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Course Objectives
e To understand the basic concepts about the environment.
e To be familiar with the components and nature of the environment.
e To create awareness about the technological and scientific crisis faced by the world community.
e To understand the effects and remediation of various pollutions.
e To expose the students to the real-life ecological issues faced by different parts of the society

Course Outcomes
e Understanding the importance of the environment.
e Realizing the place of humans in the environment and acting eco-centric
e Inculcate the importance and benefits of biodiversity and natural resources.
o Exemplify the effects of pollution and overutilisation of resources.
e Moulding the student as an environmentally responsible citizen.

Block - 1: Introduction to environment and environmental studies

1.1. Introduction to environment — components — nature of environment - need of awareness —reasons
for environmental problems — anthropocentric and eco centric views.

1.2. Environmental studies - multidisciplinary nature — scope and aim — sustainable development-
principles — RRR concept-Indian environmental movements — environmental calendar.

Block — 2: Ecosystem and Biodiversity

2.1. Ecosystem — structure — functions — simplified ecosystem models (food chain and food webs and
their types, energy flow) - forest — grassland — pond —ecosystems — ecological succession - ecological
pyramids — Bio-geochemical cycles of water — oxygen-carbon-phosphorous and sulphur.

2.2. Biodiversity — definition — types — species — genetic and ecosystem diversities- values of
biodiversity — threats to biodiversity — conservation of biodiversity — endemism — biodiversity hotspots
— Indian biodiversity— endemic species of India — [UCN lists -red-green and blue data books.

Block — 3: Natural resources

3.1 Natural resources — definition — types — forest resources — uses —deforestation- reasons - effects —
water resources — dams — effects of dams - food resources — modern agriculture— ill effects -energy
resources- types — hydel —nuclear — solar —wind and biomass energy - world scenario — Indian
scenario.

3.2 Population and environment — reasons for over-exploitation of resources — population —
demography — population curves — population explosion — effects — consumerism — effects —
urbanization — reasons and effects- role of an individual.

Block — 4: Environmental Pollution

4.1 Pollution — definition — types — air pollution — causes and effects — effects of CO, — CO — NOx —
SOx — particulates — control of air pollution — water pollution — causes — effects — remedies — soil
pollution — solid waste management — e-waste — ill effects of e-waste — proper recycling- Noise
pollution — reasons — effects — control — nuclear pollution — causes — effects and control —thermal
pollution causes — effects and remedies.
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4.2 Legal provisions for protecting environment — article 48 A — 51 A (g) — Environment Act 1986 —
Air Act 1981 — Water Act 1974 — Wild-life Protection Act — Forest Act 1980 - problems in
implementation—reasons.

Block — 5: Social issues and environmental ethics

5.1 Present environmental scenario — greenhouse effect — climate change — The Kyoto Protocol —
ozone layer depletion-The Montreal Protocol - acid rain — causes — effects - disparity among the
nations — The Copenhagen UNFCCC summit — carbon currency- virtual water- genetically modified
organisms, Disaster management.

5.2 Environmental ethics — introduction — people getting affected - resettlement and rehabilitation —
issues involved —Sardhar Sarovar project — Tawa Matsya sang - Melting icebergs of Arctic.

Text Book

Anubha Kaushik and C.P. Kaushik,” Prospects of Environmental Science”, New Age International
publishers, 2013.
Reference books
1. Environmental Studies, N. Nandini, N. Sunitha and Sucharita Tandon, Sapna Book House, 2007.
2. Textbook of Environmental Science, Ragavan Nambiar, Scitech Publications, 2009.
3. Textbook of Environmental Chemistry and Pollution Control, S.S. Dara, S. Chand and Co.,
2002.
4. Environmental Chemistry, Colin Baird, W.H. Freeman and Company, New York,1999.
5. Environmental Chemistry, Gary W. VanLoon and Stephen J. Duffy, Oxford University Press,
2000.
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Block- 1: Introduction to environment and environmental studies

1.1. Introduction to the environment — components — nature of the environment - need of awareness —
reasons for environmental problems — anthropocentric and eco-centric views.

1.2. Environmental studies - multidisciplinary nature — scope and aim — sustainable development -

principles — RRR concept - Indian environmental movements — environmental calendar.

Objectives:
e Understand the Components of the Environment.
e Appreciate Different Environmental Perspectives.
e Recognize the Importance of Environmental Awareness.
¢ Identify and analyze reasons contributing to environmental problems.
¢ Define sustainable development and its key principles.
¢ Outline major environmental movements in India and their impact.

Learning Outcomes:

v" By the end of this unit, students should be able to:

v" Describe the components of the environment and their interconnected relationships.

v Compare and contrast anthropocentric and eco-centric perspectives on environmental issues.

v Justify the importance of environmental awareness and identify key factors contributing to
environmental challenges.

v' Discuss sustainable development principles and propose strategies for their implementation.

v’ Analyze the impact of environmental movements in India and participate in discussions on
current environmental initiatives.

Now a day the word environment is often being used by almost all people around us, on
television and in newspapers. Everyone is speaking about the protection and pre-serration of the
environment. Global summits are being held regularly to discuss environmental issues. During the last
hundred years, the mutual relationship among environment, social organization and culture has been
discussed in sociology, anthropology and geography. All this shows the increasing importance of the
environment. Besides, it is a fact that life is tied to the environment. There exists a close relationship
between man and his environment. He tries to control his environment and change it according to his
requirements. Hence it requires an understanding of the environment of which man is a part.

The environment is derived from the French word Environner, which means encircle or
surround. Environment is a complex of many variables, which surrounds man as well as living
organisms. Our environment can be defined as the physical, chemical and biological world that
surrounds us as well as the complex of social and cultural conditions affecting an individual or
community.

Environment and organisms are two dynamic and complex components of nature. Environment
regulates the life of the organisms including human beings. Human beings interact with the
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environment more vigorously than other living beings. Ordinarily, environment refers to the materials

and forces that surround the living organism.

Environment is the sum total of conditions that surrounds us at a given point of time and space.
It is comprised of the interacting systems of physical, biological and cultural elements which are
interlinked both individually and collectively. Environment is the sum total of conditions in which an
organism has to survive or maintain its life process. It influences the growth and development of living
forms.

In other words environment refers to those surroundings that surrounds living beings from all
sides and affect their lives in too. It consists of atmosphere, hydrosphere, lithosphere and biosphere.
It’s chief components are soil, water, air, organisms and solar energy. It has provided us all the
resources for leading a comfortable life.

“Environment is anything immediately surrounding an object and exerting a direct influence on
it.” - P. Gisbert

“Environment is an external force which influences us.” - E. J. Ross

Thus, environment refers to anything that is immediately surrounding an object and exerting a
direct influence on it. Our environment refers to those thing or agencies that though distinct from us,
affect our life or activities. The environment by which man is surrounded and affected by factors that
may be natural, artificial, social, biological and psychological.

Components of Environment

The environment mainly consists of atmosphere, hydrosphere, lithosphere and biosphere. But it can be
roughly divided into two types such as (a) Microenvironment and (b) Macroenvironment. It can also
be divided into two other types such as (c) Physical and (d) biotic environment.

a. Micro environment refers to the immediate local surroundings of the organism.

b. Macro environment refers to all the physical and biotic conditions that surround the organism
externally.

c. Physical environment refers to all abiotic factors or conditions like temperature, light, rainfall,
soil, minerals etc. It comprises of atmosphere, lithosphere and hydrosphere.

d. Biotic environment includes all biotic factors or living forms like plants, animals, and
microorganisms.

Nature of environment
e Environment is dynamic in nature — Continuously changing
e Some changes are ecogenic some are anthropogenic.
e Some changes are quick others a slow.

The changes may be beneficial or harmful.
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The Study of Environment
The study of environment attempts to understand the causes and effects of changes occurring in it
i.e understanding the science behind the changes. — Environmental Science.

Apply the engineering principles to find a possible solution — Environmental Engineering

The solution should be economical and equitable — i.e reaching all the sects of the society. Here we
consider the ethical point of view so social factors are considered — Environmental Studies.

Environmental science describe the interrelationships among organisms, the environment and
all the factors, which influence life on earth, including atmospheric conditions, food chains, the water
cycle, etc.

It is a basic science about our earth and its daily activities, and therefore, this science is
important for one and all.

The scope and multidisciplinary nature of environmental studies

The scope of environmental studies is that, the current trend of environmental degradation can be
reversed if people of educated communities are organized and empowered; experts are involved in
sustainable development. Environmental factors greatly influence every organism and their activities.
The major areas in which the role of environmental scientists are of vital importance are natural
resources, ecosystems, biodiversity and its conservation, environmental pollution, social issues and
environment human population and environment.

Physical Science,
Life Science (physics, chemistry,

(Biology, biochemistry, _ Earth science, Atmospheric
Basic and Science)

Microbiology etc) \ Applied StudV

_ Environmental Studies | Technology
Modeling Civil, Chemical,
Hydraulics ,Nano

Mathematics,
Statistics,
Computer science

Management and
Awareness

Economics, Sociology, Law,
Education, Management, Mass
communication

It is essentially a multidisciplinary approach and its components include Biology, Geology, Chemistry,
Physics, Engineering, Sociology, Health Sciences, Anthropology, Economics, Statistics and
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Philosophy It is essentially a multidisciplinary approach. An Understanding of the working of the
environment requires the knowledge from wide ranging fields. The table below shows a list of topics
dealt commonly in air pollution and the related traditional fields of knowledge illustrating the
interdisciplinary nature of the subject. The science of Environment studies is a multidisciplinary
science because it depends on various disciplines like chemistry, physics, medical science, etc. It is the
science of physical phenomena in the environment. It is inherently a multidisciplinary field that draws
upon not only its core scientific areas, but also applies knowledge from other non-scientific studies
such as economic, law and social science.

Physics: To understand the flux of material and energy interaction. To construct mathematical models
of environment.

Chemistry: To understand the molecular interactions in the system.

Biology: To describe the effects within the plant and animal kingdom and their diversity.

Atmospheric Science: To examine the phenomenology of the Earth's gaseous outer layer with
emphasis upon interrelation to other systems. It comprises meteorological studies, greenhouse gas
phenomena, airborne contaminants, sound propagation phenomena related to noise pollution, and even
light pollution.

Ecology: To analyse the dynamics among an interrelated set of populations, or a population and some
aspects of its environment. These studies could endangered species, predator interactions, effects
upon populations by environmental contaminants, or impact analysis of proposed land development
upon species viability.

Environmental Chemistry: To study the chemical alterations in the environment. Principal areas of
study include soil contamination and water pollution. The topics of analysis involve chemical
degradation in the environment, multi-phase transport of chemicals and chemical effects upon biota.
Geo-science: It includes environmental geology, environmental soil science, volcanic phenomena and
evolution of the earth's crust. In some classification systems, it can also embrace hydrology including
oceanography.

Mathematics and Computer Science: It will help in environmental modeling and analysis of
environment related data.

Economics: It deals with economical aspects of various components of environment.

Law: It helps in framing of environment related laws, Acts, rules and their monitoring.

Social Science: It helps in dealing with population and health related issues.

Scope of environmental studies

The study creates awareness among the people to know about various renewable and nonrenewable
resources of the region.

The endowment or potential, patterns of utilization and the balance of various resources available for
future use in the state of a country are analyzed in the study.

It provides the knowledge about ecological systems and cause and effect relationships.

It provides necessary information about biodiversity richness and the potential dangers to the species
of plants, animals and microorganisms in the environment.
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The study enables one to understand the causes and consequences due to natural and main induced
disasters (flood, earthquake, landslide, cyclones etc.,) and pollutions and measures to minimize the
effects.

It enables one to evaluate alternative responses to environmental issues before deciding an alternative
course of action.

The study enables environmentally literate citizens (by knowing the environmental acts, rights, rules,
legislations, etc.) to make appropriate judgments and decisions for the protection and improvement of
the earth.

The study exposes the problems of over population, health, hygiene, etc. and the role of arts, science
and technology in eliminating/ minimizing the evils from society.

The study tries to identify and develop appropriate and indigenous eco-friendly skills and technologies
to various environmental issues.

It teaches the citizens the need for sustainable utilization of resources as these resources are inherited
from our ancestors to the younger generation without deteriorating their quality.

The study enables theoretical knowledge into practice and the multiple uses of the environment
Importance of environmental education:

Environment is not a single subject; it is an integration of several subjects that include both science
and social studies. To understand all the different aspects of our environment, we need to understand
biology, chemistry, physics, geography, resources management, economics, and population issues.
Thus, the scope of environmental studies extremely wide and covers some aspects of nearly every
major discipline.

We live in a world where natural resources are limited. Water, air, soil, minerals, oils, the
products we get from forests, grasslands, oceans and from agriculture and live stock, are all a part of
our life support systems. Without them, life itself would be impossible. If we use them more and more,
the earth’s resources must inevitably shrink. The earth cannot be expected to sustain indefinitely due
to over utilization of resources, misuse of resources.

We waste or pollute large amount of clean water. We discard plastic, solid wastes and liquid wastes
from industries which cannot be managed by natural processes. These accumulate in our environment,
leading to a variety of diseases and other adverse environmental impacts, now seriously affecting all
our lives. Air pollution leads to respiratory diseases, water pollution to gastro — intestinal diseases and
many pollutants are known to cause cancer.

This situation will only improve if each of us begins to take action in our daily lives that will help to
preserve our environmental resources. We cannot expect the Government alone to manage the
safeguarding of the environment, nor can we expect other people to prevent environmental damage.
We need to do it ourselves. It is a responsibility that each of us must take on as one’s own.
Environmental Issues of Global Concern:

Industrial / Vehicular pollution

The coolest culprits of environmental degradation in metropolitan cities are vehicular and industrial
pollution. Since 1975 the Indian economy has grown 2.5 times, the industrial pollution load has grown
3.47 times and the vehicular pollution load 7.5 times, in Delhi, for example 70% of air pollution is
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caused by vehicular pollution. Thanks to the 3 million vehicles on its roads-while industries account
for 17%.
The pollutants emitted by the vehicles could produce inflammatory effects on the respiratory organs,
could be toxic or even carcinogenic depending upon the fuel type, In India, vehicles primarily run on
diesel or petrol.
Climate Change

The rising concentrations of greenhouse gases (GHGs) of anthropogenic origin in the
atmosphere such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N>O) have increased,
since the late 19" century.
According to the Third Assessment Report (TAR) of the Intergovernmental Panel on Climate Change,
because of the increase in concentration of greenhouse gases in the atmosphere (for e.g., CO» by 29
per cent, CHs by 150 per cent and N2O by 15 per cent) in the last 100 years, the mean surface
temperature has risen by 0.4—0.8°C globally.
The precipitation has become spatially variable and the intensity and frequency of extreme events has
increased. The sea level also has risen at an average annual rate of 1-2 mm during this period. The
continued increase in concentration of GHG in the atmosphere is likely to lead to climate change
resulting in large changes in ecosystems, leading to
possible catastrophic disruptions of livelihoods, economic activity, living conditions, and human
health.
The United Nations Framework Convention on Climate Change requires the parties to protect the
climate system in accordance with their _common but differentiated responsibilities’ and respective
capabilities. In the year 1990, the developed world (Australia, Canada, USA, Europe, former USSR
and Japan) emitted around 66 per cent of the total global GHG emissions, which though has reduced to
54 per cent in 2000, mainly offset by the rise in Chinese emissions.
The South Asian region, including three-fourths emission share of India, contributed only 3 per cent of
the total global GHG emissions in 1990 and the share of emissions from South Asia has grown merely
by 4 per cent in 2000.
Water pollution
India has 12 major rivers with a total catchments area of 252.8 million hectare. The Indian homes
produce about 75 % of the wastewater, and sewage treatment facilities are inadequate in most cities
and almost absent in rural India. According to the Central pollution Control Board, of the 8,432 large
and medium industries in the country, only 4,989 had installed appropriate measures to treat
wastewater before discharge. Of the over two million small scale industrial units, a number of which
like tanneries are extremely polluting, very few have any treatment facilities whatsoever and their
untreated wastes invariably find their way into country‘s water systems
Poisoned by Pesticides
Poisoning from pesticides affects 68,000 farmers and workers every day; annually, an estimated
25million workers suffer from pesticide poisoning throughout the world. Farmers and agricultural
workers are exposed to pesticides directly when they are mixing and spraying these pesticides,
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especially so in developing countries such as Asia. Every year, about 3 million people are poisoned
around the world and 200,000 die from pesticide use.

Beyond these reported acute cases of pesticide poisoning, evermore worrying are the chronic long-
term effects such as cancers, adverse effects-not only on specific body organs and systems but also on
the endocrine system which include reduction in male sperms count and undecided testes as well as
increasing incidences of breast cancer. Communities and Consumers are insidiously exposed to
pesticides through contamination of the soil, air and water. The chronic effects of pesticides are
particularly alarming when new studies link certain pesticides to cancer, lowered fertility disruption of
the endocrine system and to the suppression of immune systems.

Environmental problems in India can be put into three classes: Poverty, problems arising as negative
effects of the very process of development and problems arising from improper implementation of the
directives and laws of environmental protection.

Industrial wastes:

Hazardous waste may be liquid, solid or gas and all have one thing in common are dangerous and can
pose a substantial hazard to human health and environment when not managed properly. In India,
generation of hazardous waste to the tune of 6-7 million tonnes per year and may vary depending on
the nature and quantity of hazardous waste generated in India.

The major hazardous waste in India is petrochemicals, pharmaceuticals, pesticides, paints, dyes,
fertilizers, chlor-alkali and other different industries.

The lack of a preventative approach to waste management has led to generation of more and more
hazardous wastes and sadly, controlling hazardous waste has become a serious problem in India and
no special care is taken in their management. Implementation of the ban on the ground is very
negligent and hazardous waste is coming to our shores in regular phenomenon.

Apart-from generating their own hazardous wastes, India invites import to such waste in the name of
reuse and recycling, though there is lack of environmental friendly technology to reuse and recycle
hazardous waste. Thus indiscriminate generations, improper handling, storage and disposal of
hazardous waste are the main factors contributing to the environmental and human health impact. The
pressing need is to rethink the present approach of pollution control and end-of-the-pipe approaches
and focus on pollution prevention, waste minimization, cleaner production and toxics reduction.
Biomedical Waste:

Biomedical waste includes both organic and inorganic wastes generated from hospitals. On an average
a hospital bed generates 1 kg of waste per day, out of which 10-15% is infectious, 5% is hazardous and
rest us general waste.

Every day, the country‘s numerous hospitals and medical facilities churn out tons of waste. A WHO
report documents that the Hepatitis — B Virus can survive in a spring for 8 days. The disposable
syringe one uses with a sense of security may be giving a false sense of security. It may be a used
syringe repacked by the mafia, which is involved in medical waste trafficking.

Unmediated and unhealed syringes in the municipal dump may come back in the hospitals and may
then be used on a patient, who may get cross-infected The problem of Medical waste has acquired
gargantuan proportions and complex dimensions. While the health care establishments are trying to
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provide better Medicare facilities of the citizens, the hospital waste disposal systems are undermining
such efforts.

The rules for the management of this waste exist, what is urgently needed now is training of all the
health care staff and setting up waste management systems in the hospitals. Plastics constitute a major
chunk of medical waste. In fact, in India, the market for medical disposables has grown from
US$2.350 million (1979) to 4,000 million (1986). The use of plastics in medical equipment is now
growing at the rate of 6% per annum. Even though plastics reduce the possibility of transmission of
infection within the hospital, there are many problems related to its use and disposal.

E-Waste

¢ People discard computers every two to four years on average.

e Cell phones have a life-cycle of less than two years in industrialized countries.

e Each computer screen contains about 20% lead by weight.

¢ A mobile phone, is 19 % copper and 8% iron.

¢ Informal name for electronic products nearing end of their —useful lifel.

e Large household appliances - Refrigerators Air conditioners, computers & Stereo systems, Mobile
phones.

e [ts volume increases by 3-5% per annum.

e Major pollutants are Heavy metals — Hg, Pb, Cd, Cr (VI) and Flame retardants —Polybrominated
biphenyls (PBB) and polybrominated diphenyl ethers (PBDEs).

Loss of Biodiversity

The continuous loss of biodiversity due to over-exploitation, habitat degradation, deforestation and
land pollution has posed a serious threat to the very existence of mankind. It has been calculated that if
this trend of bio depletion continues, about 1/4th of the world species may be extinct by the year 2050.

The rate of destruction which has been of the order of one species per year over the past 600 million
years is today feared to be dozens of species a day. Hence, the conservation of biodiversity has
become one of the most pressing environmental issues.

