soils;
salinity of water etc leads to land degradation. Severe land degradation affects in decreasing the
mineral wealth and economic development of nations.

The methodsthat arefollowedfor thepreventionof landdegradationare called soil conservation
methods. Some of the popular methods are;

(a) Contour farming: The land is prepared with alternate furrows (a long narrow cut in the
Ground) and ridges at the same level. The water is caught and held in furrows and stores which
reduces run off and erosion.

(b) Mulching:Stemsofmaize,cotton,tobaccoetcareusedasamulch(decayofleaves)to reduce soil
moisture, evaporation.

(c) Crop rotation: Growing same crop year after year depletes the nutrients and land becomes
Unproductive. This is overcome bychanging the crops and cultivating legumes (plants like peas,
beans) after a regular crop.

(d) Stripcropping:ltconsistsof plantingcropsinrowsor strips alongcontourstocheckflow of water.

LANDSLIDESANDMANINDUCEDLANDSLIDES

Landslides always exist on this planet and the term land slide is used to describe a wide varietyof
process that result a downward movement of rocks under gravitational forces. In other words,
mass movement of rocks, debris and soil down a slope of land.

Landslides are primarily associated with steep slopes. Surface run-off and changes in drainage
also cause for landslides. Landslides can also be initiated by rainfall; earthquakes; volcanic
activity, changes in groundwater movement or any combination these factors.

Debris-flows can travel down a hillside of speeds up to 200 miles per hour (more commonly, 30
— 50 miles per hour) depending on the slope angle, water content, and typeof earthand debris in
the flow.

While landslides are a naturally occurring environmental hazard they have recently increased in
frequency in certain areas due to human activities.

Building excavations collapses in mining (e.g.: coal mine) causes landslides. However,landslides
can be triggered by the human beings by induced changes in the environment.

Simply landslidescanbe explainedinthree ways:

(a) Inherent ofrocks(weaknessin the structureofarock)

(b) Dueto heavy seismic orvolcanicactivityand

(c) Duetovariousenvironmentalconditions.

SOILEROSION ANDCAUSES FORSOILEROSION

The top layer of the earth is called as soil. Soil erosion occurs due to deforestation, overgrazing,
industrialization; desertification etc.

a. Deforestation: Mining, industrial, urban development etc causes deforestation and leads to
exposure of the land to wind and rains causing soil erosion. Cutting trees leads to deforestation
which in turn loss of organic matter in the soils.

b. Overgrazing: When sufficient amount of grass is available for the organisms usually the
entire land /area may be subjected to exhaust and the land is exposed without grass andultimately
the land expose to wind/rain causing soil erosion. .




c. Industrialization: Different processes carried out by industries and mining operations cause
soil pollution which leads to degradation of land

DESERTIFICATION:

Desertification is the process which turns productive into non- productive desert as a result of
poor land-management. Desertification occursmainly in semi-arid areas (average annual rainfall
less than 600 mm) bordering on deserts. In the Sahel, (the semi-arid area south of the Sahara
Desert), for example, the desert moved 100 km southwards between 1950 and 1975.

CAUSES OFDESERTIFICATION

* Overgrazing is the major cause of desertification worldwide. Plants of semi-arid areas are
adapted to being eaten by sparsely scattered, large, grazing mammals which move inresponse to
the patchy rainfall common to these regions. Early human pastoralists living in semi-arid areas
copied this natural system. They moved their small groups of domestic animals in response to
food and water availability. Such regular stock movement prevented overgrazing of the fragile
plant cover.

* Cultivation of marginal lands, i.e lands on which there is a high risk of crop failure and a very
low economic return, for example, some parts of South Africa where maize is grown.

* Destructionofvegetation inaridregions,oftenforfuelwood.
* Poorgrazingmanagementafter accidentalburningof semi-aridvegetation.

* Incorrect irrigation practices in arid areas can cause salinization, (the buildup of salts in the
soil) which can prevent plant growth.

When the practices described above coincide with drought, the rate of desertification increases
dramatically.

Increasing human population and poverty contribute to desertification as poor people may be
forcedtooverusetheir environmentintheshortterm, withouttheabilitytoplanfor thelongterm effects
of their actions. Where livestock has a social importance beyond food, people might be reluctant
to reduce their stock numbers.

EFFECTSOF DESERTIFICATION

Desertification reduces the ability of land to support life, affecting wild species, domestic
animals, agricultural crops and people. The reduction in plant cover that accompanies
desertification leads to accelerated soil erosion by wind and water. South Africa losing
approximately 300-400 million tonnes of topsoil every year. As vegetation cover and soil layer
are reduced, rain drop impact and run-off increases.




Water is lost off the land instead of soaking into the soil to provide moisture for plants. Even
long-lived plants that would normally survive droughts die. A reduction in plant cover also
results in a reduction in the quantity of humus and plant nutrients in the soil, and plantproduction
dropsfurther. As protective plantcoverdisappears, floods become more frequent and more severe.
Desertification is self-reinforcing, i.e. once the process has started, and conditions are set for
continual deterioration.

ROLEOFANINDIVIDUALCONSERVATIONOFNATURALRESOURCES

Different natural resources like forests, water, soil, food, mineral and energy resources play a
vital role in the development of a nation. With our small individual efforts we can together help
in conserving our natural resources to a large extent. Following are the ways:

a) ConserveWater:
1. Don’tkeep watertapsrunningwhilebrushing,shaving,washing orbathing.
2. Inwashingmachinesfillthe machineonlytothe levelrequiredforyourclothes.
3. Installwatersaving toiletsthatusenot morethan6 litersperflush.
4. Checkforwaterleaksin pipesandtoiletsand repairthem promptly.
5. Reusethesoapywater ofwashingfromclothesfor gardening,drivewaysetc.
6. Watertheplantsandthelawnsintheeveningwhenevaporationlossesare minimum. Never
water the plants in mid-day.
7. Installa system to capturerainwater.
b) Consenveenergy:
1. Turnofflightsfansand other applianceswhennot in use.
2. Obtainasmuchheataspossiblefromnaturalsources. Drytheclothesin suninstead of
direr if possible.
3. Usesolarcookerforcookingwhichwillboemorenutritiousandwillsaveyour LPG
Expenses.
4. Buildyourhousewithprovisionforsunspacewhichwillkeepyour housewarmerand will
provide more light.
5. Driveless,makefewertripsandusepublictransportationswheneverpossible.Share a
car-pool if possible.
6. Controlthe use ofA.C.
7. Recycleandreuseglass,metalsand papers.
8. Usebicycleorjustwalkdownsmalldistancesinsteadofusingvehicle.
ProtecttheSoil:
1. Growdifferenttypesofornamentalplants, herbsandtreesinyour garden. Growgrass in the
open areas which will bind the soil and prevent its erosion.
2. Makecompost from yourkitchen wasteand useit foryourkitchen-garden.
3. Donatirrigate theplantsusinga strongflowofwaterasitwouldwashoffthe soil.
4. Betterusesprinklingirrigation.
PromoteSustainableAgriculture:
1. Donotwaste food; Take asmuchasyoucaneat.
2. Reducetheuseof pesticides.
3. Fertilizeyourcrop withorganicfertilizers.
4. Usedripirrigation.
5. Eatlocalandseasonalvegetables.
6. Controlpest
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ECOSYSTEM

An ecosystem is a community of organisms that interact with each other and non living
components for sustainable development and adaptation to changing conditions. There are
different type of ecosystems around us which involves living organisms and non living
organisms. If we combine all the ecosystems present on earth, it is called Biosphere. The term
ecosystem was first proposed by A.G.Tansley (1935) who defined ecosystem as follows:
“Ecosystem is defined as a self-sustained community of plants and animals existing in its own
environment.”Odum (1971) defined ecosystem as any unit that includes all the organisms in a
given area interacting with the physical environment, so that a flow of energy give rise to a
clearly defined tropic structure, biotic diversity and material cycles within the system “Michael
Allaby (1983) defined ecosystem as a community of interdependent organisms together with the
environment

CONCEPTOFECOSYSTEM:

In an ecosystem, the interaction of life with its environment takes place at many levels. A single
bacteria in the soil interacts with water, air around it within a small space while a fish in a river
interacts with water and other animals, rivals in a large space. .
Consideringtheoperationalpointofview;thebioticandabiotic ~ componentsofanecosystemare  so
interlinked such that their separation from each other is practically difficult. So, in an ecosystem
both organisms (biotic communities) and abiotic environment (rainfall, temperature, humidity)
each influence the properties with other for maintenance of life.

STRUCTUREOFECOSYSTEM

AstructureofEcosystem compriseof

+ TheCompositionofbiologicalcommunityincluding,speciesnumber,biomass, lifehistory,and
distribution in space.

+ Thequantityanddistributionofnon-livingmaterial,suchasnutrientwater, etc.

+ Therageofcondition of existencesuch astemperature, light.

FUNCTIONOFECOSYSTEM:

+Therate ofbiologicalenergyflowi.e.production&respirationratesofthecommunity.

+ Therate ofmaterial ornutrientcycles

+Biological or ecological regulation including both regulation of organism by environment
andregulation of environment by the organisms.

COMPONENTS OFAN ECOSYSTEM:




Therearetwocomponentsofan ecosystem;Livingcomponentsandnon livingcomponents.




Non Living Components: (Abiotic) Non living components are the physical and chemical
factors that directly or indirectly affect the living components e.qg. air, water, land, rock etc. Non
living components are also called Abiotic components.
Physicalfactorsincludesunlight,water,fire,soil,air,temperatureetc.

Chemical factors include moisture, salinity of water, soil nutrients, oxygen dissolved in wateretc.
Living Components: Living components in an ecosystem are either producers or consumers.

They are also called biotic components. Producers can produce organic components e.g. plants
can produce starch, carbohydrates, cellulose from a process called photosynthesis. Consumersare
the components that are dependent on producers for their food e.g. human beings and animals®

BioticComponentsarefurtherclassifiedinto3main groups
*Producers  *ConsumerssDecomposers or Reducers

1. Producer (Autotrophs): The green plants have chlorophyll with the help of which they
trapsolarenergyandchangeitintochemicalenergyofcarbohydratesusingsimple
inorganiccompoundnamely,waterandcarbondioxide. Thisprocessisknownas
photosynthesis. Thechemicalenergystoredbytheproducersisutilizedpartlybythe producers
for their own growth and survival and the remaining is stored in the plants for their future
use. They are classified into two categories based on their source of food.
a)Photoautotrophs: An organism capable of synthesizing its own food from
inorganicsubstances using light as an energy source. Green plants and photosynthetic
bacteria are photoautotrophs.
b)Chemotrophs: Organisms that obtain energy by the oxidation of electron donors in
their environments. These molecules can be organic (chemoorganotrophs) or
inorganic(chemolithotrophs).

Consumers (Heterotrophs): The animals lack chlorophyll and are unable to synthesis
their ownfoodthereforetheydependontheproducersfor their food.*Theyareknownas
heterotrophs (i.e. heteros= others, trophs= feeder).The Consumers are of 4 types:
(a) PrimaryConsumer:(Herbivores)i.e.Animalfeedingonplants,e.g.Rabbit,deer, goat
etc.
(b) SecondaryConsumers: TheanimalfeedingonHerbivoresarecalledassecondary
Consumer or primary carnivores. e.g. Cats, foxes, snakes.
(c) TertiaryConsumers: Thesearelargecarnivoreswhichfeedonsecondary
consumers. e.g. Wolves
(d) QuaternaryConsumers: They arealsocalledomnivoresthesearelargest carnivores
Whichfeedontertiaryconsumersandarenoteatenupby any
other animals. e.g. lion and Tiger.

3. Decomposers or Detrivores:Bacteria & fungi belong to this category. They break down
the dead organic matter of producers & consumers for their food and release to the
environment the simple inorganic and organic substance. These simple substances are
reused by the producers resulting in a cyclic exchange of material between biotic &
abiotic environment.

Eg:Bacteria,Earthworms, Beetlesetc
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ENERGYFLOW INANECOSYSTEM

*Biological activities require energy which ultimately comes from the sun. Solar energy is
transformed into chemical energy by a process of photosynthesis this energy is stored in plant
tissue and then transformed into heat energy during metabolic activities.
Thus in biological world the energy flows from the sun to plants and then to all heterotrophic
organisms. The flow of energy is unidirectional and non-cyclic.
Thisone wayflowofenergyisgovernedbylaws ofthermodynamicswhichstates that:
(a) Energycanneitherbecreatednor  bedestroyedbutmaybetransformedfromoneform  to
another
(b) During the energy transfer there is degradation of energy from a concentrated form
(mechanical, chemical, or electrical etc.) to a dispersed form (heat).
No energy transformation is 100 % efficient; it is always accompanied by some
dispersion orlossofenergyintheformheat. Therefore,biologicalsystemsincluding ecosystems must

be supplied with energy on a continuous Basis.

Froduce rs
{plants )

MODELSOFENERGYFLOWINECOSYSTEM

1. Single Channel Energy Flow Model: The flow of energy takes place in a unidirectional
manner through a single channel of producers to herbivores and carnivores. The energy captured
by autotrophs does not revert back to solar input but passes to herbivores; and that which passes
to herbivores does not go back to autotrophs but passes to consumers. Due to one way flow of
energy, theentire system wouldcollapse if primary source of energy werecut off. Ateach tropic
level thereoccursprogressive decreasein energy which ismainly dueto lossof energy asheat in
metabolic reactions and also some of the energy is utilized at each tropic level
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2. Y- shaped model: shows a common boundary, light and heat flow as well as import, export
and storage of organic matter . Decomposers are placed in separate box to partially separate the
grazing and detritus food chains. In terms of energy levels decomposers are in fact a mixed
group. *Y-shaped energy flow ismorerealisticand practical thanthesingle channel energy flow
model because: It conforms to the basic stratified structure of ecosystems eIt separates the two
chains i.e. grazing & detritus food chain in both time and space. *Micro consumers (bacteria &
fungi) and the macro consumers (animals) differ greatly in size- metabolism relations in two
models.
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FEIZIUURE 14.16. The relationship betbween flow
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3.Universal energy flow model :As the flow of energy takes place, there is gradual loss of
energy at each level there by resulting in less energy available at the next tropic level asindicated
by narrower pipes (energy flow) and smaller boxes (stored energy in biomass). Theloss of energy
is mainly the energy which is not utilized (U). This is the energy loss in locomotion, excretion
etc. or it theenergy lost in respiration (CR) which is for maintenance. The remaining energy is
used for production (P).




FLGCURE 14.17. Diagrammatic representation of a
universal model of enerpgy flovw at one trophic level

ECOLOGICALSUCCESSION

Ecological Succession is the phenomenon or process by which a community progressively
transforms itself until a stable community is formed. It is a fundamental concept in ecology,
refers to more or less predictable and orderly changes in the composition or structure of an
ecological community. Succession may be initiated either by formation of new, unoccupied

habitat (e.g., a lava flow or a severe landslide) or by some form of disturbance (e.g. fire, severe
wind throw, logging) of an existing community. Succession that begins in areas where no soil is
initially present is called primary succession, whereas succession that begins in areas where soil
is already present is called secondary succession.

Clement'stheoryofsuccession/Mechanismsofsuccession

F.E. Clement(1916)developedadescriptivetheoryofsuccessionandadvanceditasageneral
ecological concept. His theory of succession had a powerful influence on ecological thought.
Clement's concept is usually termed classical ecological theory. According to Clement,
succession is a process involving several phases:

1. Nudation:Successionbeginswiththedevelopmentofabaresite,calledNudation
(disturbance).

2. Migration: Itrefersto arrival ofpropagules.

3. Ecesis:ltinvolvesestablishment andinitial growthofvegetation.
Competition: Asvegetationbecamewellestablished,grew,andspread,variousspecies
began to compete for space, light and nutrients. This phase is called competition.
Reaction:Duringthisphaseautogenicchangesaffectthehabitatresultinginreplacement of
one plant community by another.
Stabilization:Reactionphaseleads todevelopmentofaclimaxcommunity.



http://en.wikipedia.org/wiki/Ecology
http://en.wikipedia.org/wiki/Community_%28ecology%29
http://en.wikipedia.org/wiki/Lava_flow
http://en.wikipedia.org/wiki/Landslide
http://en.wikipedia.org/wiki/Disturbance
http://en.wikipedia.org/wiki/Windthrow
http://en.wikipedia.org/wiki/Logging
http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Primary_succession
http://en.wikipedia.org/wiki/Secondary_succession
http://en.wikipedia.org/w/index.php?title=Classical_ecological_theory&action=edit&redlink=1

Seral communities:

A seral community is an intermediate stage found in an ecosystem advancing towards
its climax community. In many cases more than one seral stage evolves until climax
conditions are attained. A prisere is a collection of seres making up the development of
an area from non-vegetated surfaces to a climax community. Depending on the
substratum and climate, a seral community can be one of the following:

:Communityinfreshwater
: Community on rock
: Community on sand
: Community in dry area
:Communityinsalinebody(e.g.amarsh)

Hydrosere
Lithosere
Psammosere
Xerosere
Halosere

Climaxcommunity

Thefinal or stable community in asereisthe climax community orclimaticvegetation. Itisself-
perpetuating andin equilibrium withthe physicalhabitat. Thereis nonet annualaccumulation of
organic matter in a climax community mostly. The annual production and use of energy is
balanced in such a community.

FOODCHAIN,FOODWEB&ECOLOGICALPYRAMIDS: FOOD

CHAIN:

In food chain each organism eats thesmaller organisms and is eaten by the larger one. All those
organismswhichareinterlinkedwitheachother throughfoodtogatherconstitutetheecosystem.

«The different levels in a food chain are called tropic levels, Each food chain has three main
tropiclevels:-Producerlevel,Consumerlevel,anddecomposerlevel.lfanyoftheintermediate stage
of the food chain is removed, the succeeding links of the food chain will be affected.

Sample Food Chains

Trophic
Lewvel

Grassland
Biome

Ocean
Biome

Pond
Biome

Primary
Producer

grass

phytoplankton

algae

Primary
Consumer

grasshopper

o S8

mos=squito zooplankton

larva

Secondary
Consumer

rat

; dragonfly
'_Eﬁéj larwva
L 4

Tertiary
Consumer

Fish
o

Quaternary
Consumer

hawic
e

TypesofFood Chains:

a) GrazingFoodChain:Thistypeoffoodchainstartsfromlivinggreenplantsgoesto grazing
herbivores and onto carnivores. Ecosystem with such type of food chain directly

34
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dependsuponthesolarenergyfortheirfoodrequirements.Mostoftheecosystemin nature follows
this type of food chain.

Detritus food Chain: This type of food chain goes from dead organic matter onto
microorganisms and then to the organisms feeding on detritus and their predators. Such
ecosystems are less dependent on direct solar energy.

c) Parasitic Food Chain: This type of food chain starts from big hosts and ends with
parasitic organisms

FOOD WEB:

The interconnected, interlocking pattern of food chain is known as food web. *Under natural
condition of the linear arrangement of food chain hardly occurs and they remain interconnected
with each other through different types of organisms at different levels Such a interconnectedand
interlocking pattern of food chain is known as food web..
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ECOLOGICALPYRAMIDS

The different species in a food chain are called tropic levels. Each food chain has 3 main trophic
level, producer, consumer, and decomposers. *Thus Graphical representation of these trophic
levelsiscalledasEcologicalPyramids. Itwasdevisedbyanecologist “CharlesElton”therefore this
pyramid are also called Ecological pyramid or Eltonian pyramids.

TypesofEcologicalPyramids:
Ecologicalpyramidsareofthree types:|

I) Pyramid of Number I1)Pyramidofbiomass
[11)Pyramid of Energy




I) Pyramidof Number:

+They show the relationship between producers, herbivores, and carnivores at successive tropic
levels in terms of their number.

«In case of pondecosystem the producers are mainly phytoplankton and are always maximum in
number this number then shows a decrease towards apex as primary consumers are zooplanktons
are lesser in number than phytoplankton, the secondary consumers are large fishare even lesser in
number than the phytoplankton. Thus the shape of pyramid is upright. But in case of forest
ecosystem the pyramids is always inverted because the producers are mainly large trees, are
lesser in numbers, the herbivores fruit eating birds are more in number than the producers, then
there is gradual decrease in  number of secondary consumers thus making
pyramiduprightagain. Thusthepyramidof number doesnotgiveatruepictureof thefoodchain and are
not very functional.

Secondary LARGE . BACTERIA, FUNGI Hyper
Carnivores FISH ACTINOMYCETES parasites

Primary SMALL
Carnivores FISH LICE AND BUGS Parasites

Herbivores ZOOPLANKTON BIRDS Herbivores

4.

_PHYTOPLANKTON S |Producers

(a) UPRIGHT . (b) INVERTED

FIGURE 14.9, Pyromids of nu.mhcrs (A) in pond ecosystem (I¥) in parasitic food chain.

I1) Pyramidof Biomass:

+The pyramid of biomass represents the relationship between different tropic levels in terms of
biomass. *There is generally gradual decrease in biomass of organisms at successive levels from
the producers to the top carnivores. Thus pyramidof biomass is upright for grassland ecosystem.
«However in case of a pond as the producers are algae, are least in number and this value
gradually shows an increase towards the apex of pyramid thus making the pyramid inverted in
shape.
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I11) Pyramidofenergy:

«Of the3typesof ecological pyramid theenergypyramid givesthebest pictureof overall nature of
the ecosystem. In this type of pyramid the tropic level is decided depending upon the rate at
which food is being produced.

«In shape it is always upright as in most of the cases there is always gradual decrease in the
energy content at successive trophic level from producers to various consumers.

TERTIARY
CONSUMERS

SECONDARY
CONSUMERS

PRIMARY

HERBIVORES ' CONSUMERS

PRODUCERS

FIGURE 14.11. Pyramid of Energy.

2.1.4ACLASSIFICATION OFECOSYSTEMS

Duetotheabioticfactors, differentecosystemsdevelopindifferentways. Thesefactorsandtheir
interaction between each other and with biotic components have resulted in formation ofdifferent
types of ecosystems as explained below.

Ecosystemmaybenatural orartificial.

Avrtificial Ecosystem: These are maintained or created artificially by man. The man tries to
control biotic community as well as physico-chemical environment.

Eg:Atrtificialpond, urbanareadevelopment.

Natural Ecosystem: It consists of Terrestrial and Aquatic Ecosystems which are maintained
naturally.




ECOSYSTEM
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eg: Forest ecosystem Eg: River ecosystem
Grassland ecosystem Marine ecosystem

Desert ecosystem Estuarine ecosystem

FRESH AQUATICES MARINE AQUATICES eg:
Eg: rivers, streams seas ; oceans, salt lakes

!

——— l
LENTIC LOTIC Eg: Agricultural land, artificial pond ;

( stagnant waters ) (Running waters) URBAN AREA
eg: ponds, wells, lakes eg: river streams

Differenttypesof ecosystemofbiosphereartificiallycategorizedasfollows:

I) Natural Ecosystems: These ecosystems operate by themselves under natural conditions
without any major interference by man. Based upon the particular kind of habitat, these are
further divided as: *Terrestrial as forest, grassland, desert etc.
« Aquaticwhichmaybefurtherdistinguishedas
«Freshwaterwhichmaybelotic(runningwaterassprings,stream,river)orlentic(standingwater as

lake, pond, pools,ditch,swamps,etc.)
«MarineEcosystems:asanoceanor shallowoneslikeseaor estuaryetc.
1) ArtificialEcosystems: Thesearemaintainedbymanwhere, byadditionofenergy&planned
manipulations natural balance is disturbed regularly.
Foreg:croplandslikemaize,wheat,rice-fieldsetc.,wheremantriestocontrolthebiotic community as
well as physico-chemical environment are artificial ecosystems

PondEcosystem:APond asa wholeservesagood example offreshwaterecosystem
+ AbioticComponents: Thechiefcomponentsareheat,light,pHofwater,CO2,0xygen, calcium,
nitrogen, phosphates, etc.
+BioticComponents: Thevariousorganizationthatconstitutethebioticcomponentareasfollows,
«Producers: These are green plants, and some photosynthetic bacteria. The producer fix radiant
energy and convert it into organic substances as carbohydrates, protein etc
*Macrophytes: these are large rooted plants, which include partly or completely
submerged hydrophytes, egHydrilla, Trapha, Typha.
«Phytoplankton: Theseareminutefloatingorsubmergedlowerplantsegalgae.
«Consumers: They are heterotrophs which depend for their nutrition on the organic food
manufactured by producers. *Primary Consumers: — Benthos: These are animals
associated with livingplants,detrivoresand someother microorganisms —Zooplanktons:




These are chiefly rotifers, protozoans, they feed on phytoplankton <Secondary
Consumers: They are the Carnivores which feed on herbivores, these are chiefly insect
and fish, most insects & water beetles, they feed on zooplanktons. *TertiaryConsumers:
Thesearesomelargefishasgamefish, turtles, whichfeedonsmallfishand thus become tertiary
consumers. *Decomposers: They are also known as micro- consumers. They decompose
dead organic matter of both producers and animal to simple form. Thus they play an
important role in the return of minerals again to the pond ecosystem, they are chiefly
bacteria, & fungi.

Ocean Ecosystem

aremore stable thanpondecosystem,they occupy70%oftheearthsurface.

« AbioticComponents:Dissolvedoxygen,light,temperature, minerals.*BioticComponents:
«Producers: TheseareautotrophsandarealsoknownPrimaryproducers. Theyaremainly,some
microscopic algae (phyto-planlanktons) besides them there are mainly, seaweeds, as brown and
red algae also contribute to primary production. *Consumers: They are all heterotrophic macro
consumers *Primary Consumer: The herbivores, that feed on producers are shrimps, Molluscs,
fish, etc.eSecondaryConsumers: ThesearecarnivoresfishasHerring, Shad,Mackerel, feeding on
herbivores. *Tertiary Consumers: These includes, other carnivores fishes like, COD, Halibut,
Sea Turtle, Sharks etc.

«Decomposers: The microbes active in the decay of dead organic matter of producers, and
animals are chiefly, bacteria and some fungi.

sunlight
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EstuarineEcosystem

«An estuary is a partially enclosed body of water along the coast where fresh water from
riverandstreamsmeetandmixwithsaltwaterfromoceans. TheseEcosystemsareconsideredasmost
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fertile ecosystem. <Abiotic Components: Nutrients such as phosphorus and nitrogen,
temperature, light, salinity, pH. *This ecosystem experience wide daily and seasonal fluctuations
in temperature and Salinity level because of variation in freshwater in flow. e<Biotic
Components: <Producers: Phyplanktons- these micro-organisms manufacture food by
photosynthesisandabsorbnutrientssuchasphosphorousandnitrogen, besidesthem, mangroves, sea
grass, weeds, and salt marshes. *Consumers: Primary consumers, Zooplanktons that feed on
Phytoplankton, besides them some small microorganisms that feed on producers. *Secondary
Consumer: Include worms, shellfish, small fish, feeding on Zooplanktons *TertiaryConsumer:
Fishes, turtles, crabs, starfishes feeding on secondary consumers. *Decomposers: Fungi &
Bacteria are the chief microbes active in decay of dead organic matter.

Riverine Cstuarine Marine

Tirtso 3 i 1 (rpanic
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River Ecosystem

«As Compared with lentic freshwater (Ponds & lakes), lotic waters such as streams, and river
have been less studied. However, the various components of an riverine and stream ecosystem
can be arranged as follows. *Producers: The chief producers that remain permanently attachedto
a firm substratum are green algae as Cladophora, and aquatic mosses. *Consumers: The
consumers show certain features as permanent attachment tofirmsubstrata, presence of hooks &
suckers, sticky undersurface, streamline bodies, flattened bodies.. Thus a variety of animal are
found, which are fresh spongy and caddis-fly larvae, snails, flat worms etc. *Decomposers:
Various bacteria and fungi like actinomycetes are present which acts as decompose

BIODIVERSITY

Theword biodiversity isacombination of two words: “biological and diversity” and refersto the
variety of life on the Earth. Biodiversity is the degree of variation of life forms within a given
species,ecosystem,biome, or an entire planet. Biodiversity is a measure of the health
ofecosystems.

Thetermbiologicaldiversitywasused firstbywildlifescientistandconservationist Raymond
F.Dasmann inthe 1968.

Theterm'scontractedformbiodiversitymay havebeen coined byW.G.Rosenin1985

Biodiversityisusuallyconsideredatthreedifferent levels:
The followingare differenttypesofbiodiversity
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1. Geneticdiversity:varietyinthe geneticmakeupamongindividualswithinaspecies

2. Speciesdiversity:varietyamongthespeciesordistincttypesoflivingorganismsfoundin

different habitats of the planet

3. Ecosystemorecologicaldiversity:varietyofforests,deserts,grasslands,streams, lakes,

oceans, coral reefs, wetlands and other biological communities

4. Functionaldiversity:biologicalandchemicalprocessesoffunctionssuchasenergyflowan matter
cycling needed for the survival of species and biological communities

1. Genetic Diversity: Genetic diversity is the “raw material” that permits species to adjust to a
changing world whether these changes are due tonatural factors or are caused by human factors.
It refers to the variation at the level of individual genes and provides a mechanism for
populations to adapt to their ever-changing environment.

Eg:Humanbeings

2. Species Diversity: Species diversity refers to the different types of living organisms on Earth.
This includesthe manytypesofbirds,insects, plants, bacteria,fungi,mammals, andmore.Many
differing species often live together in communities depending on each other to provide their
needs.

A species can be defined as a group or population of similar organisms that reproduce by
interbreeding within the group. Members of a species do not normally reproduce with members
of any other species. Members of a specific species possess common characteristics that
distinguish them from other species and this remains constant regardless of geographic location.

3. Ecosystem Diversity: Ecological diversity or ecosystem diversity is the variety of biological
communities, such as forests, deserts, grasslands and streams that interact with one another and

with theirphysicalandchemical (nonliving) environments. Itrelates tothedifferentforms oflife
which are present in any one particular area or site, in more precise terms, it concerns the
differentspeciesofaparticulargenuswhicharepresentinanecologicalcommunity.

VALUESOF BIODIVERSITY

The value of biodiversity (in terms of its commercial utility, ecological services, social and
aesthetic values) is enormous. There are several ways that biodiversity and its various forms are
Valuable to humans. The biodiversity value may be classified as follows:

1. CONSUMPTIVE VALUE: Biodiversity is an essential requirement for the maintenance of
global food supply. The main sources of human food include animals, fish and plant produces.

A large number of plants are consumed by human beings as food. A few animal species are
consumed by people which come from cattle, pigs, sheep, goats, buffaloes, chickens, ducks,
geese and turkey species.

Fish: Many fresh water fish can be grown in ponds. Israel and China already get about half of
their fish from aqua culture.

Drugs & medicines: About 75% of the world’s population depends upon plants or plant extracts
for medicines. The drug Penicillin used as an antibiotic is derived from a fungus called
Penicillium. Likewise, Tetracycline frombacteriawhich is usedtocuremalariais obtainedfrom the
bark of cinchona tree. .

Fuel: The fossil fuels like coal, petroleum products and natural gas are the products of
biodiversity.




2. PRODUCTIVEVALUE: Some ofthe organisms are commercially usable where the product
is marketed and sold. The animal products like tusks of elephants; musk from deer; silk from
silkworm; wool from sheep or goats; fur of many animals etc all of which are traded in the
market.
Eg:Calabar bean wastradionallyusedasapoisoninWestAfrica.

Daisy plants were first used as a lice remedy in the Middle East and this led to the

DiscoveryofPyrethrum. MosquitocoilsmadefromPyrethrumaresoldinthemarket. The

bacterium Bacillus thuringiensis produces toxic proteins that kill certain insects.