The challenge is for nations, government agencies, organizations and individuals to protect and
enhance biological diversity while continuing to meet people‘s need for natural resources.
We are at a major turning point in human history and for the first time, we now have the resources,
motivation, and knowledge to protect our environment and to build a sustainable future for ourselves
and our children. Until recently, we did not have these opportunities, or there was not enough clear
evidence to inspire people to change their behavior and invest in environmental protection; now the
need is obvious to nearly everyone. Unfortunately, this also may be the last opportunity to act before
our problems become irreversible.

Energy crisis:

The energy crisis is the concern that the world’s demands on the limited natural resources that are used
to power industrial society are diminishing as the demand rises. These natural resources are in limited
supply. While they do occur naturally, it can take hundreds of thousands of years to replenish the
stores. Governments and concerned individuals are working to make the use of renewable resources a
priority and to lessen the irresponsible use of natural supplies through increased conservation.
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Causes of the Energy Crisis:

It would be easy to point a finger at one practice or industry and lay the blame for the entire energy
crisis at their door, but that would be a very naive and unrealistic interpretation of the cause of the
crisis.

Overconsumption: The energy crisis is a result of many different strains on our natural resources, not
just one. There is a strain on fossil fuels such as oil, gas and coal due to overconsumption — which then
in turn can put a strain on our water and oxygen resources by causing pollution

Overpopulation: Another cause of the crisis has been the steady increase in the world’s
population and its demands for fuel and products. No matter what type of food or products you choose
to use — from fair trade and organic to those made from petroleum products in a sweatshop — not one
of them is made or transported without a significant drain on our energy resources.

Poor Infrastructure: Aging infrastructure of power generating equipment is yet another reason for
energy shortage. Most of the energy producing firms keep on using outdated equipment that restricts
the production of energy. It is the responsibility of utilities to keep on upgrading the infrastructure and
set a high standard of performance.

Unexplored Renewable Energy Options: Renewable energy still remains unused are most of the
countries. Most of the energy comes from non-renewable sources like coal. It still remains the top
choice to produce energy. Unless we give renewable energy a serious thought, the problem of energy
crisis cannot be solved. Renewable energy sources can reduce our dependence on fossil fuels and also
helps to reduce greenhouse gas emissions.

Delay in Commissioning of Power Plants: In few countries, there is a significant delay in
commissioning of new power plants that can fill the gap between demand and supply of energy. The
result is that old plants come under huge stress to meet the daily demand for power. When supply
doesn’t match demand, it results in load shedding and breakdown.

Wastage of Energy: In most parts of the world, people do not realize the importance of conserving
energy. It is only limited to books, the internet, newspaper ads, lip service and seminars. Unless we
give it serious thought, things are not going to change anytime soon. Simple things like switching off
fans and lights when not in use, using maximum daylight, walking instead of driving for short
distances, using CFL instead of traditional bulbs, and proper insulation for leakage of energy can go a
long way in saving energy.

Poor Distribution System: Frequent tripping and breakdown are the result of a poor distribution
system.

Major Accidents and Natural Calamities: Major accidents like pipeline bursts and natural
calamities like eruptions of volcanoes, floods, and earthquakes can also cause interruptions to energy
supplies. The huge gap between supply and demand of energy can raise the price of essential items
which can give rise to inflation.

Wars and Attacks: Wars between countries can also hamper supply of energy specially if it happens
in Middle East countries like Saudi Arabia, Iraq, Iran, Kuwait, UAE or Qatar. That’s what happened
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during 1990 Gulf war when price of oil reached its peak causing global shortages and created major
problem for energy consumers.

Miscellaneous Factors: Tax hikes; strikes, military coups, political events, severe hot summers or
cold winters can cause sudden increases in demand for energy and can choke supply. A strike by
unions in an oil-producing firm can definitely cause an energy crisis.

Sustainable Development

Until now development has been human-oriented, that too mainly, for a few rich nations. They have
touched the greatest heights of scientific and technological development, but at what cost? The air we
breathe, the water we drink and the food we eat have all been badly polluted. Our natural resources are
just dwindling due to over-exploitation. If growth continues in the same way, very soon we will be
facing a “doom’s day” - as suggested by Meadows et al (1972) in their world-famous academic report
“The Limits to Growth” This is unsustainable development which will lead to a collapse of the
interrelated systems of this earth.

In 1987, the Bruntland Commission published its report, Our Common Future, in an effort to link the
issues of economic development and environmental stability. Sustainable development is
the organizing principle for meeting human development goals while simultaneously sustaining the
ability of natural systems to provide the natural resources and ecosystem services based upon which
the economy and society depend. The desired result is a state of society where living conditions and
resources are used to continue to meet human needs without undermining the integrity and stability of
the natural system. Sustainable development can be defined as development that meets the needs of
the present without compromising the ability of future generations to meet their own needs.

Does it protect our biodiversity?

Does it prevent soil erosion?

Does it slow down population growth?

Does it increase forest cover?

Does it cut off the emissions of CFC, SOx, NOx and CO2?

Does it reduce waste generation and does it bring benefits to all?

These are only a few parameters for achieving sustainable growth.

Measures of sustainable development:

Using appropriate technology is one which is locally adaptable, eco-friendly, resource-efficient and
culturally suitable. It mostly involves local resources and local labour. Indigenous technologies are
more useful, cost-effective and sustainable. Nature is often taken as a model, using the natural
conditions of that region as its components. This concept is known as “design with nature. Technology
should use less of resources and should produce minimum waste.

Reduce, Reuse, Recycle approach: The 3-R approach advocating minimization of resource use, using
them again and again instead of passing it on to the waste stream and recycling the materials goes a
long way in achieving the goals of sustainability. It reduces pressure on our resources as well as
reduces waste generation and pollution

The three R’s — reduce, reuse and recycle — all help to cut down on the amount of waste we throw
away. They conserve natural resources, landfill space and energy. Plus, the three R’s save land and
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money communities must use to dispose of waste in landfills. Siting a new landfill has become
difficult and more expensive due to environmental regulations and public opposition. “By refusing to
buy items that you don’t need, reusing items more than once and disposing the items that are no longer
in use at appropriate recycling centers, you can contribute towards a healthier planet.

Prompting environmental education and awareness: Making environmental education the centre of all
learning process will greatly help in changing the thinking and attitude of people towards our earth
and the environment. Introducing the subject right from the school stage will inculcate a feeling of
belongingness to earth in the small children. ‘Earth thinking’ will gradually get incorporated in our
thinking and action which will greatly help in transforming our life styles to sustainable ones.
Resource utilization as per carrying capacity: Any system can sustain a limited number of organisms
on a long-term basis which is known as its carrying capacity. Sustainability of a system depends
largely upon the carrying capacity of the system. If the carrying capacity of a system is crossed (say,
by over exploitation of a resource), environmental degradation starts and continues till it reaches a
point of no return.

Carrying capacity has two basic components:

Supporting capacity i.e. the capacity to regenerate

Assimilative capacity i.e. the capacity to tolerate different stresses.

To attain sustainability, it is very important to utilize the resources based upon the above two
properties of the system. Consumption should not exceed regeneration and changes should not be
allowed to occur beyond the tolerance capacity of the system.

The UNCED has set up the year 2030 for the sustainable development goals to be achieved the goals
are as depicted in the figure.

) SUSTAINABLE £~
&2 DEVELOPMENT «m ALS
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GOALS

Eradicate poverty and hunger, guaranteeing a healthy life
Universalize access to basic services such as water, sanitation and sustainable energy
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Support the generation of development opportunities through inclusive education and decent work.
Foster innovation and resilient infrastructure, creating communities and cities able to produce and
consume sustainably

Reduce inequality in the world, especially concerning gender

Care for the environment combating climate change and protecting the oceans and land ecosystems
Promote collaboration between different social agents to create an environment of peace and
sustainable development.

Consumerism:

Consumerism is the belief that personal well-being and happiness depend to a very large extent
on the level of personal consumption, particularly on the purchase of material goods. The idea is not
simply that wellbeing depends upon a standard of living above some threshold, but that at the center of
happiness is consumption and material possessions. A consumerist society is one in which people
devote a great deal of time, energy, resources and thought to “consuming”. The general view of life in
a consumerist society is consumption is good, and more consumption is even better.

People over-population: 1t occurs when there are more people than available supplies of food, water
and other important resources in the area. Excessive population pressure causes degradation of the
limited resources, and there is absolute poverty, under-nourishment
and premature deaths. This occurs in less developed countries (LDCs). Here due to the large
number of people, adequate resources are not available for all. So there is less per capita consumption
although overall consumption is high.

Consumption over-population: This occurs in the more developed countries (MDCs). Here population
size is smaller while resources are in abundance and due to the luxurious lifestyle per capita
consumption of resources is very high. The more the consumption of resources more the waste
generation and the greater is the degradation of the environment.

MNumber Per Capita Waste generated Ower all
of X use of = per unit of = | Environmental
People TesSOurces resource used Impact

Role of an individual:

When we discuss the earth's environment, we are talking about the health of the atmosphere, forests,
plants, animals, water, and each ecosystem. Everything from the roots of trees underground to the air
we breathe is part of the environment, and the health of each part affects the health of the whole. There
are a lot of threats to the environment. These include climate change caused by greenhouse gasses, air
and water pollution, deforestation, and more. As a result of so many serious environmental threats, the
earth is changing. Melting glaciers are destroying habitat in the Arctic; plants and animals are
becoming extinct at a staggering rate. It's easy to look at that list and feel small and insignificant. After
all, the earth has over 7 billion people. Every person has to make his or her own choices about
protecting the environment as all these effects start from the life and actions of each one.
Conservation of energy:

1. Switch off light, fan and other appliances when not in use.
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2. Use solar heater for cooking.

3. Dry the cloth in the sun light instead of driers.

4. Use always pressure cookers

5. Grow trees near the house to get cool breeze instead of using AC and ai cooler.
6. Ride bicycle or just walk instead of using scooter for a short distance.
Conservation of water:

. Use minimum water for all domestic purposes.

. Check the water leaks in pipes and repair them properly.

. Reuse the soapy water, after washing clothes for washing courtyard, carpets etc.
. Use drip irrigation.

. Rain water harvesting system should be installed in all the houses.

. Sewage treatment plant may be installed in all industries and institution.

. Continuous running of water taps should be avoided.

. watering of plants should be done in the evening.

Conservation of soil:

0 9N L AW N~

1. Grow different type plants i.e. trees, herbs and shrubs.

2. In the irrigation process, using strong flow of water should be avoided.

3. Soil erosion can be prevented by sprinkling irrigation.

Conservation of food resources:

1. Cook the required amount of food.

2. Don’t waste the food; give it to someone before spoiling.

3. Don’t store large amounts of food grains and protect them from damaging insects.

Conservation of forest:

1. Use non-timber products.

2. Plant more trees.

3. Grassing must be controlled

4. Minimize the use of paper and fuel.

What is an Environmental Movement?

An environmental movement can be defined as a social or political movement, for the conservation of
environment or for the improvement of the state of the environment. The terms ‘green movement’ or
‘conservation movement’ are alternatively used to denote the same.

The environmental movements favor the sustainable management of natural resources. The
movements often stress the protection of the environment via changes in public policy. Many
movements are centered on ecology, health and human rights.

Environmental movements range from the highly organized and formally institutionalized ones to the
radically informal activities.

The spatial scope of various environmental movements ranges from being local to almost global.
Indian Environmental Movements

Bishnoi Movement: Bishnoi is a religious sect found in the Western Thar Desert and northern states
of India. It was founded by Guru Maharaj Jambaji in 1485 AD in the Marwar (Jodhpur) desert region
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of western Rajasthan, India. The Bishnoi tree martyrs were influenced by the teachings of Guru
Maharaj Jambaji, who founded the Bishnoi faith and set forth principles forbidding harm to trees and
animals. It is a non-violent community of nature worshippers. Amrita Devi, a female villager could not
bear to witness the destruction of both her faith and the village’s sacred trees. She hugged the trees and
encouraged others to do the same. 363 Bishnoi villagers were killed in this movement. The king who
came to know about these events rushed to the village and apologized, ordering the soldiers to cease
logging operations. Soon afterwards, the maharajah designated the Bishnoi state as a protected area,
forbidding harm to trees and animals. This legislation still exists today in the region.

Chipko Movement: The main objective was to protect the trees on the Himalayan slopes from the
axes of contractors of the forests of Chamoli district and later at Tehri-Garhwal district of Uttarakhand
it was lead by Sundarlal Bahuguna, Gaura Devi, Sudesha Devi, Bachni Devi, Chandi Prasad Bhatt,
Govind Singh Rawat, Dhoom Singh Negi, Shamsher Singh Bisht and Ghanasyam Raturi.

Mr. Baguguna enlightened the villagers by conveying the importance of trees in the environment
which check the erosion of soil, cause rains and provide pure air. The women of Advani village of
Tehri-Garhwal tied the sacred thread around the trunks of trees and they hugged the trees, hence it was
called ‘Chipko Movement’ or ‘hug the tree movement’. The main demand of the people in these
protests was that the benefits of the forests (especially the right to fodder) should go to local people.
The Chipko movement gathered momentum in 1978 when the women faced police firings and other
tortures. The then state Chief Minister, Hemwati Nandan Bahuguna set up a committee to look into the
matter, which eventually ruled in favor of the villagers. This became a turning point in the history of
eco-development struggles in the region and around the world.

Save Silent Valley Movement:

The movement was founded to protect the Silent Valley, the moist evergreen forest from being
destroyed by a hydroelectric project lead by The Kerala Sastra Sahitya Parishad (KSSP) an NGO, and
the poet-activist Sughathakumari The Kerala State Electricity Board (KSEB) proposed a hydroelectric
dam across the Kunthipuzha River that runs through Silent Valley. In February 1973, the Planning
Commission approved the project at a cost of about Rs 25 crores. Many feared that the project would
submerge 8.3 sq km of untouched moist evergreen forest. Several NGOs strongly opposed the project
and urged the government to abandon it. In January 1981, bowing to unrelenting public pressure,
Indira Gandhi declared that Silent Valley will be protected. In June 1983 the Center re-examined the
issue through a commission chaired by Prof. M.G.K. Menon. In November 1983 the Silent Valley
Hydroelectric Project was called off. In 1985, Prime Minister Rajiv Gandhi formally inaugurated the
Silent Valley National Park.

Appiko Movement:

It was against the felling and commercialization of natural forests and the ruin of ancient livelihood.
Appiko’s greatest strengths lie in it being neither driven by a personality nor having been formally
institutionalized. However, it does have a facilitator in Pandurang Hegde. He helped launch the
movement in 1983 in the Shimoga district of Karnataka. It can be said that Appiko movement is the
southern version of the Chipko movement. The Appiko Movement was locally known as “Appiko

SCSVMV CDOE Environmental Science



Page |20

Chaluvali”. The locals embraced the trees which were to be cut by contractors of the forest
department. The Appiko movement used various techniques to raise awareness such as foot marches in
the interior forest, slide shows, folk dances, street plays etc. The second area of the movement’s work
was to promote afforestation on denuded lands. The movement later focused on the rational use of the
ecosphere through introducing alternative energy resource to reduce pressure on the forest, the
movement became a success.

Narmadha Bachao Andholan:

It is a social movement against a number of large dams being built across the Narmada River, lead by
Medha Patker, Baba Amte, Adivasis, farmers, environmentalists and human rights activists. The
movement first started as a protest for not providing proper rehabilitation and resettlement for the
people who have been displaced by the construction of the Sardar Sarovar Dam. Later on, the
movement turned its focus to the preservation of the environment and the ecosystems of the valley.
Activists also demanded the height of the dam to be reduced to 88 m from the proposed height of
130m. World Bank withdrew from the project. The environmental issue was taken to court. In October
2000, the Supreme Court gave a judgment approving the construction of the Sardar Sarovar Dam with
a condition that the height of the dam could be raised to 90 m. This height is much higher than the 88
m that anti-dam activists demanded, but it is lower than the proposed height of 130 m. The project is
now largely financed by the state governments and market borrowings. The dam could not be
prevented; the NBA has created an anti-big dam opinion in India and outside. It questioned the
paradigm of development. As a democratic movement, it followed the Gandhian way 100 per cent.

Environmental calendar:

February 2 World Wetland Day - On this day, in 1971, the Ramsar Convention on Wetlands of
International Importance was signed. Wetlands are a very important part of our biodiversity and it is
essential to see that they are well protected.

February 28 National Science Day - It is necessary to highlight the role of science in the protection of
the environment. This day should be taken as a platform to put forward the message.

March 21 World Forestry Day - Activities such as the planting of trees and highlighting the urgency to
increase the green cover.

March 22 World Water Day - The decision to celebrate this day has been taken recently as drinking
water sources are fast depleting. The world must wake up to the problem and begin conserving it.
March 23 World Meteorological Day — Everyone has to be reminded that weather is an integral part of
the environment.

April 7 World Health Day — The World Health Organization (WHO) was constituted on this day in
1948. In the changing environment around us health is becoming an important issue.

April 18 World Heritage Day - Environment includes not just the natural surroundings but also the
manmade ones.

April 22 Earth Day - In 1970 a group of people in the United States of America got together to draw
the attention of the world to the problems being caused to the earth due to modernisation. Since then
this day has been celebrated all over the world as Earth Day.
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May 31 Anti Tobacco Day - The world is now aware of the problems faced by not only the smokers
but also the people who inhale the smoke. You can take up an anti smoking campaign in your family
or the neighborhood.

June 5 World Environment Day - On this day, in 1972, the Stockholm Conference on Human
Environment was held in Sweden. There was a large gathering from all over the world and people
expressed their concerns for the increasing environmental problems.

July 11 World Population Day- Population has to be given special attention, as it is an ever-increasing
problem especially in India.

September 16 World Ozone Day-The United Nations declared this day as the International Day for the
Preservation of the Ozone Layer. It is the day the Montreal Protocol was signed.

September 28 Green Consumer Day-The problems of consumerism and its impact on the environment
is an area of major concern in today’s world. Awareness building on the importance of recycling-
reusing-reducing should be taken up seriously.

October 3 World Habitat The earth is the habitat of not only human beings but also all living creatures.
Increasing human activities are threatening the habitat of other living things.

October 1-7 World Wildlife Week -Celebrate this week by building awareness on the importance of
preservation of our wildlife.

October 4 World Animal Welfare The welfare of animals has to be looked into and given due
importance.

October 13 International Day for Natural Disaster Reduction- Due to a change in the environment, the
number of natural disasters has increased. Efforts have to be taken to reduce these disasters.
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Glossary

Environment: The sum of all living and non-living things that surround and interact with an
organism, including natural, built, and social components.

Anthropocentric: A viewpoint that considers human beings as the most significant entity of the
universe and assesses everything in terms of human values and experiences.

Ecocentric: A nature-centered philosophy that places intrinsic value on all living organisms and their
natural environment, regardless of their perceived usefulness or importance to human beings.
Sustainable Development: Development that meets the needs of the present without compromising
the ability of future generations to meet their own needs, balancing economic, social, and
environmental considerations.

RRR Concept (Reduce, Reuse, Recycle): A principle of waste management that encourages
minimizing waste production, reusing materials, and recycling resources to reduce environmental
impact.

Environmental Awareness: The recognition and understanding of environmental issues and the
impact of human activities on the natural world, leading to informed actions to protect the
environment.

Multidisciplinary: Involving multiple academic disciplines or fields of study to address complex
issues, promoting a comprehensive understanding through diverse perspectives.

Deforestation: The clearing or thinning of forests by humans, often resulting in negative impacts on
biodiversity, climate, and ecosystems.

Biodiversity: The variety of life in the world or in a particular habitat or ecosystem, encompassing
species diversity, genetic diversity, and ecosystem diversity.

Ecology: The branch of biology that deals with the relationships of organisms to one another and to
their physical surroundings.

Environmental Ethics: The philosophical discipline that considers the moral and ethical relationship
of human beings to the environment, including the rights and responsibilities towards nature.
Conservation: The preservation, protection, or restoration of the natural environment and wildlife,
aimed at ensuring sustainable use and maintaining biodiversity.

Pollution: The introduction of harmful substances or products into the environment, causing adverse
effects on living organisms and ecosystems.

Renewable Resources: Natural resources that can be replenished naturally over time, such as solar
energy, wind energy, and biomass.

Non-Renewable Resources: Natural resources that cannot be readily replaced by natural means at a
pace quick enough to keep up with consumption, such as fossil fuels and minerals.

Indian Environmental Movements: Social and political movements in India aimed at protecting the
environment, such as the Chipko Movement and Narmada Bachao Andolan.

Environmental Calendar: A schedule of days and events dedicated to raising awareness and
promoting actions for environmental protection, such as Earth Day and World Environment Day.
Ecosystem: A community of living organisms and their physical environment interacting as a system,
characterized by energy flows and nutrient cycles.
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Natural Resources: Resources that occur naturally within environments that exist relatively
undisturbed by human activity, such as water, minerals, forests, and fossil fuels.
Environmental Degradation: The deterioration of the environment through the depletion of

resources, destruction of ecosystems, and extinction of wildlife, often due to human activities.
Self-Evaluation Questions

1.

Discuss the major components of the environment and explain how they are interconnected.
Provide examples to illustrate the relationships between these components.

Compare and contrast anthropocentric and ecocentric perspectives on environmental issues.
How do these viewpoints influence environmental policy and ethics?

Explain the importance of environmental awareness in addressing global and local
environmental challenges. Identify at least three reasons for environmental problems and
propose solutions for each.

Define sustainable development and discuss its key principles. How can the principles of
sustainable development be applied in urban planning and resource management?

Evaluate the impact of major environmental movements in India on public awareness and
policy changes. Select one movement and describe its history, objectives, and outcomes.
Discuss the concept of the RRR (Reduce, Reuse, Recycle) in waste management. How can
individuals and industries effectively implement these principles to reduce environmental
impact?

Analyze the role of a multidisciplinary approach in environmental studies. How do various
disciplines contribute to a holistic understanding of environmental issues?

Describe the environmental calendar and its significance in promoting environmental
protection. Choose three key environmental days and explain their purpose and activities
associated with them.
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Ecosystem and Biodiversity

2.1. Ecosystem — structure — functions — simplified ecosystem models (food chain and food webs
and their types, energy flow) - forest — grassland — pond —ecosystems — ecological succession -
ecological pyramids — Bio-geochemical cycles of water — oxygen-carbon-phosphorous and sulphur.

2.2. Biodiversity — definition — types — species — genetic and ecosystem diversities- values of
biodiversity — threats to biodiversity — conservation of biodiversity — endemism — biodiversity
hotspots — Indian biodiversity— endemic species of India — IUCN lists -red-green and blue data books.

Course Objectives:

1.

Understand Ecosystem Structure and Functions: Gain knowledge of the components and
organization of various ecosystems, including food chains, food webs, and energy flow.
Comprehend Ecological Succession and Pyramids: Learn about the process of ecological
succession and the types and significance of ecological pyramids.

Learn Bio-geochemical Cycles: Study the cycles of essential elements such as water, oxygen,
carbon, phosphorus, and sulfur and their importance in ecosystem balance.

Understand Biodiversity and Its Importance: Define biodiversity, recognize its types, and
appreciate its ecological, economic, and cultural values.

Identify Threats and Conservation Strategies: Recognize major threats to biodiversity and
learn about effective conservation strategies, including endemism and biodiversity hotspots.

Learning Outcomes:

1.

Explain Ecosystem Structure and Functions: Describe the structure and functions of various
ecosystems, illustrating food chains, food webs, and energy flow.

Discuss Ecological Succession and Pyramids: Explain the stages of ecological succession
and differentiate between types of ecological pyramids and their importance.

Describe Bio-geochemical Cycles: Explain the bio-geochemical cycles of water, oxygen,
carbon, phosphorus, and sulfur and their contribution to ecosystem stability.

Define and Value Biodiversity: Define biodiversity, distinguish between its types, and
evaluate its importance in providing ecosystem services.

Identify and Address Biodiversity Threats: Identify threats to biodiversity, propose effective
conservation measures, and discuss the importance of endemic species and biodiversity
hotspots.

An ‘Ecosystem’ is a region with a specific and recognizable landscape form such as a forest,

grassland, desert, wetland or coastal area. The nature of the ecosystem is based on its geographical
features such as hills, mountains, plains, rivers, lakes, coastal areas or islands. It is also controlled by
climatic conditions such as the amount of sunlight, the temperature and the rainfall in the region.

The geographical, climatic and soil characteristics form its non-living (abiotic) component.

These features create conditions that support a community of plants and animals that evolution has
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produced to live in these specific conditions. The living part of the ecosystem is referred to as its biotic
component.

All the living organisms in an area live in communities of plants and animals. They interact
with their non-living environment and with each other at different points in time for a large number of
reasons. Life can exist only in a small proportion of the earth’s land, water and its atmosphere. At a
global level the thin skin of the earth on the land, the sea and the air, forms the biosphere.

At a national or state level, this forms biogeographic regions or the floristic regions. There are
several distinctive geographical regions in India- the Himalayas, the Gangetic Plains, the Highlands of
Central India, the Western and Eastern Ghats, the semi-arid desert in the West, the Deccan Plateau, the
Coastal Belts, and the Andaman and Nicobar Islands. These geographically distinctive areas have
plants and animals that have been adapted to live in each of these regions.

At an even more local level, each area has several structurally and functionally identifiable
collections of plants and animals, such as different types of forests, grasslands, river catchments,
mangrove swamps in deltas, seashores, islands, etc. to give only a few examples. Here too each of
these forms a habitat for specific plants and animals. Ecosystems have been formed on land and in the
sea by evolution that has created species to live together in a specific region. Thus ecosystems have
both non-living and living components that are typical to an area giving it its own special
characteristics that are easily observed.

The term Ecology was coined by Ernst Haeckel in 1869. It is derived from the Greek words Qikos-
home + logos- study. So, ecology deals with the study of organisms in their natural home interacting
with their surroundings. The surroundings or environment consists of other living organisms (biotic)
and physical (abiotic) components.

Modern ecologists believe that an adequate definition of ecology must specify some unit of
study and one such basic unit described by Tansley (1935) was ecosystem. An ecosystem is a group
of biotic communities of species interacting with one another and with their non-living
environment exchanging energy and matter. Now ecology is often defined as “the study of
ecosystems. It is an integrated unit consisting of interacting plants, animals and microorganisms whose
survival depends upon the maintenance and regulation of their biotic and abiotic structures and
functions. The ecosystem is thus, a unit or a system which is composed of a number of subunits
that are all directly or indirectly linked with each other. They may be freely exchanging energy
and matter from outside—an open ecosystem or may be isolated from outside closed ecosystem.

An ecosystem has two components the biotic components consisting of living things, and the
abiotic portion, consisting of elements that are not alive. The living organisms may be sub divided into
producers, consumers and decomposers. The non living constituents are said to include the following
category, habitat, gases, solar radiation, temperature, moisture and inorganic and organic nutrients.

Abiotic Components include basic inorganic and organic components of the environment or
habitat of the organism. The inorganic components of an ecosystem are carbon dioxide, water,
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nitrogen, calcium phosphate all of which are involved in matter cycle (biogeochemical cycles). The
organic components of an ecosystem are proteins, carbohydrates, lipids and amino acids, all of which
are synthesized by the biota (flora and fauna) of an ecosystem and are reached to ecosystem as their
wastes, dead remains etc. The climate 'microclimate' temperature, light soil etc. are abiotic
components of the ecosystems.
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[ »
Rain I Soil IJ

Light p
Wind Minerals
Temperature Topography

I | |
Primary Secondary Tertiary Quaternary
Consumers Consumers Consumers Consumers

or or or or
Herbivores Primary Large Omnivores

Carnivores Carnivores

Schematic Representation of the Structure of an Ecosystem.

ECOSYSTEM CHARACTERISTICS:
Ecosystems show large variations in their size, structure, composition etc. However, all the
ecosystems are characterized by certain basic structural and functional features which are common.

STRUCTURAL FEATURES:

Composition and organization of biological communities and abiotic components constitute the
structure of an ecosystem

Biotic Structure:

The plants, animals and microorganisms present in an ecosystem form the biotic component. These
organisms have different nutritional behaviour and status in the ecosystems and are accordingly known
as Producers or Consumers, based on how they get their food.

(a) Producers:
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1. They are mainly the green plants, which can synthesize their food themselves by making use of
carbondioxide present in the air and water in the presence of sunlight by involving chlorophyll,
the green pigment present in the leaves, through the process of photosynthesis. They are also
known as photo autotrophs (auto=self; troph=food, photo=light).

2. There are some microorganisms also that can produce organic matter to some extent through
oxidation of certain chemicals in the absence of sunlight. They are known as chemosynthetic
organisms or chemo-autotrophs. For instance, in the ocean depths, where there is no sunlight,
chemoautotrophic sulphur bacteria make use of the heat generated by the decay of radioactive
elements present in the earth’s core and released in the ocean’s depths. They use this heat to
convert dissolved hydrogen sulphide (H>S) and carbon dioxide (CO>) into organic compounds.

(b) Consumers: All organisms that get their organic food by feeding upon other organisms are
called consumers, which are of the following types:

1. Herbivores (plant eaters: They feed directly on producers and hence also known as
primary consumers. e.g. rabbit, insect, man.

2. Carnivores (meat eaters): They feed on other consumers. If they feed on herbivores they
are called secondary consumers (e.g. frog) and if they feed on other carnivores (snake, big
fish etc.) they are known as tertiary carnivores/consumers.

3. Omnivores: They feed on both plants and animals. e.g. humans, rat, fox, many birds.

4. Detritivores (Detritus feeders or Saprotrophs): They feed on the parts of dead organisms,
wastes of living organisms, their castoffs and partially decomposed matter e.g. beetles,
termites,ants, crabs, earthworms etc.

(c) Decomposers: They derive their nutrition by breaking down the complex organic molecules to
simpler organic compounds and ultimately into inorganic nutrients. Various bacteria and fungi are
decomposers.

In all the ecosystems, this biotic structure prevails. However, in some, it is the primary producers
which predominate (e.g. in forests, agroecosystems) while in others the decomposers predominate
(e.g. deep ocean)

Abiotic Structure:

The physical and chemical components of an ecosystem constitute its abiotic structure. It
includes climatic factors, edaphic (soil) factors, geographical factors, energy, nutrients and toxic
substances.

(a) Physical factors: The sunlight and shade, intensity of solar flux, duration of sun hours, average
temperature, maximum-minimum temperature, annual rainfall, wind, latitude and altitude, soil type,
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water availability, water currents etc. are some of the important physical features which have a strong
influence on the ecosystem. We can clearly see the striking differences in solar flux, temperature and
precipitation (rainfall, snow etc.) pattern in a desert ecosystem, in a tropical rainforest and in tundra
ecosystem.

(b) Chemical factors: Availability of major essential nutrients like carbon, nitrogen, phosphorus,
potassium, hydrogen, oxygen and sulphur, level of toxic substances, salts causing salinity and various
organic substances present in the soil or water largely influence the functioning of the ecosystem. All
the biotic components of an ecosystem are influenced by the abiotic components and vice versa, and
they are linked together through energy flow and matter cycling as shown diagrammatically in the
figure.

Nutrient cycling

1°- Consumers

/ Producers \
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Functions of an Ecosystem

» Ecosystem function is the capacity of natural processes and components to provide goods and

services that satisfy human needs, either directly or indirectly.

» Ecosystem functions are subset of ecological processes and ecosystem structures.
» Each function is the result of the natural processes of the total ecological sub-system of which

it is a part.

» Natural processes, in turn, are the result of complex interactions between biotic (living

organisms) and abiotic (chemical and physical) components of ecosystems through the
universal driving forces of matter and energy.

There are four primary groups of ecosystem functions

1
2
3.
4

Regulatory functions,
Habitat functions,
Production functions and
Information functions

General ecosystem functions are:

1.

Regulatory functions: this group of functions relates to the capacity of natural and semi-
natural

ecosystems to regulate essential ecological processes and life support systems through bio-
geochemical cycles and other biospheric processes. In addition to maintaining the ecosystem
(and biosphere health),these regulatory functions provide many services that have direct and
indirect benefits to humans (i.e., clean air, water and soil, and biological control services).
Habitat functions: natural ecosystems provide refuge and a reproduction habitat to wild
plants and
animals and thereby contribute to the (in situ) conservation of biological and genetic diversity
and the evolutionary process.

Production functions: Photosynthesis and nutrient uptake by autotrophs converts energy,
carbon

dioxide, water and nutrients into a wide variety of carbohydrate structures which are then used
by secondary producers to create an even larger variety of living biomass. This broad diversity
in carbohydrate structures provides many ecosystem goods for human consumption, ranging
from food and raw materials to energy resources and genetic material.

Information functions: Since most of human evolution took place within the context of an
undomesticated habitat, natural ecosystems contribute to the maintenance of human health by
providing opportunities for reflection, spiritual enrichment, cognitive development, recreation
and aesthetic experience.
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Productivity in the Environment:

1. The productivity of an ecosystem is the rate at which solar energy is fixed by the vegetation of
the ecosystem; it is further classified into primary productivity, secondary productivity and net
productivity.

2. Primary productivity refers to the rate at which radiant energy is stored by the photosynthetic
and chemosynthetic activity of producers; it is further distinguished as gross primary
productivity (GPP) and net primary productivity (NPP). It is expressed in terms of weight
(g/m?/yr) or energy (kcal/m2).

3. Secondary productivity refers to the rates of energy storage at consumer levels. An
understanding of ecology is essential in the management of modern industrialized societies in
ways that are compatible with environmental preservation and enhancement.

4. The branch of ecology that deals with predicting the impacts of technology and development
and making recommendations such that these activities will have minimum adverse impacts, or
even positive impacts, on ecosystems may be termed as Applied Ecology. It is a
multidisciplinary approach.

5. Interactions among living organisms are grouped into two major groups viz.,

e Positive interactions
¢ Negative interactions

I. Positive interactions: Here the populations help one another, the interaction being either one-way
or reciprocal. These include (i) Commensalism, (ii) Proto cooperation and (iii)) mutualism.
1. Commensalism: In this one species derives the benefits while the other is unaffected.

Eg. (i) Cellulolytic fungi produce several organic acids from cellulose which serve as carbon sources
for non-cellulolytic bacteria and fungi.

(i) Growth factors are synthesized by certain microorganisms and their excretion permits the
proliferation of nutritionally complex soil inhabitants.

2. Proto-cooperation: It is also called as non-obligatory mutualism. It is an association of mutual
benefit to the two species but without the cooperation being obligatory for their existence or for their
performance of reactions.

Ex. N2 can be fixed by Azotobacter with cellulose as an energy source provided that a cellulose
decomposer is present to convert the cellulose to simple sugars or organic acids.

3. Mutualism: Mutually beneficial interspecific interactions are more common among organisms.
Here both species derive benefits. In such association, there occurs a close and often permanent and
obligatory contact more or less essential for the survival of each.
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Ex. (i) Pollination by animals. Bees, moths, butterflies etc. derive food from hectares or other plant
products and in turn, bring about pollination.

(i1) Symbiotic nitrogen fixation: Legume - Rhizobium symbiosis. Bacteria obtain food from legumes
and in turn, fix gaseous nitrogen making it available to plants.

II. Negative interactions: Members of one population may eat members of the other population,
compete for food, excrete harmful wastes or otherwise interfere with the other population.

It includes

(1) Competition,
(i1) Predation,
(ii1))  Parasitism
(iv)  Antibiosis

1. .Competition: It is a condition in which there is a suppression of one organism as the two
species struggle for limited quantities of nutrients O2 space or other requirements. Eg.
Competition between Fusarium oxysporum and Agrobacterium radiobacter.

2. Predation: A predator is free living which catches and kills another species for food. Most of
the predatory organisms are animals but there are some plants (carnivorous) also, especially
fungi, which feed upon other animals.

Eg. (i) Grazing and browsing by animals on plants.
(i) Carnivorous plants such as Nepenthes, Darligtoria, Drosera etc. consume
insects and other small animals for food.

3. Parasitism: A parasite is an organism living on or in the body of another organisms and deriving
its food more or less permanently from its tissues. A typical parasite lives in its host without
killing it, whereas the predator kills its upon which it feeds.

Ex. Species of Cuscuta (total stem parasite) grow on other plants on which they depend for
nourishment. Parasitism may occur even within the species. Hyperparasites, which are chiefly
fungi growing parasitically on other parasites, (ie) Parasites on a parasite.

Ex. Cicinnobolus cesatii is found as hyperparasite on several powdery mildew fungi.

4. Antibiosis: The phenomenon of the production of antibiotics is called as antibiosis. Antibiotic
is an organic substance produced by one organism which in low concentration inhibits the
growth of other organisms.

Eg. Streptomycin - S.griseus , Penicillin - P. notatum , Trichoderma harzianum inhibits the
growth of Rhizoctonia sp.

FOOD CHAINS
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The sequence of eating and being eaten or the prey-predatory relationship in an
ecosystem is known as food chain. All organisms, living or dead, are potential food for some other
organism and thus, there is essentially no waste in the functioning of a natural ecosystem.

Grass — Grasshopper — Frog — Snake — Hawk

Phytoplanktons (water-algae) — water fleas — small fish — large fish (Tuna)

These are known as grazing food chain—which start with green plants and culminate with carnivores.
Another type is detritus food chain—which starts with dead organic matter. e.g.,

Leaf litter in forest — Fungi — bacteria
Dead leaf — fungi — leaf mold — earth worms — shrew - eagle

Food chains are generally found to be interlinked and inter-woven as a network and
known as Food Web.. Food web is a network of food chains where different types of organisms are
connected at different trophic levels, so that there are a number of options of eating and being eaten at
each trophic level.

Why nature has evolved food webs in

Food Web ecosystems instead of simple linear

food chains?

e
= e s This is because food
...,..r'\_ “{::g{r webs give greater stability to the
_"' y < ecosystem. In a linear food chain, if one
Q{‘ > Bk ; species becomes extinct or one species
w— T X ' / suffers then the species in the
' e /{;’:q\. subsequent trophic levels are also
_fé,:f" ’}L : 25 affected. In a food web, on the other

R e R Y hand, there are a number of options
available at each trophic level. So, if

one species is affected, it does not affect other trophic levels seriously.
Biomagnification:

Food chains show a unique property of biological magnification of some chemicals.
There are several pesticides, heavy metals and other chemicals which are non-biodegradable in nature.
Such chemicals are not decomposed by microorganisms and they keep on passing from one trophic
level to another. And, at each successive trophic level, they keep on increasing in concentration. This
phenomenon is known as biomagnification or biological magnification
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Energy flow ° * in the
ecosystems:

1. The flow of energy in an ecosystem takes place through the food chain and it is this energy
flow that keeps the ecosystem going.

2. The most important feature of this energy flow is that it is unidirectional or one-way flow.

3. Unlike the nutrients (like carbon, nitrogen, phosphorus etc.) which move in a cyclic manner
and are reused by the producers after flowing through the food chain, energy is not reused in
the food chain.

4. Also, the flow of energy follows the two laws of Thermodynamics.

5. I-law of Thermodynamics states that energy can neither be created nor be destroyed but it can
be transformed from one form to another. The solar energy captured by the green plants
(producers) gets converted into biochemical energy of plants and later into that of consumers.
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6. II- law of Thermodynamics states that energy dissipates as it is used or in other words, its gets
converted from a more concentrated to dispersed form. As energy flows through the food
chain, there occurs dissipation of energy at every trophic level.

7. The loss of energy takes place through respiration, loss of energy in locomotion, running,
hunting and other activities.

8. At every level there is about 90% loss of energy and the energy transferred from one trophic
level to the other is only about 10%. (Ten per cent law of energy flow — Lindemann’s
theorem) .

Models of energy flow:
Universal energy flow model:

1. Energy flow through an ecosystem was
explained by E.P. Odum as the universal
energy flow model.

2. As the flow of energy takes place, there is a
gradual loss of energy at every level,
thereby resulting in less energy available at
trophic level as indicated by narrower pipes
(energy flow) and smaller boxes (stored
energy in biomass).

3. The loss of energy is mainly the energy not
utilized (NU). This is the energy lost in locomotion excretion etc. or it is the energy lost in
respiration (R) which is for maintenance.

4. The rest of the energy is used for .
production (P). ; f

Output
energy next

Standing |l Biomass

Respiration

Single channel energy flow model: Sunlght

b\‘%l—wpp e -
':T_':;Jr LA

] Carnivores
Herbivores

The flow of energy takes place in a
unidirectional manner through a single channel of \
green plants or producers to herbivores and
carnivores. The following figure depicts such a
model and illustrated the gradual decline in energy l
level due to loss of energy at each successive
trophic level in a grazing food chain.