3. SOCIAL VALUE: These are the values associated with the social life, religion and spiritual
aspects of the people. Many of the plants are considered to be sacred in our country like Tulasi,
Mango leaves, Banana leaves . The leaves, fruits, flowers of some of the plants are used in
worship. Many animals like cow, snake, bull, peacock also have significantplace inspiritual and
thus hold special importance. Thus, biodiversity has distinct social value, attached with different
societies.

4. ETHICALVALUE:Theethicalvaluemeansthathumanbeingsmayormaynotuseacertain  species
but knowing the very fact that this species exists in nature gives pleasure.

For eg: A peculiar species of Pigeon, grey / white bird with short legs is no more on this earth.
Similarly, Dodo species is also no more. Human beings are not deriving anything direct from
Kangaroo, giraffe but strongly feel that these species should exist in nature.

5. AESTHETICVALUE:Everyoneofuswouldliketovisitvaststretchesof landstoenjoythe visible
life. People from farther areas, spend a lot of time and money to visit wild life areaswhere they
can enjoy the aesthetic value of biodiversity and this type of tourismis known as eco tourism.
Eco-tourism is estimatedtogenerate 12billiondollars of revenueannually thatroughlygives the
aesthetic value of biodiversity.

A study of the impact of environment on the psyche was undertaken by Kaplan and Kaplan
(1989) in which they found that being near nature relieved working stresses while people who
worked in closed environment or human made structures experienced much more job stressesand
illnesses.

BIODIVERSITYATGLOBAL, NATIONALANDLOCALLEVEL

Theenormousdiversityoflifeformsinthebiospherehasevolvedessentiallythroughtheprocess of trial
anderror duringcourse oforganicevolution. The changes incharacter ofliving organism which
confer some advantage to the species are retained.

The changes in climatic conditions are reflected in the distribution of living organism and the
patternofbiodiversityonourplanet. Thenumberofspeciespresentperunitareadecreasesaswe move
from mild tropics to the tundra's.

The Indian region (8° to 30° N and 60° to 97.5°) with total area of 329 million hectares is very
rich in biodiversity. It is estimated that about 4500 species of plants occur in this country. The
position of Indian sub-continent at the confluence of there biogeography reels is also an
important contributing factor and explain the preserve of African, European, Sind, Japanese and
Indo-Malayanelementsinthefloraandfaunainindia. Itisthesumtotalofsuchremarkable




diversity that has madelndia a "gene bank" for anumber of foodcrops, forest trees, medical and
aromatic plants and domesticated animal.

Forests are important bioreserves; most of the 1700 million hectares of tropical forests
arelocatedinpoor countries.TheforestssurroundingReodeAneroidarepartofvegetationwhichis rich
in species of plants and animals that are endemic. There are about 53.5% of trees species found
only in these forests and studies of birds, reptiles, primates and butter flies have revealed equally
high or higher endemics.

INDIAASAMEGADIVERSITY NATION

India contains a great wealth of biodiversity in the forests, wet lands and marine areas. Hence
biodiversity can be observed at all levels ie locally, nationally and globally . India, as a
subcontinentrepresentinga major partof SouthAsiaisrichinfloraandfaunaandhenceitisone of the
world’s “MEGADIVERSITY NATIONS” .

It is estimated that over 75000 species of animals and over 45000 species of plants are found in
India.

Biogeographicregionsof India: Accordingto wild lifelnstituteofindia,thecountryhas10 distinct
biogeographic zones or regions. They are:
1. Trans— Himalayan Zone

. HimalayanZone

. DesertZone

. Semi— arid Zone

. WesternGhats

. Gangeticplain Zone
. NEIndianZone
. Coastal Zone

2
3
4
5
6. DeccanZone
7
8
9
10. Islandsaroundthecountry

HOTSPOTSOFBIODIVERSITY

Areas which exhibit high species richness as well as high species endemism are termed as hot
spots of biodiversity. Species which are restrictedonly to particular areas are known as endemic.
India shows a good number of endemic species. About 62% of amphibians and 50% of lizardsare
endemic to India. Western Ghats are the site of maximum endemism. The term “Hot spots” was
introduced by Myers (1988). There are 25 such hot spots of biodiversity on a global level out of
which two are present in India, namely the Eastern Himalayas and Western Ghats. These
hotspots covering less than 2% of the world’s land area are found to have about 50% of the
terrestrial biodiversity. Accordingto Myers anarea is designated as a hotspot when it contains at
least 0.5% of the plant species as endemics.

a) Eastern Himalayas: They display an ultra-varies topography that fosters species diversity
and endemism. Recent studies have shown that North East India along with its contiguous
regions of Burma and Chinese provinces of Yunnan and Schezwan is an active center of organic
evolutionandisconsideredtobethecradleoffloweringplants. Outof theworld’srecordedflora 30%
are endemic to India of which 35000 are in the Himalayas.
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b) Western Ghats: It extends along a 17000 km? strip of forests in Maharashtra, Karnataka,
Tamilnadu and Kerala and has 40% of the total endemic plant species. The major centers of
diversity are Agastyamalai Hills and Silent valley- the new Amambalam Reserve Basin .It is
reported that only 6.8% of the original forests are existing today while the rest has been
deforested or degraded, which raises a serious cause of alarm, because it means we have already
lost a huge proportion of the biodiversity.

THREATSTOBIODIVERSITY

Extinction or elimination of aspecies is a naturalprocess of evolution.In thegeologic period the
earth has experienced mass extinctions. During evolution, species have died out and have been
replaced by others. However, therate of loss of species in geologic past has been aslow process,
keeping in view the vast span of time going back to 444 million years. The process of extinction
has become particularly fast in the recent years of civilization. Edward O. Wilson prefers the
acronym HIPPO, standing for habitat destruction, invasive species, pollution, human
overpopulation, and over-harvesting

Followingarethe majorcausesand issuesrelatedtothreatstobiodiversity:

1. Habitat destruction: Habitat destruction has played a key role in extinctions, especially
related to tropical forest destruction. Factors contributing to habitat loss are: overpopulation,
deforestation,pollution(airpollution,waterpollution,soilcontamination)andglobalwarmingor
climate change.

Habitat size and numbers of species are systematically related. Physically larger species and

those living at lower latitudes or in forests or oceans are more sensitive to reduction in habitat
area. Conversionto"trivial'standardized ecosystems(e.g., monoculturefollowingdeforestation)
effectively destroys habitat for the more diverse species that preceded the conversion. In some
countries lack of property rights or lax law/regulatory enforcement necessarily leads to
biodiversity loss (degradation costs having to be supported by the community)

2. Poaching: lllegal trade of wildlife products by killing prohibited endangered animals i.e.
poaching is another threat to wildlife. Despite international ban on trade in products from
endangeredspecies, smugglingof wildlifeitemslikefurs, hides, horns, tusks, livespecimensand
herbal products worth millions of dollars per year continues, the developing nations in Asia,
Latin America and Africa are the richest source of biodiversity and have enormous wealth of
wildlife. The rich countries in Europe and North America and some affluent countries in Asialike
Japan, Taiwan and Hong Kong are the major importers of the wildlife products or wildlife itself.
The trading of such wild life products is highly profit making for the poachers who just hunt
these prohibited wild lives and smuggle it to other countries mediated through mafia. The worst
part is that for every live animal that actually gets into the market about 50 additional animals are
caught and killed

If you are fond of rare plants, fish or birds, please make sure that you are not going to the
endangered species or wild-caught species. Doing so will help in checking further decline of
these species. Also do not purchase fur coat, purse or bag, or items made of crocodile skin or
python skin. You will certainly help in preserving biodiversity by doing so.
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3. Man-WildlifeConflicts:We have discussed about the need to preserve and protect wildlife.
However,sometimeswecomeacrossconflictingsituationswhenwildlifestartscausingimmense
damage and danger to man and under such conditions it becomes very difficult for the forest
department to pacify the affected villages and gain local support for wildlife conservation.
Instances of man animal conflicts keep on coming to lime light from several states in ourcountry.
In Sambalpur, Orissa 195 humans were Killed in the last Syears by elephants. In retaliation the
villagers killed 95 elephants in the border region of Kote-Chamarajanagar belt in Mysore have
been reported recently. The man-elephant conflict in this region has arisen because of massive
damagedonebytheelephantstothefarmer’scottonandsugarcanecrops. Theagonizedvillagers
electrocute the elephants and sometimes hide explosives in the sugarcane fields, which explode
as the elephants intrude into their fields. In fact, more killings are done by locals than by
poachers.

CausesofiMan-animalconflicts:
Dwindling habitats of tigers, elephants, rhinos and bears due to shrinking forests cover are
compelled to move outside the forests and attack the field orsometimes even humans. Human
encroachment into the forest areas has rendered all forest living animals to trespass the bordersof
humancivilizations. Thisisbecausetheconflictsbetweenmanandthewildlifehaveincreased since it is
an issue of survival of both

Invasive Non-Native Species: Species that arenon-native to aparticulararea can sometimes
spread veryquickly, forexamplethe zebramusseland Japanese knotweed have spreadrapidlyin
Ireland in the past two decades. As a result, these species can destabilize an ecosystem byaltering

habitats affecting food webs.

Pollution/Litter: AsyouwillrememberfromtheLitterandWastetheme, pollutionisalways caused by
humans. Pollution can have a huge impact, altering the balance within ecosystems,and is the
cause of death for millions of animals and plants around the world every year.

Land Use Change/lncreased Infrastructure Development: This is the alteration of natural
areas by humans, for example, the clearing of huge areas of rainforest in South America for
farming. In Ireland, upland open habitats, such as rough grassland, scrub and heath, have been
changed by agriculture and afforestation.

Intensive Farming Practices: Extensive use and concentrations of chemical and/or biological
pesticides and the removal of hedgerows are typical practices inmodern-day intensive farming.
Often large areas of land are planted with a single crop (monocultures) which greatly reduces the
level of biodiversity in that area.

Climate Change: It is now widely accepted that the current global rate of change in climate is as
a result of human activity. As global air or sea temperature changes, even by just 1 or 2 degrees,
the habitats in which species live will also change and may even become uninhabitable to some
species.




ENDANGEREDANDENDEMICSPECIES

Endangered species A species whose numbers are reduced to the point. That means endangered
species are in immediate danger of extinction.
ThelnternationalUnionConservationofNature(IUCN)classifiedthespeciesofplantsand animals as:
(a) Endangeredspecies

(b) Threatened species: Species ( including animals, plants, fungi, etc.) which are vulnerable to
endangerment in the near future)

(c) Rare species: Amongthe important endangered animal species, Indianwild ass; the Kashmir
stag, the Golden Langur etc .. are considered highly endangered. There are also

endangered bird specieslikeSiberiancrane; thegreatindianBustard;thefloricanetc..

The IUCN published the data on endangered species of both plants and animals of India. The
data symbolizes the working signal for those species which are endangered and if not protected
are likely to become extinct in near future

A species is said to be extinct when it is not seen in the wild for 50 years at a stretch e.g. Dodo,
Passenger Pigeon.

Aspeciesissaidtobeendangered whenitsnumberhasbeenreducedtoacriticallevelorwhose habitat,
have been drastically reduced and if such species is not protected and conserved, it is in
immediate danger of extinction.

Endangeredspeciesof India

The International Union for Conservation of Nature and Natural Resources(IUCN) publishes the
Red Data Book which include thelist of endangered species of plants and animals. Thered data
symbolizes the warning signal for those species which are endangered and if not protected are
likely to become extinct in near future

The animals that are listed under the critically endangered category are as under:

1)MalabarLargeSpottedCivet
2) NamdaphaFlyingSquirrel
3)SalimAli'sFruitBat
4)SumatranRhinoceros

EndangeredSpeciesareasunder:
1)AsiaticLion2)AsiaticBlackBear
3) DesertCat
4)GreatIndianRhinoceros
5)IndianElephant(or)AsianElephant

ThreatenedSpeciesareasunder:
1) IndianWildAss
2)Leopard




Endemicspeciesofindia
Indiahastwobiodiversity hot-spotsand thus possessesalargenumberofendemic species.

The endemic species are those taxa whose distribution is confined to a restricted area due totheir
specific ecological niches and edaphic gradients. Therefore, the habitats of endemic species are
far more vulnerable than other species. Endemic species once lost, it is a loss of biodiversity of
these species forever.

In India there are about 5725 endemic taxa of angiosperms (33.5% of Indian flora) which are
located in 25 hot spots. The major hotspots in India which contain largest number of endemic
plant species are the Southern Western Ghats and Eastern Himalayas with 1286 and 1808
endemic species respectively. There are about 1272 species of endemic angiosperms out of 3800
species occurring in Kerala (33.5% of Kerala flora) which represent 22.6% of Indian endemics.
Seventy percent of the 1272 species of endemics have the major areas of distribution in Kerala
with spill over in adjacent regions. On the basis of the study of the distributional range, about102
endemic species occur exclusively in Kerala.

Alargenumber out of atotal of 81,000 of animalsin our country isendemic. The Western Ghats are
particularly rich in amphibians (frogs, toads etc) and reptiles (lizards, crocodiles etc) about 62%
amphibians and 50% lizards are endemic to Western Ghats

2) 2.7CONSERVATIONOF BIODIVERSITY

In order to maintain and conserve biodiversity, the Ministry of Environment and Forests,
government of India has already taken several steps to manage wildlife, the objectives of which
are:

1. Maintenanceofanumberof speciesin protectedareassuch asNational Parks,Sanctuaries..

2. Toimprove the biospherereserves

3. Implementstrictrestrictionsofexportofrare plantsandanimals

4. Educatethepublicon thesethroughthe government agenciesandNGO’s.
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A) In-situ conservation: The preservation of species in its natural ecosystem is called in-situ
conservation. As a consequence, protected areas are being identified and maintained for natural
conservation of species by individual countries. For the conservation and management of
endangered species several projects have been established.

Theseare:

Tiger Projects: Corbett National Park which is 300 km from New Delhi is the oldest National
Park of India having 1318.54 sq km. It was one of the nine Tiger Reserves created at the launch
of the Project Tiger in 1973.

Gir Lion Projects: The Gir Forest of Gujarat where lions arefound. This has an area of 1412sq
kms and declared as a National Park.

ElephantProjects: Theobjectivewastoensurelong-term survival ofpopulation ofelephants

( not come into operations). Project Elephant (PE), a centrally sponsored scheme, was launched
in February 1992 to provide financial and technical support to major elephant bearing States in
the countryfor protection of elephants andtheir habitats. TheProject is beingimplementedinl3
States/UTs,viz..AndhraPradesh, ArunachalPradesh, Assam,Jharkhand, Karnataka,Kerala,
Meghalaya, Nagaland, Orissa, Tamil Nadu, Uttaranchal, Uttar Pradesh and West Bengal.

There are about 7000 protected areas in the world which include a variety of National parks,
Sanctuaries etc which vary in size (between 100 to 500 sq km), purpose (protection of one or
more species and their habitats).. In India, there are 39 National Parks and 492 wildlife
sanctuaries.

National Parks: These are protected areas exclusively for wild life. Human activities like
hunting, Firewood collection, timber harvesting etc... are restricted in these areas to that wild
plants and animals could grow in a protected environment

The following measures should be adopted for the conservation of biodiversity:
1. Overgrazingintheforestandareasofvegetationshouldbecontrolledbecauseitmay Destroy
the useful rare plants.
2. Thehabitatofplantsandanimalsshould be conserved.
. Thenaturalconditionofecosystemshouldbestudiedandresearchedintimeandagain,then
Specific programs for conservation should be conducted.
. Humanactivitiesshouldbedonewithoutdestroying natural environment.
. Illegalhuntingandsmugglingof animalsandplantsshouldbestrictly avoided.
. Effectivelawsandrulesshouldbeadoptedfortheconservationofrareanimalsandplants.
. Industriesareestablishedfromtherawmaterials.Duringtheprocessofcollectingraw
materials, care should be taken not to destroy useful plants and habitats of animals.
. Publicawarenessshouldbecreatedabouttheimportanceofrareanimalsandplants,causes of
rareness and measures for their preservation.

B) Ex-situconservation: Theconservationofelementsofbiodiversityoutofthecontextoftheir natural
habitats is referred toas ex-situ conservation. Zoos, botanical gardens andseed banks are all
example of ex-situ conservation. In India we have the following important gene and seedbank
facilities.




NationalBureauofPlantGeneticResources(NBPGR)islocatedinNewDelhi.Here
agricultural and horticulturalcrops arestored by cryopreservation of seeds, pollens
etc. by using liquid nitrogen at a low temperature as low as -196°.
NationalBureauofAnimalGeneticResources(NBAGR)locatedatkarnal,Haryana. It
preserves the semen of domesticated bovine animals.




UNIT-I1I

ENVIRONMENTAL POLLUTION,
GLOBALENVIRONMENTALISUESANDCONTROLME
ASURES

ENVIRONMENTALPOLLUTION
INTRODUCTION:

Accordingto ODUM(1971), Pollutionis“anundesirablechange in thecharacteristicsof air,
water and land that harmfully affect the life and also create health hazards for all living
organisms on the globe”.

According to SOUTHWICK (1976), Pollution can be defined as “the unfavorable (or)
alteration of environment caused by human activities and causing harm to human beings”.

TYPES OF POLLUTION:
BasicallythePollution isoftwotypes viz.,

(1) NaturalPollution:Thistypeofpollutionislimitedinitsoccurrencegenerallyfromnatural
hazards like volcanic eruptions, emissions of natural gas, soil erosion, ultraviolet rays, cosmic
rays etc and

(2) ManmadePollution:Mostofthepollutionismanmadeonly.However,Pollutionisusually
categorized as Air Pollution; Water Pollution; Thermal Pollution; Noise Pollution; Land & soil
Pollution; Radio Active Pollution and Marine Pollution

AIR POLLUTION

Air pollution may be described as “the imbalance in quality of air so as to cause adverse
effects on the living organisms existing on earth”. Pollution is due to the presence of
undesirable substance of sufficient quantity which exists in environment.
Thesubstanceorenergywhich causespollutioniscalled pollutant.

Typesofair pollutants:
Pollutantsmaybeclassifiedaccording toorigin and stateofmatter.

a) Accordingto Origin:Airpollutantsaredivided into twocategoriesasprimary&secondary.
1) Primaryairpollutantsarethosewhichareemitteddirectlyintotheatmosphere. EQ:
C; CO; CO2; SOx ; N; S; H; NOx; CFC’s etc .
2) Secondary airpollutantsarethosewhichareproducedintheairbytheinteraction
Among the primary air pollutants or by reaction with atmospheric constituents.
Eg:Ozone(Os3); Smog;ParaAcetyINitrate(PAN);AcidRain;Aerosols.

b) AccordingtoStateofMatter:Airpollutantsincludefinesolids;liquidsandgases.Dust, Smoke,
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Fumesetcare examplesforsolid particleswhereasfog isan exampleforliquid particles.




PRIMARYPOLLUTANTS

1. Carbon Monoxide: It is a colorless, odorless, poisonous gas that is produced by the
incomplete burning of carbon based fuels (coal, petrol, diesel and wood) which comes from the
automobile industries, exhaust devices, About 70% of CO emissions are from the transport
sector.

When the air is polluted with CO, human blood is likely to be deprived of oxygen and leads to
coma and death. In mild dosages, it leads to headache.

2. Oxides of Sulphur: SOzis a gas produced from burning of coal, mainly in thermal power
plants. Some industries such as paper mills produce SO.. It is injurious not only to men and
plants, but it also attacks rapidly a few rocks such as limestone, marbles, electric contacts etc. It
can even dissolve nylon.

Paper absorbs SOzcausing the paper to become brittle and fragile. SOzpolluted air leads to
corrosion of metals such as Fe, Zn, Cu, steel etc... SO2is a major contributor to Smog and acid
rain.

Sulphur trioxideis more irritant than SOzbecause it combines immediately with water to form
sulphuric acid.

3. OxidesofNitrogen:Combustionofcoal, oil,naturalgasandgasolinewhichproducesupto50 ppm of
Nitrogen. NOXx are also produced when fossil fuels are burned especially in power plants and
motor vehicles. NOzpoisoning results SILOFILTER disease. High levels of NO2exposure causes
cough and make the human beings feel short of breath. People who are exposed to NO2for a long
time have a higher chance of getting respiratory infections.

NOx compounds contribute for the formation of Ozone. Similarly, when nitrogen oxide
when combine with SOx to form acid rain.

4. Chloro Fluoro Carbons: CFC’s (also known as Freon) are non- toxic. They contain Carbon,
Fluorine and Chlorine atoms.The five main CFCs are the following:

[1 CFC — 11( Trichloro Fluoro Methane CFCls)

[J CFC- 12(DichloroFluoro MethaneCFCly)

The major uses of CFCs are as coolants in refrigerators and in air conditioners; as solvents in
cleaners particularly for electronic circuit boards etc.. CFCs are the main cause of ozone
depletion. CFCs have a lifetime in the atmosphere of about 20 to 100 years, and as a result one
free chlorine atom from a CFC molecule can do a lot of damage.

SECONDARYPOLLUTANTS:

1) Ozone (Oz) / Ozone layer Depletion: Ozone consists of oxygen molecules which contain
three oxygen atoms. It is not emitted directly into the air but produced in the atmosphere when
oxygen combines with oxygen radical (O') in the presence of sunlight. Ozone protects us from
ultra violet radiation and other harmful rays.

It is observed that over the last few years, many manmade processes release gases into
atmosphere causing drastic depletion of ozone layer. The chlorine atoms cause depletion ofozone
slowly and holes are formed in the ozone layer.

Ozone reacts with tissues and cause for breathing and decrease the working ability of the lungs,
chest pains and coughing. It lowers the human body resistance power and leads to cold;
pneumonia also.




Antarctic Ozone depletion: According to NIMBUS-7 satellite picture which was taken on 5%
October, 1987 the protective ozone layer showed a hole over 50% of the area of the Antarctica
continent covering 7 million sq km.

On Jan 1st 1989, the country Montreal (Canada) proposed redesigning refrigeration, air
conditioning technology replacing the use of CFCs by ozone friendly substitutes.

2) Smog:Smogisacombinationof smokeandfogor variousgaseswhenreactinthepresenceof
sunlight. The effects of smog on human health cause for respiratory, irritation to the eyes,
diseases related to nose, throat, bronchitis, pneumonia, headache, nerves, liver, and kidneys.

The first smog related deaths were recorded in London in 1873, when it killed 500 people. In
1892, December, London had worst experiences causing 1000 deaths. In 1940’s severe smog
began covering the cities of Los Angeles in USA.

3) Acid rain:Acid rain has become one of the most important global environmental problems
and poses significant adverse impact on soils, rivers, lakes, forests and monuments. The
phenomenon occurs when SOx and NOx from the burning of fossil fuels such as Petrol, Diesel,
Coat etc combine with water vapour in atmosphere and fall as rain or snow or fog.

Natural sources like volcanoes, forest fires, etc also contribute SOx and NOXx. Increased
urban andindustrial activities cause air pollutionresulting in therise ofconcentration ofSO> and
NOXx. Sulphur dioxideandNO2combineswithwater vapour intheatmosphereproducesulphuric acid
and Nitric acid respectively and results acid rain. Some of the examples are:

Europe and parts of W Asia have experienced rain with water pH range of 4.5 to 5.0 (acidic) in
1958.

AIRPOLLUTIONEFFECTS,PREVENTIONANDCONTROLMEASURES:

Human beings breathe 22000 times a day on the average, inhaling 16 kg of air. Atmosphere
constitutes a protective cover of gases surrounding the earth which
sustainslifeandsavesitfromunfriendlyenvironment.

The atmosphere consists of several layers viz. Troposphere, Stratosphere; Mesosphere;
Thermosphere & Exosphere.

Theloweratmospherei.e., thetropospherecontains70%of gaseouscomponentsofmajor, minor and
traces. Ultra violet radiation from the sun is absorbed by ozone in the stratosphere which is so
called ozone layer located between 17 - 26 kms above sea level.

Effects of Air pollution: The effects of pollution may be direct and affect certain organisms.The
effects ofpollutionmay possess a hazard ornuisance. Long continued pollution evenaffects the
evolution of a species and eliminates organisms that cannot tolerate certain pollutants and favor
others who can eat.

Air pollution causes deaths, Impair health, reduce visibility and brings vast economic losses. It
can also cause intangible losses to historic monuments such as Taj Mahal.

Finally,Air pollutioncanaffecttheenvironmentonaglobal scale.

Preventionand control ofAirPollution:
e Inputs thatdonotcontainthepollutants.
Operatingprocessto minimizegeneration ofthe pollutants.
Replacingtheprocesswith onedoesnot generatethe pollutant.
Removing the pollutantsfromtheprocess.
Substitution ofraw materials.




Eqg:Thesubstitutionofhighsulphur coalwithlowsulphur coalinpowerplants. Eg:

Changing a fossil fuel with nuclear energy can eliminate sulphur emission.

By involving theProcessModification:

Eg: Chemical and petroleum industries have changed by implementing
Automatedoperations,computerizedprocesscontrolbyreducingthe Oxidation
ofSOto SOsby reducing excess air.

By involving the control technologies: Control equipment viz., Wet Collector

(scrubber), Gravity Settling chamber; Cyclone Collectors, Dry Scrubbers, filters,

electrostatic precipitators etc. are to be used to minimize the air pollution.

WATERPOLLUTION

Hydrosphere in the universe contains water in the form of oceans, rivers, lakes, tanks and many
other water sources.

Watersourcesin the worldareoftwotypes.
Theyare(1)Marinewaterbodiesand(2)FreshWaterbodies.

Water is a good solvent for many substances. Because of this property water cannot exist in its
pureform atmanypartsofthe world.Waterpollutionismainlybecauseofsewage,industrial disposals
i.e., effluents.

PARAMETERSOF WATERPOLLUTION:
Chemicalexaminationofwater(tests):pH;BiologicalOxygenDemand(BOD),Dissolved Oxygen
(DO), etc are some of the chemical tests to find the stage of pollution of water.

1. pH:The valueof pHgives the degree of acidityor alkalinityof polluted water. Determination of
pH is important in calculating the coagulant (thick or thin) dose.

2. Biological Oxygen Demand (BOD): It is defined as the quantity of oxygen utilized by micro
organisms at a temperature of 20°C, generally measured for 5 days. When water is polluted by
unwanted materials, naturally the Ocontent gets reduced and that water become not fit for
consumption either by human beings or animals or plants.

Living organisms require water with some quantity of sustainable oxygen in it. That oxygen is
necessaryfor livingorganismsisgenerallycalledBOD. Ifthereisreductioninoxygencontentof water,
it becomes unfit for biological consumption because there is change in BOD.

COMMONTYPESOFWATERPOLLUTANTS:
A) Basedonsources B)Basedon natures

A) Basedonsources:

a) Disease causing agents: Bacteria, viruses, protozoan that enter water from domestic sewage
and animal wastes.

b) Water soluble inorganic chemicals: Acids, salts and compounds of toxic metals such as
Lead, Mercury can make water unfit to drink, harm fishes and other aquatic life. Also Nitrate,
Phosphate compounds dissolve inwaterthatcancause excessive growth ofalgae, whichthendie and
decay, depleting dissolved O2in water and Killing fish.




c) Water Soluble Organic chemicals: Oil, gasoline (a type of oil is obtained from petroleum),
pesticides, detergents and many other water soluble chemicals that threaten human health and
harm fish.

d) Heat: Largequantityof waterisheatedwhenitisused inthecoolingtowersofthermalpower plants.
Whenthishotwater isdischargedintothenearbywater bodies, itcausesanincreaseinits temperature.

e) Sewage: sewage is waste water from municipalarea where there is human habitation. Sewage
which comes from homes is called domestic sewage

B) Basedonnatures:

In nature waterpollutionisclassified intothreetypesbyKimball(1975).Theyare:

1. Domestic water pollution: Sewage is a part of domestic water pollution. Domestic sewage
not only contains unwanted waste materials, but it is also infested with harmful bacteria, virus
etc. These are responsible for causing diseases in animals and human beings, if they drink this
polluted water and even plants may die if polluted water is provided. Domestic water pollution
leads to Diarrhea, Cholera and Typhoid in human beings.

2. Agricultural Water Pollution: Water require for plants for its growth. Major irrigation,
minor irrigation, sprinkler irrigation, drip irrigation, lift irrigation carry waste substances and
causing water pollution in addition to the utilization of fertilizer and pesticides. Agricultural
water pollution leads to Eutrophication & Water Bloom.

Ecologicaleffects: Theimportanttroublingecologicalimpactsare:

1. Excessivenutrientsinwaterbodiespromoteplantgrowthwhichleadstoadropin water
quality;

2. DisruptionofthenaturalecosystemE.g.lackofoxygenforshelf marinelife(causing a drop
in their population).

3. Decreasein therecreational and aestheticvalueofwaterbodies

4. Healthproblemswhenitoccursindrinkingwaterreserves

5. Coralreefdecline

6. Decreasedbiodiversity,

7. Changesinspeciescompositionanddominance,and

8. Toxicity effects.

. Toxicphytoplanktonspecies

10. Decreasesinwatertransparency(increased turbidity)

11. Color,smell,and watertreatment problems

12. Dissolvedoxygendepletion

13. Increasedincidencesoffishkills

14. Lossof desirablefishspecies

3. Industrial water pollution: Many industries discharge waste materials containing harmful
chemicals. Such Industrial wastes are called effluents. The river Godavari is polluted because of
effluents released by the paper industry. It affects the entire water ecosystem causing enormous
damage to fishes, prawns and fresh water animals.

Eg:Minamatadisease&Fluorosis.

Minamatadisease isaneurological syndromecaused by severemercury poisoning.Symptoms
includeataxia,numbnessin thehandsand feet,general muscleweakness,narrowingofthefield




ofvisionanddamagetohearingandspeech.Inextremecases,insanity,paralysis,coma,and death follow
within weeks of the onset of symptoms.
MinamatadiseasewasfirstdiscoveredinMinamatacityinJapanin1956.Itwascausedbythe release of
methyl mercury from, the Chisso Corporation's chemical factory, which continued from 1932 to
1968. This highly toxic chemical bio- accumulated in shellfish and fish in Minamata
Bay which when eaten by the local people resulted in mercury poisoning. While cat, dog, pig,
andhumandeathscontinuedovermorethan30years, thegovernmentandcompanydidlittleto prevent
the pollution.
Fluorosis: People suffer from a disease called fluorosis after consuming water containing
fluorineforsufficientlyalongtime.Quantityoffluorideinwaterisonlylppm. Diseasescaused by
fluorosis are:

1 Backpainand cannoteasily bend.

0 Jointsgetstiffened assomovementofjointsisimpaired.

0 Teetharetheworsteffectedandabrowncoatingappearsontheenamel of teeth

giving bad appearance.
1 Personswithfluorosiscannot erectfreely.

CONTROLMEASURESOF WATER POLLUTION:

. Drinkingwatershouldbeboiled,cooledandthen used.

. Disinfectionof drinkingwatershouldbedonebyusingchemicalslikebleaching powder.

. Pesticidesandinsecticidesshouldbepreventedfromnearbyuseofwaterlakes,pondsand pools.

. Drainagewatershouldnotbe allowedtomixwithdrinkingwater.

. Drainagesystem should bemaintained properly.

. Chlorinationprocessistobeadoptedfordrinkingwater.Forllitreofwater 30 -40mgof chlorine
is to be added to get perfect disinfection. It kills bacteria, fungi, fungal sporesand other
microbes also.

SOIL POLLUTION

Definition:

Soil pollution is defined as the build-up in soils of persistent toxic compounds, chemicals, salts,
Radioactive materials, ordisease causing agents,which have adverseeffects onplantgrowthand
animalhealth.SoilisthethinlayeroforganicandinorganicmaterialsthatcoverstheEarth's

rockysurface. Theorganicportion,whichisderivedfromthedecayedremainsofplantsand animals,is
concentratedin thedark uppermosttopsoil. The inorganicportionmade upofrock fragments,
wasformedover thousands of yearsbyphysical and chemicalweathering of bedrock. Productive soils
are necessary for agriculture to supply the world with sufficient food.