Producers

Heat loss

.Double channel or Y-shaped energy flow model:

In nature, both grazing food chain and detritus food chain operate in the same
ecosystem. However, sometimes it is the grazing food chain which predominates. It happens in marine
ecosystem where primary production in the open sea is limited and a major portion of it is eaten by

SCSVMV CDOE Environmental Science



Page |35

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

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

are
time

Respiration

Carnivores

- Grazing food chain
{ in forest canopy)

Tree

Ground canopy
ey R

level Litter,
roots etc.

Detritus food chain
= (in s0il)

= Detritivores
Decomposers
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Ecological Pyramids:

Graphical representation of trophic structure and function of an ecosystem, starting with
producers at the base and successive trophic levels forming the apex are known as ecological
pyramids. Each of the bars that make up the pyramid represents a different trophic level, and their
order, which is based on who eats whom, represents the flow of energy. Energy moves up the pyramid,
starting with the primary producers, or autotrophs, such as plants and algae at the very bottom,
followed by the primary consumers, which feed on these plants, then secondary consumers, which
feed on the primary consumers, and so on. The height of the bars should all be the same, but the width
of each bar is based on the quantity of the aspect being measured.

Ecological pyramids may be of three types as follows:

1. Pyramid of numbers
2. Pyramid of biomass
3. Pyramid of energy

Pyramid of numbers:

1. This shows the number of organisms in each trophic level without any consideration for their size.
2. This type of pyramid can be convenient, as counting is often a simple task and can be done over the
years to observe the changes in a particular ecosystem.

3. However, some types of organisms are difficult to count, especially when it comes to some juvenile

Top camivores forms.
4. These pyramids may be upright or inverted pyramids of
Hawks,. numbers, depending upon the type of ecosystem and food
other birds chain.
. : 5. A
Camivores | Frogs, birds Top carnivores grassland
Lion, Tiger ecosystem
Herbivores Insects and a pond
Carnivores Snakes, foxes, ecosystem
lizards
show  an
Producers Grasses Herbivores Insects, birds upright
pyramid of
Producers Trees numbers.
The producers in the grasslands are grasses and

those in a pond are phytoplanktons (algae etc.), which are small in size and very large in number. So
the producers form a broad base. The herbivores in grassland are insects while tertiary carnivores are
hawks or other birds which are gradually less and less in number and hence the pyramid apex becomes
gradually narrower forming an upright pyramid. Similar is the case with the herbivores, carnivores and
top carnivores in pond which decrease in number at higher trophic levels.
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6.In a forest ecosystem, big trees are the
producers, which are less in number and hence Hyper parasites Fleas. microbes
form a narrow base. A larger number of
herbivores including birds, insects and several
species of animals fee d upon the trees (on leaves,
fruits, flowers, bark etc.) and form a much
broader middle level. The secondary consumers Herbivores Birds
like fox, snakes, lizards etc. are less in number
than herbivores while top carnivo res like lion, Producers| Trees
tiger etc. are still smaller in number. So the
pyramid is narrow on both sides and broader in
the middle.

7. Parasitic food chain shows an inverted pyramid of number. The producers like a few big trees
harbour fruit eating birds acting like herbivores which are larger in number. A much higher number of
lice, bugs etc. grow as parasites on these birds while a still greater number of hyperparasites like bugs,
fleas and microbes feed upon them, thus making an inverted pyramid.

Parasites Lice, bugs

Tertiary Carnivores Big fish
(73]
o .
‘§ Carnivores small fish
‘£ | Snakes, frog, birds
O Herbivores | Insects
. Squirrel, rabbit,
Herbivores A g
Producers Grasses, § FApEmiions
herbs »

Pyramid of Biomass:It is based upon the total biomass (dry matter) at each trophic level in a food
chain. The pyramid of biomass can also be upright or inverted.

1. The figures show pyramids of biomass in a forest and an aquatic ecosystem.

2. The pyramid of biomass in a forest is upright in contrast to its pyramid of numbers. This is
because the producers (trees) accumulate a huge biomass while the consumers total biomass
feeding on them declines at higher trophic levels, resulting in broad base and narrowing top.

3. The pond ecosystem shows an inverted pyramid of biomass. The total biomass of producers
phytoplanktons) is much less as compared to herbivores (zooplanktons, insects), Carnivores
(Small fish) and tertiary carnivores (big fish). Thus the pyramid takes an inverted shape with
narrow base and broad apex.
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Pyramid of Energy:

1. The amount of energy present at each trophic level is considered for this type of pyramid.

2. Pyramid of energy gives the best representation of the trophic relationships and it is always
upright.

3. Energy usually enters ecosystems from the Sun.

4. The primary producers at the base of the pyramid use the solar radiation to
power photosynthesis which produces food.

5. However most wavelengths in solar radiation cannot be used for photosynthesis, so they are
reflected back into space or absorbed elsewhere and converted to heat.

6. Only 1 to 2 percent of the energy from the sun is absorbed by photosynthetic processes, and
converted into food.

7.  When energy is transferred to higher trophic levels, on average only about 10% is used at each
level to build new biomass, becoming stored energy.

8. The rest goes to metabolic processes such as growth, respiration, and reproduction

9. Hence, there is a sharp decline in energy level of each successive trophic level as we move

from producers to top carnivores. Therefore, the pyramid of energy is always upright as shown
in the figure.

Tertiary
Consumer
(10 keal)
Secondary
Consumer
(100 kcal)

Top carnivores

Carnivores

Decreasing Rate of Energy
Flow

2 Primary Consumer
Herbivores / (1000 keal) \

Producers

Pyramid of Energy

Importance of Ecological Pyramids:

The importance of ecological pyramid can be explained in the following points:

1.

They show the feeding of different organisms in different ecosystems.

2. It shows the efficiency of energy transfer.

3. The condition of the ecosystem can be monitored, and any further damage can be prevented.
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Limitations of the Ecological Pyramids

1. More than one species may occupy multiple trophic levels as in case of the food web. Thus,
this system does not take into account food webs.

2. The saprophytes are not considered in any of the pyramids even though they form an important
part of the various ecosystems.

3. These pyramids are applicable only to simple food chains, which usually do not occur
naturally.

4. These pyramids do not deliver any concept in relation to variations in season and climate.

5. They do not consider the possibility of the existence of the same species at different levels.

Nutrient Cycling:

e Besides energy flow, the other important functional attribute of an ecosystem is nutrient cycling.

e Nutrients like carbon, nitrogen, sulphur, oxygen, hydrogen, phosphorus etc. move in circular paths
through biotic and abiotic components and are therefore known as biogeochemical cycles.

e Water also moves in a cycle, known as hydrological cycle.

e The nutrients too move through the food chain and ultimately reach the detritus compartment
(containing dead organic matter) where various micro-organisms carry out decomposition.

e Various organically bound nutrients of dead plants and animals are converted into inorganic
substances by microbial decomposition that are readily used up by plants(primary producers) and
the cycle starts afresh.

vA¢
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v
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Hydrological cycle:
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1. The water cycle, also called the hydrologic cycle, a cycle that involves the continuous

circulation of water in the Earth-atmosphere system. Of the many processes involved in the
water cycle, the most important are evaporation, transpiration, condensation, precipitation, and

runoff.

2. Although the total amount of water within the cycle remains essentially constant, its
distribution among the various processes is continually changing.

3. Evaporation, one of the major processes in the cycle, is the transfer of water from the surface
of the Earth to the atmosphere.

4. By evaporation, water in the liquid state is transferred to the gaseous, or vapour, state.This

transfer occurs when some molecules in a water mass have attained sufficient kinetic energy to

eject themselves from the water surface.
5. The main factors affecting evaporation are temperature, humidity, wind speed, and solar
radiation. The direct measurement of evaporation, though desirable, is difficult and possible

only at point locations.

SCSVMV CDOE Environmental Science




10.

11.

12.

13.

14.

15.

Page |41

The principal source of water vapour is the oceans, but evaporation also occurs in soils, snow,
and ice.

Transpiration is the evaporation of water through minute pores, or stomata, in the leaves of
plants. For practical purposes, transpiration and the evaporation from all water, soils, snow, ice,
vegetation, and other surfaces are lumped together and called evapotranspiration, or total
evaporation.

Water vapour is the primary form of atmospheric moisture. Although its storage in the
atmosphere is comparatively small, water vapour is extremely important in forming the
moisture supply for dew, frost, fog, clouds, and precipitation.

Practically all water vapour in the atmosphere is confined to the troposphere (the region below
6 to 8 miles [10 to 13 km)] altitude).

The transition process from the vapour state to the liquid state is called condensation.
Condensation may take place as soon as the air contains more water vapour than it can receive
from a free water surface through evaporation at the prevailing temperature. This condition
occurs as the consequence of either cooling or the mixing of air masses of different
temperatures.

By condensation, water vapour in the atmosphere is released to form precipitation.
Precipitation that falls to the Earth is distributed in four main ways: some are returned to the
atmosphere by evaporation, some may be intercepted by vegetation and then evaporated from
the surface of leaves, some percolates into the soil by infiltration, and the remainder flows
directly as surface runoff into the sea.

Some of the infiltrated precipitation may later percolate into streams as groundwater runoff.
Direct measurement of runoff is made by stream gauges and plotted against time on
hydrographs.

Most groundwater is derived from precipitation that has percolated through the soil.
Groundwater flow rates, compared with those of surface water, are very slow and variable,
ranging from a few millimetres to a few metres a day.

Ice also plays a role in the water cycle. Ice and snow on the Earth’s surface occur in various
forms such as frost, sea ice, and glacier ice. When soil moisture freezes, ice also occurs
beneath the Earth’s surface, forming permafrost in tundra climates.

About 18,000 years ago glaciers and ice caps covered approximately one-third of the Earth’s
land surface. Today about 12 percent of the land surface remains covered by ice masses.

Carbon Cycle:

The carbon cycle is the set of processes that disperse and collect the carbon present in

various forms in the environment.

Depending upon the processes considered the carbon cycle may be short term or long term.

2. Sometimes  human  interferences  disturb  the  normal cycling of  such

nutrients and create imbalances.
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3. For example, nature has a very balanced carbon cycle Carbon, in the form of carbon dioxide is
taken up by green plants as a raw material for photosynthesis, through which a variety of
carbohydrates and other organic substances are produced.

4. Through the food chain it moves and ultimately organic carbon present in the dead matter is
returned to the atmosphere as carbon dioxide by microorganisms.

5. Decomposition is the process of breaking down plants. Over vast periods of time, layers of
sediment build on each other. Because of the pressure and heat from within the Earth’s crust,
this generates fossil fuel.

6. Combustion involves burning them to produce energy. But a by-product of combustion is that
it releases carbon dioxide back into the atmosphere

7. Respiration by all organisms produces carbon dioxide, while the latter is used up by plants.

8. In the recent years carbon dioxide levels have increased in the atmosphere due to burning of
fossil fuels etc. which has caused an imbalance in the natural cycle and the world today is
facing the serious problem of global warming due to enhanced carbon dioxide emissions.

9. The CO; dissolved in ocean may form CaCO3 and gets deposited as shells or sediments.
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Burning 9 Loss
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GLOBE®2017 Global Carbon Cycle Diagram Biosphere
Data Sources: Adapted from Houghton, RA. Balancing the Global Corbon Budget. Annu. Rev. Earth Planet. Sci. 007.35:313-347, updated emissions values are from the Global Carbon Project: Carbon Budget 2017.
Diagram created by a collaboration between UNH, Charles University and the GLOBE Program.

Nitrogen cycle:

SCSVMV CDOE Environmental Science



Page |43

Cycling of one such
important nutrient

nitrogen is shown in the above figures.
1. Nitrogen is present in the atmosphere as N in large amounts (78%) and it is fixed either by the

physical process of lightening or biologically by some bacteria and/or cyanobacteria (blue-

green algae).
2. The nitrogen is taken up by plants and used in metabolism for biosynthesis of amino acids,

proteins, vitamins etc. and passes through the food chain.
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3. After death of the plants and animals, the organic nitrogen in dead tissues is decomposed by
several groups of ammonifying and nitrifying bacteria which convert them into ammonia,
nitrites and nitrates, which are again used by plants.

4. Some bacteria convert nitrates, into molecular nitrogen or N2 which is released back into the
atmosphere and the cycle goes on.

Phosphorous cycle:

1. Phosphorous cycle is another important nutrient cycle-which is shown in the figure.

2. The reservoir of phosphorus lies in the rocks, fossils etc. which is excavated by man for using it as
a fertilizer.

3. Farmers use phosphate fertilizers indiscriminately and as a result, excess phosphates are lost as
run-off, which causes the problem of eutrophication or overnourishment of lakes leading to algal
blooms.

4. A good proportion of phosphates moving with surface runoff reaches the oceans and are lost into
the deep sediments.

5. Our limited supply of phosphorus lying in the phosphate rocks of this earth are thus over-exploited
by man and a large part is taken out of the normal cycle due to loss into oceans.

6. So human beings are making the phosphorous cycle acyclic.

7. Sea birds, on the other hand, are playing an important role in phosphorus cycling. They eat sea-
fishes which are phosphorus rich and the droppings or excreta of the birds return the phosphorus
on the land. The Guano deposits on the coasts of Peru are very rich sources of phosphorus.
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Sulphur cycle:

1. The sulfur cycle is relatively complex.

2. It involves several gaseous species, poorly soluble minerals, and several species in solution.

3. Itis involved with the oxygen cycle in that sulfur combines with oxygen to form gaseous sulfur
dioxide (SO2) an atmospheric pollutant, and soluble sulfate ion, (SO4%).

4. Sulphur has its reservoir both in the atmosphere (as oxides of Sulphur, hydrogen sulphide) and
in rocks and sediments (as mineral pyrites).

5. Atmospheric sulphur plays an important role, as the oxides of sulphur react with rain water
producing sulphuric acid, which comes down as ‘acid rain’.

6. Oxides of sulphur (SO x) are released into the atmosphere due to burning of fossil fuels. Thus,
human beings play a significant role in the material cycling of sulphur.

7. In the soil or water, different groups of micro-organisms carry out oxidation and reduction of
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sulphides
Elemental

sulphur (s)

sulphide
(H,S)

8. A special role is played by Thiobacillus bacterium, which converts sulphides into sulphuric
acid.

9. These bacteria help in the bio-leaching of metals from ores containing pyrites (S) as impurities.

10. The figure illustrates the complex sulphur cycle.

11. Among the significant species involved in the sulfur cycle are gaseous hydrogen sulfide, H»S;
mineral sulfides, such as PbS; sulfuric acid, H>SO4, the main constituent of acid rain; and
biologically bound sulfur in sulfur-containing proteins.

Ecological Succession:
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Ecological succession is defined as an orderly process of changes in the community structure and
function with time mediated through modifications in the physical environment and ultimately
culminating in a stabilized ecosystem known as climax

Environment is always kept on changing over a period of time due to

a) Variations in climatic and physiographic factors,
b) The activities of the species of the communities themselves.

v' These influences bring about marked changes in the dominants of the existing community,
which is thus sooner or later replaced by another community at the same place. This process
continues and successive communities develop one after another over the same area until the
terminal final community again becomes more or less stable for a period of time.

v It occurs in a relatively definite sequence. This orderly change in communities is referred as
succession. Odum called this orderly process as ecosystem  development/ecological
succession.

v’ Succession is an orderly process of community development that involves changes in species
structure and community processes with time and it is reasonably directional and therefore
predictable.

v’ Succession is community controlled even though the physical environment determines the
pattern.

Causes of succession
» Succession is a series of complex processes, caused by
» Initial/initiating cause: Both climatic as well as biotic.
» Ecesis/continuing process ecesis, aggregation, competition reaction etc.
» Stabilizing cause: Cause the stabilization of the community.
» Climate is the chief cause of stabilization and other factors are of secondary value.

Types of succession
Primary succession:

= Starts from the primitive substratum where there was no previously any
sort of living matter.

= The first group of organisms establishing there are known as the pioneers,
primary community/primary colonizers.

= Very slow is the series of community changes that takes place in disturbed areas that have
not been totally stripped their soil and vegetation.

Secondary succession:

= Starts from previously built-up of substrata with already existing living
matter.
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= Action of an external force, such as a sudden change in climatic factors, biotic intervention,
fire etc, causes the existing community to disappear.

= Thus, area becomes devoid of living matter its substratum, instead of primitive is built up.
Such successions are comparatively more rapid.

Autogenic succession:

Community - result of its reaction with the environment, modified its own environment and
thus causing its own replacement by new communities. This course of succession is autogenic
succession.

Allogenic succession:

Replacement of the existing community is caused largely by any other
external condition and not by the existing organisms.

Autotrophic succession: Characterized by early and continued dominance of autotrophic organisms
like green plants. Gradual increase in organic matter content supported by energy flow.

Heterotrophic succession:
Characterized by early dominance of heterotrophs, such as bacteria, actinomyces, fungi and
animals. There is a progressive decline in the energy content.

Process of Succession / Clements’s theory of succession:
The process of succession takes place in a systematic order of sequential steps as follows:

1. Nudation: It is the development of a bare area without any life form. The bare area may be
caused due to landslides, volcanic eruption etc. (topographic factor), drought, glaciers, frost
etc. (Climatic factor), or due to overgrazing, disease outbreak, agricultural/ industrial activities
(biotic factors).

2. Invasion: 1t is the successful establishment of one or more species on a bare area through
dispersal or migration, followed by ecesis or establishment. Dispersal of the seeds, spores etc.
is brought about by wind, water, insects or birds. Then the seeds germinate and grow on the
land. As growth and reproduction start, these pioneer species increase in number and form
groups or aggregations.

3.  Competition and coaction: As the number of individuals grows there is competition, both
inter-specific (between different species) and intra-specific (within the same species), for
space, water and nutrition. They influence each other in several ways, known as coaction.

4. Reaction: Living organisms grow, use water and nutrients from the substratum, and in turn,
they have a strong influence on the environment which is modified to a large extent and this is
known as reaction. The modifications are very often such that they become unsuitable for the
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existing species and favour some new species, which replace them. Thus, the reaction leads to
several seral communities

5. Stabilization: The succession ultimately culminates in a more or less stable community called
climax which is in equilibrium with the environment. The climax community is characterized
by maximum biomass and symbiotic (mutually beneficial) linkages between organisms and is
maintained quite efficiently per unit of available energy.

Forest Succession

Annual
Lichens weadss
and

mosses

Perennial Shrubs
v s nd} -

1. The
process that brings forests back to land scorched by fire, buried in landslides, or even cleared
by logging is called forest succession.

2. Forest succession occurs as one community of plant species replaces another.

3. Much like ecological succession, forest succession is gradual, but typically focuses on tree
species.

4. As the name implies, each stage is successive but the process can be set back to any given
stage due to outside disturbances. Disturbances could include fire, parasitic insects, volcanic
activity, or anything else that would interrupt the natural succession of species.

5. The first stage of forest succession is the grass, or plant stage, which occurs after land has been
cleared due to natural events or otherwise.

6. The sudden clearing floods the ground with sunlight; very shade-intolerant pioneer
species like longleaf pine, aspen, or cottonwood begin to compete with grasses.
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At this stage in their life these trees are mere seedlings, but pioneer species are typically fast
growers.

In the second stage, the shrub stage, the most shade intolerant pioneer saplings will share the
arca with small, shade intolerant shrubs.

As the stage progresses, the pioneer saplings start to dominate the area, growing tall and
shading the surrounding shrubs.

The shade intolerant shrubs can no longer grow under the shade of the pioneer trees and die as
a result.

As the pioneer saplings grow upward they begin spreading seeds on the forest floor below.

As the crowns of the pioneer species fill in the canopy gaps of the forest, sunlight can no
longer reach the forest floor. This is the young forest stage, 30-50 years after the grass/plant
stage.

The seedlings dropped from the shade-intolerant pioneer species are now unable to grow
because of the new shade created by their parents.

With the second generation of pioneer trees stunted in shade, more shade-tolerant species like
spruce, white oak, and cedar can thrive.

Hydrosere — pond succession

1.

(1)

A geological event, such as a glacier or sinkhole, can create a pond. Ponds are nothing more
than shallow holes where water collects. Yet, if left alone, ponds will fill in with dirt and debris
until they become land.

It often takes hundreds of years for a pond to be transformed from a body of clear water into
soil.

The Four Stages of Pond Succession

As a pond develops seeds are flown in by birds and land animals come to inhabit the pond.
These are the pond pioneers.

(i1) As more creatures arrive the debris on the bottom increases. Pondweed, and other submerged

vegetation, appear and soon grow all along the bottom.

(ii1))Emergent then appears on the edges of the pond. Over time, sometimes hundreds of years, as

ponds plants grow, die and decompose, layers of debris build-up. These layers of decaying
matter raise the pond floor over the years.

(iv) After some time, the pond floor is close enough to the bottom that emergent can grow across

the floor. When this happens, the pond becomes a marsh. Many interesting creatures can reside
in the shallow muddy waters of marshes. (Marshes can be created in other ways also.)
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(v) The marsh continues to fill in with dirt and debris. Eventually, trees grow in the water. It is
now a swamp. Over time, the swamp may dry out. Land that was once a pond, may become a
forest or grassland.

Biodiversity:
Biodiversity refers to the variety and variability among all groups of living organisms and
the ecosystem complexes in which they occur.

‘Biodiversity is that part of nature which includes the
differences in genes among the individuals of a species, the
variety and richness of all the plant and animal species at
different scales in space, locally, in a region, in the country
and the world, and various types of ecosystems, both
terrestrial and aquatic, within a defined area

In the Convention of Biological diversity (1992)
biodiversity has been defined as the variability among

Guntur

Salem Gundu

Byadagi Dhani

Kashmiri

living organisms from all sources including inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they
are a part.

The World Commission on Environment and Development (WCED) constituted by the
UN General Assembly published a report in 1987 which provided a boost and endorsement to the
need for conserving the world‘s rich biodiversity. Despite conflicting views among nations, a
broad consensus was reached after bitter negotiations, and 170 countries signed the Biodiversity
Convention, which is now ratified by 104 countries. Perhaps the greatest value of biodiversity is
yet unknown.

Scientists have discovered and named only 1.75 million species — less than 20 per cent of
those estimated to exist. Of those identified, only a fraction has been examined for potential
medicinal, agricultural or industrial value. Much of the earth‘s great biodiversity is rapidly
disappearing, even before we know what is missing. Estimates vary, but the most widely accepted
figure lies between 10 and 13 million species. Of these, biologists estimate that as many as 27,000
species are becoming extinct each year. This translates into an astounding 3 species every hour.

Biological diversity deals with the degree of nature’s variety in the biosphere. This variety
can be observed at three levels; the genetic variability within a species, the variety of species
within a community, and the organization of species in an area into distinctive plant and animal
communities constitutes ecosystem diversity.

Types of biodiversity:
Genetic diversity:
v Genetic diversity refers to the variation at the level of individual genes.
v’ It refers to the variation of genes within the species. This constitutes distinct population
of the same species or genetic variation within population or varieties within a species.
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v Genes are the basic units of hereditary information transmitted from one generation to
other. When the genes within the same species show different versions due to new
combinations, it is called genetic variability.

v' This variation occurs when there is a possibility of different combinations of genes
through sexual reproduction.

v" This genetic variability is responsible for the different characters within a species

v' For example, all rice varieties belong to the species Oryza sativa, but there are
thousands of wild and cultivated varieties of rice which show variations at the genetic
level and differ in
their color, size, shape, aroma and nutrient content of the grain. This is the genetic
diversity of rice. Another example All the siblings from same parents are not looking
the same.

Species diversity:

» A group of organisms genetically so similar, that they can interbreed
and produce fertile off springs is called a species.

» Species diversity is the variability found within the population of a
species or between different species of a community.

» It represents broadly the species richness and their abundance in a

community.

» There are two popular indices of measuring species diversity known as
Shannon-Wiener index and Simpson index.

» This diversity is seen both in natural ecosystem and in agricultural
ecosystem.

» Some areas are richer in species than others. For example,

natural undisturbed tropical forests have much greater species richness
than mono culture plantations developed by the forest department for
timber products.

» A natural forest ecosystem provides large number of non-timber forest
products that local people depend on such as fruits, fuel, wood, fodder,
fiber, gum, resin and medicines.

» Timber plantations do not provide the large variety of goods that are
essential for local consumption.

» Modern intensive agro ecosystems have a relatively lower density of crops than traditional
agro pastoral farming systems, where multiple crops were planted.
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» Areas that are rich in species diversity are called ‘hotspots’ of diversity and the
countries with highest species richness or have a relatively large proportion of these hot
spots of diversity are referred to as ‘mega diversity nations’.

» India is among the world’s 15 nations that are exceptionally rich in species diversity.

» The earth’s biodiversity is distributed in specific ecological regions. There are over a thousand
major eco-regions in the world.

» Of these, 200 are said to be the richest, rarest and most distinctive natural areas. These areas
are referred to as the Global 200.

» It has been estimated that 50,000 endemic plants which comprise 20% of global plant life,
probably occur in only 25 ‘hot spots’ in the world.

» These hotspots harbor many rare and endangered species.

» Two criteria help in defining hotspots namely rich endemism and the degree of threat. To
qualify as hotspots an area must contain at least 0.5 per cent or 1500 of the worlds 3, 00,000
plants species as endemics (Myers et al., 2000).
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Ecosystem diversity:

«» This is the diversity of ecological complexity showing variations in ecological niches,
trophic structure, food-webs, nutrient cycling etc.

% The ecosystems also show variations with respect to physical parameters like moisture,
temperature, altitude, precipitation etc. Thus, there occurs tremendous diversity within the
ecosystems, along these gradients.

% It refers to the variation in the structure and functions of the ecosystem.

¢ It describes the number of niches, trophic levels and various ecological processes that
sustain energy flow, flood webs and the recycling of nutrients.

« It has focus on various biotic interactions and the role and functions of keystone species
(species determining the ability of large number of other species to persist in the
community)

% We may consider diversity in forest ecosystem, which is supposed to have mainly a
dominance of trees. But, while considering a tropical rainforest, a tropical deciduous
forest, a temperate deciduous forest and a boreal forest, the variations observed are just too
many and they are mainly due to variations in the above mentioned physical factors.

«» The ecosystem diversity is of great value that must be kept intact. This diversity has
developed over millions of years of evolution.

< If we destroy this diversity, it would disrupt the ecological balance.

% Replacing the diversity of one ecosystem by that of another is not possible. Coniferous
trees of boreal forests cannot take up the function of the trees of tropical deciduous
forest lands and vice versa, because ecosystem diversity has evolved with respect to the
prevailing environmental conditions with well regulated ecological balance.

% There are a large variety of different ecosystem on earth, each having their own
complement of distinctive inter linked species based on differences in the habitat.

< Ecosystem diversity can be described for a specific geographical region or a political
entity such as a country, a state or a taluk.

i.  Diversity Indices
Alpha (a ) Diversity : Species diversity within a community or habitat, comprises two
components i.e. species richness and evenness. Sometimes dominant of one vegetation
stratum may affect the a diversity of the other strata.

ii.  Beta (P) Diversity : B diversity is the inter community diversity expressing the rate of

species turnover er unit change in habitat.
Gamma (y) Diversity : Gamma diversity is the overall diversity at landscape level
includes both o
and [ diversities. The relationship is as follows: v = a + p + Q

where, Q = Total number of habitats or communities, a = Average value of o diversities
B = Average value of B diversities
VALUES OF BIODIVERSITY:
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The value of biodiversity in terms of its commercial utility, ecological services, social and

aesthetic value is enormous. We get benefits from other organisms in innumerable ways.
Sometimes we realize and appreciate the value of the organism only after it is lost from this earth.
Very small, insignificant, useless looking organism may play a crucial role in the ecological
balance of the ecosystem or may be a potential source of some invaluable drug for dreaded
diseases like cancer or AIDS. The multiple uses of biodiversity or biodiversity value has been
classified by McNeely et al in 1990 as follows:

)

Foxtail - Opium -

Digitalin

Consumptive use value:

These are direct use values where the biodiversity product can be harvested and consumed
directly e.g. fuel, food, drugs, fibre etc.

Food: A large number of wild plants are consumed by human beings as food. About
80,000 edible plant species have been reported from wild. About 90% of present day food
crops have been domesticated from wild tropical plants. Even now our agricultural
scientists make use of the existing wild species of plants that are closely related to our crop
plants for developing new hardy strains. Wild relatives usually possess better tolerance and
hardiness. A large number of wild animals are also our sources of food.

Drugs and medicines: About 75% of the world’s population depends upon plants or plant
extracts for medicines. The wonder drug Penicillin used as an antibiotic is derived from a
fungus called Penicillium. Likewise, we get Tetracyclin from a bacterium. Quinine, the
cure for malaria is obtained from the bark of Cinchona tree, while Digitalin is obtained
from foxglove (Digitalis) which is an effective cure for heart ailments. Recently vinblastin
and vincristine, two anticancer drugs, have been obtained from Periwinkle (Catharanthus)
plant, which possesses anticancer alkaloids. A large number of marine animals are
supposed to possess anti-cancer properties which are yet to be explored systematically.

Periwinkle -
Morphine l- K hblasting

Civet - Civet Musk deer - Saw scaled viper - Cobra -
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Musk Echistatin Nyloxin

Fuel: Our forests have been used since ages for fuel wood. The fossil fuels coal, petroleum
and natural gas are also products of fossilized biodiversity. Firewood collected by
individuals is not normally marketed, but are directly consumed by tribals and local
villagers, hence falls under consumptive value.

Productive use values:

These are the commercially usable values where the product is marketed and sold.

It may include lumber or wild gene resources that can be traded for use by scientists for
introducing desirable traits in the crops and domesticated animals.

These may include the animal products like tusks of elephants, musk from musk deer, silk
from silk-worm, wool from sheep, fir of many animals, lac from lac insects etc, all of
which are traded in the market.

Many industries are dependent upon the productive use values of biodiversity e.g.- the
paper and pulp industry, Plywood industry, Railway sleeper industry, Silk industry, textile
industry, ivory-works, leather industry, pearl industry etc.

Despite international ban on trade in products from endangered species, smuggling of fur,
hide, horns, tusks, live specimen etc. worth millions of dollars are being sold every year.
Developing countries in Asia, Africa and Latin America are the richest biodiversity centers
and wild life products are smuggled and marketed in large quantities to some rich western
countries and also to China and Hong Kong where export of cat skins and snake skins
fetches a booming business.

Social Value:

These are the values associated with the social life, customs, religion and psycho-spiritual
aspects of the people.

Many of the plants are considered holy and sacred in our country like Tulsi (holy basil),
Peepal, Mango, Lotus, Bael etc. The leaves, fruits or flowers of these plants are used in
worship or the plant itself is worshipped.

The tribal people are very closely linked with the wild life in the forests. Their social life,
songs, dances and customs are closely woven around the wildlife.

Many animals like Cow, Snake, Bull, Peacock, Owl etc. also have significant place in our
psycho-spiritual arena and thus hold special social importance. Thus biodiversity has
distinct social value,
attached with different societies

Ethical value:

It is also sometimes known as existence value.
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It involves ethical issues like “all life must be preserved”. It is based on the concept of
“Live and Let Live”.

If we want our human race to survive, then we must protect all biodiversity, because
biodiversity is valuable.

The ethical value means that we may or may not use a species, but knowing the very fact
that this species exists in nature gives us pleasure.

We all feel sorry when we learn that “passenger pegion” or “dodo” is no more on this earth.
We are not deriving anything direct from Kangaroo, Zebra or Giraffe, but we all strongly
feel that these species should exist in nature. This means, there is an ethical value or
existence value attached to each species
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Aesthetic value:

Great aesthetic value is attached to biodiversity.

No one of us would like to visit vast stretches of barren lands with no signs of visible life.
People from far and wide spend a lot of time and money to visit wilderness areas where
they can enjoy the aesthetic value of biodiversity and this type of tourism is now known as
eco-tourism.

The “Willingness to pay” concept on such eco-tourism gives us even a monetary estimate
for aesthetic value of biodiversity.

Ecotourism is estimated to generate about 12 billion dollars of revenue annually that
roughly gives the aesthetic value of biodiversity.

Option values:

These values include the potentials of biodiversity that are presently unknown and need to
be explored.

There is a possibility that we may have some potential cure for AIDS or cancer existing
within the depths of a marine ecosystem, or a tropical rainforest.

Thus option value is the value of knowing that there are biological resources existing on
this biosphere that may one day prove to be an effective option for something important in
the future. Thus, the option value of biodiversity suggests that any species may prove to be
a miracle species someday.

The option value also includes the values, in terms of the option to visit areas where a
variety of flora and fauna, or specifically some endemic, rare or endangered species exist.
Ecosystem service value:

Recently, a non-consumptive use value related to self maintenance of the ecosystem and
various important ecosystem services has been recognized.

It refers to the services provided by ecosystems like prevention of soil erosion, prevention
of floods, maintenance of soil fertility, cycling of nutrients, fixation of nitrogen,
cycling of water, their role as carbon sinks, pollutant absorption and reduction of the threat
of global warming etc.

Different categories of biodiversity value clearly indicate that ecosystem, species and
genetic diversity all have enormous potential and a decline in biodiversity will lead to huge
economic, ecological and socio-cultural losses.
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Biodiversity enhances the
efficiency of ecological processes.
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Wild crop and livestock relatives increase
resilence against environmental change.
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Global Biodiversity:

1. Following the 1992 “Earth Summit” at Rio de Janeiro, it became evident that there is a
growing need to know and scientifically name, the huge number of species which are still
unknown on this earth.

2. Roughly 1.5 million species are known till date which is perhaps 15% or may be just 2% of
the actual number.

3. Tropical deforestation alone is reducing the biodiversity by half a percent every year.

4. Mapping the biodiversity has therefore, been rightly recognized as an emergency task in
order to plan its conservation and practical utilization in a judicious manner.

5. Terrestrial biodiversity of the earth is best described as biomes, which are the largest
ecological units present in different geographic areas and are named after the dominant
vegetation e.g. the tropical rainforests, tall grass prairies, savannas, desert, tundra etc.

6. The tropical rainforests are inhabited by teeming millions of species of plants, birds,
amphibians, insects as well as mammals. They are the earth’s largest storehouse of
biodiversity. Many of these species have developed over the time in highly specialized
niches and that makes them more vulnerable to extinction when their natural home or niche
is destroyed. About 50 to 80% of global biodiversity lies in these rainforests.

7. More than one-fourth of the world’s prescription drugs are extracted from plants growing
in tropical forests.

8. Out of the 3000 plants identified by National Cancer Research Institute as sources of
cancer fighting chemicals, 70% come from tropical rain forests.

9. Very recently, extract from one of the creeping vines in the rainforests at Cameroon has
proved effective in the inhibition of replication of AIDS virus.

10. It is interesting to note that the common Neem tree, so popular in tropical India, known for
its medicinal properties has now come into lime light even in the western temperate
countries.

11. There is an estimated 1,25,000 flowering plant species in tropical forests. However, till
now we know only 1-3% of these species.

12. The Silent Valley in Kerala is the only place in India where tropical rain forests occur.

13. Temperate forests have much less biodiversity, but there is much better documentation of
the species.

14. Globally, we have roughly 1,70,000 flowering plants, 30,000 vertebrates and about
2,50,000 other groups of species that have been described.

15. There is a stupendous task of describing the remaining species which may range anywhere
from 8 million to 100 million.

16. It is interesting to know that marine diversity is even much higher than terrestrial
biodiversity and ironically, they are still less known and described.

17. Estuaries, coastal waters and oceans are biologically diverse and the diversity is just
dazzling.
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18. Sea is the cradle of every known animal phylum. Out of the 35 existing phyla of
multicellular animals, 34 are marine and 16 of these are exclusively marine.

Global

Taxonomic group Number
Bacteria & Cyanobactenia 5,000
Protozoans (Single called animals) 31,000
Algae 27,000
Fungi (Molds, Mushrooms) 45,000
Higher Plants 2,50,000
Sponges 5,000
Jelly fish, Corals etc. 10,000
Flatworms, roundworms, carthworms 36,000
Snails, Clams, Slugs etc 70,000
Insects 7,50,000
Mites, Ticks, Croaks, shrimps 1,20,000
Fish and Sharks 22,000
Amphibians 4,000
Reptiles 5,000
Birds 9,000
Mammals 4,000
Total 1,400,000

Biodiversity

India: Geo-Physical features:
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¢ The mainland comprises four regions, namely, the great mountain zone, plains of the Ganga and the
Indus, the desert region and the southern peninsula.

% The Himalayas comprise three almost parallel ranges interspersed with large plateaus and valleys,
some of which, like the Kashmir and Kullu
valleys, are fertile, extensive and of great scenic
beauty. Some of the highest peaks in the world
are found in these ranges. The high altitudes
admit travel only to a few passes, notably the
Jelep La and Nathu La on the main Indo-Tibet

Map of India displaying geographic
regions as affecting its bio-diversity
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+» The plains of the Ganga and the Indus, INDIAN OCEAN e‘,%

about 2,400 km long and 240 to 320 km se1 LANKA
broad, are formed by basins of three distinct river systems - the Indus, the Ganga and the
Brahmaputra. They are one of the world's greatest stretches of flat alluvium and also one of the
most densely populated areas on the earth. Between the Yamuna at Delhi and the Bay of
Bengal, nearly 1,600 km away, there is a drop of only 200 metres in elevation.

% The desert region can be divided into two parts - the great desert and the little desert. The great
desert extends from the edge of the Rann of Kuchch beyond the Luni River northward. The
whole of the Rajasthan-Sind frontier runs through this. The little desert extends from the Luni
between Jaisalmer and Jodhpur up to the northern wastes. Between the great and the little
deserts lies a zone of absolutely sterile country, consisting of rocky land cut up by limestone
ridges.

% The Peninsular Plateau is marked off from the plains of the Ganga and the Indus by a mass of
mountain and hill ranges varying from 460 to 1,220 metres in height. Prominent among these
are the Aravalli, Vindhya, Satpura, Maikala and Ajanta. The Peninsula is flanked on the one
side by the Eastern Ghats where average elevation is about 610 metres and on the other by the
Western Ghats where it is generally from 915 to 1,220 metres, rising in places to over 2,440
metres. Between the Western Ghats and the Arabian Sea lies a narrow coastal strip, while
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between Eastern Ghats and the Bay of Bengal there is a broader coastal area. The southern
point of plateau is formed by the Nilgiri Hills where the Eastern and the Western Ghats meet.
The Cardamom Hills lying beyond may be regarded as a continuation of the Western Ghats.

% Presence of varying altitudes, climatic patterns and floristic regions India is one of the
countries having very rich biodiversity

Indian Biodiversity:

= Every country is characterized by its own biodiversity depending mainly on its climate.

= India has a rich biological diversity of flora and fauna. Overall six percent of the global species
are found in India.

» It is estimated that India ranks 10th among the plant-rich countries of the world, 11" in terms
of the number of endemic species of higher vertebrates and 6™ among the centres of diversity
and origin of agricultural crops.

= The total number of living species identified in our country is 150,000.

= Qut of a total of 25 biodiversity hot spots in the world, India possesses two, one in the north-
east region and one in the Western Ghats.

» India is also one of the 12 mega-biodiversity countries in the world.

= The Ministry of Environment and Forests, Govt. of India (2000) records 47,000 species of
plants and 81,000 species of animals which is about 7% and 6.5% respectively of global flora
and fauna.

=  Endemism:

o Species that are restricted only to a particular area are known as endemic.

o India shows a good number of endemic species.

o About 62% of amphibians and 50% of lizards are endemic to India. Western ghats are
the site of maximum endemism.

= (Center of origin:

o A large number of species are known to have originated in India.

o Nearly 5000 species of flowering plants had their origin in India. From an agro-
diversity point of view also our country is quite rich.

o India has been the centre of origin of 166 species of crop plants and 320 species of wild
relatives of cultivated crops, thereby providing a broad spectrum of diversity of traits
for our crop plants.

=  Marine diversity:

o Along the 7500 km long coastline of our country in the mangroves, estuaries, coral
reefs, backwaters etc. there exists a rich biodiversity.

o More than 340 species of corals of the world are found here.

The marine diversity is rich in mollusks, crustaceans (crabs etc.), polychaetes and
corals. Several species of Mangrove plants and seagrasses (Marine algae) are also
found in our country.
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= A large proportion of the Indian Biodiversity is still unexplored.

=  There are about 93 major wet lands, coral reefs and mangroves which need to be studied in
detail.

* Indian forests cover 64.01 million hectares having a rich biodiversity of plants in the Trans-
Himalayan, north-west, west, central and eastern Himalayan forests, western ghats, coasts,
deserts, Gangetic plains, Deccan plateau and the Andaman, Nicobar and Lakshadweep islands.

= Due to very diverse climatic conditions, there is a complete rainbow spectrum of biodiversity
in our country.