Therearemany differentwaysthatsoilcanbecomepolluted,such as:
« Seepagefrom alandfill
« Dischargeofindustrialwasteintothesoil
« Percolationofcontaminatedwaterinto thesoil
* Ruptureof undergroundstoragetanks
« Excessapplicationofpesticides,herbicidesorfertilizer
« Solidwasteseepage




Themost commonchemicalsinvolved incausing soilpollution are:
* Petroleumhydrocarbons
» Heavymetals
» Pesticides
* Solvents

TypesofSoil Pollution
» AgriculturalSoilPollutionandpollutionduetourban activities
i) Pollutionofsurfacesoil
i) Pollutionofundergroundsoil
« Soilpollutionbyindustrialeffluentsandsolidwastes
i) Pollutionofsurfacesoil
if) Disturbancesinsoil profile

CAUSES OFSOILPOLLUTION:

Soil pollution is caused by the presence of man-made chemicals or other alteration in the natural
soil environment. This type of contamination typically arises from the rupture of underground
storage links, application of pesticides, and percolation of contaminated surface water to
subsurface strata, oil and fuel dumping, leaching of wastes from landfills or direct discharge of
industrial wastes to the soil. The most common chemicals involved are petroleum hydrocarbons,
solvents, pesticides, lead and other heavy metals. This occurrence of this phenomenon is
correlated with the degree of industrialization and intensities of chemical usage.

A soil pollutant is any factor which deteriorates the quality, texture and mineral content of the
Soil or which disturbs the biological balance of the organisms in the soil. Pollution in soil has
adverse effect on plant growth.

Pollutioninsoil isassociated with
« Indiscriminateuseoffertilizers
« Indiscriminateuseofpesticides,insecticidesandherbicides
« Dumpingoflarge quantitiesofsolidwaste
« Deforestationandsoil erosion

1. Indiscriminateuseoffertilizers:

Soil nutrients are important for plant growth and development. Plants obtain carbon, hydrogen
and oxygen from air and water. But other necessary nutrients like nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur and more must be obtained from the soil. Farmers
generally use fertilizers to correct soil deficiencies.Fertilizers contaminate the soil with
impurities, which come from the raw materials used for their manufacture. Mixed fertilizersoften
contain ammonium nitrate (NHsNO3), phosphorus as P20s, and potassium as K2O. For instance,
arsenic,leadandcadmiumpresentintracesinrock phosphatemineralgettransferredto super phosphate
fertilizer. Since the metals are not degradable, their accumulation in the soil above their toxic
levels due to excessive use of phosphate fertilizers becomes an indestructible poison for crops.
The over use of NPK fertilizers reduce quantity of vegetables and crops grown on soil over the
years. It also reduces the protein content of wheat, maize, grams, etc., grown on that soil. The
carbohydrate quality of such crops also gets degraded. Excess potassium content in soildecreases
Vitamin C and carotene content in vegetables and fruits. The vegetables and fruits grown on over
fertilized soil are more prone to attacks by insects and disease.




2. Indiscriminateuseofpesticides, insecticidesandherbicides:

The first widespread insecticide use began at the end of World War Il and included DDT
(dichlorodiphenyltrichloroethane) and gammaxene. Insects soon became resistant to DDTand
as the chemical did not decompose readily, it persisted in the environment. Since it was soluble
in fat rather than water, it biomagnified up the food chain and disrupted calcium metabolism in
birds, causing egg shells to be thin and fragile. As a result, large birds of preysuch as the brown
pelican, ospreys, falcons and eagles became endangered. DDT has been now been banned in
most western countries. Ironically many of them including USA still produce DDT for export to
other developing nations whose needs outweigh the problems caused by it.

The most important pesticides are DDT, BHC, chlorinated hydrocarbons,
organophosphates,

aldrin, malathion, dieldrin, furodan, etc. The remnants of such pesticides used on pests may
get adsorbed by the soil particles, which then contaminate root crops grown in that soil. The
consumption of such crops causes the pesticides remnants to enter human biological systems,
affecting them adversely.

An infamous herbicide used as a defoliant in the Vietham War called Agent Orange
(dioxin), exposure to Agent Orange.

Pesticides not only bring toxic effect on human and animals but also decrease the fertility of the
soil. Some of the pesticides are quite stable and their bio- degradation may take weeks and even
months.

Pesticide problems such as resistance, resurgence, and health effects have caused scientists to
seek alternatives. Pheromones and hormones to attract orrepel insects and using natural enemies
or sterilization by radiation have been suggested

3. Dumping oflargequantitiesofsolidwaste:

In general, solid waste includes garbage, domestic refuse and discarded solid materials such as
Those from commercial, industrial and agricultural operations. They contain increasing amounts
of paper, cardboards, plastics, glass, old construction material, packaging material and toxic or
otherwise hazardous substances. Since a significant amount of urban solid waste tends to be
paper and food waste, the majority is recyclable or biodegradable in landfills. Similarly, most
agricultural waste is recycled and mining waste is left on site.

The portion of solid waste that is hazardous such as oils, battery metals, heavy metals from
smelting industries and organic solvents are the ones we have to pay particular attention to.These
can in the long run, get deposited to the soils of the surrounding area and pollute them by altering
their chemical and biological properties. They also contaminate drinking water aquifer sources.
More than 90% of hazardous waste is produced by chemical, petroleum and metal- related
industries and small businesses such as dry cleaners and gas stations contribute as well.

4. Deforestationandsoil erosion:

Soil Erosion occurswhen theweathered soil particlesaredislodgedand carriedaway bywind

or water. Deforestation, agricultural development, temperature extremes, precipitation including
acid rain, and human activities contribute to this erosion. Humans speed up this process by
construction, mining, cutting of timber, over cropping and overgrazing. It results in floods and
cause soil erosion.




EFFECTSOFSOIL POLLUTION
1. Agricultural

* Reducedsoil fertility
* Reducednitrogenfixation
* Increasederosion
» Larger lossofsoil and nutrients
* Depositionofsilt intanksandreservoirs
* Reduced crop yield
+ Imbalanceinsoilfauna andflora
Industrial
« Dangerouschemicalsenteringundergroundwater
* Ecologicalimbalance
* Releaseof pollutantgases
* Releaseof radioactiverayscausinghealthproblems
* Increasedsalinity
* Reducedvegetation
Urban
Cloggingofdrains
» Inundationofareas
* Publichealthproblems
« Pollutionofdrinkingwatersources
« Foulsmell andreleaseofgases
» Wastemanagement problems

CONTROLMEASURESOFSOIL POLLUTION

The following steps have been suggested to control soil pollution. To help prevent soil erosion,
wecanlimitconstructioninsensitivearea.Ingeneralwewouldneedlessfertilizerandfewer pesticides
ifwe could alladopt the three R's: Reduce,Reuse,and Recycle. This would give us less solid waste.
1. Reducing chemical fertilizer and pesticide use Applying bio-fertilizers and manures can
reduce chemical fertilizer and pesticide use. Biological methods of pest control can also reduce
the use of pesticides and thereby minimize soil pollution.

2. Reusingofmaterials

Materials such as glass containers, plastic bags, paper, clothetc. can bereused at domestic levels
rather than being disposed, reducing solid waste pollution.

3. Recyclingandrecoveryofmaterials

This is a reasonable solution for reducing soil pollution. Materials such as paper, some kinds of
plastics and glass can and are being recycled. This decreases the volume of refuse and helps in
the conservation of natural resources. For example, recovery of one tonne of paper can save 17
trees.

4. Reforesting

Controloflandlossand soil erosioncan beattemptedthroughrestoringforest and grass cover

to check wastelands, soil erosion and floods. Crop rotation or mixed cropping can improve the
fertility of the land.

5. Solidwastetreatment

Proper methodsshouldbeadoptedformanagementof solidwastedisposal.Industrial wastes




can be treated physically, chemically and biologically until they are less hazardous. Acidic and
alkaline wastes should be first neutralized; the insoluble material if biodegradable should be
allowed to degrade under controlled conditions before being disposed.

MARINEPOLLUTION

Pollution of oceans is damaging the marine environment and is becoming a major problem.
Marine environment is interesting for various reasons such as Sea food; Navigation; Adventure;
Tourism etc,, Marine Pollution is harmful and its danger can be identified in a variety of ways.

Sources&causesofmarinepollution:

Marine pollution originates from one of two sources --- the land or the sea which are explained
below:

Marine Oil Pollution: Oil is basically an important pollutant which destroys marine
environment. The various sources of oil pollution are:

Run-off oil from streets; disposal oflubricants from machines; Off shoreoil andgas exploitation
from off-shore drilling; blowouts atoff-shore drilling rigs; oilescaping under highpressure from
aboreholeintheoceanfloor. Wastechemicals,mudandaccumulation oftoxicsubstances in the
ocean in theform of mercury, dioxin, PCBs, PAHs (Poly Aromatic Hydrocarbons)
Radioactivity. benzene; xylene ( colorless, flammable liquids ) and heavy metals such as
lead; copper; nickel, mercury also cause for marine pollution during the off shore drilling
activities. Both dumping and exploitation of ocean resources cause ocean pollution also.
PAHSs: It is a chemical compound and organic pollutant. These occur in oil, coal and tar deposits
and are produced as byproducts of fuel burning.

PAHSsare lipophilicmeaningthey mixmoreeasilyinoilthanwater.

EgforPAHsare: Acenaphthene;Anthracene;Benzopyrene;Chrysene;Coronene;Fluorene;

Pyrene.

Other sources from land: The major sources of marine pollution originating from theland vary
from country to country. Effluents are discharged either directly into the sea or enters the coastal
waters through rivers. Thousands of barrels of oil burn when oil wells were set on fire. Tanker
accidents on land carry oil to the nearby streams / canals and cause for marine Pollution. Due to
burning of oil, smoke, SO2, NO2, CO is added towards atmospheric contamination.

Theeffectsofoil pollutiondependmainly onthefollowingfactors:
Typeofoilanditsviscosity,amount/quantityreleased,distancecovered,time,averagewater temp etc..
EffectsofMarinePollution:
SNo  Source Effect
Sewage& run-offfromforestry; Depletesoxygeninwatercauseskillingoffishes.
Sediments frommining Sedimentscloginthegillsoffishes
Sewage frommunicipalities, Contaminateseafood
towns;citiesetc. ..
Industrialdischarge;pesticides Causediseaseincoastal marinelife
fromfarms
Oilfromoffshore drilling; Lowlevel contamination killlarvaewhereashigh
industries/ automobiles levelcontamination causesdeath forseafishes




Litter(rubbish),waste,plastics Marine life disturbs
Hotwaterfrompowerplants Kills corals.

MarinePollutionAbatement/Prevention&controlmeasuresofMarinepollution: The

following are the some of the control measures for marine pollution:

1. Improvingexistingsewagedisposalfacilities

2. Ensuringindividualhouseshavesewagedisposal systems(such asseptic tanks).

3. Largeresortsshoulduseandmanagetheirownpackagedtreatment plants.

4. Marine planning and management should be considered as processes such as land — sea
interaction; inter disciplinary co-operation; participation of public & private sector
organizations; balance between protection and development public participation
Oiltankersaredoublehulled(twolayeredbottom)toreducethe chance ofoil leakage
Recyclingfacilitiesforused oil.

NOISEPOLLUTION

INTRODUCTION:

Everyone knows that sound is a form of energy that is capable of causing disturbances in human
beings. Ears are the hearing organs in human beings.

Athin membraneiscalled Tympanum (or)eardrum receivesthevibrationsproduced

by sound to a limited extent. Human ear is capable of perceiving about 85 decibels of sound.
Beyond the limit, the ear drum cannot bear sound.

In nature, we hear different types of sounds. Sound is a kind of vibration which travel throughair,
water, and are sensed by the ear. This is from music, speech, etc from radio / television /
computers etc., one thing in this matter is that we can increase the volume of sound or
decreaseasper our tastewhereas, anoiseis asoundwhich
cannotbeheardclearlyandonlymixedsounds will be heard.

For eg: in an office one is talking on mobile, phone ringing another side, ring tones in some
person's hands, loud conversations with one and another etc., this is called noise. One cannot
increase or decrease the volume of noise. In general, a sound is a vibration from a particular
machine, place or material which can be heard clearly whereas a noise a mixed vibrations that
willcometousfromalldirections. Asoundcanbeclear andcanbeabletohear, whereasanoise will not
be clear and cannot be heard.

SOURCES OFNOISE:
Noiseisan unwantedsound and noisepollutionoccursthrough differentsources:
1. Vehiclesproduce noise thatleadstonoise pollution.
2. Automobileindustry isanothersourceofnoisepollution.
3. Noisepollutionisverycommoninindustrialareaswheremachinesareworkingforfactories

making more noise.
The sources of noise are more in urban and industrial areas, than in rural areas. The sources of
noise may be stationary or mobile. The stationary sources include industries, loud speakers,
mining operations, use of machineries, TV, Radio and Grinders etc. The mobile sources include
Road Traffic, Highway Noise, Railway Traffic and Air Traffic.




(1) Stationarysources:

a) Industrial noise: The main categories of industrial activity that are particularly
relevant to the study of noise are the following:

Product fabrication, Product assembly, Power generation by means of generators, Combusting
process in furnaces (burning of gases)

b) Noise from construction works: Construction noise, a major source of noise
pollution is emittedby constructionequipment. The sources of noise are dozers excavators, front
end loaders, soil compactors, cranes, air compressors, concrete vibrators, riveting steel structure
during the casting, dismantling of construction materials etc...

¢) Noise from other sources: These include sources such as sirens, barking dogs,
ambulances, Police vehicles, Fire engines etc.

(2) Mobilesources:

Road traffic: Of all sources of noise pollution, road traffic is the most prevalent and
perhaps the most source of noise pollution. More people are exposed to noise from motor
vehiclesandthenoisedependsonvariousfactorssuchas Roadlocation,Roaddesign,Vehicle standards,
Driver behaviors, Horns, Traffic density. ,

Noise ofcommonroadvehicles
Vehicletype Noise(db)

Mediumroadtraffic(Main roads) 70-80
Heavy roadtraffic (High ways) 80-90
Buses&Trucks upto3.5tons 85-95
Trucksupto 3.5-12tons 90-100
Motorcycles 90-105

It can be observed that motor cycles with their exposed engines and inadequate silencing
arrangementsarenotoriousnoiseproducers, whichproducemorethan30timessoundthana small
passenger car.

a) Railway traffic: Noise from railway traffic is not serious nuisance as compared to the road
traffic noise. The level of noise associated with rail traffic is related to the type of engine, the
speed of the train, track type and condition. The majority of noise emitted by trains is produced
by the engine (or) by the interaction of wheels with the tracks, horns, warning signals atcrossings
etc..,

b) Air traffic: The noise of air craft is different from that of road traffic in the sense it is
intermittent. Noise is maximum during takeoff and landing. Noise made by jet planes is more
disturbance than that of propeller driven air craft. Supersonic air craft produce noise at high
levels due to its intensity.

EFFECTSOF NOISE:

At 120 decibels the ear registers pain but hearing damage begins about 85 decibels. Apart from
hearing loss, noise can cause lack of sleep, irritation, indigestion, ulcers, High B.P., Heart
diseases, Stress etc.,.

1. Annoyance (Feelingslightlyangry):Oneofthemost importanteffectsofnoiseon human is
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annoyance.Duetothisbreathingrate affects.
2. Noise-inducedhearingloss: Exposure tonoiseforalongenough durationresultsindamage
totheinnerearandthusdecreasesone’sabilitytohear. The louder
the noise the less time it takes to cause hearing loss.

3. Effectsonsleep:Noisedisturbssleep. It hasbeen found thatthecasesrelated tovarious

levels of noise are associated with sleep disturbances. Sleep disturbanceby
noise depends on the characteristics of the noise such as frequency,

loudnessand whetherthenoiseiscontinuousorintermittent.
Other effects: There are many other effects of noises such involve aggression (ready to attack).
People may turn mad and nerves may not function normally, People may be deformed in many
ways including increased stress and strain, nonfunctioning of hands, legs etc due to noise
pollution if exposed continuously.

CONTROLMEASURES:

Noisepollutioncouldbecontrolledbyeither reducingthenoiseatthesourceor bypreventingits
transmission.

Thefirst stepin thepreventionofnoisepollution isto controlthenoiseat sourceitself.
Foreg:Lubricationofmachinesreducesthenoiseproduced, Tightening theloosenuts, Reducing the
vibrations produced by machines etc...

Failing to control the noise at its source, the second step is to prevent its transmission for eg:
keeping the noise machine covered in an enclosure so that the sound does not escape and reach
the receivers, construction of noise barriers on road sides, sound proof the buildings by using
heavy curtains on the windows, acoustical tiles on the ceiling and walls, by sealing the cracks in

the walls to reduce the noise coming from outside.
If the noise levels are not able to bring down to the desired levels in some cases, the only
alternative is to follow:

» Avoidinghornsexceptinemergencysituations.

» Soundprooforeco-generatorsandTurningdown the volume ofstereos.

» Conductingtheawarenessprograms

3.1.6THERMAL POLLUTION

Thermal pollution is also known as heat pollution and occurs when heat is released into water or
air that produces undesirable effects. Sudden heat release usually due to forest fire or volcanoes
or human induced activities. Thermal pollution is also the addition of excess undesirable heat to
water that makes it harmful to human, animal or aquatic life.

Sourcesof ThermalPollution:

Varioussourcesof thermal pollutioninclude

Thermal Power Plants ; Nuclear Power Plants ; Petroleum Refineries; Steel Plants; Metallurgical
industries; Paper Mills; Chemical Plants. Coal fired power plants constitute major sources of
thermal pollution. Nuclear plants discharge much heat and also traces of toxic radioactive
substances. Many industries use water for cooling purpose and thus the heat effluents are finally
discharged into water.




Temperatureandits effects: Temperature playsanimportantroleindeterminingtheconditions in
which living things can survive.

Birds andmammals require anarrow rangeofbodytempforsurvival whereas aquaticspecies can
exist at a certain range of temperatures.

Thermal pollution increases water temperature causing a change (lowering) of dissolved oxygen
levels. This disrupts and causes decay of plant and animal species.

For eg: The warmer water increases the metabolic rate of fish and other animals in the sea;
thisdecreases the life expectancy of aquatic animals.

ManagementofThermalPollution:
ThermalPollutioniscontrolled bythefollowingmethods:
1. Cooling Towers are designed to control the temperature of water which transfers some of the
heat from the water to the surrounding atmosphere by evaporation. There are two types ofcooling
towers namely wet cooling towers and dry cooling towers.
2. Coolingpondsareemployedforthermaldischarges.Heatedeffluentsonthesurfaceofwater in
cooling ponds maximize dissipation of heat to the atmosphere.
3. Artificiallakesaremanmadebodiesofwaterwhichofferpossiblealternative. Theheating
effluents are discharged into lake at one end and the water for cooling purpose may be
withdrawn from the other end

3.1.7NUCLEAR HAZARDS

Radioactivity is the phenomenon of emission of energy from radioactive isotopes (i.e., unstable
isotopes), such as Carbon-14, Uranium-235, Uranium-238, Uranium-239, Radium-226, etc. The
emissionofenergyfromradioactivesubstancesintheenvironmentisoftencalledas'Radioactive Pollution'.

Sources/causesof nuclear hazards

Thesourcesofradioactivityareboth naturaland man-made. Thenaturalsourcesinclude:

a) Naturalsources:

1) Emissionsfrom radioactivematerialsfromtheEarth'scrust.
Peoplehavebeenexposedtolowlevelsofradiationfromthesenaturalsourcesforseveral millennia. But
it is the man-made sources which are posing a threat to mankind.

b) Man-MadeSources: Theman-madesourcesofradioactivityarenuclearwastes(i.e.,waste
material that contains radioactive nuclei) produced during the:

1) Miningandprocessingofradioactiveores;

2) Useofradioactivematerialin nuclearpowerplants;

3) Useofradioactiveisotopesin medical,industrialandresearchapplications; and

4) Useofradioactive materialsinnuclearweapons.
ThegreatestexposuretohumanbeingscomesfromthediagnosticuseofX-rays, radioactive isotopes
used as tracers and treatment of cancer and other ailments.

Effectsof nuclearhazards:
The effects of radioactive pollutants depend upon half-life, energy releasing capacity, rate of
diffusionandrateofdepositionofthecontaminant.Variousatmosphericconditionsandclimatic




conditionssuch aswind,temperatureand rainfall also determinetheireffects.
Theeffectsmaybesomatic(individualexposedisaffected)orgenetic(futuregenerations) damage.
The effects are cancer, shortening of life span and genetic effects or mutations.

Someofthepossibleeffectsarelistedasunder:

1) Radiationsmaybreakchemicalbonds, suchasDNAincells.Thisaffectsthegeneticmake-up and
control mechanisms. The effects can be instantaneous, prolonged or delayed types. Even it could
be carried to future generations.

2) Exposureatlowdosesofradiations(100-250rads), mendonotdiebutbegintosuffer from fatigue,
nausea, vomiting and loss of hair. But recovery is possible.

3) Exposureathigherdoses(400-500rads),thebonemarrowisaffected,bloodcellsarereduced, natural
resistance and fighting capacity against germs is reduced, blood fails to clot, and the irradiated
person soon dies of infection and bleeding.

4) Higherirradiationdoses(10,000rads)killtheorganismsbydamagingthetissuesofheart, brain,
etc.

5) Workershandlingradioactivewastesgetslowbutcontinuousirradiationandincourseoftime
develop cancer of different types.6) Through food chain also, radioactivity effects are

experienced by man.

Butthemostsignificanteffectofradioactivityisthatitcauseslongrangeeffects,affectingthe future of
man and hence the future of our civilization.

Controlmeasures:

On one hand, the peaceful uses of radioactive materials are so wide and effective that modern
civilization cannot go without them; on the other hand, there is no cure for radiation damage.
Thustheonlyoptionagainstnuclearhazardsistocheckandpreventradioactivepollution.For this:

1) Leakagesfromnuclearreactors,carelesshandling,transportanduseofradioactivefuels,
fission products and radioactive isotopes have to be totally stopped:;

2) Safetymeasuresshould beenforced strictly;

3) Wastedisposalmustbecareful,efficientand effective;

4) Thereshouldberegularmonitoringandquantitativeanalysisthroughfrequentsamplingin the
risk areas;

5) Preventivemeasuresshouldbefollowedsothatbackgroundradiationlevelsdonotexceed the
permissible limits;




6) Appropriatestepsshouldbetakenagainstoccupationalexposure;and
7) Safetymeasuresshouldbestrengthenedagainstnuclear accidents

SOLIDWASTEMANAGEMENT

Solid wastes are the material that arises from various human and economic activities. It is being
produced since the beginning of civilization. Ever increasing population growth, urbanizationand
industrialization are contributing to the generation of solid waste in huge quantities.

Waste is enviable; waste is by product of human activity which has lack of use. The term waste
refers to the useless material generated from different sources such as household, public places,
hospital, commercial centre construction sites and production of waste from industries.

Waste can be classified through various methods on the basis of physical state (solid, liquid and
gaseous) and then within solid waste (according to its original use packaging waste, food waste
etc.) material (glass, paper etc.) physical properties, domestic, commercial, biodegradable, non-
biodegradable etc. Solid wastes have prevailing characteristics which sets them apart from the
liquid and gaseous wastes.

The characteristics are that the waste remains highly visible in the environment. Liquid wastes
are quickly relegated to sewer and are out of sight and gaseous wastes disperse in to the
atmosphere. Accumulation of large quantities of solid wastes is having an adverse impact on the
environment.

There are many waste types defined by modern systems of waste management, notablyincluding:

municipalsolidwaste(MSW)
constructionwasteanddemolitionwaste (C&D)
institutionalwaste,commercialwaste,andindustrialwaste (IC&I)
medicalwaste(also knownasclinical waste)

hazardouswaste, radioactivewaste, andelectronicwaste
biodegradablewaste

Waste management is the collection, transport, processing, recycling or disposal, and monitoring
of waste materials. The term usually relates to materials produced by human activity, and is
generally undertaken to reduce their effect on health, the environment or aesthetics. Waste
management is also carried out to recover resources from it. Waste management can involve
solid, liquid, gaseousor radioactivesubstances, withdifferentmethodsandfieldsof expertisefor
each.

Effects

a) HealthHazard

If solid wastes are not collected and allowed to accumulate, they may create unsanitary
conditions. This may lead to epidemic outbreaks. Many diseases like cholera,
diarrhea,dysentery,plague,jaundice,orgastro-intestinaldiseasesmayspreadandcauselossofhuman




lives. In addition, improper handling of the solid wastes is a health hazard for the workers who
come in direct contact with the waste.

b) Environmentallmpact

If the solid wastes are not treated properly, decomposition and putrefaction may take place,
causing land and water pollution when the waste products percolate down into the underground
water resources. The organic solid waste during decomposition may generate obnoxious odors.
Stray dogs and birds may sometimes invade garbage heaps and may spread it over the
neighborhood causing unhygienic and unhealthy surroundings.

Controlmeasures

Anintegratedwaste management strategyincludesthreemaincomponents
1. Sourcereduction

2. Recycling

3. Disposal

Source reduction is 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 unnecessary
items while shopping, buy items with minimal packaging, avoid buying disposable items andalso
avoid asking for plastic carry bags.

Recycling is reusing some components of the waste that may have some economic value.
Recycling has readily visible benefits such as conservation of resources reduction inenergy used
during manufacture and reducing pollution levels. Some materials such as aluminum and steel
can be recycled many times. Metal, paper, glass and plastics are recyclable. Mining of new
aluminum is expensive and hence recycled aluminum has a strong marketand plays a significant
role in the aluminum industry. Paper recycling can also help preserve forests as it takes about 17
treestomakeonetonof paper. Crushedglass(cullet) reducestheenergyrequiredtomanufacture new
glass by 50 percent. Cullet lowers the temperature requirement of the glassmaking process thus
conserving energy and reducing air pollution.

However even if recycling is a viable alternative, it presents several problems. The
problems associated with recycling are either technical or economical. Plastics are difficult to
recycle because of the different types of polymerresins used in their production.Since each type
has its own chemical makeup different plastics cannot be recycled together. Thus separation of
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. Recycled paper is
banned for use in food containers to prevent the possibility of contamination. It very often costs
less to transport raw paper pulp than scrap paper. Collection, sorting and transport account for
about 90 percent of the cost of paper recycling.
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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 the cost will come
down.

Disposal of solid waste is done most commonly through a sanitary landfill or through
incineration. 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:

« Solid waste is placed in a suitably selected and prepared landfill site in a carefully prescribed
manner.

 Thewaste materialisspreadoutandcompactedwithappropriateheavymachinery.

» The waste is covered each day with a layer of compacted soil. The problems with older
landfills are associated with groundwater pollution. 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 to have suitable 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 waste decomposes aerobically until the oxygen that was present in

the freshly placed fill is used up by the aerobic microorganisms. The anerobes take over
producing methane which is poisonous and highly explosive when mixed with air in
concentrations between 5 and 15 percent. The movement of gas can be controlled by providing
impermeable barriers in the landfill. A venting system to collect the blocked gas and vent it tothe
surface where it can be safely diluted and dispersed into the atmosphere is thus a necessary
component of the design of sanitary landfills.

Even though land filling is an economic alternative for solid waste disposal, it hasbecome
increasingly difficult to find suitable land filling sites that are within economic hauling distance
and very often citizens do not want landfills in their vicinity. Another reason is that no matter
how well engineered the design andoperation may be, there isalways the danger of some
environmental damage in the form of leakage of leachates. Incineration is 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 combustible portion of the waste is
combined with oxygen forming carbon dioxide and water, 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 temperature of about
8150 C for about one hour.




Incineration can reduce the municipal solid waste by about 90 percent in volume and 75
percentinweight. Therisksofincinerationhowever involveairqualityproblemsandtoxicityand
disposal of the fly and bottom ash produced during the incineration process. Fly ash consists of
finely divided particulate matter, including cinders, mineral dust and soot. Most of theincinerator
ash is bottom ash while the remainder is fly ash. The possible 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 high-level technical supervision and
skilledemployeesforproperoperationandmaintenanceisrequired. Thuswhilesanitarylandfills and
incinerators have their own advantages and disadvantages, the most effective method ofsolid
waste management is source reduction and recycling.

Vermi—Composting

Nature has perfect solutions for managing the waste it creates, if left undisturbed. The
biogeochemical cycles are designed to clear the waste material produced by animals and plants.
We can mimic the same methods that are present in 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 soil-like material called compost.

These organisms in the soil use the organic material as food, which provides them with
nutrients for 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. This soil can be used as a
manure for farms and gardens.

ROLEOF INDIVIDUALSINPREVENTIONOFPOLLUTION

Theroleof anindividualinmaintainingapollutionfree,pureandcongenialenvironmentandin
preserving its resources is actually the need of the hour. Individuals can, however, play an
important role in abatement of air, water, soil or noise pollution in the followingsimple manners:

1) Uselow-phosphate,phosphate-freeorbiodegradabledishwashingliquid, laundrydetergent, and
shampoo.
2) Don't usewaterfreshenersintoilets.
3) Usemanureorcompostinsteadofcommercialinorganicfertilizerstofertilizegardensand yard
plant.
4) Use biologicalmethodsorintegratedpestmanagementtocontrolgarden,yard, and

household pests.

5) Don'tpourpesticides,paints,solvents,oils,orotherproductscontainingharmfulchemicals down

drain or on the ground. Contact the authorities responsible for their disposal.

6) Recycleoldmotoroilandantifreezeatanautoservicecenterthathasanoilrecycling program




7) If yougetwaterfromaprivatewellorsuspectthatmunicipalwateriscontaminated, have tested
by an EPA certified laboratory for lead, nitrates, trihalomethanes, radon, volatile, organic
compounds and pesticides.

8)Runwaterfromtapsfor severalminuteseverymorningbeforeusingthewater for drinking or
cooking. Save it and use it to water plants.
If you have a septic tank, monitor it yearly and have it cleaned out every three to five years
by a reputable contractor so that it won’t contribute to groundwater pollution. Do not use
Septictankcleaner,whichcontaintoxicchemicalsthatcankillbacteriaimportanttosewage
Decomposition and that can contaminate groundwater if systems malfunction.

9) Supportecologicalland-useplanninginyour community.

10) Gettoknowyourlocalwaterbodiesandformwatchdoggroupstohelpmonitor, protect, and

restore them.

DISASTERMANAGEMENT

Disaster means a terrible event that causes a great damage / loss to the human beings. It is a
situation arising from natural forces where large scale disruption of infrastructure, services etc.
occurs. Itcausesaseriousimpactonhumanlife,economyand environment.Naturaldisastersare always
severe and sudden.

Somedisastersare:

(A) Geological:innaturelike theearthquakes;

(B) Landslides(rocksslidesdown fromtheside ofa hill);VVolcanic eruptionsetc..

(C) Climatic disasters/Naturalcalamities: Theseareofdifferenttypesaffectnationsalloverthe world.
Because of the large geographical size of the country, India often faces natural calamities
like floods, cyclones and drought occurring frequently in different parts of the country.
Natural calamitiesareoftwotypes:

1. Majorcalamities:eg:earthquakes;droughts;floods,tsunamis;cyclonesetc
2. Minorcalamities:eg:hailstorms;avalanches;fire accidents
(D) Maninduceddisastersincludewars,battles, riots, rail/roadaccidents, nuclearexplosions.

The disaster Management: The natural disaster management involves the following steps:
Relief measures: it include rescue tools; communication equipments; heavy machines to remove
debris; water pumps; technicians; drugs, doctors, ambulances..

Disaster predictions: The predictions of natural hazards may be made on the basis of past
history of the area with regular monitoring of the environmental changes caused by human
activities to assess the genesis of natural disasters.