Group-wise species Distribution
Plants Number Animals Number
Bactena 850 Lower groups 9979
Fungi 23,000 Mollusca 5042
Algae 2500 Arthropoda 57,525
Bryophytes 2564 Pisces (Fishes) 2546
Amphibia
Preridophytes 1022 Reptiles 428
Gymnosperms 64 Birds 1228
Angiosperms 15,000 204
Mammals 372
Biodiversity Hotspots:
» Areas which exhibit high species richness as well as high species endemism are termed as

>
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hot spots of biodiversity. The term 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.

According to Myers et al. (2000) an area is designated as a hotspot when it contains at least
0.5% of the plant species as endemics.

About 40% of terrestrial plants and 25% of vertebrate species are endemic and found in
these hotspots.

After the tropical rain forests, the second highest number of endemic plant species are
found in the Mediterranean (Mittermeier).

Broadly, these hot spots are in Western Amazon, Madagascar, North and East Borneo,
North Eastern Australia, West Africa and Brazilian Atlantic forests.

These are the areas of high diversity, endemism and are also threatened by human
activities. More than 1 billion people (about 1/6th of the world’s population) most of whom
are desperately poor people, live in these areas.
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» Any measures of protecting these hotspots need to be planned keeping in view the human

settlements and tribal issues.

» Earlier 12 hot spots were identified on a global level. Later Myers et al (2000) recognized

25 hot spots as shown in the figure.

» Two of these hotspots lie in India extending into neighbouring countries namely, Indo-

Burma region (covering Eastern Himalayas) and Western Ghats - Sri Lanka region.

» The Indian hot spots are not only rich in floral wealth and endemic species of plants but

also reptiles, amphibians, swallow tailed butterflies and some mammals.

Eastern Himalayas:

They display an ultra-varied topography that fosters species diversity and endemism.

There are numerous deep and semi-isolated valleys in Sikkim which are extremely rich in
endemic plant species.

In an area of 7298 Km? of Sikkim about 4250 plant species are found of which 60% are
endemic.

The forest cover of Eastern Himalayas has dwindled to about 1/3™ of its original cover.
Certain species like Sapria himalayana, a parasitic angiosperm was sighted only twice in
this region in the last 70 years.

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
evolution and is considered to be the cradle of flowering plants.

Out of the world’s recorded flora 30% are endemic to India of which 35,000 are in the
Himalayas.

Western Ghats:

SCSVMV
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» [t extends along a 17,000 Km? strip of forests in Maharashtra, Karnataka, Tamil Nadu and
Kerala and has 40% of the total endemic plant species. 62% amphibians and 50% lizards
are
endemic to Western Ghats.

=  Forest tracts up to 500 m elevation covering 20% of the forest expanse are evergreen while
those in 500-1500 m range are semi evergreen.

= The major centers of diversity are Agastyamalai Hills and Silent Valley—the New
Amambalam Reserve Basin.

= [t 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.

=  Although the hotspots are characterized by endemism, interestingly, a few species are
common to both the hotspots in India.

= Some common plants include Ternstroemia japonica, Rhododendron and Hypericum, while
the common fauna includes laughing thrush, Fairy blue bird, lizard hawk etc. indicating
their common origin long back in the geological times.

Red Panda Gharial Gooty Tarantula Lion Tailed Macaque
Some endemic species of India
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Pygmy Hog, Assam

Bronzeback Vine Snake, Western Ghats
Nilgiri Blue Robin, Nilgiri Hills
Malabar Civet, Western Ghats

Namdapha Flying Squirrel, Arunachal
Pradesh

Indian Giant Squirrel

Bonnet Macaque



IUCN C(lassification of Species:

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

Least
Extinct Threatened Concern

)OOOCOO

Extinct in the wild Near Threatened

v 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.

v' A species is said to be endangered when its number has been reduced to a critical level
or whose habitats, have been drastically reduced and if such a species is not protected
and conserved, it is in immediate danger of extinction

v' A species is said to be in vulnerable category if its population is facing continuous
decline due to overexploitation or habitat destruction. Such a species is still abundant,
but under a serious threat of becoming endangered if causal factors are not checked.

v' Species which are not endangered or vulnerable at present, but are at a risk are
categorized as rare species. These taxa are usually localized within restricted areas i.e.
they are usually endemic. Sometimes they are thinly scattered over a more extensive
area.

Threats to biodiversity:
1. Habitat loss and deforestation:

v' The dramatic alteration of habitats directly threatens biodiversity. When such
habitats are lost due to deforestation and other anthropogenic activities such as
mining, the respective environments are unable to provide shelter, food, water, or
breeding grounds for the living organisms.

v In other words, it leads to unhealthy and unbalanced ecosystems that result in
the loss of biodiversity and extinction. Deforestation, in particular, is associated with
the destruction of about 18 million acres of forest habitats annually, damaging the
ecosystems on which countless species depend on for survival.

2. Climate change:
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v" The global climatic changes throughout the history of the plant have definitely
modified life and ecosystems in the planet.

v As an outcome, crucial habitats have been destroyed and a number of species have
gone extinct with a huge majority at the verge of extinction.

v' It therefore means that if the global temperatures continue to change drastically,
especially due to anthropogenic activities that accelerate the process, the threats to
biodiversity will continue to expand as ecosystems and species will not be able to
adapt.

v' For instance, the decreasing Arctic sea ice and the increasing ocean temperatures are
to blame for the changes in vegetation zones and deterioration of marine wildlife.
Besides, the ecosystems and species that cannot cope die out.

3. Overexploitation of resources:

v On the account of the ever rising human population, there has been a correlational
increase in demand for manufactured products, essential goods and services.

v The high demands of these things have resulted in overfishing, overhunting, over-
harvesting and excessive mineral resource extraction which has highly contributed to
biodiversity loss.

v" Mineral extraction, poaching, excessive logging and other forms of resource
exploitation for profit has heightened the risks of species extinction.

v It has also altered natural habits therefore destroying food chains and interfering
with the ecological balance.

4. Nutrient loading:

v As the agricultural sector continues to expand and serve towards attaining the
world’s food security, it has also more than doubled its dependence on the use of
fertilizers on a profitable scale.

v Accordingly, the use of fertilizers beyond limits has contributed to increased levels
of nitrogen and phosphorous nutrients in the natural ecosystems.

v' As much as the nutrients exist naturally in all ecosystems, the manufacturing of
artificial fertilizer with reactive nitrogen and phosphorus nutrients to increase crop
productivity has altered the ecological balance over time thereby threatening the
survival of ecosystems.

v" Particularly, the survival of species that flourish in phosphorous or nitrogen-poor
environments is increasingly threatened.

v" Furthermore, leaches and entry into water systems have resulted in increased
eutrophication and the creation of anoxic (oxygen-deficient) zones in marine
habitats.

5. Environmental pollution:
v" Pollution has continued to harm the biosphere by releasing and depositing toxic
chemicals into the atmospheric, terrestrial and marine systems.
v' With the high levels of pollution every year, it is gradually disrupting the
Earth’s ecosystems as the chemicals released potentially influence species’ habits
and ecosystems.
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v" Pollution has also depleted ozone levels, created dead zones in marine habitats due to
toxicity and acid rains, altered species feeding and breeding habits, and even caused
the death of many species due to oil spills or the consumption of plastic and other
toxic substances.

6. Invasive species:

v' Invasive species are non-native species that invade normal and healthy ecosystems
and threaten the survival of the native species either by attacking them or competing
for the habitat’s resources.

v Accordingly, they upset the native biota and ecosystems thereby causing extinctions
and massive threats to biodiversity.

v According to the Green Facts Foundation, nearly 40% of all animal extinctions since
the 17" century are associated with invasive alien species.

v' Similar reports also indicate that 80% of the threatened species in the Fynbos biome
of South Africa are endangered as a result of invading alien species.

v" Besides, the report emphasizes that the cumulative environmental biodiversity losses
of more than $100 billion in the UK, US, South Africa, Brazil, India, and Australia
are because of invasive pests.

INDIRECT DRIVERS:
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7. Petting and Exotic Species:
v Keeping a rare animal as a pet or a rare plant specimen has become fashionable these
days.
v" This makes illegal trading uncontrollable and leads to biodiversity loss.
v' Petting and exotic species may lead to hybridization and dominance by invasive
species too.
Conservation of biodiversity:
The enormous value of biodiversity due to their genetic, commercial, medical, aesthetic,
ecological and optional importance emphasizes the need to conserve biodiversity. Gradually we
are coming to realize that wildlife is not just a game to be hunted , rather it is a  gift of
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nature to be nurtured and enjoyed. Several measures are now being taken the world over to
conserve biodiversity including plants and wildlife.

There are two approaches of biodiversity conservation:

(a) In situ conservation (within habitat): This is achieved by the protection of wild flora and
fauna in nature itself. e.g. Biosphere Reserves, National Parks, Sanctuaries, Reserve Forests etc.
(b) Ex situ conservation (outside habitats) This is done by the establishment of gene banks,
seed banks, Z00S, botanical gardens, culture collections etc.
In Situ Conservation:

» At present, we have 7 major Biosphere reserves, 80 National Parks, 420 wildlife
sanctuaries and 120 Botanical Gardens in our country covering 4% of the geographic
area.

» The Biosphere Reserves conserve some representative ecosystems as a whole for long-
term in situ conservation.

» In India, we have Nanda Devi (U.P.), Nokrek (Meghalaya), Manas (Assam),
Sunderbans (West Bengal), Gulf of Mannar (Tamil Nadu), Nilgiri (Karnataka, Kerala,
Tamil Nadu), Great Nicobars and Similipal (Orrisa) biosphere Reserves.

» Within the Biosphere reserves we may have one or more National Parks.

» For example, Nilgiri Biosphere Reserve has two National Parks viz. Bandipur and
Nagarhole National Park.

» A National Park is an area dedicated for the conservation of wildlife along with its
environment.

» It is also meant for enjoyment through tourism but without impairing the environment.

» Grazing of domestic animals, all private rights and forestry activities are prohibited
within a National Park.

» Each National Park usually aims at the conservation specifically of some particular

— Name of Sanctuary State Major Wild Life
Name of State Important Wildlife
National Park Ghana Bird Sanciuary Rajasthan 300 species of birds
(including migratory)
Kaziranga Assam One homed Rhino Hazaribagh Sancruary Bihar Tiger, Leopard
Gir National Park Gujarat Indian Lion Sulmmpur Rird Sanctoary Haryana Migmtory birds
Dar;hjgam &K ]-[ang;ul Mal Sarovar Bird Sanciuary Gujarat Water birds
Bandipur Karnataka Elephant Abohar Wildlife Sanctuary Punjab Black buck
& . Mudamalai Wildlife Sanctuary Tamil Nadu Tiger, elephant,
Pesiyar Kerala Elephant, Tiger Leopard
Kanha MEP Tiger Vedanthangal Bird Sanctuary Tamil Nadu | Water birds
Corbett UP Tiger Jaldapara Wild Life Sanctuary | W, Bengal Rhinoceros, elephant,
Dudwa UP. Tiger Tiger
Ranthambore Rajasthan Tiger Wild Ass Sanctuary Gujarat Wild ass, wolf,
< : : ilgai, chinka
Santka Rajasthan Tiger rssiar Bl

species of wildlife along with others. Some major National Parks of our country are
enlisted in the Table.

» Wildlife sanctuaries are also protected areas where killing, hunting, shooting or
capturing of wildlife is prohibited except under the control of highest authority.

» However, private ownership rights are permissible and forestry operations are also
permitted to an extent that they do not affect the wildlife adversely. Some major wildlife
sanctuaries of our country are shown in Table.
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» For plants, there is one gene sanctuary for Citrus (Lemon family) and one for pitcher
plant (an insect eating plant) in Northeast India.

» For the protection and conservation of certain animals, there have been specific projects
in our country e.g. Project Tiger, Gir Lion Project, Crocodile Breeding Project, Project
Elephant, Snow Leopard Project.

Ex situ Conservation: This type of conservation is mainly done for conservation of crop
varieties, the wild relatives of crops and all the local varieties with the main objective of
conserving the total genetic variability of the crop species for future crop improvement or
afforestation programmes. In India, we have the following important gene bank/seed bank
facilities:

1. The National Bureau of Plant Genetic Resources (NBPGR) is located in New Delhi.
Here agricultural and horticultural crops and their wild relatives are preserved by cryo-
preservation of seeds, pollen etc. by using liquid nitrogen at a temperature as low as -
196°C. Varieties of rice, pearl millet, Brassica, turnip, radish, tomato, onion, carrot,
chilli, tobacco, poppy etc. have been preserved successfully in liquid nitrogen for several
years without losing seed viability.

2. National Bureau of Animal Genetic Resources (NBAGR) located at Karnal, Haryana.
It preserves the semen of domesticated bovine animals.

3. National Facility for Plant Tissue Culture Repository (NFPTCR) for the development
of a facility for the conservation of varieties of crop plants/trees by tissue culture. This
facility has been created within the NBPGR.

4. The G-15 countries have also resolved to set up a network of gene banks to facilitate the
conservation of various varieties of aromatic and medicinal plants for which India is the
networking coordinator country.
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Block — 3: Natural resources

3.1 Natural resources — definition — types — forest resources — uses —deforestation- reasons -
effects —water resources — dams — effects of dams - food resources — modern agriculture— ill
effects -energy resources- types — hydel —nuclear — solar —wind and biomass energy - world
scenario — Indian scenario.

3.2 Population and environment — reasons for over-exploitation of resources — population —
demography — population curves — population explosion — effects — consumerism — effects —
urbanization — reasons and effects- role of an individual.

Course Objectives
1. To understand the definition, types, and significance of natural resources.
2. To analyze the uses, reasons, and effects of deforestation on forest resources.

3. To evaluate the impact of dams on water resources and associated environmental
consequences.

4. To examine the effects of modern agriculture practices and the ill effects of
agrochemicals.

5. To explore various types of energy resources and their global and Indian scenarios.
Course Outcomes
1. Students will be able to define and categorize different types of natural resources.

2. Students will gain insights into the reasons and effects of deforestation on forest
ecosystems.

3. Students will critically assess the environmental impacts of dams on water resources.

4. Students will understand the implications of modern agricultural practices and the
detrimental effects of agrochemicals.

5. Students will be knowledgeable about various energy resources and their relevance in
the global and Indian contexts.

Natural Resources — Introduction

A resource is anything needed by an organism or group of organisms. The sum of all
physical, chemical, biological and social factors, that compose the surroundings of man, is
referred as environment and each element of these surroundings constitutes a resource on
which man draws in order to develop a better life.

Any material which can be transformed in a way that it becomes more valuable and
useful can be termed as a resource. Thus, only part of our natural environment, such as land,
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water, air, minerals, forest, rangeland, wildlife, fish or even human population that man can
utilize to promote his welfare may be regarded as a natural rvesource. In the case of humans, a
resource is any form of energy of matter essential for the fulfillment of physiological socio-
economic and cultural needs, both at the individual level and that of the community.

Water, air, soil, minerals, coal, forests, crops and wild life are all examples of natural resources.
The natural resources are of two kinds:

» Renewable resources which are in exhaustive and can be regenerated within a given
span of time e.g. forests, wildlife, wind energy, biomass energy, tidal energy, hydro
power etc. Solar energy is also a renewable form of energy as it is an inexhaustible
source of energy.

» Non-renewable resources which cannot be regenerated e.g.Fossil fuels like coal,
petroleum, minerals etc. Once we exhaust these reserves, they cannot be replenished.

|  Nonmetallic
minerals

(ciay. sand
phosphates)

Plants and
animails

(iocliversity)

Even our renewable resources can become non-renewable if we exploit them to such an extent
that their rate of consumption exceeds their rate of regeneration. For example, if a species is
exploited so much that its population size declines below the threshold level then it is not able to
sustain itself and gradually the species becomes endangered or extinct. It is very important to
protect and conserve our natural resources and use them in a judicious manner so that we don’t
exhaust them. It does not mean that we should stop using most of the natural resources. Rather,
we should use the resources in such a way that we always save enough of them for our future
generations.

FOREST RESOURCES:

Forests are one of the most important natural resources on this earth. Covering the earth
like a green blanket these forests not only produce innumerable material goods, but also provide
several environmental services which are essential for life. About 1/3rd of the world’s land area
is forested which includes closed as well as open forests.
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It is a natural ecosystem having multispecies and multiage trees as dominant community.
Forest covers about 1/3rd of the earth‘s land surface of which about 50% is occupied by tropical
forest. Thus forests are important in two ways ecologically and economically important.
Increased urbanization, industrialization and mining have entailed indiscriminate felling of trees
and
denudation of forests. The depleted forest wealth would simply deprive the man of economic
and
environmental values offered by forest Thus, forest ecology is a highly diverse and important
branch of ecological study. The presence of trees makes forest ecosystems and their study
unique. Former USSR accounts for about a 5% of the world’s forests, Brazil for about a 7th and
Canada and USA each for 6-7%. But it is a matter of concern that almost everywhere the cover
of the natural forests has declined over the years. The greatest loss occurred in tropical Asia
where one third of the forest resources have been destroyed.
USES OF FORESTS:
Commercial uses

v" Forests provide us a large number of commercial goods which include timber, firewood,
pulpwood, food items, gum, resins, non-edible oils, rubber, fibers, lac, bamboo canes,
fodder, medicine, drugs and many more items, the total worth of which is
estimated to be more than $ 300 billion per year.

v’ Half of the timber cut each year is used as fuel for heating and cooking. One third of the
wood harvest is used for building materials as lumber, plywood and hardwood, particle
board and chipboard.

v One sixth of the wood harvest is converted into pulp and used for paper industry.

v' Many forest lands are used for mining, agriculture, grazing, and recreation and for
development of dams.

Ecological uses: While a typical tree produces commercial goods worth about $ 590 it provides
environmental services worth nearly $ 196, 250. The ecological services provided by our forests
may be summed up as follows:

v" Production of oxygen: The trees produce oxygen by photosynthesis which is so vital
for life on this earth. They are rightly called as earth’s lungs.

v" Reducing global warming: The main greenhouse gas carbon dioxide (CO») is absorbed
by the forests as a raw material for photosynthesis. Thus forest canopy acts as a sink for
CO2
thereby reducing the problem of global warming caused by greenhouse gas CO».

v Wild life habitat: Forests are the homes of millions of wild animals and plants. About 7
million species are found in the tropical forests alone.

v" Regulation of hydrological cycle: Forested watersheds act like giant sponges,
absorbing the rainfall, slowing down the runoff and slowly releasing the water for
recharge of springs.

v' About 50-80 %of the moisture in the air above tropical forests comes from their
transpiration which helps in bringing rains.

v Soil Conservation: Forests bind the soil particles tightly in their roots and prevent soil
erosion. They also act as windbreaks.
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v Pollution moderators: Forests can absorb many toxic gases and can help in keeping the
air pure. They have also been reported to absorb noise and thus help in preventing air
and noise pollution
OVER EXPLOITATION OF FORESTS:

Since time immemorial, humans have depended heavily on forests for food, medicine,
shelter, wood and fuel. With growing civilization the demands for raw material like timber,
pulp, minerals, fuel wood etc. shooted up
resulting in large scale logging, mining,
road-building and clearing of forests. Our
forests contribute substantially to the
national economy. The international
timber trade alone is worth over US $ 40
billion per year. Excessive use of fuel
wood and charcoal, expansion of urban,
agricultural and industrial areas and

overgrazing have together led to over-

exploitation of our forests leading to their

rapid degradation.

DEFORESTATION

» Loss of tree crown > 80% - deforestation

» The total forest area of the world in 1900 was estimated to be
7,000million hectares which was reduced to 2890 million ha
in 1975 and fell down to just 2,300 million ha by 2000.

» Deforestation rate is relatively less in temperate countries, but
it is very alarming in tropical countries
where it is as high as 40-50 percent and at the present rate it is
estimated that in the next 60 years we would lose more than
90 percent of our tropical forests.

» The forested area in India seems to have stabilized since 1982
with about 0.04% decline annually. FAO (1983) estimated that
about 1.44 m ha of land was brought under afforestation

Parts of a tree

Branch

during this period leading to stabilization.

» As per FAO estimates, the deforestation rate per unit population in India is the lowest
amongst the major tropical countries, despite the fact that we have a huge population size
and very low per capita forest area (0.075 ha per capita).However, we are still far behind the
target of achieving 33% forest area as per our National Forest Policy, as we are still having
only 19.27 % of our land area (63.38m ha) covered by forests based on satellite data
(MoEF, 1998)

Major Causes of Deforestation:

v' Shifting cultivation: There are an estimated 300 millionpeople living as shifting cultivators
who practice slash and burn agriculture and are supposed to clear more than 5 lakh ha of
forests for
shifting cultivation annually. In India, we have this practice in Northeast and to some extent
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in Andhra Pradesh, Bihar and M.P which contribute to nearly half of the forest clearing
annually.