Education: Disaster education plays a significant role in disaster education. It create awareness
and improve the standards to prevent from the disasters.

Geographic Information Systems: (GIS): GIS is a system that captures, stores, analyzes ,
manages and presents data with reference to geographic location of the area. In simple
terms,GISisthemergingof cartography, statisticalanalysisanddatabasetechnology. GISmaybeused
in Archaeology, Geography, Remote Sensing, Land surveying; Natural Resource Management;




Urban Planningetc. GISprogramshelpbymeansof mapsavailable dataoftheproblem areas, to
predict the severity of the disaster.

Floods

Floods are high stream flow that overflows the natural banks of the rivers and most of the times
become calamitous. India is the most flood affected nation after Bangladesh. Out of total deaths
by Floods in the world, (1/5) are from India. The main causes of floods are excessive rains in
river catchments, poor natural drainage, Change of river course, Landslide restricting river flow,
cyclone and very intense rainfall. Over that past few years the rise in population is forcing large
settlements along the river banks, making the country highly vulnerable to Floods. The most
vulnerablestatesofindiaare UttarPradesh, Bihar,Assam, WestBengal, Gujarat, Orissa, Andhra
Pradesh, Madhya Pradesh, Maharashtra, andPunjabandJammu&Kashmir. In1994,amajorflood
killed 147 people in Kerala, 138 in Gujarat and marooned 10000 in Madhya Pradesh. In 1995,the
states of Uttar Pradesh, Haryana and Arunachal Pradesh were severely hit by flood causing huge
casualties. In the year 1996, a fierce flood literally paralyzed India, Thousands of people died,
got homeless, were marooned in the states of Rajasthan, Andhra Pradesh, Jammu & Kashmir
also affecting many other parts of the country. In short, nearly every year one or the other part of
the country is severely hit by Floods and creating a shameful history for India. It is high time that
the policies and measures for various preventions and disaster management activities are
properly implemented. Development of flood risk maps, flash flood run off modeling, water
logging problems, systems for monitoring and management of flood using remote sensing and
GIS.

Earth-quakes Earthquakes occur due to the sudden movements in the earth crust. The earth’s
crust has several tectonic plates of solid rocks which slowly move along their boundaries. When
friction prevents these plates from slipping, stress builds up and results in the sudden fractures
which occur along their boundaries of the plates or fault lines (planes of weakness) within the
plates. This causes earthquakes, the violent, short term vibrations in the earth. The point on a
faultatwhichthefirstmovementoccursduringanearthquakeiscalledtheepicenter. The
severityofanearthquake is generally measuredbyitsmagnitudeonRichterScale.
Richterscale Severity ofearthquake

Lessthan4 Insignificant

4-4.9 Minor
5-5.9 Damaging
6-6.9 Destructive
7-7.9 Major
8-8.9 Great

Damage to property and life can be prevented by monitoring of buildings and structures under
Strong Earth Motion, experimental and analytical investigations on structures to predict their
behaviorunderearthquakeconditions,strengtheningthroughretrofits,developmentof




earthquake resistant design methodologies, better materials, risk assessment, preparation of
seismic codes, seismic zonation and development of risk specific designs

Landslides

Landslides are mass movement of rocks and debris that usually follow a cyclone, volcano or
earthquake. In the hilly areas of India, the sliding of huge masses of land has been a common
natural disaster causing havoc to life and property. One of the worst and most disastrous
landslides has been recorded in the year 1998 in the state of Uttarakhand, when nearly 380people
were killed. As a measure of concern many committees and other measures have been taken to
protect from this natural havoc in India. In India, the regions of Himalayas and the Western ghats
are the most vulnerable to these land-slides. The main causes of landslides are weak, weathered
materials, physical property variation, Ground Uplift, erosion, Earthquake, Volcanic eruptions
etc. The general and simple mitigation that are adopted or should be adopted are drainage
correction, proper land-utilization, reforestation and spreading of awareness.

Cyclones

Cyclone refers to a whirl in the atmosphere with very strong winds circulating around it in anti-
clockwise direction in the Northern Hemisphere and clockwise in the Southern Hemisphere.
Cyclones are intense low pressure areas with pressure increasing outwards. Cyclones can be
hazardous as Cyclones are normally associated with strong winds. A storm surge is an abnormal
rise of sea level near the coast caused by a severe tropical cyclone; as a result, sea water
inundates low lying areas of coastal regions drowning human beings and lives- stock, eroding
beaches and embankments, destroying vegetation and reducing soil fertility. Apart from strong
winds, cyclones can result in heavy rains causing floods. However, the most destructive factor
associatedwiththecyclonesisthestormsurge. Theworstandtheoldestcycloneinindia werein 1737,
inCalcutta thattook 300000lives respectively. For cycloneforecast and advance warning, the
Government has strengthened the Meteorological Department, by providing Cyclone
Surveillance RadarsatCalcutta,Paradeep,Visakhapatnam, Machilipatnam,MadrasandKaraikal in
the east coast and at Cochin, Goa, Bombay and Bhuj in the west coast. As India has a vast
coastline it is extremely vulnerable to cyclone.

E-WASTE

Shortterm exposure causes:

Frontpanelof [Barium
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Carcinogenic (lungcancer)
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MANAGEMENTOFE-WASTES

It is estimated that 75% of electronic items are stored due to uncertainty of how to manage it.
These electronic junks lie unattended in houses, offices, warehouses etc. and normally mixed
with household wastes, which are finally disposed off at landfills. This necessitates
implementable management measures.

Inindustriesmanagementof e-wasteshouldbeginatthepointof generation.Thiscanbedoneby waste
minimization techniques and by sustainable product design. Waste minimization in industries
involves adopting:

inventorymanagement,
production-processmodification,
volumereduction,

Recoveryand reuse.

Inventory management
Proper control over the materials used in the manufacturing process is an important way to

reduce waste generation (Freeman, 1989). By reducing both the quantity of hazardous

Materials used in the process and the amount of excess raw materials in stock, the quantity of
wastegeneratedcanbereduced. Thiscanbedoneintwowaysi.e.establishingmaterial-purchase review
and control procedures and inventory tracking system.

Another inventory management procedure for waste reduction is to ensure that only the needed
quantity of amaterial isordered. Thiswill requirethe establishment of astrict inventory tracking
system. Purchase procedures must be implemented which ensure that materials are ordered only
on an as-needed basis and that only the amount needed for a specific period of time is ordered.

Production-processmodification

Changes can be made in the production process, which will reduce waste generation. This
reduction can be accomplished by changing the materials used to make the product or by the
more efficient use of input materials in the production process or both. Potential waste
minimization techniques can be broken down into three categories:

i) Improvedoperatingand maintenanceprocedures,

ii) Materialchangeand

iii) Process-equipmentmodification.

VVolumereduction

Volume reductionincludes thosetechniques thatremove the hazardous portionof awaste froma
non-hazardous portion. These techniques are usually to reduce the volume, and thus the cost of
disposing of a waste material. The techniques that can be used to reduce waste-stream volume
can be divided into 2 general categories: source segregation and waste concentration.Segregation
of wastes is in many cases a simple and economical technique for waste reduction. Wastes
containing different types of metals can be treated separately so that the metal value in
thesludgecanberecovered.Concentrationofawastestreammayincreasethelikelihoodthatthe material
can be recycled or reused. Methods include gravity and vacuum filtration, ultrafiltration, reverse
osmosis, freeze vaporization etc.

For example, an electronic component manufacturer can use compaction equipments to reduce
volume of waste cathode ray-tube.




Recoveryand reuse

This technique could eliminate waste disposal costs, reduce raw material costs and provide
income from a salable waste. Waste can be recovered on-site, or at an off-site recovery facility,or
through inter industry exchange. A number of physical and chemical techniques are available to
reclaim a waste material such as reverse osmosis, electrolysis, condensation, electrolytic
recovery,filtration, centrifugation etc. For example, a printed-circuit boardmanufacturercan use
electrolytic recovery to reclaim metals from copper and tin-lead plating bath.

However recycling of hazardous products has little environmental benefit if it simply moves the
hazards into secondary products that eventually have to be disposed of. Unless the goal is to
redesign the product to use nonhazardous materials, such recycling is a false solution.

Sustainableproduct design

Minimizationofhazardouswastesshouldbe atproductdesignstageitselfkeepinginmindthe
following factors*

e Rethink the product design: Efforts should be made to design a product with fewer
amounts of hazardous materials. For example, the efforts to reduce material use are
reflected in some new computer designs that are flatter, lighter and more integrated.Other
companies propose centralized networks similar to the telephone system.

Use of renewable materials and energy: Bio-based plastics are plastics made withplant-
based chemicals or plant-produced polymers rather than from petrochemicals. Bio-
basedtoners, gluesandinksareusedmorefrequently. Solarcomputersalsoexistbutthey are
currently very expensive.

Use ofnon-renewablematerialsthatare safer:Because many ofthe materials used are
non-renewable, designers could ensure the product is built for re-use, repair and/or
upgradeability. Some computer manufacturers such as Dell and Gateway lease out their
products thereby ensuring they get them back to further upgrade and lease out again.

PLASTICSWASTEMANAGEMENT
EnvironmentallssuesandChallenges

The quantum of solid waste is ever increasing due to increase in population, developmental
activities, changes in life style, and socio-economic conditions, Plastics waste is a significant
portion of the total municipal solid waste (MSW).
Itisestimatedthatapproximately10thousandtonsperday(TPD)ofplasticswasteisgenerated
i.6.9%0f1.20 lacsTPDofMSWinthecountry.

Theplasticswasteconstitutestwo majorcategoriesofplastics;

Q) Thermoplastics: Thermoplastics, constitutes 80% and thermoset constitutes
approximately 20% of total post-consumer plastics waste generated in India. The
Thermoplastics are recyclable plastics.

Eg: Polyethylene Terephthalate (PET), Low Density Poly Ethylene (LDPE), Poly
Vinyal Chloride (PVC), High Density Poly Ethylene (HDPE), Polypropylene (PP),
Polystyrene (PS) etc.




(i)  Thermosetplastics: Thermoset plastics contains alkyd, epoxy, ester, melamine
formaldehyde, phenolic formaldehyde, silicon, urea formaldehyde, polyurethane,
metalised and multilayer plastics etc.

Theenvironmentalhazardsduetomismanagementofplasticswasteincludethefollowing
aspects:
>Litteredplasticsspoil beautyofthecityandchokedrainsandmakeimportantpublic Places
filthy;
>Garbagecontainingplastics, whenburntmaycauseair pollutionbyemittingpolluting Gases;
>Garbagemixedwithplasticsinterferesinwasteprocessingfacilityandmayalsocause Problems in
landfill operations;
>Recyclingindustriesoperatinginnon-conformingareasareposingunhygienic Problems to
the environment.

Main FeaturesofthePlasticsManufactureandUsage(Amendment)Rules,2003

Regulationof plasticswaste,particularlymanufactureanduseofrecycledplasticscarrybagsand
containers is being regulated in the country as per “Recycled Plastics Manufacture and Usage
Rules, 1999 and as amended in 2003. According to these Rules:

1.No person shall manufacture, stock, distribute or sell carry bags made of virgin or recycled
plastic bags which are less than 8 x 12 inches in size and having thickness less than 20 microns.

2. No vendor shall use carry bags/containers made of recycled plastics for storing, carrying,
dispensing or packaging of food stuffs

3. Carrybagsandcontainersmadeofrecycledplasticandusedforpurposesotherthanstoring and
packaging food stuffs shall be manufactured using pigments and colorants as per IS
9833:1981 entitled “List of pigments and colorants for use in plastics in contact with food
stuffs, pharmaceuticals and drinking water”

4. RecyclingofplasticsshallbeundertakenstrictlyinaccordancewiththeBureauofindian
Standardspecification:1S14534:1998 entitled“TheGuidelinesforRecycling of Plastics”

5. Manufacturersofrecycledplasticcarrybagshavingprintingfacilitiesshallcode/markcarry Bags
and containers as per Bureau of Indian Standard specification: 1S 14534:1998 (The
Guidelines for Recycling of Plastics).

6. No person shall manufacture carry bags or containers irrespective of its size or weight unless
the occupier of the unit has registered the unit with respective SPCB/PCC prior to the
commencement of production.

7. The prescribed authority for enforcement of the provisions of these rules related to
manufacturing and recycling is SPCB in respect of States and the PCC in Union Territories and
for relating to use, collection, segregation, transportation and disposal shall be the District
Collector/ Deputy Commissioner of the concerned district




Options forPlasticWasteManagement
Recyclingof plasticsthroughenvironmentallysound manner:

Recycling of plastics should be carried in such a manner to minimize the pollution during the
process and as a result to enhance the efficiency of the process and conserve the energy. Plastics
recycling technologies have been historically divided into four general types -primary,secondary,
tertiary and quaternary.
e Primaryrecycling  involvesprocessing  ofawaste/scrap intoa  product with
characteristics similar to those of original product.
Secondary recycling involves processing of waste/scrap plastics into materials that have
characteristics different from those of original plastics product.
Tertiaryrecyclinginvolvestheproductionofbasicchemicalsandfuelsfromplastics
waste/scrap as part of the municipal waste stream or as a segregated waste.
Quaternary recycling retrieves the energy content of waste/scrap plastics by burning
/incineration. This process is not in use in India.

StepsInvolvedintheRecyclingProcess

1.Selection: The recyclers / reprocessors have to select the waste / scrap which are suitable for
recycling /reprocessing.

2.Segregation: TheplasticswasteshallbesegregatedaspertheCodes1-7mentioned

3.Processing: Afterselection and segregationofthe pre-consumer waste (factory waste)shall be
directly recycled. The post consumer waste (used plastic waste) shall be washed, shredded,

agglomerated, extruded and granulated

PolymerCoatedBitumen Road

The CPCB has undertaken a project in collaboration with Thiagarajar College of Engineering

Madurai to evaluate the performance of polymer coated built roads laid during 2002-2006 in

different cities.

The observationsare asbelow:

e Thecoatingofplasticsoveraggregateimprovesimpact,LosAngelsAbrasionandCrushing

Value with the increase in the percentage of plastics.
Theextractedbitumenshowedalmostnearvaluefor Marshallstability.
Theentireroadwashavinggoodskidresistance andtexture values.
All thestretchesin theroadshavebeenfound reasonablystrong.
Theunevennessindexvaluesoftheseroadsarenearly3000mm/km,whichindicatea good
surface evenness.
Theplastictarroadshavenotdevelopedanypotholes,rutting,ravelingoredgeflaw, even though
these roads are more than four years of age.
Polymercoatedaggregatebitumenmixperformswellcomparedtopolymermodified bitumen
mix.
Higherpercentageofpolymercoatingimprovesthe binding strengthofthemix.
Foam plasticshave betterbindingvalues.




WATERCONSERVATION

Waterbeingoneofthemostpreciousandindispensableresourcesneedsto beconserved.The following
strategies can be adopted for conservation of water.

1. Decreasing run-off losses: Huge water-loss occurs due to run-off on most of the soils, which
can be reduced by allowing most of the water to infiltrate into the soil.
Thiscanbeachievedbyusingcontourcultivation,terraceframing,water spreading,chemical treatment or
improved water-storage system.
a) Contour cultivation:onsmallfurrowsandridgesacrosstheslopestraprainwater and allow
more time for infiltration. Terracing constructed on deep soils have large water-
storage capacity. On gentle slopes trapped run off is spread over a large area for
betterinfiltration
b) Conservation-benchterracing:Itinvolvesconstructionofaseriesofbenchesfor
catching the runoff water.
c) Waterspreadingisdonebychannelingorlagoon-leveling,Inchanneling,thewater flow
is controlled by a series of diversions with vertical intervals. In lagoon leveling, small
depressions are dug in the area so that there is temporary storage water
d) Chemicalwettingagents(Surfactants): Theseseemtoincreasethewater intakerates when
added to normal irrigated soil.
e) Surfacecropresidues,tillage,mulch,animalresiduesetc.helpinreducing run-offby
allowing more time for water to penetrate into the land.
f) Chemicalconditionerslikegypsum(CaS04.2H20)whenappliedtosodicsoils
improve soil permeability and reduce run off. Another useful conditioner is
HPAN(hydrolyzed polyacrylonitrile)
g) Water-storagestructureslikefarmponds,dug-outsetc.buildbyindividualfarmers can
be useful measures for conserving water through reduction of runoff.

2. Reducing evaporation losses: This is more relevant in humid regions. Horizontal barriers of
asphalt placed below the soil surface increase water availability and increase crop yield by 35-
40%.Thisismoreeffectiveonsandy soilbutlesseffectiveonloamysand soils. Aco-polymer of starch
and acrylonitrile called ‘super slumper’ has been reported to absorb water up to 1400times its
weight. The chemical has been found to be useful for sandy soils.
3. Storingwaterinsoil: Storage of watertakes place in thesoilrootzone inhumedregions when the
soil is wetted to field capacity. By leaving the soil fallow for one season water can be made
available for the crop grown in next season.
4. Reducingirrigationlosses:

a) Useoflined orcoveredcanalstoreduce seepage

b) Irrigationinearlymorningorlate eveningtoreduce evaporationlosses

¢) Sprinklingirrigationanddripirrigation toconserve waterby30-50%

d) Growinghybridcropvarietieswithlesswaterrequirementsandtolerancetosaline Water

help conserve water.
5. Reuseofwater:

a) Treatedwastewatercan be used forferti-irrigation

b) Usinggreywaterfromwashings,bath-tubsetc.forwateringgardens,washingcars or

paths help in saving fresh water.

6. Preventingwastageofwater: Thiscanbedoneinhouseholds,commercialbuildingsand
public places.




a) Closing tapswhennotinuse

b) Repairing anyleakage frompipes

¢) Usingsmall capacity flushin toilets.
7. Increasingblockpricing: Theconsumerhastopayaproportionatelyhigherbillwithhigher use of
water. This helps in economic use of water by the consumer

RAINWATERHARVESTING

Introduction:

Thetermrainwater harvestingisbeingfrequentlyusedthesedays, however, theconceptof water
harvesting is not new for India. Water harvesting techniques had been evolved and developed
centuries ago.

Ground water resource gets naturally recharged through percolation. But due to indiscriminate
development and rapid urbanization, exposed surface for soil has been reduced drastically with
resultant reduction in percolation of rainwater, thereby depleting ground water resource.
Rainwater harvesting is the process of augmenting the natural filtration of rainwater in to the
underground formation by some artificial methods. "Conscious collection and storage of
rainwater to cater to demands of water, for drinking, domestic purpose & irrigation is termed as
Rainwater Harvesting.

Whyto harvestrain water?
= Toarrest ground waterdeclineandaugmentground watertable
= Tobeneficiate waterqualityinaquifers
= Toconservesurfacewaterrunoff during monsoon
= To reduce soil erosion
= To inculcate aculture ofwaterconservation

Rainwaterharvesting canbeharvestedfromthe followingsurfaces:
Rooftops: If buildings with impervious roofs are already in place, the catchment area is
effectively available free of charge and they provide a supply at the point ofconsumption.
Paved and unpaved areas i.e., landscapes, open fields, parks, storm water drains, roads
and pavements and other open areas can be effectively used to harvest the runoff. The
mainadvantageinusinggroundascollectingsurfaceisthatwatercanbecollectedfroma  larger
area. This is particularly advantageous in areas of low rainfall.
Waterbodies: Thepotentialoflakes,tanksandpondstostorerainwaterisimmense. The
harvested rainwater can not only be used to meet water requirements of the city, it also
recharges groundwater aquifers.
Storm water drains: Most of the residential colonies have proper network of stormwater
drains. If maintained neatly, these offer a simple and cost effective means for harvesting
rainwater.

TypesofHarvesting System
Broadly rainwatercanbeharvested fortwopurposes

A. Roof toprainwaterharvesting (RTRWH)

B. Chargedinto thesoilforwithdrawallater(groundwaterrecharging)
A. Rooftop rainwaterharvesting(RTRWH)




It is a system of catching rainwater where it falls. In rooftop harvesting, the roof becomes the
catchments, and the rainwater is collected from the roof of the house/building. It can either be
stored in a tank or diverted to artificial recharge system. This method is less expensive and very
effective and if implemented properly helps in augmenting the ground water level of the area.

Componentsof RooftopRainwaterharvesting system:

Collection area
Giutters comugated ror

Condiuts or

Downpipe

in g'l"]()\\
First flush

device

Inlet
Storage tank

: g lap
Washout <= ; Soakaway o sump

Roof top rain water harvesting system

Thesystem mainly constitutesoffollowingsubcomponents:
Catchment,Coarsemesh, Gutters,Conduitsor Conveyance
Transportation
First flush
Filter
Storage
Supplyunit

Thesystemmainly constitutesoffollowingsubcomponents:
e Catchment,Coarsemesh, Gutters,Conduitsor Conveyance
Transportation
First flush
Filter
Storage
Supplyunit

1. Catchments: The catchment of a water harvesting system is the surface which
directly receives therainfall and provides water tothe system. Itcan bea pavedarea like a
terrace or courtyard of a building, or an unpaved area like a lawn or open ground. A roof
made of reinforced cement concrete (RCC), galvanized iron or corrugated sheetscan also
be used for water harvesting.




2. Coarsemesh:Presentatthecornersofthe roof
to prevent the passage of debris

3.Gutters: e
Channels all around the edge of a sloping roof
tocollectandtransportrainwatertothestorage
tank. Gutters can be semi-circular orSource:Awaterharvestingmanualfor
rectangularandcouldbemade using: urbanareas

= Locally available material such as plain galvanized iron sheet (20 to 22

gauge),folded to required shapes.
= Semi-circular gutters of PVC material can be readily prepared by cutting
thosepipes into two equal semi-circular channels.

= Bambooorbetel trunkscut vertically inhalf.
The size of the gutter should be accordingtothe flow duringthe highest intensity rain. It is
advisable to make them 10 to 15 per cent oversize.
Gutters need to be supportedso they donot sag or fall off when loadedwith water. The
wayinwhichguttersarefixeddependsontheconstructionofthehouse;itispossibleto fix iron or
timber brackets into the walls, but for houses having wider eaves, some method of
attachment to the rafters is necessary.
4ConduitsorConveyance:
Conduitsare pipelinesor drainsthat carryrainwater from thecatchment orrooftoparea
totheharvestingsystem.  Conduitscanbeofanymateriallikepolyvinylchloride(PVC) or
galvanized iron (Gl), materials that are commonly available.

ROOF
SURFACE

éS. First-flushing

A first flush device is a valve that ensures that runoff from the first spell of rain is
flushed out and doesnotenter thesystem. Thisneedsto bedonesincethefirst spellof
raincarriesarelatively largeramountofpollutantsfromtheairand catchmentsurface.

6. FiltrationorPurification:

The filter is used to remove suspended pollutants from rainwater collected over roof. A
filter unit is a chamber filled with filtering media such as fiber, coarse sand and gravel
layerstoremovedebrisanddirtfromwaterbeforeitentersthestoragetankorrecharges structure.
Charcoal can be added for additional filtration.

(i) Charcoalwaterfilter: Asimplecharcoalfiltercanbemadeinadrumoranearthen pot. The
filter ismade ofgravel, sand and charcoal, allof whichare easily available.

10 CM GRAVEL LAYER
20 CM GRAVIL LAYER

10 CM CHARCOAL LAYER
30 CM SAND LAYER

25 CM SAND LAYER
20 CM GRAVEL LAYER

25 CM GRAVEL LAYER POROUS DED

(ii) Sandfilters
Sandfiltershavecommonlyavailablesandasfiltermedia.Sandfiltersareeasy and
inexpensive to construct. These filters can be employed for treatment of water to
effectively remove turbidity (suspended particles like silt and clay), colour and
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microorganisms.

In a simple sand filter that can be constructed domestically, the top layer comprises
coarse sand followed bya5-10 mm layer of gravel followedbyanother 5-25 cmlayer of
gravel and boulders.

7. StorageorSump: Astorageprovisiontocollectfilteredwaterfromthetankthrough the
filter channel for storage and collection.
Therearevariousoptionsavailablefortheconstructionofthesetankswithrespecttothe shape, size
and the material of construction.

Shape:Cylindrical,rectangularand square.
Materialofconstruction:Reinforcedcementconcrete,(RCC),ferrocement,masonry, plastic
(polyethylene) or metal (galvanized iron) sheets are commonly used.

Position of tank: Depending on space availability these tanks could be constructed
aboveground,partlyundergroundorfullyunderground.Somemaintenancemeasures like
cleaning and disinfectionare required toensure the quality of waterstored inthe

container.

B. Chargedintothesoilfor withdrawal later(groundwaterrecharging)

Ground water aquifers can be recharged by various kinds of structures to ensure
percolation of rainwater in the ground instead of draining away from the surface.
Commonly used recharging methods are:

a) Recharging ofbore wells

b) Recharging ofdugwells.

c) Rechargepits

d) RechargeTrenches

e) Soak waysorRecharge Shafts
f) PercolationTanks

a) Recharging ofbore wells
Rainwater collected from rooftop of the building is diverted through drainpipes to

settlement or filtration tank. After settlement filtered water is diverted to bore wells to
recharge deep aquifers. Abandoned bore wells can also be used for recharge.

Optimum capacity of settlement tank/filtration tank can be designed on the basis of area
of catchments, intensity of rainfall and recharge rate as discussed in design parameters.
While recharging, entry of floating matter and silt should be restricted because it may
clog the recharge structure. "first one or two shower should be flushed out throughrain
separator to avoid contamination. This is very important, and all care should be taken to
ensure that this has been done."
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b) Rechargepits

Recharge pits are small pits of any shape rectangular, square or circular, contracted with
brick or stone masonry wall with weep hole at regular intervals, top of the pit can be
covered with perforated covers. Bottom of pit should be filled with filter media

The capacity of the pit can be designed on the basis of catchment area, rainfall intensity
and recharge rateof soil. Usually the dimensions of thepit maybe of 1to2 mwidthand 2 to
3 m deep depending on the depth of pervious strata. These pits are suitable for
recharging of shallow aquifers, and small houses.

From catchment
RCC slab with

g |

F3— Perforatedmoney combed
brickwork

it 30 cmn filter media

Typlcal recharge pit

¢)soak awayorrecharge shaft

Soak away or recharge shafts are provided where upper layer of soil is alluvial or less
pervious. These are bored hole of 30 cm dia. up to 10 to 15 m deep, depending on depth
of pervious layer. Bore should be lined with slotted/perforated PVC/MS pipe to prevent
collapse of the vertical sides. At the top of soak away required size sump is constructedto
retain runoff before the filters through soak away. Sump should be filled with filter
media.




Perforated pipe

d) Recharging ofdug well

Dug well can be used as recharge structure. Rainwater from the rooftop is diverted todug
wells after passing it through filtration bed. Cleaning and desalting of dug well should be
done regularly to enhance the recharge rate. The filtration method suggested for bore
well recharging could be used

Recharging of dug wells

Reungyy
=

e) Rechargetrenches

Recharge trench in provided where upper impervious layer of soil is shallow. It is a
trench excavated on the ground and refilled with porous media like pebbles, boulder or
brickbats. It is usually made for harvesting the surface runoff. Bore wells can also be
provided inside the trench as recharge shafts to enhance percolation. The length of the
trench is decided as per the amount of runoff expected. This method is suitable for small
houses, playgrounds, parks and roadside drains. The recharge trench can be of size 0.50
tol.0mwideandl.0tol.5mdeep.

Filter media

Recharge Trenches

f) Percolationtanks

Percolation tanks are artificially created surface water bodies, submerging a land area
with adequate permeability to facilitate sufficient percolation to recharge the ground
water. These can be built in big campuses where land is available and topography is
suitable.Surfacerun-offandrooftopwatercanbedivertedtothistank. Water
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accumulating in the tank percolates in the solid toaugment the ground water. The stored
watercanbeuseddirectlyforgardeningandrawuse. Percolationtanksshouldbebuiltin
gardens, open spaces and roadside green belts of urban area.

WATERSHEDMANAGEMENT

Introduction:

The landareadrainedby ariver is knownas theriver basin. Thewatershed isdefinedas theland area
from which water drains under gravity to a common drainage channel. Thus watershed is a
delineated area with a well defined topographic boundary and one water outlet. The watershed
can range from a few square kilometers to few thousand square kilometers in size.

In the watershed the hydrological conditions are such that water becomes concentrated within a
particular location like a river or a reservoir, by which the watershed is drained. The watershed
comprises complex interactions of soil, landform, vegetation, land use activities and water.
People and animals are an integral part of a watershed having mutual impacts on each other. We
may live anywhere we would be living in some watershed. A watershed affects as it is directly
involved in sustained food production, water supply for irrigation, power generation, and
transportation as well as for influencing sedimentation and erosion, vegetation growth, floodsand
droughts. Thus management of watersheds treating them as a basic functional unit is extremely
important and the first such Integrated Watershed Management was adopted in 1949 by the
Damodar Valley Corporation.

Watersheddegradation:

The watersheds are very often found to be degraded due to uncontrolled, unplanned and
unscientific land use activities. Organizing, deforestation, mining, construction activities,
industrialization, shifting cultivation, natural and artificial fires, soil erosion and ignorance of
local people have been responsible for degradation of various watersheds.

Objectivesof\WatershedManagement:

Rational utilization of landandwater sourcesforoptimum production causing minimumdamage to
the natural resources is known as watershed management.

Theobjectivesof watershed managementareas follows:

1. To rehabilitate the watershed through proper land use adopting conservation strategies for
minimizing soil erosion and moisture retention so as to ensure good productivity of the land for
the farmers.

2. To manage the watershed for beneficial developmental activities like domestic water supply,
irrigation, hydropower generation etc.

3. Tominimizetherisksoffloods,droughtsandlandslides.

4. To develop rural areas in the region with clear plans for improving the economy of the
regions.

Watershedmanagementpractices:

In the fifth year plan, watershed management approach was included with a number of programs
foritand anationalpolicywas developed.In watershed management theaspects of development are
considered with regard to availability of the resources.




The practices of conservation and development of land and water are taken up with respect to
their suitability for people’s benefit as well as sustainability.

Variousmeasurestaken up formanagement includethe following:

1. Water harvesting: Proper storage of water is done with provision for use in dry seasons in
low rainfall areas. It also helps in moderation of floods.

2. Afforestation and agro-forestry: In watershed development, afforestation and crop
plantation playavery importantrole. They help toprevent soil erosion and retention ofmoisture. In
high rainfall areas, woody trees are grown in between crops to substantially reduce the runoff
and loss of fertile soil. In Dehradun trees like Eucalyptus, Leucaena and grasses likechrysopogon
are grown alongwithmaize or wheattoachieve the objectives. Woodytrees grown successfully in
such agro-forestry programs include Sheesham, Teak and Keekar which have been used in
watershed areas of river Yamuna.

3. Mechanical measures for reducing soil erosion and runoff losses: Several mechanical
measures like terracing, bunding, bench terracing, no-till farming, contour cropping, strip
cropping etc. are used to minimize runoff and soil erosion particularly on the slopes of
watersheds. Bunding has proved to be a very useful method in reducing runoff, peak discharge
and soil loss in Dehradun andSiwaliks

4. Scientific mining and quarrying: Due to improper mining, the hills lose stability and get
disturbed resulting in landslides, rapid erosion etc. Contour trenching a tan interval of one meter
on overburdened dump, planting some soil binding plants land draining of water courses in the
mined area are recommended for minimizing the destructive effects of mining in watershedareas.

5. Publicparticipation: Pecople’sinvolvement including thefarmersand tribalsisthekey to the
success of any watershed management program, particularly the soil and water conservation.
People’s cooperation as well as participation has to be ensured for the same.