Fuel requirements: Increasing demands for fuel wood by the growing population in India
alone has shooted up to 300-500 million tons in 2001 as compared to just 65 million tons
during independence, increasing the pressure on forests.

Raw materials for industrial use: Wood for making boxes, furniture, railway-sleepers,
plywood, match-boxes, pulp for paper industry etc. have exerted tremendous pressure on
forests. Plywood is in great demand for packing tea for Tea industry of Assam while fir tree
wood is exploited greatly for packing apples in J&K.

Development projects: Massive destruction of forests occurs for various development
projects like hydroelectric projects, big dams, road construction, mining etc.

Growing food needs: In developing countries this is the main reason for deforestation. To
meet the demands of rapidly growing population, agricultural lands and settlements are
created permanently by clearing forests.

Overgrazing: The poor in the tropics mainly rely on wood as a source of fuel leading to
loss of tree cover and the cleared lands are turned into the grazing lands. Overgrazing by the
cattle leads to further degradation of these lands.

Consequences of Deforestation
Deforestation has far reaching consequences, which may be outlined as follows:

It threatens the existence of many wild life species due to destruction of their natural
habitat.

Biodiversity is lost and along with that genetic diversity is eroded.

Hydrological cycle gets affected, thereby influencing rainfall.

Problems of soil erosion and loss of soil fertility increase.

In hilly areas it often leads to landslides.

What can I do?

Using less paper / water.
Planting and taking care of trees.
Being a part of afforestation programme.

Creating awareness to the children and common people.
sksksk
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Water Resources:

Water the Elixir of Life — Sir. C. V. Raman

Water is an indispensable natural resource on this earth on which all life depends. About 97% of
the earth’s surface is covered by water and most of the animals and plants have 60-65% water in
their body.

Water is characterized by certain unique features which make it a marvellous resource:

>
>

>

It exists as a liquid over a wide range of temperature i.e. from 0° to100°C.

It has the highest specific heat, due to which it warms up and cools down very slowly
without causing shocks of temperature jerks to the aquatic life.

It has a high latent heat of vaporization hence; it takes a huge amount of energy for getting
vaporized. That’s why it produces a cooling effect as it evaporates.

It is an excellent solvent for several nutrients. Thus, it can serve as a very good carrier of
nutrients, including oxygen, which is essential for life. But, it can also easily dissolve
various

pollutants and become a carrier of pathogenic microorganisms.

Due to high surface tension and cohesion it can easily rise through great heights through the
trunk even in the tallest of the trees like Sequoia.

It has anomalous expansion behavior i.e. as it freezes; it expands instead of contracting and
thus becomes lighter. It is because of this property that even in extreme cold, the lakes
freeze only on the surface. Being lighter the ice keeps floating, whereas the bottom waters
remain at a higher temperature and therefore, can sustain aquatic organisms even in extreme
cold.

The water from various moist surfaces evaporates and falls again on
the earth in the form of rain or snow and passes through living organisms and ultimately
returns to the oceans.

Every year about 1.4 inch thick layer of water evaporates from the oceans, more than 90%
of which returns to the oceans through the hydrological cycle.

Solar energy drives the water cycle by evaporating it from various water bodies, which
subsequently return through rainfall or snow.

Plants too play a very important role by absorbing the groundwater from the soil and
releasing it into the atmosphere by the process of transpiration.

Global distribution of water resources is quite uneven depending upon several geographic
factors. Tropical rain forest areas receive maximum rainfall while the major world deserts
occur in zones of dry, descending air (20-40° N and S) and receive very little rainfall.

Functions of water in an organism:

Most of the life processes take place in water contained in the body. Uptake of nutrients,
their distribution in the body, regulation of temperature, and removal of wastes are all
mediated through water.

Human beings depend on water for almost every developmental activity. Water is used for
drinking, irrigation, and transportation, washing and waste disposal for industries and used
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as a coolant for thermal power plants. Water shapes the earth’s surface and regulates our
climate.

The usage of water can be of two types consumptive and non-consumptive.
» Water withdrawal (Non-consumptive use): taking water from groundwater or
surface water resource after use the water is returned to the water body.
» Water consumption (Consumptive use): the water which is taken up but not returned

for reuse.
With increasing human population and rapid development, the world water withdrawal
demands have increased many folds and a large

proportion of the water withdrawn is polluted due to anthropogenic activities. On a global
average 70 percent of the water withdrawn is used for agriculture.

In India, we use 93% of water in agricultural sector while in a country like Kuwait, which is
water-poor, only 4% is used for watering the crops.

About 25% of water on global average is used in industry, which again varies from a high of
70% in European countries to as low as 5% in less developed countries. Per capita use of
water shows wide variations.

In USA, an average family of 4 consumes more than 1000 M3 of water per year, which is
many times more than that in most developing countries.

India®s Water Resources Potential

India receives an annual precipitation of about 4000 cu.km. About 1869 cu.km occurs as
natural run off in rivers. India has 12 major rivers with a total catchments area of 252.8
million hectare.

Water: A Precious Natural Resource — Why?

v

v

Although water is very abundant on this earth, yet it is very precious.

Out of the total water reserves of the world, about 97% is salty water (Marine) and only 3%
is fresh water.

Even this small fraction of fresh water is not available to us as most of it is locked up in
polar ice caps and just 0.003% is readily available to us in the form of groundwater and
surface water.

Overuse of groundwater for drinking, irrigation and domestic purposes has resulted in rapid
depletion of groundwater in various regions leading to lowering of water table and drying of
wells.

Pollution of many of the groundwater aquifers has made many of these wells unfit for
consumption.

Rivers and streams have long been used for discharging the wastes. Most of the
civilizations have grown and flourished on the banks of rivers, but unfortunately, growth in
turn, has been responsible for pollution of the rivers.

As per the United Nations estimates (2002), at least 101 billion people do not even have
access to safe drinking water and 2.4 billion do not have adequate sanitation facilities.

Increasing population and expanding development would further increase the demands for
water.
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v It is estimated that by 2024, two-thirds of the world population would be suffering from
acute water shortage.

Groundwater

About 9.86% of the total fresh water resources is in the form of groundwater and it is about 35-

50 times that of surface water supplies. Till some time back groundwater was considered to be

very pure. However, of late, even groundwater aquifers have been found to be contaminated by

leachates from sanitary landfills etc.

e A layer of sediment or rock that is highly permeable and contains water is called an aquifer.
Layers of sand and gravel are good aquifers while clay and crystalline rocks (like granite)
are not since they have low permeability.

e Aquifers may be of two types:

v Unconfined aquifers which are overlaid by permeable earth materials and
they are recharged by water seeping down from above in the form of rainfall
and snow melt.

v Confined aquifers which are sandwiched between two impermeable layers of
rock or sediments and are recharged only in those areas where the aquifer
intersects the land surface. Sometimes the recharged area is hundreds of
kilometers away from the location of the well.

v Groundwater is not static, it moves, though at a very slow rate of about a
meter or so in a year.
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X Unconfined aquifer recharge area
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Depletion of water resources
= Shrinking of rivers, lakes & ponds
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Water pollution — 70% of surface water polluted

= Ground water depletion - >10 cm/yr & pollution- NO3

= [ncrease of sewage & industrial effluents

= [ndia will be water stressed by 2025 (UNEP)

= Per capita water has decreased from 2208 to 1700cu.m in a decade.

Effects of Groundwater Usage

(i) Subsidence: When groundwater withdrawal is more than its recharge rate, the sediments in
the aquifer get compacted, a phenomenon known
as ground subsidence. Huge economic losses may
occur due to this phenomenon because it results in
the sinking of overlying land surface. The
common problems associated with it include
structural damage in buildings, fracture in pipes,
reversing the flow of sewers and canals and tidal
flooding.

(ii) Lowering of water table: Mining of
groundwater is done extensively in arid and semi-
arid regions for irrigating crop fields. However, it is not advisable to do excessive mining as it
would cause a sharp decline in future agricultural production, due to lowering of water table.
(iii) Water logging: When excessive irrigation is done with brackish water it raises the water
table gradually leading to water-logging and salinity problems.

Water management:

Water management is the activity of planning, developing, distributing and managing the optimum
use of resources. Water is a basic necessity. No living creature can live without water.
There’s a scarcity of water. To avoid this scarcity, water is saved and managed efficiently.

Some of the ways to save water are as follows:

e Drip irrigation: Drip irrigation is a type of irrigation which that saves water and fertilizer by
dripping water slowly to the roots of various crops, either onto the soil surface or directly
onto the root zone, through a network of valves, pipes, tubing, and emitters. This saves more
water than the traditional watering method.

o Rainwater harvesting: Rainwater harvesting is the accumulation and deposition of
rainwater for reuse on-site, rather than allowing it to run off. Here, rainwater is stored for
further use.

o Water-wise habits: There are various wise habits to conserve water. Like during washing
clothes we can utilize wise techniques to save water. Fixing leaky taps. Keeping the tap
closed while brushing, taking a quick shower instead of long baths are a few examples of
saving water.

o Building dams: Dam is as an obstruction constructed across a stream or river. At the back
of this barrier water is collected forming a pool. The side on which water is collected is
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called upstream side and the other side of the barrier is called downstream side. The pool of
water which is formed upstream is called a Reservoir.
Earthen Dam

Dams are a boon or bane? / Merits and Demerits of Dams:

Benefits of Dams:

1. Dams are useful in flood control.
They are used to generate hydroelectricity.
Water storage and diversion.
Improved irrigation.
Local economic development.
Fish farming becomes possible.
They may be used for inland water transportation.

8. They become a tourist destination.
Problems associated with dams:

A) The upstream problems include the following:

Natural flow of the river is affected.
Displacement of tribal people since the dams are usually built in forest areas.
Loss of forests, flora and fauna.
Changes in fisheries and the spawning grounds

NN AE WD

Siltation and sedimentation of reservoirs.
Loss of non-forest land.
Stagnation and water logging near reservoir.
Breeding of vectors and spread of vector-borne diseases.
Evaporation loss increases.
10. Reservoir induced seismicity (RIS) causing earthquakes
11. Growth of aquatic weeds.
12. Microclimatic changes.
B) The downstream impacts include the following:
1. Water logging and salinity due to over irrigation.
2. Micro-climatic changes.
3. Reduced water flow and silt deposition in river leading to lower yields.
4. Flash floods in the case of dam collapse.
5
6
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Salt water intrusion at river mouth leading to delta degradation.
Loss of land fertility along the river since the sediments carrying nutrients
get deposited in the reservoir.
7. Outbreak of vector-borne diseases like malaria.

Food resources:

Food is one of the three basic needs of human beings. Food is essential for growth and
development of living organisms. These essential materials are called nutrients and these
nutrients are available from variety of animals and plants. There are thousands of edible plants
and animals over the world, out of which only about three dozen types constitute major food of
humans.
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World Food Problems:

As per estimates of Food and Agriculture Organization (FAO), about 840 million people remain
chronically hungry and out of this 800 million are living in the developing world. In last decade,
it is decreasing at the rate of 2.5 million per year, but at the same time world’s population is
increasing. Target of cutting half the number of world’s chronically hungry and undernourished
people by 2015 will be difficult to meet, if the present trend continues. Due to inadequate
purchasing power to buy food, it is difficult to fulfil minimum calorific requirement of human
body per day. Large numbers of people are in India are poor which can be attributed to equitable
distribution of income. Food insufficiency can be divided into two categories into under-
nourishment and malnourishment. Both of these insufficiencies are global problems.
Under-nourishment:

The FAO estimates that the average minimum daily caloric intake over the whole world is about
2,500 calories per day. People who receive less than 90% of their minimum dietary intake on a
long-term basis are considered undernourished. Those who receive less than 80% of their
minimum daily caloric intake requirements are considered ‘seriously’ undernourished. Children
in this category are likely to suffer from stunted growth, mental retardation, and other social and
developmental disorders. Therefore, Undernourishment means lack of sufficient calories in
available food, resulting in little or no ability to move or work.

Malnourishment:

Person may have excess food but still diet suffers from due to nutritional imbalance or inability
to absorb or may have problem to utilize essential nutrients. If we compare diet of the developed
countries with developing countries people in developed countries have processed food which
may be deficient in fiber, vitamins and other components whereas in the diet of developing
countries, may be lack of specific nutrients because they consume less meat, fruits and
vegetables due to poor purchasing power.

Malnourishment can be defined as lack of specific components of food such as proteins,
vitamins, or essential chemical elements.

The major problems of malnutrition are:

Marasmus: a progressive emaciation caused by lack of protein and calories.

Kwashiorkor: a lack of sufficient protein in the diet which leads to a failure of neural
development and therefore learning disabilities.

Anaemia: it is caused by a lack of iron in the diet or due to an inability to absorb iron from
food.

Pellagra: it occurs due to the deficiency of tryptophan and lysine, vitamins in the diet.

Every year, food problems kill as many people as were killed by the atomic bomb dropped on
Hiroshima during World War II. This shows that there is a drastic need to increase food
production, equitably distribute it and also to control population growth. Although India is the
third largest producer of staple crops, it is estimated that about 300 million Indians are still
undernourished. India has only half as much land as the USA, but it has nearly three times the
population to feed. Our food problems are directly related to the population.

Balanced diet:

Supply of adequate amounts of different nutrients can help to improve malnutrition and its

ill effects. Cereals like wheat and rice can supply only carbohydrates which are rich in energy
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supply, and are only a fraction of the nutrition requirement. The cereal diet has to be
supplemented with other food that can supply fat, protein and a minor quantity of minerals and
vitamins. A balanced diet will help to improve growth and health.

The increasing population forced the world community to produce more food materials
which is possible either by increasing the cropping area or by intensive cropping. Already we
have converted many grasslands and forests into cultivatable lands and further expansion was
not possible. So the only available choice was intensive cropping. Intensive cropping made
many countries attain food security but some other problems are there.

For centuries, agriculture is provided inputs to a large number of industries involved in the
production, processing and distribution of food. Accordingly, agriculture has a significant effect
on the environment. The effects of agriculture on the environment can be classified as local,
regional, and global level. Agriculture also makes an impact on the usage of land generally as
follows:

» Deforestation
Soil Erosion
Depletion of nutrients
Impact related to high-yielding varieties (HY V)

Fertilizers-related problems include micronutrient imbalance, nitrite pollution and
eutrophication.

Pesticide-related problems include creating resistance in pests and producing new pests,
death of non-target organisms, and biological magnification.

» Some other problems include water logging, salinity problems and others.

Effects of Modern Agriculture:

YV V VYV

A\ 4

For sustainable production modern techniques are used to enhance the productivity of different
cropping systems under different agro-eco-zones. The adoption of modern agricultural practices
has both positive and negative effects on the environment.

1. Soil erosion:
Raindrops bombarding bare soil result in the oldest and still most serious problem of
agriculture. The long history of soil erosion and its impact on civilization is one of devastation.
Eroded fields record our failure as land stewards.

2. Irrigation:
Adequate rainfall is never guaranteed for the dry land farmer in arid and semiarid regions, and
thus irrigation is essential for reliable production. Irrigation ensures sufficient water when
needed and also allows farmers to expand their acreage of suitable cropland. In fact, we rely
heavily on crops from irrigated lands, with fully one-third of the world's harvest coming from
that 17% of cropland that is under irrigation. Unfortunately, current irrigation practices severely
damage the cropland and the aquatic systems from which the water is withdrawn.

3. Agriculture and the loss of genetic diversity:
As modern agriculture converts an ever-increasing portion of the earth's land surface to
monoculture, the genetic and ecological diversity of the planet erodes. Both the conversion of
diverse natural ecosystems to new agricultural lands and the narrowing of the genetic diversity
of crops contribute to this erosion.

4. Fertilizer problems:
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For photosynthesis apart from water, sunshine and CO», plants need micro and macro
nutrients for growth. These nutrients are supplied in the shape of fertilizers. There is a lot of
potential to increase food productivity by increasing fertilizer use. On one hand application of
artificial chemical fertilizers increases productivity at a faster rate as compared to organic
fertilizers, on the other hand application of fertilizers can be a serious problem of pollution and
can create several problems. Excessive levels of nitrates in groundwater have created problems
in developed countries. These are:

a. Accumulated phosphorous as a consequence of the use of phosphoric fertilizer poses a serious
threat as residues in domestic water supply and for the ecology of rivers and other water bodies.
Increased levels of phosphates in different water results in eutrophication.

b. Effect of chemical fertilizer is long term, therefore leads to net loss of soil organic matter.

5. Pesticide related problems:

To control insects, pests, diseases and weeds which are responsible for reduction in
productivity different chemicals are used as insecticides, pesticides and herbicides. Successful
control of insects, pests and weeds increases productivity and reduces losses and provide
security for harvest and storage. Applications of these synthetic chemicals have great economic
values and at the same time cause number of serious problems such as:

v’ Affects human health which includes acute poisoning and illness caused by higher doses

and accidental exposes

v' As long-term effect, cause cancer, birth defects, Parkinson’s disease and other
degenerative diseases.
Long-term application of pesticides can affect soil fertility.
Danger of killing beneficial predators.
Pesticide resistance and pest resurgence

6. Water Logging:
High water table or surface flooding can cause water logging problems . Water logging may
lead to poor crop productivity due to anaerobic conditions created in the soil. In India, deltas of
Ganga, Andaman and Nicobar Islands and some areas of Kerala are prone to frequent water
logging.

7. Salinity:
Due to adoption of intensive agriculture practices and increased concentration of soluble salts
leads to salinity. Due to poor drainage, dissolved salts accumulate on soil surface and affects
soil fertility. Excess concentration of these salts may form a crust on the surface which may
injurious to the plants. The water absorption process is affected and uptake of nutrient is
disturbed. According to an estimate, in India, 7 million hectare of land is saline and area is
showing in increasing trends due to adoption of intensive agriculture practices.
Overgrazing: The carrying capacity of land for cattle depends upon micro climate and soil
fertility. If carrying capacity is exceeded than land is overgrazed. Because of overgrazing the
agricultural land gets affected as follows,

v Reduction in growth and diversity of plant species

v Reduce plant cover leads to increased soil erosion

v' Cattle trampling leads to land degradation.

ANEANERN
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Energy Resources:

Growing Energy Needs:
Energy consumption of a nation is usually considered as
an index of its development, because almost all the
development activities are directly or indirectly
dependent upon energy. Power generation and energy
consumption are crucial to economic development as the
economy of any nation depends upon the availability of
energy resources. There are wide disparities in per capita
energy use of developed and developing nations. With
increased speed of development in the developing
nations energy needs are also increasing.
» Energy resources are primarily divided into two
categories viz. renewable and non-renewable
sources.
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» Renewable energy resources must be preferred over non-renewable resources.
» It is an inevitable truth that now there is an urgent need to think in terms of alternative
sources of energy, which are also termed as non-conventional energy sources which

include:

» Solar energy needs equipment such as solar heat collectors, solar cells, solar cookers,
solar water heaters, solar furnaces and solar power plants.

» Wind energy

» Hydropower, Tidal energy, ocean thermal energy, geothermal energy, biomass, biogas,

biofuels etc.

» The non-renewable energy sources include coal, petroleum, natural gas, nuclear energy.

Energy Scenario:

v Energy is a key input in the economic growth and there is a close link between the
availability of energy and the future growth of a nation. Power generation and energy
consumption are crucial to economic development.

v In India, energy is consumed in a variety of forms such as fuel wood; animal waste
and agricultural residues are the traditional sources of energy. These non-commercial
fuels are gradually getting replaced by commercial fuels i.e. coal, petroleum

products, natural gas and electricity.

e QOut of total energy, commercial fuels account for 60% where as the balance
40% is coming from non-commercial fuels. Of the total commercial energy

produced in the form
69% is from coal (thermal power),
o 25% is from hydel power,
e 4% is from diesel and gas,
o 2% is from nuclear power, and

of

power or electricity,

e Less than 1% from non-conventional sources like solar, wind, ocean,

biomass, etc.
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v' Petroleum and its products are the other large sources of energy. In a developing country
like India, in spite of enhanced energy production, there is still shortage due to increased
demand of energy. In spite of the fact that there is a phenomenal increase in power
generating capacity, still there is 30% deficit of about 2,000 million units.

v Policy makers are in the process of formulating an energy policy with the objectives of
ensuring adequate energy supply at a minimum cost, achieving self-sufficiency in energy
supplies and protecting environment from adverse impact of utilizing energy resources in an
injudicious manner.