RESETTLEMENTANDREHABILITATIONOFPEOPLE

Problems and concerns: Economic developmentraises the quality and standard of living of the
people of a country. Developmental projects are planned to bring benefits to the society.
However, in the process of development, very often there is over-exploitation of naturalresources
and degradation of the environment. Besides this, quite often, the native people of the project site
are directly affected. These native people are generally the poorest of the poor, underprivileged
tribal people. Various types of projects result in the displacement of the native people who
undergo tremendous economic and psychological distress, as the socioeconomic and ecological
base of the local community is disturbed.

a) Displacementproblemsduetodams:
The bigriver valley projects have one of the most serious socio-economic impacts due to large
scaledisplacementoflocalpeoplefromtheirancestralhomeandlossoftheirtraditional




profession or occupation. India is one of the countries in the world leading in big dam
construction and in the last 50 years more than20million peopleareestimated o havedirectly or
indirectly affected by these dams e.g. Hirakum Dam, Bhakra Nangal Dam, Tehri Dam are the
examples where many people and their villages in the vicinity got affected. It also resulted in
movement lead by Sunderlal Bahuguna- movement called Chipko Movement- One more stir is
currently on is Sardar Sarovar Project- three states people and many villages get affected.

b) Displacementduetomining:

Mining is another developmental activity, which causes displacement of the native people.
Several thousands of hectares of land area is covered in mining operation and the native people
are displaced. Sometimes displacement of local people is due to accidents occurring in mined
areas like subsidence of land that often leads to shifting people e.g. various mines are
predominant in Jharkhand, these mines had displaced many people.

¢) DisplacementduetocreationofiNationalpark:

When some forests are covered under a National Park, it is a welcome step for conservation of
the natural resources. However, it also has a social aspect associated with it which is often
neglected. A major portion of the forest is declared as core-area, where the entry of localdwellers
or tribals is prohibited. When these villagers are deprived of their ancestral right or access to
forests, they usually retaliate by starting destructive activities. There is a need to look into their
problems and provide them some employment

REHABILITATIONISSUES:

The United Nations Universal Declarationon Human Rights has declared that right tohousing is a
basic human right. In India, most of the displacements have resulted due to land acquisition by
the government for various reasons. For this purpose, the government has the Land Acquisition
Act, 1894 which empowers it to serve notice to the people to vacate their lands if there is a need
as per government planning. Provision of cash compensation in lieu of the land vacated exists in
the Act.

Themajorissuesrelated to displacementand rehabilitation areasfollows:

a) Tribals are usually the most affected amongst the displaced who are already poor.
Displacement furtherincreases theirpovertydue to loss ofland, home, jobs,foodinsecurity, loss of
access to common property assets, increased morbidity and mortality and social isolation.

b) Break up of families in an important social issue arising due to displacement in which the
women are the worst affected and they are not even given cash/land compensation.

c) The tribals are not familiar with the market policies and trends. Even if they get cash
compensation, they get alienated in the modern economic set up.

d) The land acquisition laws ignore the communal ownership of property, which is an inbuilt
system amongst the tribals. Thus the tribals lose their communitarian basis of economic and
cultural existence. They feel like fish out of water.

e) Kinship systems, marriages, social and cultural functions, their folk-songs, dances and
activities vanish with their displacement, even when they are resettled; it is individual-based
resettlement, which totally ignores communal settlement.

) Loss of identityand loss of theintimatelinkbetween the people andthe environmentis one of the
biggest loss. The age-long indigenous knowledge, which has been inherited and experienced by
them about the flora, fauna, their uses etc. gets lost.




Rehabilitationpolicy:
There is a need for a comprehensive National Rehabilitation Policy. Different states arefollowing
different practices in this regard.

CASESTUDY:

In case of sardar sarovar project Gujarat Government is formulatingits policy throughvarious
government resolutions. It has decided that each landed outstee shall be entitled to allotment of
irrigable land in the state which he chooses for his resettlement. The area of the land would be
equal to that owned by hisearlier and theminimum landgivento an outsteewould be2 hectares.
However, there are problems of landless outstees and those natives who were cultivating forest
land. Thecut-off datefor identifyinganadultsoninafamily hasbeenfixed. Itisimportantsince the
adult son is to be treated as a separate family. The people of 20 submerged villages in Gujrat
hane been resettled at different locations leading to disintegration of joint families.

CLIMATECHANGE

Climate is the average weather of an area. It is the general weather conditions, seasonalvariations
and extremes of weather in region. Such conditions which average over a long period at least 30
years is called climate.

The Intergovernmental Panel on Climate Change (IPCC) in 1990 and 1992published best
availableevidenceaboutpastclimatechange, thegreenhouseeffectandrecentchangesinglobal
temperature. It is observed that earth’s temperature has changed considerably during the
geological times. It has experienced several glacial and interglacial periods.

However, during the past10000 years of the current interglacial period, the mean average
temperature has fluctuated by 0.51° ¢ over 100 to 200 year period. We have relatively stable
climate for thousands of years due to which we have practiced agriculture and increased
population.

Even small changes in climatic conditions may disturb agriculture that would lead to migrationof
animals including humans.

Anthropogenic activities are upsetting the delicate balance that has been established between
various components of the environment.

Green house gases are increasing in atmosphere resulting in increase in the average global
temperature.

This may upset the hydrological cycle; result in floods and droughts in different regions of the
world, cause sea level rise, changes in agricultural productivity, famines and death of humans as
well as livestock

GLOBALWARMING
Introduction:

Before the Industrial Revolution, human activities released very few gases into the atmosphere
and all climate changes happened naturally. After the Industrial Revolution, through fossil fuel
combustion, changing agricultural practices and deforestation, the natural composition of gasesin
the atmosphere is getting affected and climate and environment began to alter significantly.
Over the last 100 years, it was found out that the earth is getting warmer and warmer, unlike
previous%OOOyearswhentemperatureshave beenrelativelyconstant. The presenttemperature is

0.3-0.6Cwarmerthanitwas100years ago.




The greenhouse effectis a naturally occurring process that aids in heating the Earth's surfaceand
atmosphere. It results from the fact that certain atmospheric gases, such as carbon dioxide,
water vapor, and methane, are able to change the energy balance of the planet by absorbing
long wave radiationemitted from the Earth's surface. Without the greenhouse effect life on this
planet would probably not exist as the average temperature of the Earth would be a chilly -18°
Celsius, rather than the present 15° Celsius.

Some greenhouse gases occur naturally in the atmosphere, while others result from human
activities. Naturally occurring greenhouse gases include water vapor, carbon dioxide, methane,
nitrous oxide, and ozone (refer Figure 9.4). Certain human activities, however, add to the levels
of most of these naturally occurring gases.

Carbon dioxide is released to the atmosphere when solid waste, fossil fuels (oil, natural gas, and
coal), and wood and wood products are burned.

Methane is emitted during the production and transport of coal, natural gas, and oil. Methane
emissions also result from the decomposition of organic wastes in municipal solid wastelandfills,
and the raising of livestock. Nitrous oxide is emitted during agricultural and industrial activities,
as well as during combustion of solid waste and fossil fuels.

Very powerful greenhouse gases that are not naturally occurring include hydro fluorocarbons
(HFCs), per fluorocarbons (PFCs), and sulfur hexafluoride (SFe), which are generated in avariety
of industrial processes.

Often, estimates of greenhouse gas emissions are presented in units of millions of metric tons of
carbonequivalents(MMTCE), whichweightseachgasbyitsGlobalWarmingPotentialor GWP value.

As energy from the Sun passes through the atmosphere a number of things take place. A portion
of the energy (26% globally) is reflectedor scatteredback to space by clouds and other
atmospheric particles. About 19% of the energy available is absorbed by clouds, gases (like
ozone), and particles in the atmosphere. Of the remaining 55% of the solar energy passing
through the Earth's atmosphere, 4% is reflected from the surface back to space. On average,about
51% of the Sun's radiation reaches the surface. This energy is then used in a number of
processes, including the heating of the ground surface; the melting of ice and snow and the
evaporation of water; and plant photosynthesis.
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The heating of the ground by sunlight causes the Earth's surface to become aradiator of energy
in the long wave band (sometimes called infrared radiation). This emission of energy is
generallydirectedtospace. However,onlyasmallportionofthisenergyactuallymakesitback to space.
The majority of the outgoing infrared radiation is absorbed by the greenhouse gases

Absorption of long wave radiation by the atmosphere causes additional heat energy to be added
to the Earth's atmospheric system. The now warmer atmospheric greenhouse gas moleculesbegin
radiating long wave energy in all directions. Over 90% of this emission of long wave energy is
directed back to theEarth's surface where it once again is absorbed by the surface. The heatingof
thegroundbythelongwaveradiationcausesthegroundsurfacetoonce againradiate, repeating the
cycle described above, again and again, until no more long wave is available for absorption.

Anumberofgasesareinvolvedinthehumancausedenhancementofthegreenhouseeffect

.These gases include: carbon dioxide(CO2); methane(CH4); nitrous oxide(N.O);
chlorofluorocarbons(CFxCIx); and tropospheric ozone(Os). Of these gases, the single most
important gas is carbon dioxidewhich accounts for about 55% of the change in the intensity of
the Earth's greenhouse effect. The contributions of the other gases are 25% for
chlorofluorocarbons, 15% for methane, and 5% for nitrous oxide. Ozone'scontribution to the
enhancement of green house effect is still yet to be quantified.Average concentrations of
atmospheric carbon dioxidein the year 2005 were about 380 parts per million .Prior to 1700,
levels of carbon dioxide were about 280 parts per million. This increase in carbon dioxide in the
atmosphere is primarily due to the activities of humans. Beginning in 1700, societal changes
brought aboutbythe IndustrialRevolutionincreased the amount of carbondioxideenteringthe
atmosphere. The major sources of this gas include fossil fuel combustion for industry,
transportation, space heating, electricity generation and cooking; and vegetation changes in
natural prairie, woodland, and forested ecosystems. Emissions from fossil fuel combustion
account for about 65% of the extra carbon dioxide now found in our atmosphere. The remaining
35% is derived from deforestation and the conversion of prairie, woodland, and forested
ecosystems primarily into agricultural systems.

Natural ecosystems can hold 20 to 100 times more carbon dioxide per unit area than agricultural
systems. Artificially created chlorofluorocarbonsare the strongest greenhouse gas permolecule.
However, low concentrations in the atmosphere reduce their overall importance in the
enhancement of the greenhouse effect.

Current measurements in the atmosphere indicate that the concentration of these chemicals may
soon begin declining because of reduced emissions. Reports of the development of ozone holes
over the North and South Poles and a general decline in global stratospheric ozone levels overthe
last two decades has caused many nations to cut back on their production and use of these
chemicals.

Since 1750, methaneconcentrations in the atmosphere have increased by more than 150%. The
primary sources for the additional methane addedto the atmosphere (in order of importance) are
rice cultivation, domestic grazing animals, termites, landfills, coal mining, and oil and gas
extraction. Anaerobic conditions associated with rice paddy flooding results in the formation of
methane gas. However, an accurate estimate of how much methane is being produced from rice
paddieshasbeendifficulttoobtain.Morethan60%ofallricepaddiesarefoundinindiaand
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China where scientific data concerning emission rates are unavailable. Nevertheless, scientists
believe that the contribution of rice paddies is large because this form of crop production has
morethandoubledsince1950. Grazinganimalsreleasemethanetotheenvironmentasaresultof
herbaceous digestion. Some researchers believe the addition of methane from this source has
more than quadrupled over the last century. Termites also release methane through similar
processes. Land-use change in the tropics, due to deforestation, ranching, and farming, may be
causing termite numbers to expand. If this assumption is correct, the contribution from these
insects may be important. Methane is also released from landfills, coal mines, and gas and oil
drilling. Landfills produce methane as organic wastes decompose over time. Coal, oil, andnatural
gas deposits release methane to the atmosphere when these deposits are excavated or drilled.

The average concentration of nitrous oxidein the atmosphere is now increasing at a rate of 0.2to
0.3% per year. Sources for this increase include land-use conversion; fossil fuel combustion;
biomass burning; and soil fertilization. Most of the nitrous oxide added to the atmosphere each
year comes from deforestation and the conversion of forest, savanna and grassland ecosystems
into agricultural fields and rangeland. Both of these processes reduce the amount of nitrogen
stored inlivingvegetationandsoil throughthedecomposition of organicmatter. Nitrous oxideis also
released into the atmosphere when fossil fuels and biomass are burned. However, the combined
contribution of these sources to theincrease of this gas in the atmosphere isthought to be minor.
The use of nitrate and ammonium fertilizers to enhance plant growth is another source of nitrous
oxide. Accurate measurements of how much nitrous oxide is being released from
fertilizationhavebeendifficulttoobtain. Estimatessuggestthatthecontributionfromthissource
mayrepresentfrom50%t00.2%ofnitrousoxideaddedtotheatmosphereannually.

Ozone'srole in the enhancement of the greenhouse effect has been difficult to determine
scientifically. Accuratemeasurementsof pastlong-term(morethan25yearsinthepast)levelsof this
gas in the atmosphere are currently unavailable. Concentrations of ozone gas are found in two
different regions of the Earth's atmosphere. The majority of the ozone (about 97%) found in the
atmosphere is localized in the stratosphereat an altitude of 15 to 55 kilometers above the Earth's
surface. In recent years, the concentration of the stratospheric ozonehas beendecreasing because
of the buildup of chlorofluorocarbonsin the atmosphere. Since the late 1970s, scientists have
discovered that total column ozoneamounts over Antarctica in the springtime have decreased by
as much as 70%. Satellite measurements have indicated that the zone from 65° North to 65°
South latitude has had a 3% decrease in stratospheric ozone since 1978.
OzoneisalsohighlyconcentratedattheEarth'ssurface. Mostof thisozoneiscreatedasan artificial by
product of photochemical smog.

GlobalWarming(ClimateChange)Implications

Rise in global temperature
Observationsshowthatglobaltemperatureshaverisenbyabout0.6°Coverthe20thcentury.

There is strong evidence now that most of the observed warming over the last 50 years is caused
by human activities. Climate models predict that the global temperature will rise by about 6 °Cby
the year 2100.
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Riseinsea level

In general, the faster the climate change, the greater will be the risk of damage. The mean sea
level is expected to rise 9 - 88 cm by the year 2100, causing flooding of low lying areas andother
damages.

Food shortagesand hunger

Water resources will be affected as precipitation and evaporation patterns change around the
world. This will affect agricultural output. Food security is likely to be threatened and some
regions are likely to experience food shortages and hunger.

ACIDRAIN

Oxides of sulfur and nitrogen originating from industrial operations and fossil fuel combustion
are the major sources of acid forming gases. Acid forming gases are oxidized over several days
by which time they travel several thousand kilometers. In the atmosphere these gases are
ultimately converted into sulfuric and nitric acids. Hydrogen chloride emission forms
hydrochloric acid. These acids cause acidic rain. Acid rain is only one component of acidic
deposition. Acidicdecompositionisthetotalwetacidicdeposition(acidrain)anddrydeposition. Rain
water is turned acidic when its pH falls below 5.6. In fact clean or natural rain water has a pH of
5.6 at 20° ¢ because of formation of carbonic acid due to dissolution of CO2 in water. In absence
of rain, dry deposition of acid mayoccur.Acid forming gases like oxides of sulphur and
nitrogenandacidaerosolsgetdepositedonthesurfaceof waterbodies, vegetation,soilandother
materials. On moist surfaces or in liquids these acid forming gases can dissolve an form acids
similar to that formed in acid rain.

Effectsofacidrain:

Acid rain causes a number of harmfuleffects below pH 5.1. The effects are visiblein theaquatic

even at pH less than 5.5.

1. Itcauses deterioration of buildings especially made of marble e.g. monuments likeTaj Mahal.
Crystals of calcium and magnesium sulphate are formed as a result of corrosion caused by acid
rain.

2. It damages stone statues. Priceless stone statues in Greece and Italy have been partially
dissolved by acid rain.

3. Itdamagesmetalsandcar finishes.

4. Aquaticlifeespecially fish arebadly affectedbylake acidification

5. Aquatic animals suffer from toxicity of metals such as aluminium, mercury, manganese, zinc
and lead which leak from the surrounding rocks due to acid rain.

6. Itresultsinreproductivefailure,andkilling offish.

7. ManylakesofSweden,Norway,andCanadahavebecomefishlessdueto acid rain.

8. Itdamagesfoliage andweakens trees

9. It makes trees more susceptible to stresses like cold temperature, drought, etc . Many insects
and fungi are more tolerant to acidic conditions and hence they can attack the susceptible trees
and cause diseases.




Controlmeasures:

1. EmissionofSO,andNOfromindustriesandpowerplantsshouldbe
reduced by using pollution control equipments.

2. Limingoflakesandsoilsshouldbedonetocorrecttheadverseeffectsofacid rain.

3. Acoatingofprotectivelayerofinertpolymer shouldbegivenintheinteriorof water pipes for
drinking water

OZONELAYER DEPLETION

As early as 1896, the Swedish scientist Svante Arrhenius had predicted that human activities
would interfere with the way the sun interacts with the earth, resulting in global warming and
climate change. His prediction has become true and climate change is now disrupting global
environmental stability. The last few decades have seen many treaties, conventions, andprotocols
for the cause of global environmental protection.
Fewexamplesofenvironmentalissuesof globalsignificanceare:

* Ozonelayer depletion

* Globalwarming

One of the most important characteristics of this environmental degradation is that it affects all
mankind on a global scale without regard to any particular country, region, or race. The whole
world is a stakeholder and this raises issues on who should do what to combat environmental
degradation.

Earth’s atmosphere is divided into three regions, namely troposphere, stratosphere and
mesosphere. The stratosphere extends froml10 to50 kms fromthe Earth’s surface.This regionis
concentratedwithslightly pungentsmelling, light bluishozonegas.Theozonegasismadeupof
moleculeseachcontainingthree atomsofoxygen;itschemicalformulaisO.

The ozone layer, in the stratosphere acts as an efficient filter for harmful solarUltraviolet B(UV-
B) raysOzoneisproducedanddestroyednaturallyintheatmosphereanduntilrecently, this resulted in a
well-balanced equilibrium .

Natural ozone production
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Natural ozone destruction
Ozone is formed when oxygen molecules absorb ultraviolet radiation with wavelengths less than
240 nanometres and is destroyed when it absorbs ultraviolet radiation with wavelengths greater
than 290 nanometres. In recent years, scientists have measured a seasonal thinning of the ozone
layer primarily at the South Pole. This phenomenon is being called the ozone hole.




OzoneDepletion Process

Ozone is highly reactive and easily broken down by man-made chlorine and brominecompounds.
These compounds are found to be most responsible for most of ozone layer depletion.

The ozone depletion process begins when CFCs (used in refrigerator and air conditioners) and
other ozone-depleting substances (ODS) are emitted into the atmosphere. Winds efficiently mix
andevenlydistributetheODSinthetroposphere. TheseODScompoundsdonotdissolveinrain, are
extremely stable, and have a long life span. After several years, they reach the stratosphereby
diffusion.

Strong UV light breaks apart the ODS molecules. CFCs, HCFCs, carbon tetrachloride, methyl
chloroform release chlorine atoms, and halons and methyl bromide release bromine atoms. It is
the chlorine and bromine atom that actually destroys ozone, not the intact ODS molecule. It is
estimated that one chlorine atom can destroy from 10,000 to 100,000 ozone molecules before itis
finally removed from the stratosphere.

ChemistryofOzoneDepletion

Whenultravioletlightwaves(UV)strikeCFC*(CFCI)moIecsuIesintheupperatmosphere,a

carbon-chlorinebondbreaks,producing achlorine(Cl)atom.Thechlorineatomthenreactswith
anozone(O)n;oIecuIebreakingitapartandsodestroyingtheozone.Thisformsanordinary

oxygenmolecuIe(O)ar;dachIorinemonoxide(CIO)moIecuIe.Thenafreeoxygen**atom

breaks up the chlorine monoxide. The chlorine is free to repeat the process of destroying
moreozone molecules. A single CFC molecule can destroy 100,000 ozone molecules.

* CFC -chlorofluorocarbon:itcontainschlorine, fluorine and carbonatoms.**UV radiation
breaksoxygenmolecules(O)igtosingle oxygenatoms.

EffectsofOzoneLayer Depletion

1) Effects on Human and Animal Health: Increased penetration of solar UV-B radiation is
likely to have high impact on human health with potential risks of eye diseases, skin cancer and
infectious diseases.

2) Effects on Terrestrial Plants: In forests and grasslands, increased radiation is likely to
change species composition thus altering the bio-diversity in different ecosystems. It could also
may affect the plant community.

3) Effects on Aquatic Ecosystems: High levels of radiation exposure in tropics and subtropics
may affect the distribution of Phytoplankton’s, which form the foundation of aquatic food webs.
It canalso cause damage toearly developmentstages offish, shrimp, crab, amphibians andother
animals, the most severe effects being decreased reproductive capacity and impaired larval
development.




4) Effects on Bio-geo-chemical Cycles: Increased solar UV radiation could affect terrestrial and
aquaticbio-geo-chemicalcyclesthusalteringbothsourcesandsinksofgreenhouseand
importanttracegases,e.g.carbondioxide(CO),carbonzmonoxide(CO),carbonyIsuIfide

(COS), etc. These changes would contribute to biosphere-atmosphere feedbacks responsible for
the atmosphere build-up of these greenhouse gases.

5) Effects on Air Quality: Reduction of stratospheric ozone and increased penetration of UV-B
radiation result in higher photo dissociation rates of key trace gases that control the chemical
reactivity of the troposphere. This can increase both production and destruction of ozone and
related oxidants such as hydrogen peroxide, which are known to have adverse effects on human
health, terrestrial plants and outdoor materials.

The ozone layer, therefore, is highly beneficial to plant and animal life on earth filtering out the
dangerous part of sun’s radiation and allowing only the beneficial part to reach earth. Any
disturbance or depletion of this layer would result in an increase of harmful radiation reachingthe
earth’s surface leading to dangerous consequences.

NUCLEARHOLOCOSTANDNUCLEARACCIDENTS

Nuclear holocaust refers to a possible nearly complete annihilation of human civilization by
nuclear warfare. Under such ascenario, all or mostof theEarthis madeuninhabitableby
nuclearweapons in future world wars.

Nuclear physicists and others have speculated that nuclear holocaust could result in an end to
human life, or at least to modern civilization on Earth due to the immediate effects of
nuclearfallout, theloss of muchmoderntechnologydue to electromagneticpulses, or nuclear winter
and resulting extinctions. Since 1947, the Doomsday Clock of the Bulletin of the Atomic
Scientists visualizes how far the world is from a nuclear holocaust.

The threat of a nuclear holocaust plays an important role in the popular perception of
nuclearweapons. It features in the security concept of mutually assured destruction (MAD) and is
a common scenario in survivalism. Nuclear holocaust is a common feature in literature,
especially in speculative genres such as science fiction, dystopian and post-apocalyptic fiction.

The English word "holocaust”, derived from the Greek term "holokaustos" meaning "completely
burnt”, is commonly defined as "a great destruction resulting in the extensive loss of life,
especially by fire."

Casestudy:Chernobylreactor

A mishandled reactor safety test led to an uncontrolled power excursion, causing a severe steam
explosion, meltdown and release of radioactive material at the Chernobyl nuclear power plant
located approximately 100 kilometers north-northwest of Kiev. Approximately fifty fatalities
resulted from the accident and the immediate aftermath most of these being cleanup personnel.
An additional nine fatal cases of thyroid cancer in children in the Chernobyl area have been
attributedtotheaccident. Theexplosionandcombustionofthegraphitereactorcorespread
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radioactive material over much of Europe. 100,000 people were evacuated from the areas
immediately surrounding Chernobyl in addition to 300,000 from the areas of heavy fallout in
Ukraine, Belarus and Russia. An "Exclusion Zone" was created surrounding the site
encompassing approximately 1,000 mi? (3,000 km?) and deemed off-limits for human habitation
for anindefiniteperiod. Several studies bygovernments, UN agencies and environmentalgroups
have estimated the consequences and eventual number ofcasualties. Their findingsaresubject to
controversy.

Nuclearweaponscauses holocaust:

If all the nuclear weapons in the world were used, then all of humanity would most like be
destroyed. This is for several reasons. Firstly, most major cities wouldbe destroyed by incoming
warheads. However, this would leave some areas untouched. Thes e areas would most likely be
reached by radioactive fall-out blown bythe wind. These would bethe immediaterepurcussions.
Later, the worldwould gointo what is called "Nuclear Winter". Global temperatures would drop
significantly, as well as theamount of sunlightreceived by theearth. This is very similar towhat is
believed happened to the dinosaurs. It is believed that a large asteroid collided with the earth, and
stirred up a lot of dust into the atmosphere. This blotted out the sun, and plants died. With very
few plants to eat, the dinosaurs (and many other animals) went extinct. Nuclear winter would be
a lot like this. The only difference is that there the dust would be raised up byimpacting nuclear
warheads and their explosions. Additionally, the dust would be radioactive. The combination of
radioactivity, lack of food, and lowering temperatures cause a Nuclear Holocaust, with the
chances of humans surviving it very low.




UNIT-IV

GREENENVIRONMENTALISSUES

CLEANDEVELOPMENTMECHANISM

History andObjectivesoftheMechanism:

Clean Development Mechanism (CDM) is an economic instrument for inducing initiatives to
meet the challenges faced by the impending threat of climate change. It is a mechanism for
promoting technology transfer and investment from developed countries to the developing
countries for projects to reduce the emissions of Greenhouse Gases (GHGS). The mechanism
allows the governments or private parties of developed countries to make investment foremission
reduction projects in developing countries and, in turn, get the benefit in terms of “Certified
Emission Reduction (CER)” which could be credited against their national emission reduction
targets.

The concept of CDM owes its origin to the Kyoto Protocol (1997) under the UN Framework
Convention on Climate Change (UNFCCC) mooted at the United Nations Conference on
EnvironmentandDevelopment(EarthSummit)in1992. TheConventionon ClimateChangeand the
follow-up initiatives were prompted by the increasing evidence of global warming triggered by
anthropogenic emissions of Greenhouse Gases (GHGSs) which include Carbon Dioxide, Nitrous
Oxide, Methane, Halogenated Hydrocarbon and Tropospheric Ozone. According to an
assessment, doubling of carbon dioxide concentration in the atmosphere or an equivalentincrease
of a mixture of greenhouse gases can cause 1.5 to 4.5°C rise in global temperature with
associated impacts such as sea level rise,

Floods anddroughts.

Purpose

Thepurposeof theCDMistopromotecleandevelopmentindevelopingcountries, i.e., the"non- Annex
I" countries (countries that aren't listed in Annex | of the Framework Convention). The CDM is
one of the Protocol's "project-based” mechanisms in that the CDM is designed to promote
projects that reduce emissions. The CDM is based on the idea of emission reduction
"production”. These reductions are "produced" and then subtracted against a hypothetical
"baseline” of emissions. The emissions baseline are the emissions that are predicted to occur in
the absence of a particular CDM project. CDM projects are “credited” against this baseline, inthe
sense that developing countries gain credit for producing these emission cuts. The CDM is one of
the "flexibility mechanisms" that is defined in the Kyoto Protocol. The flexibility mechanisms
are designed to allow Annex B countries to meet their emission reduction commitments with
reduced impact on their economies (IPCC, 2007).The flexibility mechanisms were introduced to
the Kyoto Protocol by the US government.

ForparticipationinCDM,all countriesare required tomeetthe followingprerequisites:

7 Ratification ofthe KyotoProtocol;
_ EstablishmentofaNational CDM Authority; and
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1 Willingnessforvoluntaryparticipation in CDM.

Inadditiontotheaforesaidpre-requisites,thedevelopedcountriesshouldalsocomply with the
following requirements as stipulated in the Protocol:
" National Systemforthe estimationofGHG emissions;
7 National registryand annualinventory;
7 Accountingsystemforsaleandpurchaseofemissionreductions;and
7 Establishment of assigned amount as per emission limitation and reduction
CommitmenttoreducetheiroverallGHGemission byatleast5percentbelow1990 levels
in the first commitment period of 2008-2012.

TheeligibilitycriteriafortheCDMprojectsincludethe following:
7 Theprojectsmustbeapprovedbyallpartiesinvolved;
"1 Theprojectsshould promotesustainabledevelopment in host countries;
"1 Theprojectsshouldresultinreal,measurableandlongtermbenefitstowards
climate change mitigation; and
"1 Theemissionreductionshouldbeadditionaltowhatwouldhaveotherwise
occurred without the projects.

Institutionalstructure
TheinstitutionalstructurecreatedforimplementationofCDMincludesthreenew
entities:

7 Executive Board;

"1 DesignatedNational Authority; and

" DesignatedOperational Entity.

Sequenceofthe CDMprojectcycle:actorsandactivities
StageActors Activities

ProjectProponent Projectdesign

Host Country Designated National Projectapproval

Authority (DNA)

Designated Operational Entity Validationoftheproject
(DOE) design document

CDMExecutiveBoard(EB) Registrationofthe project
Project Proponent Projectimplementationand
Monitoring
DesignatedOperation Entity(DOE) Verification andcertificationof emission
reduction fromthe project.
CDMExecutiveBoard(EB) Issuanceof CertifiedEmission
Reductions(CERS)

TheCleanDevelopmentMechanism (CDM)ProjectCycle

TheCleanDevelopmentMechanismoftheKyotoProtocoldefinesaseriesofstepsnecessaryto develop
certified emissions reductions (CERS):

1. ProjectDesign
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ProjectValidation
Host Country Approval
Registration with the CDMExecutive Board
. ImplementationandMonitoring
. Verification/Certificationandlssuanceof CERS
Sale ofCERSs
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1.ProjectDesign

The first step starts witha determination of whether the project concept wouldqualifyas a CDM
project, including screening against project criteria, estimating the magnitude of emissions
reductions, and preparing a Project Design Document (PDD) to meet certain specifications. The
PDD must address the following key issues:

o Establishing the "baseline™ for the project, which represents the anthropogenic emissions

that would occur in the absence of the proposed project activity? The current flaring of
gas may be an important consideration in establishing this baseline.
Demonstrating "additionality,” which in essence is a demonstration that the proposed
project is not "business as usual.” While this criterion has proved to be controversial on
some projects, a series of guidelines is now available for making the additionality
demonstration. and there is precedent for landfill gas recovery projects of the type
envisioned.

« Amonitoringmethodologythateffectivelyaddressesgasflowandcomposition.

It isalso critical to provideabasisfor legalownership oftheprojectactivity,i.e. therightstothe gas
generated at landfill or wastewater treatment plant.

2.ProjectValidation

Validation is the process by which the PDD is independently evaluated by a "designated
operation entity" (DOE) against the requirements of the CDM. The DOE must be a third party,
separate and apart from the project developer and preparer of the PDD. Information submitted to
the DOE should include comments by the local stakeholders and a summary of how due account
was taken of any such comments, as well as an analysis of any environmental impact of the
project's activity.
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Based on its review, the DOE issues a validation report and opinion as to the adequacy of the
PDD. The project developer/PDD consultant must respond to queries and comments to the
satisfaction of the DOE for the final validation report to be issued.

3.HostCountry Approval
UponvalidationoftheproposedprojectbytheDOE,thefollowingdocumentationmustbe submitted to
the designated national authority (DNA) for host country approval:
1. The validationreport.
2. ThePDD,includingadescriptionofhowtheprojectwillcontributetosustainable
development.
3. lIfrequiredbylocal law,anapprovedenvironmentalimpactassessment.
4. Awrittencommitmenttodeliveranannualreportontheresultsofmonitoring,
certification, and issuance of CERs.
OncetheDNArequirementshavebeen satisfied,aLetterofApproval isissued fortheproject.

4.RegistrationwiththeCDMExecutiveBoard

Following the issuance of the Letter of Approval, a request for registration is submitted to the
CDM Executive Board in the form of the validation report, including the PDD, the written
approval of the DNA and an explanation of how this takes into account any comments received.
The CDM Executive Board reviews the proposal and may invite public comment or ask for
additional information/detailsbeforerejectingoraccepting the proposal, whichbecomes a public
document once submitted to the CDM Executive Board. Registration is a formal acceptance by
the CDM Executive Board of a validated project as a CDM project activity and is the official
recognition of the project feasibility to generate CER.

5. ImplementationandMonitoring

Once the project has been validated, detailed engineering activities can be undertaken in parallel
with the CDM approval process. Typically, construction would not occur until after CDM
Executive Board approval. Monitoring of emissions reductions, as specified in the PDD
monitoring plan, would then be implemented. In order to calculate the emissions reductions, the
emissions of the project activity have to be subtracted from the reference scenario or Baseline
outlined in the PDD.

6. Verification/Certificationandissuanceof CERs

Verification isrequired byaDOE, separateand apart from thepreparerof thePDDandtheDOE
responsible for project validation, in order to demonstrate that actual emissions reductions are
consistent with the PDD. A certification report is required on an annual basis to quantify the
actual emissions reductions achieved during that period. The second DOE conducts on-site
inspections, reviewsmonitoringresults, and providesa verificationreportto the CDMEXxecutive
Board.ThecertificationconstitutesarequesttotheCDMExecutiveBoardforissuanceofCERs equal to
the verified amount of reductions from the project. This issuance should be considered final 15
days after the day of receipt of the request for issuance, unless issues are raised by the
CDMExecutiveBoardorotherpartiesinvolved. TherequisiteamountofCERsisthendeposited in the
registry account of the project developer.

7. SaleofCERs

Theprocessof negotiatingthesaleofthe CERscanusuallystartasthePDDisbeingfinalized. A Term Sheet
spelling out the terms of the agreement is initially prepared and later used for
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drafting the so-called Emissions Reductions Purchase Agreement (ERPA). These agreements
definetheamountof CERstobetransferred,thepurchaseprice, thetimeperiodofdelivery,and other
relevant conditions. ENVIRON is experienced in developing these agreements and working
with the buyers in the emissions reductions marketplace, e.g., World Bank’s Prototype Carbon
Fund, tenders by national governments, brokers, and private sector buyer

Benefitsand beneficiariesofthe CDM
TheCDMhasthepotentialofmulti-facetedbenefitsand multiple beneficiaries

Benefits
* Globalreductionofgreenhouse gases.
» Lessercostofclimatechange mitigation.
+ Additionalbenefits throughreductionofother pollutantsbesides GHGs.
 Openingamarketforcarboninvestment.
« Additionalfinancialresourcesand alternative technologies.
» Initiativesforadaptation toclimatechange impacts.
« Focusonsustainable development.
« Scopeforcooperationatvariouslevels(national,sub-regional,
Regional and global).
Beneficiaries
* Developed countries.
« Countrieswitheconomyintransition.
« Developingcountries.
» Smallinlandcountries.
* Publicsector.
* Private sector.

CARBONFOOTPRINT
INTRODUCTION:

‘Carbon footprint’ measures the total greenhouse gas emissions caused directly and indirectly by
a person, organization, event or product.

The footprint considers all six of the Kyoto Protocol greenhouse gases: Carbon dioxide (CO2),
Methane (CH4), Nitrous oxide (N20), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs)
and Sulphur hexafluoride (SF6).

A carbon footprint is measured in tones of carbon dioxide equivalent (tCO2e). The carbon
dioxide equivalent (CO2e) allows the different greenhouse gases to be compared on a like-for-
likebasisrelativeto oneunit of CO2. CO2eiscalculatedby multiplying theemissionsof each of the
six greenhouse gases by its 100 year global warming potential (GWP).




Themain typesof carbonfootprintfororganizationsare:

A) ORGANISATIONALCARBONFOOTPRINT

Emissionsfromalltheactivitiesacrosstheorganization, includingbuildings’energyuse, industrial
processes and company vehicles.

Anorganizational orbusinesscarbon footprintmeasuresthedirect and indirect greenhouse
gasemissionsarisingfromallofanorganization’sactivities. Agoodplacetogetanestimation of your
business carbon footprint is our carbon footprint indicator. Read more about organizational
carbon footprints below.

Types ofemissions

Whycalculate
Howtocalculate-organizationalcarbonfootprints
Howwecanhelp

TheGreenhouseGasProtocol*standardiscommonlyusedtocategorizeanorganization’s emissions
into 3 groups or ‘scopes’:

e Scope 1-Directemissions
Directemissionsresultingfromactivitieswithinthe organization’scontrol.Includeson- site
fuel combustion, manufacturing and process emissions, refrigerant losses and company
vehicles.
Scope2-Indirect emissions:electricityand heat
Indirectemissionsfromelectricity,heat orsteam purchasedand usedby theorganization.
Scope3 -Indirect emissions:other
Any other indirect emissions from sources not directly controlled by the organization.
Examplesinclude:employeebusinesstravel,outsourcedtransportation,wastedisposal, water
usage and employee commuting.

Under the Greenhouse Gas Protocol, an organization must include scope 1 and 2 emissions
within its carbon footprint. There is broad discretion about which scope 3 emissions should be
included inabusiness carbon footprint -forexample; organizationsoftenincludewaste disposed to
landfill and employee business travel from scope 3.

If you have your energy usage details, use our carbon footprint calculator to calculate your
organizational carbon footprint.

* The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, revised
edition.WorldBusinessCouncilforSustainableDevelopmentandWorldResourceslInstitute.

The2 mainreasonsforcalculatingan organizationalcarbon footprintarethatit willhelpyouto:
e Manageandreduce emissions

Reducing your business carbon footprint often results in cost savings. Analyzing your
organization’scarbonfootprintwillhelpyoutoidentifyandprioritizeareasforpotential reduction.
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Reporting
Moreandmoreorganizationswanttobeabletodemonstratetheircarbonfootprintfor reasons
of:

o Mandatory reportingrequirements
ClimatechangelegislationsuchastheCarbonReductionCommitmentEnergyEfficien
cy Scheme (CRC) or EU Emissions Trading Scheme require such reporting, for
example.

Corporatesocialresponsibility (CSR)
Showingthatyouarebehavinginaresponsibleandethicalwayisbecomingever more
important

Responding torequests
Partners,customersandinvestorsareincreasinglyinterestedincarbonemissions data.
There are also carbon reporting initiatives such as the Carbon DisclosureProject.

Steps:

Thebasic 6 stepsrequiredto calculate acarbonfootprintforanorganization are asfollows:

1. Establishmentoftheassessmentboundaries:
« Organizational
* Operational
« Greenhousegases
2. Collectionofdata.
3. Calculationofemissionsusingappropriateemissionsfactors
4.Convertusage intoCO2 equivalent
5. Verifyingthe results(optional)
6. Reporting thecarbonfootprint

1. Methoddefinition

Y ouneedtohaveaconsistentmethodtogetaccurateresults —especiallyif youaregoingtorely on lots of
different people to collect and interpret data.

Goodsourcesof standardsinclude:

e GreenhouseGasProtocol
Freesetof commonlyused standards

« International Organization for Standardization, 1SO 14064
BuildsonmanyoftheconceptsintroducedbytheGHGProtocol

2. Establishmentoftheassessment boundaries:
You willneedtodefine:

o Organizational boundaries
Whatpartsoftheorganizationareincluded?Thiscanbecomplexforlargeorganizations with
many subsidiaries, joint ventures or leased assets.

Operationalboundaries
Allscopelandscope2emissionsshouldbeincluded,buttheorganizationcanchoose which
scope 3 emissions to include.
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Whenchoosingaboundarytrytotakeaccountofhowyourorganizationworks,otherreporting periods,
legislative requirements, and the practicalities of data collection.

3. Collatedata
Itisimportanttocollectdataasthoroughlyandaccuratelyaspossible. Themainsourcesofdata are
usually:

Gasandelectricity—meterreadingsorbills(kWh)

Otherfuels —usagein liters,kWh,MJ, liters

Transport —usagebyfueltype(ifthisis notpossibleestimateitbasedonthemileageof the
vehicles and fuel economy assumptions)

4. ConvertusageintoCO2equivalent

The carbon footprint is measured in tones CO2 equivalent (tCO2e). This is calculated by
converting the data you have collected. You should always use conversions from credible
sources, see our conversion factor tables. It is important that you identify any data gaps and list
the assumptions you have made in calculating the footprint.

5. Verifyingtheresults(optional)

To add credibility, it makes sense for a third party to verify your carbon footprint. The
CarbonTrust Standard is onesuch companythat can do this — aswell ashelping you to
measure,reduce, and communicate your carbon footprint.

6. Reportingthecarbonfootprint

Make sure you carbon footprint is presented clearly and honestly. This means providingcomplete
information about each of the steps above, including methods, footprint boundaries, data quality
and assumptions. Also - try to keep a consistent approach over different years, explaining any
changes in reporting or business structure that might impact the footprint.

B) PRODUCTCARBON FOOTPRINT

Emissions over the whole life of a product or service,from theextraction of raw materials
andmanufacturing right through to its use and final reuse, recycling or disposal.

A product carbonfootprint measures the greenhouse gas emissions at each stage of the product’s
life.

A product carbonfootprint measures the greenhouse gas emissions at each stage of the product’s
life. This includes:

Extraction,productionandtransportationofrawmaterials
Manufactureorservice provision

Distribution

End-use

Disposal/recycling
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At each stage greenhouse gas emissions can result from such sources as: energy use,
transportation fuel refrigerant losses from air conditioning units and waste. In the case of a
“service product” the life-cycle stages are defined across the duration of the service.

Measuring aproduct’scarbonfootprintoffersa numberofbenefits, including:

Attractingcustomers
Customersarebecomingincreasinglyawareoftheenvironmentalimpactofthegoods and
services they use. Working with the Carbon Trust Foot printing Companyor
demonstrating a lower footprint than competitor products can deliver competitive
advantage.

Brandidentity
Reportingproductcarbonfootprintsshowsthatanorganizationtakesitssocial responsibility
seriously.

Leadership
Reportingyourproducts’carbonfootprintswillsupportyourcorporateresponsibility
programme and enhance your reputation.

Cost savings
Identifyingareaswheregreenhousegasemissionscanbereducedoftenresultsincost savings -
in terms of transport energy, waste and packaging for example.

Emissionssavings

Lookingatthe whole supplychaincouldhelpyouidentifysavings.

Thebasicstepsrequired tocalculate acarbonfootprintforaproduct areasfollows:
1. Analyzethematerialsand supplychainprocesses.
2. Buildasupplychainmapfortheproduct.
3. Definetheassessmentboundaries(includingtheselectionofgreenhousegases and
the emissions sources which will be included).
4. Datacollection
5. Calculationofemissionsusingappropriateemissionsfactors.

1. Theprimaryfootprintisameasureofourdirectemissionsof CO2fromtheburningoffossil fuels
including domestic energy consumption and transportation (e.g. car and plane). We have direct
control of these.

2. Thesecondary footprint is a measure ofthe indirect CO2 emissions from the whole lifecycle
of products we use - those associated with their manufacture and eventual breakdown. To put it
very simply — the more we buy the more emissions will be caused on our behalf.

ProductCarbonFootprintsarecommonlyexpressedeitheras‘cradletogate’footprints,or ‘cradle to
grave’ depending on the life-cycle stages included.
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CARBONCREDIT
INTRODUCTION

Carbon credits are a tradable permit scheme. It is a simple, non-compulsory way to counteractthe
greenhouse gasses that contribute to climate change and global warming. Carbon credits create a
market for reducing greenhouse emissions by giving a monetary value to the cost of polluting the
air. The Carbon Credit is this new currency and each carbon credit represents one tonne of
carbon dioxide either removed from the atmosphere or saved from being emitted.
Carboncreditsarealsocalledemissionpermit.Carboncreditisinthe EnvironmentandPollutionControl
subject. Carbon credits are certificates awarded to countries that are successful in reducing
emissions of greenhouse gases.

GENERATIONOFCARBONCREDITS

Carboncreditsaregeneratedastheresultofanadditional carbonproject. Carboncreditscanbe created in
many ways but there are two broad types:
1. Sequestration(capturingorretainingcarbondioxidefromtheatmosphere)suchas afforestation
and reforestation activities.
2. CarbonDioxideSavingProjectssuch asuseofrenewable energies
Thesecreditsneedtobeauthentic,scientificallybasedandVerificationisessential. Carbon credit trading is
an innovative method of controlling emissions using the free market.

NEEDFORCARBONCREDITS

Over millions of years, our planet has managed to regulate concentrations of greenhouse gases
through sources (emitters) and sinks (reservoirs). Carbon (in the form of CO2 and methane) is
emittedbyvolcanoes, byrottingvegetation,byburningoffossilfuelsandotherorganicmatter. But CO2
is absorbed, bytrees, forests or bysomenatural phenomenon likephotosynthesis and also oceas to
some extent.
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TYPESOFCARBON CREDIT

Therearetwomainmarkets forcarboncredits:
A) ComplianceMarket credits
B) VerifiedMarketcredits(VERS)

VALUEOFCARBON CREDITS

Carbon credits create a market for reducing greenhouse gases emissions by giving a monetary
value to the cost of polluting the air such as carbon emitted by burning of fossil fuels. This
meansthatcarbonbecomesacostofbusinessandisseenlikeother inputssuchasrawmaterials or labor.

Carboncreditsaremeasuredintonnesofcarbondioxide. 1

credit = 1 tonne of CO2.

Each carbon credit represents one metric ton of CO2 either removed from the atmosphere or
savedfrombeingemitted. Thecarboncreditmarketcreatesamonetaryvalueforcarboncredits and
allows the credits to be traded.
Foreachtonneofcarbondioxidethatissavedorsequesteredcarboncreditproducersmaysell one
carbon credit.

CARBONSEQUESTRATIONorCARBONCAPTUREANDSTROAGEor
SCRUBBING OF CO;

Carbonsequestrationisthecaptureofcarbon dioxide (CO2) andmayreferspecifically to:

e "Theprocessofremovingcarbonfromtheatmosphereanddepositingitinareservoir.” When
carried out deliberately, this may also be referred to as carbon dioxide removal, which
is a form of geoengineering.

o Theprocessof carboncaptureandstorage, wherecarbondioxideisremovedfrom fluegases,
such as on power stations, before being stored in underground reservoirs.

Naturalbiogeochemicalcyclingofcarbonbetweentheatmosphereandreservoirs,such as by
chemical weathering of rocks.

Carbon sequestration describes long-term storage of carbon dioxide or other forms of carbon to
either mitigate or defer global warming and avoid dangerous climate change. It has been
proposedasawaytoslowtheatmosphericandmarineaccumulationof greenhousegases,which are
released by burning fossil fuels.

Carbon dioxide is naturally captured from the atmosphere through biological, chemical or
physicalprocesses.Someanthropogenicsequestrationtechniquesexploitthesenaturalprocesses,
while some use entirely artificial processes.

Carbon dioxide may becaptured as a pure by-product in processes related to petroleumrefiningor
from flue gases from power generation.COzsequestration includes the storage part of carbon
captureand storage,whichreferstolarge-scale,permanentartificial captureandsequestration of
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industriallyproducedCO.usingsubsurfacesalineaquifers,reservoirs,oceanwater,agingoilfields, or
other carbon sinks.

STEPS:
A) CapturingorScrubbing
B) Transporation
C) Sequestration orStorage

A) CAPTURING orSCRUBBINGOFCO2:

TECHNOLOGIES:
Broadly,threedifferenttypesoftechnologiesforscrubbingofCO.exist:

2. post-combustion,

3. pre-combustion,and

4. oxyfuelcombustion

5. Chemicallooping
1. Post-Combustion: In post combustion capture, the COzis removed after combustion of the
fossil fuel — this is the scheme that would be applied to fossil-fuel burning power plants. Here,
carbon dioxide is captured from flue gases at power stations or other large point sources. The
technology is well understood and is currently used in other industrial applications, although not
at the same scale as might be required in a commercial scale power station.

2. Pre-Combustion : The technology for pre-combustion is widely applied in fertilizer,
chemical, gaseousfuel(H2, CHs), andpowerproduction. Inthesecases, thefossilfuelispartially
oxidized, for instance in a gasifier. The resulting syngas (CO and H.O) is shifted into CO.and
more Hz. The resulting CO.can be captured from a relatively pure exhaust stream. The Hzcan
now be used as fuel; the carbon dioxide is removed before combustion takes place. There are
several advantages and disadvantages when compared to conventional post combustion carbon
dioxide capture. The CO.is removed after combustion of fossil fuels, but before the flue gas is
expanded to atmospheric pressure. This scheme is applied to new fossil fuel burning power
plants, or to existing plants where re-powering is an option. The capture before expansion, i.e.
frompressurized gas, isstandard inalmostall industrial CO.captureprocesses, atthesame scale as
will be required for utility power plants.

3. Oxy-FuelCombustion: Inoxy-fuelcombustionthefuelisburnedinoxygeninsteadofair.To limit
theresulting flametemperatures to levels common duringconventional combustion, cooled flue
gas is re-circulated and injected into the combustion chamber. The flue gas consists of mainly
carbon dioxide and water vapor, the latter of which is condensed through cooling. The result is
an almost pure carbon dioxide stream that can be transported to the sequestration siteand stored.
Power plant processes based on oxy fuel combustion are sometimes referred to as "zero
emission” cycles, because the COastored is not a fraction removed from the flue gasstream (as in
the cases of pre- and post-combustion capture) but the flue gas stream itself. A certain fraction of
the COzgenerated during combustion will inevitably end up in the condensed water. To warrant
the label "zero emission” the water would thus have to be treated or disposed of appropriately.
The technique is promising, but the initial air separation step demands a lot of energy.
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4. Chemical looping combustion (CIC): Chemical looping uses a metal oxide as a solid oxygen
carrier. Metal oxide particles react with a solid, liquid or gaseous fuel in a fluidized bed
combustor, producingsolidmetal particlesandamixtureof carbondioxideandwater vapor. The
water vapor is condensed, leaving pure carbon dioxide which can then be sequestered. The solid
metal particles are circulated to another fluidized bed where they react with air, producing heat
and regenerating metal oxide particles that are re circulated to the fluidized bed combustor.

5. Calcium looping: A variant of chemical looping is calcium looping, which uses the
alternating carbonation and then calcinations of a calcium oxide based carrier as a means of
capturing CO-.

B) TRANSPORT:

After capture, the CO.would have to be transported to suitable storage sites. This is done by
pipeline, which is generally the cheapest form of transport. In 2008, there were approximately
5,800 km of COgpipelines in the United States, used to transport COto oil production fields
where it is then injected into older fields to extract oil. The injection of CO.to produce oil is
generally called Enhanced Oil Recovery or EOR.

In addition, there are several pilot programs in various stages to test the long-term storage of
COzin non-oil producing geologic formations.

A COA conveyor belt system or ship could also be utilized for transport. These methods are
currently used for transporting CO2for other applications.

C)SEQUESTRATIONor STORAGE:
Various forms have been conceived for permanent storage of CO,. These forms include gaseous

storage in various deep geological formations (including saline formations and exhausted gas
fields), liquid storage in the ocean, and solid storage by reaction of CO.with metal oxides to
produce stable carbonates.
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i) GEOLOGICAL STORAGE: Also known as geo-sequestration, this method involves
injecting carbon dioxide, generally in supercritical form, directly into underground geological
formations. Oil fields, gas fields, saline formations, unmineable coal seams, and saline-filled
basalt formations have been suggested as storage sites. Various physical (e.g., highly
impermeable cap rock) and geochemical trapping mechanisms would prevent the COxfrom
escaping to the surface.

Enhanced oil recovery:COis sometimes injected into declining oil fields to increase
oilrecovery.This option is attractive because the geology of hydrocarbon reservoirs is generally
well understood and storage costs may be partly offset by the sale of additional oil that is
recovered. Disadvantages of old oil fields are their geographic distribution and their limited
capacity, as well as the fact that subsequent burning of the additional oil so recovered will offset
much or all of the reduction in COzemissions.

Unmineable coal seams can be used to store CObecause the CO.molecules attach to the surface
of coal. The technical feasibility, however, depends on the permeability of the coal bed. In the
process of absorption the coal releases previously absorbed methane, and the methane can be
recovered (enhanced coal bed methane recovery). The sale of the methane can be used to offset a
portion of the cost of the CO,storage. Burning the resultant methane, however, would produce
CO», which would negate some of the benefit of sequestering the original CO>.

II) OCEANSTORAGE:
Anotherproposed form ofcarbonstorage isintheoceans.Several conceptshavebeenproposed:

o 'Dissolution’ injects CO2by ship or pipeline into the ocean water column at depths of
1000 — 3000 m, forming an upward-plume, and the CO.subsequently dissolves in
seawater.

Through 'lake’ deposits, by injecting CO.directlyinto the sea at depths greater than 3000
m, where high-pressure liquefies CO2, making it denser than water, and forms a
downward-plume that may accumulate on the sea floor as a 'lake’, and is expected to
delay dissolution of CO2into the ocean and atmosphere, possibly for millennia.

Use a chemical reaction to combine CO,with a carbonate mineral (such as limestone) to
form bicarbonate(s), forexample: CO2+CaCOsz+ H,O —Ca(HCOs)2(ag). However, the
aqueous bicarbonate solution must not be allowed to dry out, or else the reaction will
reverse.

« Store the COzin solid clathrate hydrates already existing on the ocean floor,z124l or
growing more solid clathrate.

The environmental effects of oceanic storage are generally negative, and poorly understood.
Large concentrations of COcould kill ocean organisms, but another problem is that dissolved
COzwould eventuallyequilibratewiththe atmosphere, sothe storage wouldnotbepermanent.in
addition, aspartof theCOgzreactswiththewater toform carbonicacid, H.CO3, theacidityofthe ocean
water increases.

The bicarbonate approach would reduce the pH effects and enhance the retention of CO:in the
ocean, but this would also increase the costs and other environmental effects.

I111) MINERALSTORAGE:

In this process, CO.is exothermically reacted with available metal oxides, which in turn produces
stable carbonates. This process occurs naturally overmany years and is responsible for
agreatamountofsurfacelimestone.Thereactionratecanbemadefaster,forexampleby
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reacting at higher temperatures and/or pressures, or by pre-treatment of the minerals, although
this method can require additional energy.
CarbonsequestrationbyreactingnaturallyoccurringMgandCacontainingmineralswithCO»to  form
carbonates has many unique advantages. Most notable is the fact that carbonates have a lower
energy state than CO., which is why mineral carbonation is thermodynamically favorable and
occurs naturally (e.g., the weathering of rock over geologic time periods). Secondly, theraw
materials such as magnesium based minerals are abundant. Finally, the produced carbonates are
unarguably stable and thus re-release of CO.into the atmosphere is not an issue. However,
conventional carbonation pathways are slow under ambient temperatures and pressures. The
significant challenge being addressed by this effort is to identify an industrially and
environmentally viable carbonation route that will allow mineral sequestration to beimplemented
with acceptable economics

POLLUTERPAYSPRINCIPLE

The polluter pays principle(PPP) is a basic economic idea that firms or consumers should payfor
the cost of the negative externality they create. The polluter pays principle usually refers to
environmental costs, but it could be extended to any external cost.

In a purely free market, you would only face your private costs. However, for goods with
negative externalities, there are additional external costs, e.g. damage to the environment. This
means the social cost of some goods are greater than the private cost.

The polluter pays principle is simply the idea that we should pay the total social cost including
the environmental costs. This requires some authority or government agency to calculate our
external costs and make sure that we pay the full social cost. A simple example, is a tax onpetrol.
When consuming petrol, we create pollution. The tax means the price we pay moreclosely
reflects the social cost.

The polluter pays principle is a way of ‘internalizing the externality’. It makes the firm /
consumer pay the total social cost, rather than just the private cost. (Social cost = private cost+
external cost)

The polluter pays principle is an important basis of international law. In 1972, the OECD
(Organisation for Economic Co-operation and Development)wrote Guiding Principlesconcerning
International Economic Aspects of Environmental Policies, stating:

“ The polluter should bear the expenses of carrying out the above-mentioned measures decided
by public authorities to ensure that the environment is in an acceptable state.”

Thepolluterpaysprinciple wasincorporated intothe1992 Riosummitthe declarationstated:

“National authoritiesshould endeavor to promote the internalization of environmental costs and
the use of economic instruments, taking into account the approach that the polluter should, in
principle, bear the cost of pollution, with due regard to the public interest and without
distorting international trade and investment.”
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Difficultiesof implementingpolluterpaysprinciple

It can be difficult to measure how much pollution is produced, e.g. firms may try to hide
the extent of their pollution.

It can be difficult to impose regulations or tax on firms from other countries. Forexample,
whenwecontributetoglobalwarming, theproblemeffectseveryonearoundthe world, but it
can be difficult to create international agreements to impose penalties on those polluting.
Pollution havens. These are countries which have weaker environmental legislation and
firms can escape taxes and regulations on pollution by shifting production to those
countries.

Somecostsareunexpectedand occuraftertheevent.e.g.in buildingnuclearpower plant.
Administration costs of collecting information andimplementing tax. For example, afew
drunks late at night may make a lot of noise and disturb the neighbourhood, but it would
be impractical to impose a tax on those who make noise after a hard-days night.
Administration costs have prevented the extension of congestion charge to smaller cities
like Manchester — even though in principle it would make economic sense to have a
charge for those who cause the external cost of congestion.

GREENBUILDINGorGREENCONSTRUCTIONORSUSTAINABLEBUILDING

A green building is one which uses less water, optimizes energy efficiency, conserves
naturalresources,generateslesswasteandprovideshealthierspacesforoccupants,as compared
to a conventional building."

Green construction or sustainable building refers to a structure and using process that is

environmentally responsible and resource-efficient throughout abuilding's life-cycle: from siting
to design, construction, operation, maintenance, renovation, and demolition.

Obijectives:

00 Efficientlyusingenergy,water, andother resources

1 Protectingoccupanthealthandimprovingemployeeproductivity Reducing
O waste, pollution and environmental degradation

Buildingscanberatedfortheirenvironmentallysustainableconstruction.Onesuchrating

system is the LEED (Leadership in Energy and Environmental Design).
Thisbuildingratingsystem wasdeveloped bytheU.S.GreenBuildingCouncil(GBC)

The other rating systems are BREEAM (Building Research Establishment's Environmental

Assessment method -United Kingdom)and CASBEE (Comprehensive Assessment System for
Building Environmental Efficiency-Japan) help consumers determine a structure’s level of
environmental performance.

Whatis LEED?
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Leadership in Energy and Environmental Design (LEED) is a rating system devised by the
United States Green Building Council (USGBC) to evaluate the environmental performance of a
building and encourage market transformation towards sustainable design.

The system is credit-based, allowing projects to earn points for environmentally friendly actions
taken during construction and use of a building.

Whattypesofbuildingscanuse LEED?

LEED certification is available for all building types including new construction and major
renovation; existing buildings; commercial interiors; core and shell; schools and homes. LEED
systems for neighborhood development, retail and healthcare are currently pilot testing. To date,
there is over 4.5 billion square feet of construction space involved with the LEED system.

HowdoesLEEDwork?

LEED is a point based system where building projects earn LEED points for satisfying specific
green building criteria. Within each of the seven LEED credit categories, projects must satisfy
particular prerequisites and earn points.

Theratingsystem addressessixmajorareas:
1. Sustainablesites;

2. Waterefficiency;

3. Energyand atmosphere;

4. Materialsand resources;

5. Indoorenvironmentalquality; and

6. Innovationand designprocess.

LEEDcertificationlevels:
fourprogressivelevelsaccordingtothefollowingscale:
Certified40-49points

Silver50-59points

Gold60-79points

Platinum 80 pointsandabove

In 2004,theEuropean Commission initiatedtheGreen Building Program(GBP).Thisprogram
aimsat improvingtheenergyefficiencyandexpandingtheintegrationofrenewableenergiesin non-
residential buildings in Europe on a voluntary basis.

Green building materialsofferspecific benefitstothe building ownerand buildingoccupants:
e Reducedmaintenance/replacement costsoverthelifeofthe building.

Energyconservation.

Improvedoccupanthealthandproductivity.

Lowercostsassociatedwithchangingspace configurations.

Greaterdesign flexibility.




Greenbuildingmaterial/productselection criteria
1. Resourceefficiency
2. Indoorair quality
3. Energy efficiency
4. Waterconservation
5. Affordability
1. ResourceEfficiencycanbeaccomplishedbyutilizingmaterialsthatmeetthefollowing criteria:

e Recycled Content: Products with identifiable recycled content, including postindustrial
content with a preference for postconsumer content.
Natural, plentiful or renewable: Materials harvested from sustainably managed sources
and preferably have an independent certification (e.g., certified wood) and are certifiedby
an independent third party.
Resource efficient manufacturing process: Products manufactured with resource-
efficient processes including reducing energy consumption, minimizing waste (recycled,
recyclable and or source reduced product packaging), and reducing greenhouse gases.
Locally available: Building materials, components, and systems found locally or
regionally saving energy and resources in transportation to the project site.
Reusable or recyclable: Select materials that can be easily dismantled and reused or
recycled at the end of their useful life.
Recycled or recyclable product packaging: Products enclosed in recycled content or
recyclable packaging.
Durable: Materials that are longer lasting or are comparable to conventional products
with long life expectancies.

2. IndoorAirQuality(IAQ)isenhancedbyutilizing materialsthatmeet thefollowingcriteria:

Low or non-toxic: Materials that emit few or no carcinogens, reproductive toxicants, or
irritants as demonstrated by the manufacturer through appropriate testing.

Minimal chemical emissions: Products that have minimal emissions of Volatile Organic
Compounds (VOCs). Products that also maximize resource and energy efficiency while
reducing chemical emissions.

Low-VOC assembly: Materials installed with minimal VOC-producing compounds, or
no-VOC mechanical attachment methods and minimal hazards.
Moistureresistant:Products and systems that resist moisture or inhibit the growth of
biological contaminants in buildings.

Healthfully maintained: Materials, components, and systems that require only simple,
non-toxic, or low-VOC methods of cleaning.

Systems or equipment: Products that promote healthy IAQ by identifying indoor air
pollutants or enhancing the air quality.

3. EnergyEfficiencycanbemaximizedbyutilizingmaterialsandsystemsthatmeetthefollowing
criteria:
e Materials,components,andsystemsthathelpreduceenergyconsumptioninbuildings and
facilities.
4. WaterConservationcanbeobtainedbyutilizingmaterialsandsystemsthatmeetthefollowing
criteria:
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o Productsandsystemsthathelpreducewaterconsumptioninbuildingsandconserve water in
landscaped areas.

5. Affordability can be considered when building product life-cycle costs are comparable to
conventional materials or as a whole, are within a project-defined percentage of the overall
budget.

BENEFITSOFGREENBUILDING

Buildingshaveanenormousimpactontheenvironment,humanhealth,andtheeconomy.The
successful adoption of green building strategies can maximize both the economic and
environmental performance of buildings.

1.Environmentalbenefits2.Economicbenefits 3.Socialbenefits
1. Environmentalbenefits:

= Enhanceand protectbiodiversity and ecosystems
= |mprove airandwater quality

= Reducewastestreams

= Conserveand restorenaturalresources

2. Economicbenefits:
= Reduceoperating costs
= Create,expand,andshapemarketsforgreenproduct and services
= |mprove occupantproductivity
= Optimizelife-cycleeconomicperformance

3. Socialbenefits:
= Enhanceoccupant comfortandhealth
= Heightenaesthetic qualities
= Minimizestrain on localinfrastructure
= Improveoverallqualityoflife

GREENCOMPUTINGORGREENITORICTSUSTAINABILITY

Definition :"the study and practice of designing, manufacturing, using, and disposing
ofcomputers, servers, and associated subsystems—such as monitors, printers, storage devices,
and networking and communications systems — efficiently and effectively with minimal or no
impact on the environment”

Introduction:
Theprimaryobjectiveofsuchaprogramistoaccountforthetriplebottomline(or"People, Planet, Profit™).
Theterm"green computing"wasprobablycoinedshortly afterthe Energy Starprogrambegan.
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The goals are similar to green chemistry namely to reduce the use of hazardous materials;
maximize energy efficiency during the product's lifetime; and promote recyclability or
biodegradability of defunct products and factory waste.

The Green Electronics Council offers the Electronic Products Environmental Assessment
Tool (EPEAT) to assist in the purchase of "green"” computing systems.

Climate Savers Computing Initiative (CSCI) is an effort to reduce the electric power
consumption of PCs in active and inactive states. The name stems from the World Wildlife
Fund's Climate Saversprogram, which was launched in1999. TheWWF is also amember of the
Computing Initiative.

In 1992, the U.S. Environmental Protection Agency launched Energy Star, a voluntary labeling
programthatisdesignedtopromoteandrecognizeenergy-efficiencyinmonitors,climatecontrol
equipment, and other technologies. This resulted in the widespread adoption of sleep mode
among consumer electronics. Concurrently, the Swedish organization TCO Development
launched the TCO Certification program to promote low magnetic and electrical emissions from
CRT-based computer displays; this program was later expanded to include criteria on energy
consumption, ergonomics, and the use of hazardous materials in construction

Sowhy shouldacompany promotegreen,orenergyefficientcomputing?
e Climate Change: First and foremost, conclusive research shows that CO2 and other
emissions are causing global climate and environmental damage
Savings:Green computing canleadto seriouscostsavingsovertime.
Reliability of Power: Energy efficient systems helps ensure healthy power systems. Also,
more companies are generating more of their own electricity, which further motivates

them to keep power consumption low.
Computing Power Consumption has Reached a Critical Point: Data centers have run out
of usable power and cooling due to high densities.
Hereare some stepsthatcanbe taken:

e Power-downthe CPU andallperipheralsduringextendedperiodsof inactivity.

e Try to do computer-related tasks during contiguous, intensive blocks of time, leaving
hardware off at other times.
Power-up and power-down energy-intensive peripherals such as laser printers according
to need.
Useliquid-crystal-display(LCD)monitorsratherthancathode-ray-tube(CRT) monitors.
Usenotebookcomputersratherthandesktop computerswheneverpossible.
Usethepower-managementfeaturestoturnoffharddrivesanddisplaysafterseveral minutes of
inactivity.
Minimizetheuseofpaperandproperlyrecyclewastepaper.
Disposeof e-wasteaccordingtofederal,stateandlocalregulations.
Employalternativeenergysourcesforcomputingworkstations,servers,networksand data
centers.

Approachestogreencomputing

1. Virtualization
Computer virtualization is the process of running two or more logical computer systems on one

setofphysicalhardware. Theconceptoriginatedwiththemainframeoperatingsystemsofthe
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1960s, but was commercialized for x86-compatible computers only in the 1990s. With
virtualization, a system administrator could combine several physical systems into virtual
machines on one single, powerful system, thereby unplugging the original hardware andreducing
power and cooling consumption.

Eg:Intel Corporation andAMD

2. Powermanagement

The Advanced Configuration and Power Interface (ACPI), an open industry standard, allows an
operating system to directly control the power saving aspects of its underlying hardware. This
allows a system to automatically turn off components such as monitors and hard drives after set
periodsof inactivity. Inaddition, asystemmayhibernate, wheremostcomponents (includingthe
CPU and the system RAM) are turned off. ACPI is a successor to an earlier Intel-Microsoft
standard called Advanced Power Management, which allows a computer's BIOS to controlpower
management functions.

Some programs allow the user to manually adjust the voltages supplied to the CPU, which
reduces both the amount of heat produced and electricity consumed. This process is called under
volting. Some CPUs can automatically under volt the processor depending on the workload.

3. Lowperformancecomputers
As of 2007, several personal computer vendors (e.g., Everex, Linutop, Systemax, Zonbu and

OLPC) ship dedicated low-power PCs. These systemsprovide minimal hardware peripheralsand
low performance processors,which makes them impractical for applications thatrequire a lot
ofprocessing power such as computer gaming and videoproduction. A low power PCs is usually

much smaller than traditional desktop. The limited capacity for upgrades, low performance and
proprietarymay leadto shorter life spans and greater difficultyinrepair. Older laptops may
provide similar performance with low power consumption. Reusing second-hand laptops may be
an even more energy and material efficient alternative to such systems.

Routers, such as those compatible with the Linksys WRT54G, may be adapted for use in low
power applications using replacement firmware.

4. Moreefficient components
:Powersupply:Desktopcomputerpowersupplies(PSUs)aregenerally70—75%efficient,
dissipating the remaining energy as heat.
:Storage:Smallerformfactor(e.g.2.5inch)harddiskdrivesoftenconsumelesspower than
physically larger drives.
: Display :LCD monitors typically use a cold-cathode fluorescent bulb to provide light for
thedisplay.Somenewerdisplaysuseanarrayoflight-emittingdiodes(LEDs)
inplaceofthefluorescentbulb,whichreducestheamountof electricityused by the
display.




5. Materials recycling

Recycling computing equipment can keep harmful materials such as lead, mercury, and
hexavalent chromium out of landfills, but often computers gathered through recycling drives are
shipped to developing countries where environmental standards are less strict.
Eg:printercartridges, paper, andbatteries

NANOTECHNOLOGY

Definition

Thesystematicmanipulationofmatteronthelengthscalel-100nmtoproduceusefulnew engineered
structures, materials, or devices.
Nanotechnology(NT)canbedefinedasthecreationanduseofmaterials,devicesand systems in a
size range of molecular and atomic scale (Nano-scalel).
Asitdealswiththemanipulationofmoleculesitisalsotermedasmolecularmanufacturing. The
prefix, “Nano” of Nanotechnology describes a scale nanometer.

Nanometre
Ananometreisthousandmillionthofametre(1nm=10-9m). Somepracticalexamplesfor knowing the
nanometre scale are as follows:
Itis comparableto
e 1/80.0000fthe diameterofa humanhair(InstituteofNanotechnology,2002)or
e 1/10.000 timesthesizeofabacteria(Drexler,1986,p.11)or
e 1000 timessmallerthanthe present micro-metredevicesor
e 10timesthediameterofahydrogenatom.

AnearlypromoteroftheindustrialapplicationsofNT, AlbertFranks, defineditas'that area of
science and technology wheredimensions and tolerances in the range of 0.1nm to 100
nm play a critical role'

Challenging Environmental Issues
* LegacyPollutants
— Chlorinated Solvents
— PCBs,PAHSs,ChlorinatedPesticides(e.g.DDT)
— Lead, cadmium,chromium
« EmergingContaminants
— Pharmaceuticals&PersonalCareProducts
— Newerpesticides
— Engineered Nanoparticles&their byproducts?
« Commonwaterconstituents
— Salinity, hardnes

Potential ApplicationsofNanotechnology
Mostenvironmentalapplicationsof nanotechnologyfallintothreecategories:
(i) Remediationand Mitigation

(if) PollutionPrevention

(iif) Sensorsforenvironmental agents

(iv) Green nanotech




Possibleapplicationsof Nano Materials

1. Asreactants eg:Nano ZeroValentlron,Nano Silver

2. Ascatalysts eg:NanoTiO2,NanoCeO:

3. Asadsorbents  eg:CarbonNanotubes(CNTs),Mag-PCMAs
4. Assensors eg:CNTs(Carbonnanotubes)

Clean
Technology Reducing

Global
Warming

Remediation
and Treatment

of Water K T ﬂ

Envirenmental
& Energy Applications Eco-friendly

of Nanotechnolo —) & Efficient
Remediation i Energy

Soil ,- \
Eco-friendly

Environmental Coatings|
Monitoring

Remediationand Mitigation:

Contamination of subsurface soil and groundwater by organic and inorganic contaminants is an
extensive and vexing environmental problem that stands to benefit from nanotechnology.
Nanotechnology offers the ability toeffectivelyenable contaminant treatment insitu andex-situ.
The process begins with the injection of nanoparticles into a contaminated aquifer via an
injection well. The nanoparticles are then transported to the source of contamination by the
groundwater flow where they then degrade the contaminant. Nanoparticles can sequester (via
adsorption or complexation), immobilizing them, or they can degrade the contaminants to less
harmful compounds. Contaminant transformations are typically redox reactions. When the
nanoparticle is the oxidant or reductant, it is considered reactive.

Generating less pollution during the manufacture of materials. One example of this is how
researchers have demonstrated that the use of silver nanoclusters as catalysts can significantly
reduce the polluting byproducts generated in the process used to manufacture propylene oxide.
Propylene oxide is used to produce common materials such as plastics, paint, detergents and
brake fluid.

Producing solar cells that generate electricity at a competitive cost. Researchers have
demonstrated that an array of silicon nanowires embedded in a polymer results in low cost but
high efficiency solar cells. This, or other efforts using nanotechnology to improve solar cells,
may result in solar cells that generate electricity as cost effectively as coal or oil.

Increasingtheelectricitygeneratedbywindmills. Epoxycontainingcarbonnanotubesisbeing used
to make windmill blades. The resulting blades are stronger and lower weight and therefore the
amount of electricity generated by each windmill is greater.
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Cleaning up of organic chemicals polluting groundwater. Researchers have shown that iron
nano particles can be effective in cleaning up organic solvents that are polluting groundwater.
The nano particles disperse throughout the body of water and decompose the organic solvent in
place this method can be more effective and cost significantly less than treatment methods that
require the water to be pumped out of the ground.

Capturing carbon-dioxide in power plant exhaust. Researchers are developing nanostructers
membrane designed to capture carbondioxide in the exhaust stacks of power plants instead of
releasing it into the air.

Clearing volatile organic compounds (VOC) from air. Researchers have demonstrated a
catalyst that breaks down VOCs at room temperatue. The catalyst is composed of porous
manganese oxide in which gold nano particles can be embedded.

Reducing the cost of fuel cells: changing the space of platinum atoms used in a fuel cell
increases the catalytic ability of the platinum. This allows the fuel cell to function with about
80%, less platinum significantly reducing the cost of fuel cell.

Storing hydrogen for fuel cell powered cars: Using grapheme layers to increase the binding
energy of hydrogen to the graphene surface in a fuel tank results in higher amount of hydrogen
storage and a lighter weight fuel tank. This could help in the development of practical hydrogen
fueled cars.

1SO14000

ThelSOisaspecializedinternationalorganizationwhosemembersarethenationalstandards bodies of
111 countries.

« Allstandardsdeveloped by 1SOare voluntary

« 1SO14000isaseriesofinternational standardson environmental management.

* "1SO14000"isthefirstinternationalattempttostandardizeenvironmentalmanagement

practices around the world.

« 1SO14000willhelpintegratetheenvironmentalmanagementsystemsofcompaniesthattrade with
each other in all corners of the world.

ScopeandStatusoflSO14000

OrganizationStandardsthatcanbeusedtoimplementandevaluatetheenvironmental management
system (EMS) within an organization. Included are:

— the ISO 14000seriesofEMSstandards;

— thelSO14010seriesofenvironmentalauditingstandards; and

— thelSO14030seriesofstandardsforenvironmentalperformanceevaluation.
Product Standards that can be used to evaluate environmental impacts from products and
processes. Included in this subgroup are:

— thelSO 14020seriesofenvironmentallabelingstandards;

— thelSO 14040seriesoflife-cycleanalysisstandards;and

— thelSO 14060seriesofproductstandards.

EnvironmentalLabeling
— Type I programs are referred to as "practitioner “programs which are product or product
categorybased,similartotheEnvironmentalChoiceProgramorGermany'sBlue AngelProgram.
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—Typellprogramsarebasedoncommontermsand definitionswhichcanbeusedfor self- declared
claims.
—Typelllprogramsarebasedona'"reportcard“concept,much likeexistingnutritionlabels.

ROLEOFITINTHEENVIRONMENTANDHUMANHEALTH

Technology has played a key role in the development of human society. Modern technologies
such as information technology have changed thehuman lifestyle. Development of sophisticated
instruments like computers, satellites, telecommunication instruments etc have resulted in total
revolution in almost all spheres of life.

Theimportantroleofinformationtechnologyinenvironmentandhumanhealthareas follows:

1. Remotesensing:RemoteSensingaccordingtoCampbell(1987)isthescienceofderiving
information about the earth’s land water areas form images acquired at a distance. It relies upon
measurement of electromagnetic energy reflected or emitted from the features of interest.
RegardlessoftheorientationofthevariousdefinitionsofRemoteSensing,theacquisitionof
imagesofearthsurfacefeatures,usingsensors,throughtheelectromagneticspectrum,thesynopticviewa
dvantageandRemoteSensing’sabilitytoprovidedataforscientific
technologicalandsustainablemanagementandmonitoringoftheenvironmentoffera convergence.
The Electro-magnetic spectrum (EMS) is the physical basis for Remote Sensing. It is an abstract
idea and diagram of forms of electromagnetic energy for illuminating earth surface features. The
source of energy is divided according to wavelengths.

Steps:

Brieflystated,theprocessofRemoteSensing involves

1) Making observation using sensors (camera, scanners, radiometers, radar, and lasers) mounted
on platforms (ground, aircraft, satellites, balloons) which may be at considerable height from the
earth surface.

2) Then, recording the observations on a suitable medium (photographic films and magnetic
tapes) or transmitting/down linking the data to a ground receiving station where the data are
corrected for geometric and radiometric distortions.

3) Output products can be provided in computer compatible tapes (CC T) for users that made
requests forthe data. Remote sensing serves as atool forenvironmentalresources (biotic, abiotic
and cultural) assessment and monitoring. Remotesensing has some fundamental advantages that
make it a veritable tool in environmental monitoring and management and impact studies.

2. GIS(GEOGRAPHICALINFORMATIONSYSTEM)

GlSandEnvironmentallmpacts Assessment:

Tomlin (1990) defines a GIS as ‘a configuration of computer hardware and software
speciallydesigned for the acquisition, maintenance and use of cartographic data’.
GlSasapowerfulsetoftoolsforcollecting,storingandretrievingatwill,transformingand displaying spatial
data from the real world.

Thepoint of noteisthat aGIS isacomputer-assisted system for theacquisition, storage, analysis
anddisplayofgeographicallyarespatiallyreferenceddata.GISisindeedanewapplication-




based field that has lend itself to varieties of human endeavors ranging from business, facility
management to environmental management and resource application areas. Eedy (1995) has
described GIS as a veritable tool in environmental assessment because it:

» Storeslargemultidisciplinary datasets.

« Identifycomplexinterrelationshipbetweenenvironmentalcharacteristics.

» Evaluatechangesovertime.

» Can besystematically updatedand usedformorethanone project.

» Serveasa datasetfora varietyofmathematicalmodels.

» Storeandmampulate3Din additionto2Dfiles.

« Servethe interestsofthe generalpublic aswellastechnicalanalyst.

Capabilitiesof GIS:

GIS also have the capability for site impact prediction (SIP), wider area prediction (WAP),
cumulative effect analysis (CEA), and environmental audits and for generating trend analysis
within an environment.

Rodriquez -Bachiller (1995) commenting on its application in ETA studies submits that it is a
veritable tool for generating terrain maps for slope and drainage analysis, land resources
information system for land management, soil information system, geo scientific modeling of
geological formations, disaster planning related to geographically localized -catastrophe
monitoring development, contamination and pollution monitoring, flood studies, linking of
environmental database and constructing global database for environmental modeling.

Erickson(1994)suggested4 four waysofusing GIS forEIA.Theseare:
 Overlaymethod: Thisinvolvesoverlayingofdifferentlayersofinterestofthestudyarea to
achieve the needed result.

« Checklistmethod: Thisisthelistingofenvironmentalcomponents,attributesand
processes categorized under different groups.
« Matrixmethod: Thisistherelatingofspecificprojectactivitiestospecifictypesof
impacts.
» Network method: This defines a network of possible impacts that may be triggered by
projectactivities.Itinvolvesprojectactions,directandindirectimpacts.

UseofGISInEIA

1 .In Project definition: During project identification and definition, the project proponent
conductsfeasibilitystudiesanddefinestheusefulnessof thestudy. GlScanbeverywellusedfor
defining the project by showing the location of theproject and its need can be established

with respect to other geographical identities like source of raw material, market for selling,
source of labourer, climatic conditions favorable for the project etc.

2.1n evaluatingenvironmental andvisual impacts:

Using GIS various types of visual impacts canbeevaluated like, howaroad will looklike? How
much portion of theroad will be visiblefrom aparticular point?By using DEM wecan calculate
and visualize the impact on ground levels either in filling or cutting and area of quarries etc
(Oterholm, 1999).

3 .In scoping system: GIS can serve as a basis for scoping of environmental effects. Once the
basicdatabasesareavailable, aGlSbhasedsystemmayprovidebetter-targetedguidelinesforEIS. A
centralized institutional scoping structure, where by EIS guidelines are issued by a single
entity,isfoundtobeimportantfortheoperationofsuchasystemasitcanenjoythe Economies




of scale and scope involved in setting up and operating a GIS system for scoping purpose
(Haklay et al., 1998).

4. In impact significance determination: A spatial impact assessment methodology based on
the assumption that the importance of environmental impact is dependent, among other things,on
the spatial distribution of the effects and of theaffected environment. For each environmental
component like- air, water, biological resources etc., impact indices are calculated based on the
spatial distribution of impacts (Antunes et al., 2001). The fact that GIS is not used in practice to
theextent that it could beused in principlemayalso bethedueto anumber of limitationsof GIS like:
@Availabilityofdigitaldata @

Cost of start up

@ System maintenance

@Databaseconstruction

@Availabilityofhardware andsoftware

3.Nationalmanagementinformationsystem(NIMS)- databaseforresearchanddevelopment

4.Environmentallnformationsystem(ENV IS): ItwasbeencreatedbyMoEFinIndiafor generating
network of database for pollution control, clean technologies etc.

Database: Database is the collection of inter-related data on various subjects in computerized
form which can be retrieved whenever required. Now the data regarding birth and death rates,
immunization and sanitation programs can be maintained more accurately than before in
computersathealthcenters. Databaseisalsoavailableaboutthediseaseslikemalaria,fluorosis, AIDS
etc. TheMinistryofEnvironment andForests, Government of Indiahastaken upthetask of
compiling a database on various environmental issues like wildlife, forests cover, wasteland etc.

3. Human health: Information technology also plays a key role in human health. It helps the
doctors to monitor the health of people of that area. The information regarding outbreak of
epidemic diseases fromremote areas can be sent more quickly tothe districtadministrationto
takecorrectivemeasures.Now,patientscanseekhelpofasuperspecialistdoctorplacedatfar off
distance. Many hospitals now, take on-line help of expertsto provide better treatment and
services to their patients. This has become possible only because of advancement of IT in the
recent times.




UNIT-V

ENVIRONMENTALEHICS, ENVIRONMENTALIMPACTA
SSESMENT AND ROLE OF NGOs

ENVIRONMENTALEHICS

Excessive rise in population, rampant industrialization and rapid growth in industrial sectors has
led to a great deterioration of Indian environment. However, Environmental management is now
accepted as a major guiding factor for National Development in India. Over thelast few decades
there has been a progressive & strengthening of official involvement in environmental
management with increased scientific technical, administrative and legislative back up at the
central and state levels.

ENVIRONMENTAL LAWS

Followingisalist ofmajorEnvironmental ActsandRulesapplicableinindia.

» TheWater(Prevention&ControlofPollution)Act 1974(asamendedupto1998).

» The Water (Prevention &control of Pollution) cess Act, 1977 (as amended by Amendment Act
1991).

* TheAir(Prevention&Control ofPollution)Act1981asamended byAmendment Act 1986

« Environment(Protection) Act1986.

 HazardousWaste(Management&Handling)Rules1989.

« ThePublicLiabilitylnsurance Act1991.

 EnvironmentProtectionAmendmentRule 1983.

» Manufacture,StorageandImportofHazardousChemicals(Amendment) Rules1984.

» TheFactoriesAct1984.

» TheForestConservationAct1980.

« TheNotificationonEnvironmentImpactAssessment1994.
BesidesthistherearealargenumberofRULESand AMENDEMENT Sandaplethoraof STATE LAWS.
Only Major acts are briefly discussed here.

THEENVIRONMENT(PROTECTION)ACT(EPA)

An Act to provide for theprotection andimprovement of environment andformatters connected
there with:

Whereas the decisions were taken at the United Nations Conference on the Human Environment
held at Stockholm in June, 1972, in which India participated, to take appropriate steps for the
protection and improvement of human environment

The Environment (Protection) Act, 1986 not only has important constitutionals implications but
also an international background.

ThisActmay becalledtheEnvironment(Protection) Act,1986.Itextendstothewhole ofindia.




Powersand Functionsofthe Boards
(1) Co-ordination ofactionsbytheStateGovernments,officersandotherauthorities--
(a) UnderthisAct,orthe rulesmadethere under,or
(b) Underanyotherlawfor thetimebeinginforcewhichisrelatabletotheobjectsofthis Act;
(i) Planningandexecutionofanation-wideprogrammefortheprevention,controland
abatement of environmental pollution;

(i) Layingdownstandardsforthe qualityofenvironment initsvariousaspects;

(iv) Layingdownstandardsforemissionordischargeofenvironmentalpollutantsfromvarious
sources whatsoever:

Provided that different standards for emission or discharge may be laid down under this clause

from different sources having regard to the quality or composition of the emission or dischargeof

environmental pollutants from such sources;

(v) Restrictionofareasinwhichanyindustries,operationsorprocessesorclassofindustries,
operations or processes shall not be carried out or shall be carried out subject to certain

safeguards;

(vi) Layingdownproceduresandsafeguardsforthepreventionofaccidentswhichmaycause

environmental pollution and remedial measures for such accidents;

(vii) Layingdownproceduresand safeguardsfor thehandling ofhazardous substances;

(viii) Examinationofsuchmanufacturingprocesses, materialsandsubstancesasarelikelyto cause

environmental pollution;

(ix) Carryingoutandsponsoringinvestigationsandresearchrelatingtoproblemsof
environmental pollution;

(x) Inspectionofanypremises,plant,equipment,machinery,manufacturingorotherprocesses,
materialsor substancesand giving, byorder, ofsuch directionsto such authorities, officers or
persons as it may consider necessary to take steps for the prevention, control and
abatement of environmental pollution;

(xi) Establishmentorrecognitionofenvironmentallaboratoriesandinstitutestocarryoutthe
functions entrusted to such environmental laboratories and institutes under this Act;

(xii) collectionanddisseminationofinformationinrespectofmattersrelating toenvironmental

pollution;

(xiii) Preparationofmanuals, codesorguidesrelatingtotheprevention,controlandabatement of

environmental pollution;

(xiv) SuchothermattersastheCentralGovernmentdeemsnecessaryorexpedientforthe

purpose of securing the effective implementation of the provisions of this Act.

Appointmentofofficersandtheir PowersandFunctions

Without prejudice to the provisions , the Central Government may appoint officers with such
designation as it thinks fit for the purposes of this Act and may entrust to them such of the
powers and functions under this Act as it may deem fit.

Powertogivedirections
NotwithstandinganythingcontainedinanyotherlawbutsubjecttotheprovisionsofthisAct,the Central
Government may, in the exercise of its powers and performance of its functions under this Act,
issue directions in writing to any person, officer or any authority and such person, officer or
authority shall be bound to comply with such directions.?

Explanation--For the avoidance of doubts, it is hereby declared that the powerto issue directions
under this section includes the power to direct--




(a) theclosure, prohibitionorregulationofanyindustry,operationorprocess;or
(b) stoppageorregulationofthe supply ofelectricityorwaterorany otherservice.

RULESTOREGULATEENVIRONMENTALPOLLUTION

(1) TheCentralGovernmentmay, bynotificationintheOfficialGazette, makerulesinrespectof all or
any of the matters referred
(2) In particular, and without prejudice to the generality of the foregoing power, such rules may
provide for all or any of the following matters, namely:--
(a) thestandardsofqualityofair,waterorsoilforvariousareasandpurposes;
(b) themaximumallowablelimitsofconcentrationofvariousenvironmentalpollutants
(including noise) for different areas;
(c) theproceduresand safeguardsforthehandlingofhazardoussubstances;
(d) theprohibitionandrestrictionsonthehandlingofhazardoussubstancesindifferent areas;
(e) theprohibitionandrestrictiononthelocationofindustriesandthecarryingon
process and operations in different areas;
(f) the procedures and safeguards for the prevention of accidents which may cause
environmentalpollutionandforprovidingforremedialmeasuresforsuchaccidents.

Prevention,ControlandAbatementofEnvironmental Pollution

Persons carrying onindustryoperation, etc., nottoallow emission ordischarge ofenvironmental
pollutants in excess of the standards
Personshandlinghazardoussubstancestocomplywithproceduralsafeguards

Furnishing of information to authorities and agencies in certain cases.

EnvironmentalLaboratories

(1) TheCentral Government*®may,by notificationin theOfficialGazette,--

(a) establish one ormoreenvironmentallaboratories;

(b) recognize one ormore laboratories or institutesas environmental laboratories to carry

out the functions entrusted to an environmental laboratory under this Act.

(2) TheCentral Governmentmay,bynotificationintheOfficial Gazette,makerulesspecifying--

(a) thefunctionsofthe environmentallaboratory;

(b) theprocedureforthesubmissiontothesaidlaboratoryofsamplesofair,water,soil or other
substance for analysis or tests, the form of the laboratory report thereon and the
fees payable for such report;

(c) suchothermattersasmaybenecessaryorexpedienttoenablethatlaboratoryto carry
out its functions.

PenaltyforContraventionoftheProvisions ofthe ActandtheRules,ordersanddirections

(1) Whoever fails to comply with or contravenes any of the provisions of this Act, or the rules
made or orders or directions issued there under, shall, in respect of each such failure or
contravention, be punishable with imprisonment for a term which may extend to five years with
fine which may extend to one lakh rupees, or with both, and in case the failure or contravention
continues,withadditionalfinewhichmayextendtofivethousandrupeesforeverydayduring




which such failure or contravention continues after the conviction for the first such failure or
contravention.

(2) If the failure or contravention continues beyond a period of one year after the date of
conviction, the offender shall be punishable with imprisonment for a term which may extend to
seven years

THEAIR(PREVENTION&CONTROLOFPOLLUTION) ACT

It is also a comprehensive legislation with more than fifty sections. It makes provisions,inter alia,
for CentralandStateBoards, power todeclarepollutioncontrolareas, restrictionsoncertain industrial
units, authority of the Boards to limit emission of air pollutants, power of entry, inspection,
taking samples and analysis, penalties, offences by companies and Government and cognizance
of offences etc.

The Act specifically empowers State Government to designate air pollution areas and toprescribe
the type of fuel to be used in these designated areas. According to this Act, no person can operate
certain types of industries including the asbestos, cement, fertilizer and petroleum industries
without consent of the State Board. The Board can predicate its consent upon the fulfillment of
certain conditions. The Air Act apparently adopts an industry wide “best available technology”
requirement. As in the Water Act, courts may hear complaints under the Actonly at the
instigation of, or with the sanction of, the State Board.
TheGovernmentpassedthisActin1981tocleanupour air bycontrollingpollution. Itstatesthat sources
of air pollutionsuch as industry, vehicles, power plants, etc., are notpermittedto release
particulate matter, lead, carbon monoxide, sulfur dioxide, nitrogen oxide, volatile organic
compounds (VOCs) or other toxic substances beyond a prescribed level. To ensure this,Pollution
ControlBoards (PCBs) have been set upby Governmentto measure pollution levels in the
atmosphere and at certain sources by testing the air. This is measured in parts per million orin
milligrams or micrograms per cubic meter. The particulate matter and gases that are released by
industry and by cars, buses and two wheelers is measured by using air-sampling equipment.
However, the most important aspect is for people themselves to appreciate the dangers of air
pollution and reduce their own potential as polluters by seeing that their own vehicles or the
industry they work in reduces levels of emissions. This Act is created to take appropriate stepsfor
the preservation of the natural resources of the Earth which among other things includes the
preservation of high quality air and ensures controlling the level of air pollution.
Themainobjectivesofthe Actare asfollows:

(a) Toprovidefortheprevention,controlandabatement ofair pollution.

(b) Toprovide forthe establishmentofcentral andState Boardswith aview to implement the Act.
(C) To confer on the Boards the powers to implement the provisions of the Act and assign to the
Boards functions relating to pollution

Air pollution is more acute in heavily industrialized and urbanized areas, which are also densely
populated. The presence of pollution beyond certain Limits due to various pollutants discharged
through industrial emission is monitored by the PCBs set up in every state.

PowersandFunctionsofthe Boards
Central Pollution Board: The main function of the Central Board is to implement legislation
createdtoimprovethequalityofairandtopreventandcontrolairpollutioninthecountry. The




Board advises the CentralGovernmentonmattersconcerning theimprovementof air qualityand also
coordinates activities, provides technical assistance and guidance to State Boards and lays down
standards for the quality of air. It collects and disseminates information in respect of matters
relating to air pollution and performs functions as prescribed in the Act.

State Pollution Control Boards: The State Boards have the power to advise the State
Government on any matter concerning the prevention and control of air pollution. They have the
right to inspect at all reasonable times any control equipment, industrial plant, or manufacturing
process and give orders to take the necessary steps to control pollution.

They are expected to inspect air pollution controlareas at intervals or whenever necessary. They
are empowered to provide standards for emissions to be laid down for different industrial plants
with regard to quantity and composition of emission of air pollutants into the atmosphere. AState
Board may establish or recognize a laboratory to perform this function. The State Governments
have been given powers to declare air pollution control areas after consulting with the State
Board and also give instructions to ensure standards of emission from automobiles and restriction
on use of certain industrial plants.

Penalties: The persons managing industry are to be penalized if they produce emissions of air
pollutants in excess of the standards laid down by the State Board. The Board also makes
applications to the court for restraining persons causing air pollution. Whoever contravenes any
of theprovision ofthe Actoranyorderordirection issued is punishable withimprisonmentfora term
which may extend to three months or with a fine of Rs 10,000 or with both, and in case of
continuing offence with an additional fine which may extend to Rs 5,000 for every day during
which such contravention continues after conviction for the first contravention.

THEWATER(PREVENTION&CONTROLOFPOLLUTION)ACT

The government formulated this act in 1974 to prevent the pollution of water by industrial,
agricultural and household wastewater that can contaminate our water sources.

Wastewaters with high levels of pollutants that enter wetlands, rivers, lakes, wells as well as the
sea are serious health hazards. Controlling thepoint sources by monitoring the levels ofdifferent
pollutants is one way to prevent pollution, by punishing the polluter. Individuals can also do
several things to reduce water pollution such as using biodegradable chemicals for householduse,
reducing the use of pesticides in gardens, and identifying polluting sources at work places and in
industrial units where oil are or other petroleum products and heavy metals are used. Excessive
organic matter, sediments and infecting organism from hospital wastes can alsopollute our water.
Citizen needs to develop a watchdog force to inform authorities to appropriate actions against
different types of water pollution. However, preventing pollution is better than trying to cure the
problems it has created, or punishing offenders.

The main objectives of the Water Act are to provide for prevention, control and abatement of
water pollution and the maintenance or restoration n of the wholesomeness of water. It is
designed to assess pollution levels and punish polluters. The Central Government and State
Government have set up PCBs to monitor water pollution.




The Water Act 1974 with certain amendments in 1978 is an extensive legislation with more than
sixty sections for the prevention and control of water pollution. Among other things, the Act
provides for constitution of central and State Boards for preventing water pollution, power totake
water samples and their analysis, discharge of sewage or trade effluents, appeals, revision,
minimum and maximum penalties, publication of names of offenders, offences by companiesand
Government departments, cognizance of offences, water laboratories, analysis etc. Prevention
and control of water pollution is achieved through a permit or ‘consent administration’
procedure. Discharge of effluents is permitted by obtaining the consent of the State Water Board,
subject to any conditionthey specify. Any person who fails tocomply witha directive of the State
cannot, however, entertain in suit under this Act unless the suit is brought by, or with the
sanction of the State Board.

WATERPOLLUTIONCESSACT 1977

AccordingtothisAct,anyoneconsumingwaterhastopaycertainamountofcessdependingon

1. Whether the industry is using water for industrial cooling, spraying in mine pits or boilersfeed,
2. Fordomestic purposes,

3. inprocessing,whereby watergetspollutedandpollutantsareeasily biodegradable,and

4. inprocessing whereby watergets polluted andthe pollutants are noteasily bio-degradable and
are toxic. Those industries that had installed a suitable treatment plant for the treatment of
industrial effluents can get a rebate of 70 per cent on the cess payable.

WILDLIFEPROTECTIONACT

The Actisadoptedbyallstatesinindia exceptJ&K,which hasitsownAct

The act is aimed to protect and preserve wild life. Wild life refers to all animals and plants that
are not domesticated. India has rich wild life heritage; it has 350 species of mammals, 1200
species of birds and about 20,000 known species of insects. Some of them are listed as
‘endangeredspecies’ intheWildlife(Protection)Act. TheActenvisagesnationalparksandwild life
sanctuaries as protected areas to conserve wild life. Wild life populations are regularly monitored
and management strategies formulated to protect them.

The Act covers the rights and non-rights of forest dwellers too,- it provides restricted grazing in
sanctuaries but prohibits in national parks. It also prohibits the collection of non-timber forest
produce which might notharmthesystem. Therights of forest dwellersrecognized bytheForest
policy of 1988 are taken away by the Amended Wild life Act of 1991.

The act, a landmark in the history of wildlife legislation in our country by which wildlife was
transferred from State list to concurrent list in 1976, thus giving power to the Central
Government to enact the legislation. In India, nearly 134 animal species have been regarded as
threatened. A National Wildlife action plan has been prepared whose objective is to establish a
network of scientifically managed areas such as national parks, sanctuaries and biosphere
reserves, to cover representative and viable samples of all significant bio-geographicsubdivisions
within the country.

Themajoractivitiesandprovisionsintheactcanbe summed upasfollows:

1. Itdefinesthewildliferelatedterminology.

2. Itprovidesfortheappointmentofwildlifeadvisoryboard,wildlifewarden,theirpowers, duties
etc




3. UndertheAct,comprehensivelistingofendangeredwildlifespecieswasdoneforthefirst time
and prohibition of hunting of the endangered species was mentioned
4. ProtectiontosomeendangeredplantslikeBeddomecycad,BlueVVanda,LadiesSliperOrchid,
Pitcher plant etc. is also provided under the Act.
5. Theactprovidesforsetting upof NationalParks,Wild lifeSanctuariesetc.
6. TheActprovidesforthe constitutionofCentralZooAuthority.
7. Thereisprovisionfortradeandcommerceinsomewildlifespecieswithlicenseforsale,
possession, transfer etc.
8. TheActimposesa ban onthe tradeorcommerceinscheduledanimals.
9. Itprovidesforlegalpowers toofficersandpunishmentofoffenders.
10. It provides for captive breeding programme for endangered species. Several conservation
projectsforindividualendangeredspecieslikelion(1972),tiger(1973),crocodile(1974), and
brown antlered deer (1981) were started under this Act.

FORESTCONSERVATIONACT

The Indian Forest Act of 1927 consolidated all the previous laws regarding forests that were
passed before the 1920s. The Act gave the Government and Forest Department the power to
create Reserved Forests, and the right to use Reserved Forests for Government use alone.

It also created Protected Forests, in which the use of resources by local people was controlled.
Some forests were to be controlled by the village community, and these were called village
Forests. The Act remained in force till the 1980s when it was realized that protecting forests for
timber production alone was not acceptable. The other values of protecting the services that
forests provide and its valuable assets such as biodiversity began to overshadow the importance
of their revenue earnings from timber.

This led to the Forest Conservation Act of 1980 and its amendment 1988. India’s first Forest
Policy was enunciated in 1952. Between 1952 and 1988, the extent of deforestation was so great
that it became essential to formulate a new policy on forests and their utilization. The earlier
forest policies had focused only on revenue generation. In the 1980’s it became clear that forests
must be protected for their other functions such as the maintenance of soil and water regimes
centered around ecological concerns. It also provided for the use of goods and services of the
forest for its local inhabitants.

The new policy framework made conversion of forests into other uses much less possible.
Conservation of the forests as a natural heritage finds a place in the new policy, which includes
the preservation ofits biologicaldiversityand genetic resources. It alsovalues meeting theneeds of
local people for food, fuel wood, fodder and Non Timber Forest Produce or NTFPs. It gives
priority to maintaining environmental stability and ecological balances. It expressly states thatthe
network of Protected Areas should be strengthened and extended.

The Forest Conservation Act of 1980 was enacted to control deforestation, It ensured that
forestlands could notbede-reserved without priorapproval of theCentralGovernment, This was
created as some states had begun to dereserve the Reserved Forests for non-forest use. These
states had regularized encroachments and resettled ‘project Affected people’ from development
projects such as dams in these de-reserved areas. The need for a new legislation became urgent.
The Act made it possible to retain a greater control over the frightening level of deforestation in
the country and specified penalties for offenders.




PenaltiesforoffencesinReservedForests:

 No person is allowed to make clearing or ser fire to a reserved forest. Cattle arenot permittedto
trespass into the reserved forest, cutting, collecting of timber, bark or leaves, quarrying or
collecting any forest productsispunishablewith imprisonment for atermof six monthsor witha fine
which may extended to Rs 500 or both.

Penaltiesfor offencesinprotectedForests:

* A person who commits any of the following offences like cutting of trees, stripping the bark or
leaves of trees, set fire to such forests or permits cattle to damage any tree, shall be punishable
with imprisonment for a term which may extended to six months or with a fine which any
extended to Rs 500 or both.

 Anyforest officer even withoutan order fromthe magistrate or awarrant can arrest any person
against whom a reasonable suspicion exists.

ISSUES INVOLVED IN THE ENFORCEMENT OF ENVIRONMENTAL
LEGISLATION-PUBLIC AWARENESS

It is necessary to create awareness about the norms and projected environmental restrictions
under which organization may have environmental regulations and legislations rests with a
number of different agencies. Central government is responsible for enforcement of various
environmental legislation for less polluting smallscale industries. There is an urgent need to use a
range of measures to complement regulations.

It should be a must for all potential polluters to apply permission to operate, discharge or emit
any pollutants. In addition there should be a greater monitoring. The technique of environmental
assessment is applied to ensure that the significance of potential environmental impacts of
proposedprojectsarecriticallyexaminedduringtheplanningprocess. Anotherwayofincreasing
awareness on environmental protection is the introduction of voluntary scheme under which
companies which would meet certain standard of environmental property of their products.

Thevariousexpectationsindifferenttypesofpollutionare asfollows:

1. WaterPollution:

Under the water resource act of the country it should be criminal offence to cause or knowingly
permittheentryintocontrolledwaterofanypoisonous, noxiousorpollutingmatteroranyother solid
matter, trade or sewage effluent without the consent. Accidental spillage or discharge of such
materials should be treated as an offence.

2. AirPollution:

The legal responsibility about air pollution may be found in terms of the environmental
protection act, covering two complementary systems of air pollution (1) the most potentially
pollutingactivities. Themajorsourcesofair pollutionare(a)Emissionfromindustrialsources
(b)Emission frommotorsvehicles,(c)Emissionfrom othersources.

Thus,topreventairpollution,rulesand regulationsarerequiredto beframed.




3. WastesDisposal:

They may be regulatory bodies for waste disposal, waste collection. These should also be
directives relating towaste onthe disposal ofwaste oil, the disposal of polychlorinated biphenyl,
and polychlorinated phenyls.

After the united Nation's Conference on Human Environment in 1972 the Environmental
legislation got a fresh impieties Indian first systematic approach in dealing with the
environmental issues started from water Act of 1974. This Act was amended in 1988 and a new
section 33 A was introduced which empowers state boards to issue directives to any person to
close any industry and to stop or regulate supply of water and electricity. Because of the
continuing environmental degradation and the Bhopal gas tragedy in 1974 the centralgovernment
enacted fresh legislation for adopting more strict environmental policies.

Environmental Protection Act 1986 is one of the most significant legislation to protect the
environment. Under Article48A, theaddition wasmadeto thedirectiveprinciplesof statepolicy as
the  stateshall  endeavorstoprotectandimprovetheenvironmentandsafeguardtheforests  and
wildlifeof thecountry. Article51A(glimposeshighresponsibilityoneverycitizentoprotectthe
environment and improve natural resources, including forests, lakes, rivers and wildlife.

Every citizen has a choice of few records to mitigate pollution. These are(1) a common law and
action (2) a writ petition for completing the agency to enforce the law and (3) a citizen suit.

An upcoming industry must submit No Objection Certificate in respect of pollution before it
starts the implementation process. In case of a large project, it should submit Environmental
Impact Assessment (EIA) and Environmental Management Plan (EMP) to the Govt. of India for
final clearance of the project.

Recently Supreme Court of India emphasized on the need to strengthen some institutional
machinerytoenforceantipollutionlawacrossthestate. SupremeCourthasfurthersuggestedthat
Government should set up special courts exclusively to deal with cases relating to violation of
environmentallaws. SupremeCourthasalsosuggestedthatchemicalindustriesshouldbetreated
separately. In 1996, Supreme Court has ordered Union Government and local authorities to keep
clean the historical places on a regular basis.

AWARENES:

It is evident that the growing number of poor people, in developing countries due to the rapid
population growth complex with economic constraints contributes to the degradation of
environmentandtherenewabletothedegradationofenvironmentandtherenewablesourceslike water,
forests, and extinction of various species on which the man depends.

Forthese,greaterawarenessisneeded. Duecareisnecessarytoharnessthenaturalresources,so
thatthequalityoftheenvironmentdoesnotdeteriorate. Itisunfortunatetonotethatdegradation of
environment continues inspire of environmental legislations and standardization. One of the
reasons for this is improper implementation of the various environmental laws and standards.
Themostimportantreasonmaylackofawareness andunderstandingtheimplicate environmental
degradation.




ENVIRONMENTALIMPACTASSESSMENT

Definition of Impact: Animpactcan bedefined as any change inphysical, chemical, biological,
cultural or socio-economic environmental system as a result of activities relating to a project or
adverse effects caused by industrial, infrastructural projects or by the release of a substance into
the environment.

Definition of Impact Assessment: Impact assessment is the process of identifying the future
consequences (bad results) of a proposed project. Impact Assessment ensures that projects,
programs and policies are economically viable, socially equitable and environmentally
sustainable.

DefinitionofEnvironmentallmpactAssessment: TheUnitedNationsofEnvironmentalProgramme
(UNEP ) defined that EIA is a tool used to identify the environmental and economic
impactsofaprojectpriortodecisionmakingregardingtheprojectplanning,design,adverse impacts,

etc.. For all proposed and development projects, whether Government or Private, the
MinistryofEnvironmentandForests(MoEF)requiresanEnvironmentalimpactassessment report
related to the following parameters:
Thereportmustdefinewhatimpactitwouldhaveonwater;soilandairincludingfloraand fauna. Affect on
the lives of local people.

Toensure thatnoway harmthe environment onashort termorlongtermbasis.

Why is EIAimportant?
By identifying potential alternatives and adverse impacts, Nations can better achieve goals for

sustainabledevelopment; avoid adverseenvironmental; socialandculturalimpacts; reducescost,
provides better plan for infrastructure etc...

CLASSIFICATIONOF IMPACTS:
Environmentimpactsarisingfromanydevelopmentprojectsfallintothreecategories:
(1) Directimpacts
(ii) Indirectimpactsand
(iii) Cumulative impacts.
Accordingtotheirnature,thesethreegroupsreveal: Positive
0 and negative impacts
0 Reversibleandirreversibleimpacts
O Light,moderateandsevereimpacts
0 Local and widespread impacts
0 Short-termandlong—termimpacts For
eg to construct a major project:
Direct impactsarerelatedto:
(a) Aestheticsinthearea(understandingof beautiful things);
(b) Trafficatnearbyjunctions,
(c) Removal ofnaturalvegetation;
(d) Interference withnaturalwaterways;
(e) Additionalhousing orcommercialshopsto support employees.




SIGNIFICANCEOFEFFECTS:
Significanteffects arelikelytooccur wherevaluable resources aresubject toimpacts of severity. EIA
is recognized by adopting the five levels of significance as described in the draft to good practice
and procedures. These five levels of significances are::
Severe: Sitesof nationalimportanceanduniqueresources( toexistinonlyoneplace)iflost, cannot be
replaced or relocated.
Major: Theseeffectsaretobeimportantconsiderationsataregionalor districtscaleduring the
decision making process..
Moderate: Theseeffectsata local scale arelikelytobekey decisionmakingissues.
Minor: Theseeffectsmayberaisedaslocalissuesbutareunimportantinthedecisionmaking process.
Neutral:Noeffect,not significant.

BASELINEDATAACQUISITION

Baseline information is importantreference pointfor conductingElA. The term"baseline” refers to
the collection of background information on the biophysical, social and economic settings
proposed project area. An Environmental Baseline Study (EBS) is an investigation conducted to
establish the level of contaminants in the project areas and to assess the extent of contamination.
The information needed to conduct an EBS can be acquired from the available sources:

Baselinedataarecollectedfortwomainpurposes:

e To provide a description of the status and trends of environmental factors (e.g., air
pollutantconcentrations)againstwhichpredictedchangescanbecomparedandevaluated  in
terms of importance, and

e To provide a means of detecting actual change by monitoring once a project has been
initiated

Landfeatures includetopography;climatology(temperature,rainfall)
Geology&Hydrogeology(Lithologyofrockformations,drainagepattern,ground watertable)
Airenvironment(study ofSPM,SOx;NOXx)

Noise environment

WaterEnvironment (PH;TDS;F;dissolvedOxygen;BODetc..)

SoilqualitySoil analysisreflectthepresenceofnutrientslikeN,P,K,Ca,Mg,Fe,Mn and Al
FloraandFaunaoftheproposed area

Socio economic study include Population density; Literacy rate; Category of workers viz.,
cultivators,agriculturelaborers,etc);Medicalfacilities;Mainsourcesofavailabilityofwater viz.,
rivers, canals, hand pumps, taps etc..

ENVIRONMENTALIMPACTASSESSMENTPROCESS
Followingarethe stepsinvolved ina systematic EIAofahighwayproject:

1. Projectdefinition: Theimportanceandneedoftheprojectisdefinedhereanditsrelation with
regional and national developmental activity is mentioned in this section.

2. Screening:Screeningisdoneasperthestatutorynotification. Screeningcriteriaarebased upon:
@ Scalesofinvestment;
@Typeofdevelopment;and @
Location of development




3. Scoping:ScopingisaprocessofdetailingthetermsofreferenceofEIA.Itisdonebythe
consultantinconsultationwiththeprojectproponentandguidance,ifneeded,fromimpact
AssessmentAgency.Quantifiableimpactswillbeassessedbasedonmagnitude,prevalence, frequency
and duration and non-quantifiable impacts (such as aesthetic or recreational value). Significance
is commonly determined through the socioeconomic criteria. After that the
areas,wheretheprojectcouldhavesignificantimpactareidentifiedandthebaselinestatusofthesewill
bemonitoredandthenthelikelychangesintheseonaccountof theconstructionandoperationof the
proposed project will be predicted.

4. Baseline information: Baseline data describes the existing environmental status of the
identified study area. The site-specific primary data is monitored for the identified parameters
and supplemented by secondary data if available.

5. Impact prediction: Impact prediction is a way of mapping the environmental consequencesof
the significant aspects of the project and its alternative. Environmental impact can never be
predicted with absolute certainty and this is all the more reason to consider all possible factors
and take all possible precautions for reducing the degree of uncertainty.

6. Evaluation of impacts and alternative criteria: For the project possible alternatives are
identified and environmental attributes are compared. These alternatives cover both project
location and process technologies. Alternatives consider .no project. also. Alternatives are

then ranked for selection of the best environmental option for optimum economic benefits to the
community at large.

7. Management plan: This section of the EIA will describe about the mitigation measures to
reduce the harmful effects of the proposed project. Particularly, it will also contain the provision
for rehabilitation of the people affected and displaced by the project.

8. Publicparticipation:Lawrequiresthatthepublicmustbeinformedandconsultedona

proposeddevelopmentafterthecompletionofEIAreport. Publicparticipationcanbeassuredby:

i. Consultingthepublicdirectlyaffectedbytheproposedprojectandthevoluntarygroupslike NGOs
or pressure groups having a concern with a specific aspect of the environment.

ii. Conductingdirectinterviewswiththesamplefrompublicorbysendingquestionnairetothe people
from public.

iii. PublishingthesummaryofElAreport forobjectionsand suggestionsfrom people.

9. Decision making: Decision making process involves the consultation between the project
proponent (assisted by a consultant) and the assessment authority (assisted by an expert group if
necessary). The final decision on acceptance, rejection or clearance is arrived at through a
number of steps including evaluation of EIA and environmental management plan.

10. Monitoring Plan: Monitoring should bedoneboth during constructionand operationphases of
a project. Monitoring will enable the regulatory agency to review the validity of predictions and
the conditions of implementation of the Environmental Management Plan.




METHODSFORIMPACT IDENTIFICATION

INTRODUCTION:

A logical and systematic approach needs to be taken to impact identification. The aim is to take
account of all of the important environmental/project impacts and interactions, making sure that
indirect and cumulative effects, which may be potentially significant, are not inadvertently
omitted.

PROCESS:

This process begins during screening and continues through scoping, which identifies the key
issues and classifies them into impact categories for further study. In the next phase, the likely
impacts are analyzed in greater detail in accordance with terms of reference specifically
established for this purpose. Over time, a number of EIA methodologies and tools have been
developed for use in impact identification.

METHODS:
Themost commonformalmethodsused forimpact identification are:

* Checklists; ematrices; *networks;
« Overlaysandgeographicinformationsystems(GIS);

A) Checklists

Checklists annotate the environmental features or factors that need to be addressed when
identifyingthe impacts of projects andactivities. They can varyincomplexityandpurpose, from
asimple checklisttoastructuredmethodologyorsystemthatalsoassignssignificancebyscaling and
weighting the impacts (such as the Battelle Environmental Evaluation System). Both simple and
descriptive checklists can be improved and adapted to suit local conditions as experience with
their use is gained.

Checklists provide a systematized means of identifying impacts. They also have been developed
for application to particular types of projects and categories of impacts (such as dams or road
building). Sectoral checklists often are useful when proponents specialize in one particular area
of development.

B) Matrices

A matrix is a grid-like table that is used to identify the interaction between project activities,
whicharedisplayedalongoneaxis, andenvironmentalcharacteristics, whicharedisplayedalong the
other axis. Using the table, environment-activity interactions can be noted in the appropriate cells
or intersecting points in the grid. ‘Entries’ are made in the cells to highlight impact severity or
other features related to the nature of the impact, for instance:

« Ticksor symbolscanidentifyimpacttype(suchasdirect,indirect,cumulative)pictorially;

« Numbersorarangeofdot sizescan indicatescale;or

« Descriptive commentscan bemade.




C) Networks

Networks illustrate the cause-effect relationship of project activities and environmental
characteristics. They are, therefore, particularly useful in identifying and depicting secondary
impacts (indirect, cumulative, etc).

Simplified networks, used in conjunction with other methods, help to ensure that important
second-order impacts are not omitted from the investigation.
Moredetailednetworksarevisuallycomplicated,time-consuminganddifficulttoproduceunless a
computer programme is used for the task.

However, they can be a useful aid for establishing ‘impact hypotheses’ and other structured
science-based approaches to EIA.

D) Overlaysandgeographicinformation systems

Overlays can be used to map impacts spatially and display them pictorially. The original overlay
technique, popularized by McHarg, is an environmental suitability analysis in which data on
topographic features, ecological values and resource constraints are mapped onto individual
transparencies and then aggregated into a composite representation of potential impacts. This
approach is useful for comparing site and planning alternatives, for routing linear developments
to avoid environmentally sensitive areas and for landscape and habitat zoning at the regional
level. Disadvantages: lack ofprecision indifferentiating thelikelihoodandmagnitudeofimpacts and
relating them to project actions.A modern version of the overlay method is the computer- based
geographical information system (GIS). In simple terms, a GIS stores, retrieves, manipulates and
displays environmental data in a spatial format. A set of maps or overlays of a given area provide
different types of information and scales of resolution. The use of GIS forEIA purposes is not as
widespread as commonly imagined. The main drawbacks are the lack of appropriate data and the
expense of creating a usable system. However, the potential application of GIS to EIA is widely

acknowledged and its use is expected to increase in the future, particularly to address cumulative
effects.
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ENVIRONMENTALMANAGEMENTPLAN(EMP)

Preparation of environmental management plan is required for formulation, implementation and
monitoring of environmental protection measures during and after commissioning of projects.
The plansshould indicatethedetails as tohowvarious measures have beenor areproposed tobe
taken including cost components as may be required. Cost of measures for environmental
safeguards should be treated as an integral component of the project cost and environmental
aspects should be taken into account at various stages of the projects:

Conceptualization:preliminaryenvironmental assessment
Planning:detailedstudiesofenvironmental impactsand design ofsafeguards
Execution:implementationofenvironmental safetymeasures
Operation:monitoringofeffectivenessof built-in safeguards

The management plans should be necessarily based on considerations of resource conservation
and pollution abatement, some of which are:

LiquidEffluents

AirPollution

Solid Wastes

Noiseand Vibration
OccupationalSafety and Health
Prevention,maintenanceandoperation ofEnvironment Control Systems
House-Keeping
HumanSettlements
TransportSystems
Recovery-reuseofwasteproducts
VegetalCover

DisasterPlanning

Environment ManagementCell

LiquidEffluents

o

o

Effluents from the industrial plants should be treated well to the standards as
prescribed by the Central/State Water Pollution Control Boards.

Soil permeability studies should be made prior to effluents being discharged into
holding tanks orimpoundments andsteps taken toprevent percolationandground
water contamination.

Special precautions should be taken regarding flight patterns of birds in the area.
Effluents containing toxic compounds, oil and grease have been known to cause
extensive death of migratory birds. Location of plants should be prohibited insuch
type of sensitive areas.

Deep well burial of toxic effluents should not be resorted to as it can result in re-
surfacing and groundwater contamination. Re-surfacing hasbeen known to cause
extensive damage to crop and livestock’s.

Inall cases,effortsshould bemadeforre-useofwaterand itsconservation.

2. AirPollution

o

The emission levels of pollutants from the different stacks, should conform to the
pollution control standards prescribed by Central or State Boards.
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Adequate control equipment should be installed for minimizing the emission of
pollutants from the various stacks.
In-plantcontrol measuresshouldbetaken tocontain thefugitiveemissions.
Infrastructural facilities should be provided for monitoring the stack emissionsand
measuring the ambient air quality including micro-meteorological data(wherever
required) in the area.
Proper stack height as prescribed by the Central/State Pollution Control Boards
should be provided for better dispersion of pollutants over a wider area to
minimize the effect of pollution.
o Community buildings and townships should be built up-wind of plant with one-
half to one kilometer greenbelt in addition to physiographical barrier.
3. Solid Wastes
o The site for waste disposal should be checked to verify permeability so that no
contaminants percolate into the ground water or river/lake.
Wastedisposal areasshouldbeplanned down-windofvillagesand townships.
Reactive materials should be disposed of by immobilizing the reactive materials
with suitable additives.
The pattern of filling disposal site should be planned to create better landscapeand
be approved by appropriate agency and the appropriately pretreated solid wastes
should be disposed according to the approved plan.
o Intensiveprogramsoftreeplantation on disposalareasshould beundertaken.
Noiseand Vibration
Adequatemeasuresshould betaken forcontrol ofnoiseand vibrationsinthe industry.
OccupationalSafety and Health
Properprecautionarymeasuresforadoptingoccupationalsafetyandhealthstandards
should be taken.
Prevention,maintenanceand operation ofEnvironment Control Systems
o Adequate safety precautions should be taken during preventive maintenance and
shut down of the control systems.
o A system of inter-locking with the production equipment should be implemented
where highly toxic compounds are involved.
House- Keeping
Properhouse-keepingandcleanlinessshouldbemaintainedbothinsideandoutsideofthe
industry.
HumanSettlements
o Residential colonies should be located away from the solid and liquid waste
dumping areas. Meteorological and environmental conditions should be studied
properly before selecting the site for residential areas in order to avoid air
pollution problems.
o Persons, who are displaced or have lost agricultural lands as a result of locating
the industries in the area, should be properly rehabilitated.
. TransportSystems
o Proper parking places should be provided for the trucks and other vehicles by the
industries to avoid any congestion or blocking of roads.
Sitting of industries on the highways should be avoided as it may add to
moreroadaccidentsbecauseof substantialincreaseinthemovementsof heavyvehicles
and unauthorized shopsand settlementscoming uparound theindustrial complex.




o Spillage of chemicals/substances on roads inside the plant may lead to accidents.
Proper road safety signs both inside and outside the plant should be displayed for
avoiding road accidents.

. Recovery-reuseofwasteproducts
Effortsshouldbemadetorecycleorrecoverthewastematerialstotheextentpossible.
Thetreatedliquideffluentscanbeconvenientlyandsafelyusedforirrigationoflands, plants
and fields for growing non-edible crops.

. VegetalCover
Industriesshouldplanttreesandensurevegetalcoverintheirpremises. Thisis
particularly advisable for those industries having more than 10 acres of land.

. DisasterPlanning
Properdisasterplanningshouldbedonetomeetanyemergencysituation arisingdueto fire,
explosion, sudden leakage of gas etc. Firefighting equipment and other safety appliances
should be kept ready for use during disaster/emergency situation including natural
calamities like earthquake/flood.

. Environment Management Cell
Each industry should identify within its setup a Department/Section/Cell with trained
personneltotakeupthemodelresponsibilityofenvironmentalmanagementasrequired for
planning and implementation of the projects

ROLEOFNGOSINTHEPROTECTIONOFENVIRONMENT

The protection of environment is a pressing issue. Every person, organization and Institution has
an obligation and duty to protect it. Environmental protection encompasses Not only pollution
but also sustainable development and conservation of natural resources and the ecosystem.
Today, the necessity of environmental awareness and enforcement is more demanding andurgent
than ever before.

NGOs are simply agencies or groups, which are different from government bodies. However,
NGOs are distinctive in containinga voluntarycomponent and also because they do notoperate
forprofit. Overthepastquarterofacenturyandespeciallyduringthepastfewdecadestherehas been a
rapid growth in the numbers of NGOs involved in the development, in the number of people
working for NGOs and in the amount of money that flows into these voluntary agencies working
in the activities such as —Disaster management and relief, development, public health,
rehabilitation, environment protection etc. However, this paper focuses on the role played by
NGOs particularly in the protection of environment

The emergence of NGOs represents an organized response by civil society especially in those
areas in which the state has either failed to reach or done so in adequately. The importance of
public awareness and NGOs involvement in environmental protection is acknowledged
worldwide.NGO’shavebeentakinganumberofstepstopromotediscussionanddebateabout
environmental issues, outside the broad spheres of popular media and the educational system.

NGOscanmakethefollowingContributions:
e Conductingeducation and citizen awarenessprogrammesin thefieldofenvironment
e Fact- finding andanalysis
e Filing publicinterestlitigations
¢ Innovationandexperimentinginareaswhichare difficultforgovernmentagenciesto
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makechangesin
Providing expertise andpolicyanalysis
Providingfactual and reliableinformation withanetwork ofprofessional expertstaff
Remainingindependentwhilepassingrelevantinformationtothepublicand
governmental bodies
Solidarityandsupporttoenvironmentaldefenders
Workingincollaborationwiththegovernmentforcapacitybuildingandpromotionof
community participation in environmental awareness and protection and
Workingoutatthegrassrootlevelandreachingfar —flungareaswithorwithoutthe
government invitation.

AchievementsofenvironmentalNGOswithspecialreferenceto
WWEF (India), Teri and Clean- India

1. WWEF (India) is engaged in a multitude of activities for protection and conservation of the
environment in the Indian context. Climate change and energy conservation are among the chief
areas of concern for the organization. The forest and biodiversity conservation division strives to
promote and enhance conservation of forest ecosystems in the country through a participatory
approach involving key stakeholders. Through its environment education programme, it aims at
strengthening individual and institutional capacity in nature conservation and environmental
protection through widespread education and awareness.

Intimatelyinvolvedintheconservation of tigers inlndiasincethe late1960s, WWF’ssignificant
efforts culminated in the launch of Project Tiger in 1973. It seeks to conserve and protect the
biodiversity of maritime life and resources by sensitizing the people at large.

The pollution of the river waters and the imminent threat to aquatic life is a cause of great
concern.WWF(India)hassteppedinonanumberofoccasionstolaunchcampaignsforsecuring their
habitat, like‘Save the River Dolphin’ project. WWF believes that if yousecure an animal’s
habitat, you secure its right to live

2. CLEAN-INDIA

Deeply concerned with the deteriorating environmental situation in the country, Development
Alternatives initiated the CLEAN-India (Community Led Environment Action Network)
programme with five schools in the national capital in 1996. Today, CLEAN Delhi has about
forty schools regularly involved in monitoring water and air quality in over 150 locations spread
across Delhi. Over 2000 children have been directly trained on environmental assessment and
improvement activities. They keep vigil, assess environmental quality, plead, cajole and lead the
community in monitoring environment. Action programmes like solid waste management,
plantation drives, energy conservation, paper recycling, etc. to improve local environmental
conditions have also been initiated by schools, resident welfare associations, business and
industrial associations as well as individual households.

Campaignsagainsttheuseofpolybags, firecrackersduringDiwaliandtoxic(chemicalbased)

colours during Holi and for saving the city’s ‘Green Treasure’ are also carried out.

The experience in Delhiindicatesthat when environment assessment is community based,
itmobilisesthecommunitytoreviewthelocalenvironmentalconditionsandtakerequisite

measures, without waiting for undue external support.
EncouragedbytheDelhiexperience,NGOsfromdifferenttownshaveoperationalisedthe
CLEAN-India programme. The present CLEAN-India Centers are:
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Delhi,Shillong,Faizabad,Ladakh,Bangalore,Berinag(KumaonHills),Jhansi,Sagar,Bilaspur, Lalitpur,
Madurai and Thiruvananthapuram. Almost 100 NGOs from across the country have expressed their
interest to initiate the programme in their respective towns.

3. TERI(INDIA)

Tata Energy Research Institute (TERI) was formally established in 1974 with the purpose of
tackling and dealing with the immense and acute problems that mankind is likely to be facedwith
in the years ahead:

On account of the gradual depletion of the earth’s finite energyresources which are largely non-
renewable and on account of the existing methods of their use which are polluting TERI has
launched a major project, the first phase of which is completing near completion. This project
called growth with resource enhancement of Environment and nature (GREEN INDIA-2047)”
has vigorously estimated the reduction in India’s key natural resources during the period 1947-
97, and has completed economic values of consequent loses, which in some cases are alarmingly
high. On the basis of past experience and a careful analysis of the cost behind the degradation
that has taken place in the past strategies for the future have been developed, Where by a fresh
and creative approach can be taken in the next 50 years.

The global presence and reach attained by TERI are not only substantiated by its presence in
different parts of the world, but also in terms of wide geographical relevance of its activities.
Symbolic of this fact is the annual Delhi Sustainable Development Summit (DSDS), a major
event focusing on sustainable
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