Use of Alternate Energy Sources:

There is a need to develop renewable energy sources which are available and could be utilized
(solar or wind) or the sources which could be created and utilized (bio-mass). The main
renewable energy sources for India are solar, wind, hydel, waste and bio-mass. Bio-mass are
resources which are agriculture related like wood, bagasse, cow dung, seeds, etc.

Hydel energy:

India has a total hydro energy potential of about 1.5 lakh MW, of which only about 20 % is
installed. Small hydro plant potential is about 15000 MW and most of it is in the northern and
eastern hilly regions.

1. The theory is to build a dam on a large river that has a large drop in elevation.

The dam stores lots of water behind it

in the reservoir. Hydroelectric power generation Q
Near the bottom of the dam wall there ﬁ

is the water intake. Gravity causes it to
fall through the penstock inside the — Powertransmission cables

dam. Dam m
Transformer gates

At the end of the penstock there is a
turbine propeller, which is turned by Power house
the moving water.

. Gonerator
.The shaft from the ‘%urbme goes up ¢ .d, e g P bt
into the generator, which produces the ¢ Pl
power. — ¥ Sy preny
. Downstream W Turbine Storage
Power lines are connected to the outt reservoir
generator that carries electricity to  Souss Beomun Cona h

your home and mine.
The water continues past the propeller through the tailrace into the river past the dam.

Advantages of Hydroelectric Energy:
v" Renewable: Hydroelectric energy is renewable. This means that we cannot use up.
However, there’s only a limited number of suitable reservoirs where hydroelectric power
plants can be built and even less places where such projects are profitable.
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v Green: Generating electricity with hydro energy is not polluting itself. The only
pollution occurs during the construction of these massive power plants.

v’ Reliable: Hydroelectricity is very reliable energy. There are very little fluctuations in
terms of the electric power that is being by the plants, unless a different output is
desired. Countries that have large resources of hydropower use hydroelectricity as a base
load energy source. As long as there is water in the magazines electricity can be
generated.

v Flexible: As previously mentioned, adjusting water flow and output of electricity is easy.
At times where power consumption is low, water flow is reduced and the magazine
levels are being conserved for times when the power consumption is high.

v Safe: Compared to among others fossil fuels and nuclear energy, hydroelectricity is
much safer. There is no fuel involved (other than water that is).

Disadvantages of Hydroelectric Energy:

e Environmental Consequences: The environmental consequences of hydropower are
related to interventions in nature due to damming of water, changed water flow and the
construction of roads and power lines.

e Hydroelectric power plants may affect fish is a complex interaction between numerous
physical and biological factors. More user interests related to exploitation of fish species,
which helps that this is a field that many have strong opinions on.

e Expensive: Building power plants in general is expensive. Hydroelectric power plants
are not an exception to this. On the other hand, these plants do not require a lot of
workers and maintenance costs are usually low.

e Droughts: Electricity generation and energy prices are directly related to how much
water is available. A drought could potentially affect this.

e Limited Reservoirs: suitable reservoirs are a must for hydroelectric power plants. There
may not be a suitable place available for building a reservoir in all places or the
environmental damage may outweigh the power production in some cases.

Wind energy:

Wind energy (or wind power) refers to the process of creating electricity using the wind, or air
flows that occur naturally in the earth’s atmosphere. Modern wind turbines are used to capture
kinetic energy from the wind and generate electricity.

There are three main types of wind energy:

Utility-scale wind: Wind turbines that range in size from 100 kilowatts to several megawatts,
where the electricity is delivered to the power grid and distributed to the end user by electric
utilities or power system operators.

Distributed or "small" wind: Single small wind turbines below

100 kilowatts that are used to directly power a home, farm or small « Fotor Blage
business and are not connected to the grid. Gear Box
Offshore wind: Wind turbines that are erected in large bodies of - Necele
water, usually on the continental shelf. Offshore wind turbines are —T“(; _—

larger than land-based turbines and can generate more power.

!
How do wind turbines work? j#- Power Cables

7t

Transformer

| 1< Tower
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When the wind blows past a wind turbine, its blades capture the wind’s kinetic energy
and rotate, turning it into mechanical energy. This rotation turns an internal shaft connected to a
gearbox, which increases the speed of rotation by a factor of 100. That spins a generator that
produces electricity.
Wind Power Benefits:

e Wind energy is a source of renewable energy. It does not contaminate, it is
inexhaustible and reduces the use of fossil fuels, which are the origin of greenhouse
gasses that cause global warming.

e In addition, wind energy is a “native” energy, because it is available practically
everywhere on the planet, which contributes to reducing energy imports and to
creating wealth and local employment.

Demerits of wind power:

» The working components need regular maintenance.

» Birds in the locality are affected.

» They lead to noise pollution to some extent.

» The winds are seasonal and directional.
Wind Power in India:
The wind power potential of India is about 45,000 MW out of which capacity of 8748 MW has
been installed in India till 2008. India is one of the leading countries in generating the power
through wind energy. Tamilnadu accounts for 29% of wind energy produced in India. Gujarat,
AP, Karnataka, MP and Rajasthan are states having more than 5000 MW potential each. These
potentials could be improved if the technology of putting turbines in sea is embraced. There are
wind farms on sea generating as high as 160 MW of power.

Geothermal energy

Geothermal energy is thermal energy generated and stored in the Earth. Earth's geothermal
energy originates from the original formation of the planet (20%) and from radioactive decay of
minerals (80%).

Geothermal power is cost effective, reliable, sustainable, and environmentally friendly,
but has historically been limited to areas near tectonic plate boundaries. Recent technological
advances have dramatically expanded the range and size of viable resources, especially for
applications such as home heating, opening a potential for widespread exploitation.

Geothermal wells release greenhouse gases trapped deep within the earth, but these
emissions are much lower per energy unit than those of fossil fuels.

This key renewable source covers a significant share of electricity demand in countries
like Iceland, El Salvador, New Zealand, Kenya, and Philippines and more than 90% of heating
demand in Iceland.

The main advantages are that it is not depending on weather conditions and has very
high capacity factors; for these reasons, geothermal power plants are capable of supplying base
load electricity, as well as providing ancillary services for short and long-term flexibility in
some cases.
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Geothermal Power Plants

At a geothermal power plant, wells
are drilled 1 or 2 miles deep into

Electric distribution network

the Earth to pump steam or hot Heat exchanger |}

water to the surface. You're most w ,, I Turbine
likely to find one of these power

Production well

plants il’l an arca that has a IOt Of for steam water i
hot springs, geysers, or volcanic [jextraction

activity, because these are places

where the Earth is particularly hot el S :

just below the surface.

1.

3,
4,
5.

Hot water is pumped from
deep underground through a
well under high pressure.
When the water reaches the surface, the pressure is dropped, which causes the water to
turn into steam.

The steam spins a turbine, which is connected to a generator that produces electricity.
The steam cools off in a cooling tower and condenses back to water.

The cooled water is pumped back into the Earth to begin the process again.

Geothermal Energy in India:

Following are the six most promising geothermal energy sites in India —

o Tattapani in Chhattisgarh

o Puga in Jammu & Kashmir

o Cambay Graben in Gujarat

o Manikaran in Himachal Pradesh
o Surajkund in Jharkhand

o Chhumathang in Jammu & Kashmir

Following are the six major geothermal provinces in India

o Himalayan Province e.g. Himachal Pradesh, Jammu & Kashmir, etc.

o Areas of Faulted blocks e.g. Aravalli belt, Naga-Lushi, West coast regions and
Son-Narmada lineament.

o Volcanic Arc e.g. Andaman and Nicobar Arc (Barren Island).

Deep sedimentary basin of Tertiary age e.g. Cambay basin in Gujarat.

o

o Radioactive Province e.g. Surajkund, Hazaribagh, and Jharkhand.

o Cratonic Province e.g. Peninsular India.
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Ocean thermal energy conversion (OTEC)

Seawater

Evaporator

The heat of the surface
water evaporates the
working fluid into a gas.

Turbine Generator

Pressurized working fluid in gas

: \L:I state drives the turbine.

Condenser

Cold Deep Sea Water
returns the working
fluid to liquid state.

Cold Deep
Sea Water

Working Fluid Pum,

D

Sends the liquid working
fluid to the evaporator.

Ocean Thermal Energy Conversion (OTEC) uses the difference between cooler deep and
warmer shallow or surface ocean waters to run a heat engine and produce useful work,
usually in the form of electricity.

The warm surface water of ocean is used to boil a liquid like ammonia. The high-pressure
vapours of the liquid formed by boiling are then used to turn the turbine of a generator and
produce electricity. The colder water from the deeper oceans is pumped to cool and
condense the vapours into liquid. Thus the process keeps on going continuously for 24 hours
a day.

A heat engine gives greater efficiency and power when run with a large temperature
difference.

In the oceans the temperature difference between surface and deep water is greatest in the
tropics, although still a modest 20 to 25 °C. It is therefore in the tropics that OTEC offers the
greatest possibilities.

A difference of 20°C or more is required between surface water and deeper water of ocean
for operating OTEC (Ocean Thermal Energy Conversion) power plants.

An easily liquefiable gas / highly volatile liquid is used a working liquid. Two reciprocating
pumps operate in opposite directions.

When the gas is compressed at low temperature it gets liquefied, another pump pumps it
back to surface at higher temperature, the liquid evaporates, leading to increase in pressure,
which drives a turbine, there by generating power.

OTEC has the potential to offer global amounts of energy that are 10 to 100 times greater
than other ocean energy options such as wave power.

Demerits:

v Construction to be done inside the sea, which is difficult.

v Maintenance is difficult.

v" When ammonia is used as working liquid there is always a problem of leakage and
related issues.
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Tidal power:
@ Sluice Gates
g I Road 1 High Water Level
,. @ s Head] Tidal
Basin
SPRING TIDE NEAP TIDE

I. Ocean tides produced by gravitational forces of sun and moon contain
enormous amounts of energy.

2. The hightide and low tide refer to the rise and fall of water in the oceans.

3. A difference of several meters is required between the height of high and low tide to spin the
turbines.

4. The tidal energy can be harnessed by constructing a tidal barrage.

5. During high tide, the sea water flows into the reservoir of the barrage
and turns the turbine, which in turn produces electricity by rotating
the generators.

6. During low tide, when the sea level is low, the seawater stored in the barrage reservoir flows
out into the sea and again turns the turbines.

7. There are only a few sites in the world where tidal energy can be suitably harnessed. The
Bay of Fundy Canada has 17-18 m high tides that have a potential of 5,000 MW of power
generation.

8. The tidal mill at La Rance, France is one of the first modern tidal power mills. In
India Gulf of Cambay, Gulf of Kutch and the Sunder bans deltas are
the tidal power sites.

Solar energy:

Sun is the ultimate source of energy, directly or indirectly for all other forms of energy. The
nuclear fusion reactions occurring inside the sun release enormous quantities of energy in
the

form of heat and light. The solar energy received by the near-earth space is approximately
1.4 kilojoules/second/m2 known as the solar constant.

Solar energy in India:

India being a tropical country has the potential to use solar energy on a commercial basis.
According to estimates, 35 MW of power could be generated from one sq km. With such
potential, solar energy has a bright future as an energy source for the development of the
country. Initial cost is the biggest limitation which has led to the low realization of its
potential. For solar energy to become one of the front runners, it will require a lot of
research, cheap technology and low capital
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Solar cells: They are also known as photovoltaic cells or PV cells. Solar cells are made of

thin wafers of semiconductor materials like silicon and gallium. When solar radiation fall on
them, a potential difference is produced which causes the flow of electrons and produces
electricity. Silicon can be obtained from silica or sand, which is abundantly available and
inexpensive. By using gallium arsenide, cadmium sulphide or boron, the efficiency of the
PV cells can be improved.
The potential difference produced by a single PV cell of 4 cm2 size is about 0.4-0.5 volts
and produces a current of 60 milli amperes.
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cooker:
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Solar cookers
make use of solar heat by reflecting the solar radiations using Glass =
a mirror directly on to a glass sheet Solar radiations Plane Foid

mirror (reflector) Inside blackened metallic box Blackened = sanetme
metallic container for cooking food Glass cover which covers Box fype salar coker

the black insulated box within which the raw food is kept as shown.

A new design of solar cooker is now available which involves a spherical reflector (concave
or parabolic reflector) instead of a plane mirror that has more heating effect and hence
greater
efficiency. However, it has the limitation that it cannot be wused at night or
on cloudy days. Moreover, the direction of the cooker has to be adjusted
according to the direction of the sun rays.

Solar water heater:

It consists of an insulated box painted black from inside and having a glass lid to
receive and store solar heat. Inside the box it has black painted copper coil through which
cold water is made to flow in, which gets heated and flows out into a storage tank.
The hot water from the storage tank fitted on roof top is then supplied through pipes into
buildings like hotels and hospitals.

Solar furnace:
Here thousands of small plane mirrors are ii,m,lmd
arranged in concave reflectors, all of which (0
collect the solar heat and produce as high a
temperature as 3000°C.

Solar power plant:
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Solar energy is harnessed on a large scale by using concave reflectors which cause boiling

of water to produce steam. The steam turbine drives a generator to produce electricity. A
solar power plant (50 K Watt capacity) has been installed at Gurgaon,
Haryana.

Biomass energy:

1.

Biomass is the oldest means of energy used by humans along with solar energy. As soon
as the fire was discovered, it was used widely among humans mainly for heat and light.
Fire was generated using wood or leaves, which is basically a biomass. The biomass
could be used to generate steam or power or used as a fuel.

Power is generated using rice husk in Andhra Pradesh, while several bagasse based
plants are there.

India has a potential of 3500 MW from bagasse. Other fast growing plants could be
planned over a huge area, so that it provides biomass for generating power.

Organic waste such as dead plant and animal material, animal dung, and kitchen waste
can be converted by the anaerobic digestion or fermentation into a gaseous fuel called
biogas

Biogas is a mixture of 65% methane (CH4) and of 35% CO:z and may have small
amounts of hydrogen sulphide (H2S), moisture and siloxanes. It is a renewable energy
resulting from biomass.

Biogas can be used as a fuel in any country for any heating purpose, such as cooking. It
can also be used in anaerobic digesters where it is typically used in a gas engine to
convert the energy in the gas into electricity and heat. Biogas can be compressed, much
like natural gas, and used to power motor vehicles.

Bio-fuels: India has more than 50 million hectares of wasteland, which could be utilized
for cultivating fuel plants. Jatropha is one of the options that can be planted on arid lands
and be used for the production of biofuels.

Glossary:

Natural Resources: Materials or substances that occur in nature and can be used for
economic gain.

Renewable Resources: Resources that can be replenished naturally over short periods
of time, such as sunlight, wind, and biomass.

Non-renewable Resources: Resources that cannot be easily replenished once they are
depleted, such as fossil fuels and minerals.

Deforestation: The clearing or thinning of forests by humans.

Agrochemicals: Chemicals used in agriculture, including pesticides, herbicides, and
fertilizers.

Hydel Energy: Energy generated from the movement of water, commonly known as
hydroelectric power.
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e Nuclear Energy: Energy released during nuclear fission or fusion, especially when used
to generate electricity.

e Solar Energy: Energy harnessed from the sun's rays, typically converted into electricity
or heat.

e Wind Energy: Energy obtained from the wind using wind turbines to generate
electricity.

e Biomass Energy: Energy produced from organic materials such as plant and animal
waste.

e Population Demography: The statistical study of populations, including the structure,
distribution, and trends in size and growth.

e Population Explosion: A rapid increase in population size, typically due to high birth
rates and decreased mortality rates.

e Consumerism: The preoccupation with and an inclination towards the buying of
consumer goods.

e Urbanization: The process of making an area more urban through the increase in
population and infrastructure development.

e Sustainable Development: Development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.

e Environmental Impact: The effect of human activities on the environment, including
natural resources and ecosystems.

o Integrated Pest Management (IPM): A pest control strategy that uses a combination of
techniques to reduce pest damage with minimal environmental impact.

e Over-exploitation: The excessive use of natural resources leading to their depletion.

o Ecosystem: A community of living organisms interacting with their physical
environment.

e Carbon Footprint: The total amount of greenhouse gases produced directly or
indirectly by human activities, usually measured in equivalent tons of carbon dioxide
(CO2).

e Population Curve: A graph that shows the growth of a population over time.

e Demographic Transition: The transition from high birth and death rates to lower birth
and death rates as a country develops.

e Carrying Capacity: The maximum population size that an environment can sustain
indefinitely.

e Fertility Rate: The average number of children born to a woman over her lifetime.

e Mortality Rate: The number of deaths in a population over a specific period of time.

e Migration: The movement of people from one place to another, which can affect
population size and composition.

e Urban Sprawl: The uncontrolled expansion of urban areas into rural land.

e Birth Rate: The number of live births per thousand people in a population per year.

e Death Rate: The number of deaths per thousand people in a population per year.

Natural Resources
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What are the differences between renewable and non-renewable resources? Provide
examples of each.

How does deforestation impact the environment and what are the main reasons behind
it?

Discuss the advantages and disadvantages of using hydroelectric power as an energy
resource.

What are the environmental consequences of modern agricultural practices, and how do
agrochemicals affect ecosystems?

Compare and contrast different types of energy resources such as solar, wind, nuclear,
and biomass energy in terms of their sustainability and environmental impact.

Population and Environment

6.

9.

10.

Explain the concept of population demography and its importance in understanding
population trends.

How does population explosion affect natural resource consumption and environmental
sustainability?

What is the demographic transition, and how does it relate to population growth in
developing versus developed countries?

Analyze the reasons for urbanization and its effects on both the environment and society.
Describe the role of individuals in mitigating the over-exploitation of natural resources
and promoting environmental sustainability.

Integrated Topics

11.

12.

13.

14.

15.

How do population dynamics influence the management and conservation of natural
resources?

Discuss the concept of carrying capacity and its relevance to both natural resources and
population growth.

What are the key factors that contribute to consumerism, and how does it impact the
environment?

Evaluate the environmental impacts of dams on water resources and surrounding
ecosystems.

How can integrated pest management (IPM) be used to reduce the negative effects of
agrochemicals on the environment?
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Block — 4: Environmental Pollution

4.1 Pollution — definition — types — air pollution — causes and effects — effects of CO2 — CO —
NOx —SOx — particulates — control of air pollution — water pollution — causes — effects —
remedies — soil pollution — solid waste management — e-waste — ill effects of e-waste — proper
recycling- Noise pollution — reasons — effects — control — nuclear pollution — causes — effects

and control —thermal pollution causes — effects and remedies.

4.2 Legal provisions for protecting environment — article 48 A — 51 A (g) — Environment Act
1986 — Air Act 1981 — Water Act 1974 — Wild-life Protection Act — Forest Act 1980 - problems

in implementation—reasons.

Course Objectives
e Provide a comprehensive understanding of various types of pollution and their
definitions.
e Highlight the causes and effects of air, water, soil, noise, nuclear, and thermal pollution.
e Explain control measures for different types of pollution and the importance of waste
management.
e Introduce the legal frameworks for environmental protection and their significance.

e Discuss challenges in implementing environmental laws and propose practical solutions.

Course Outcomes
v" Define various types of pollution and articulate their significance.
v' Identify and analyze the causes and effects of pollutants on the environment and health.
v’ Evaluate and recommend control measures for different pollution types and understand
waste management practices.
v Explain key legal provisions for environmental protection and their roles.
v Discuss implementation challenges of environmental laws and develop practical

solutions.

Introduction to Pollution

Pollution is a pervasive environmental issue that arises from the introduction of harmful
contaminants into natural ecosystems, significantly impacting their equilibrium and the health of
living organisms. Defined broadly, pollution encompasses various forms of contamination
across air, water, soil, noise, and even light, posing significant challenges to both ecological
balance and human well-being.
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Importance of Understanding Different Types of Pollution
Understanding the diverse types of pollution is crucial for several compelling reasons:

1. Environmental Sustainability: Pollution disrupts natural ecosystems and biodiversity,
leading to long-term consequences such as habitat degradation, species loss, and
ecosystem collapse. By comprehending the sources and pathways of pollutants—
whether they originate from industrial emissions, agricultural runoff, or urban waste—
we can better devise strategies to mitigate their impacts and restore ecological balance.

2. Human Health: Pollution directly affects human health, contributing to a wide range of
ailments from respiratory diseases and cancers to neurological disorders and
reproductive complications. Air pollutants like particulate matter and ozone can
penetrate deep into the lungs, while contaminated water sources pose risks of waterborne
diseases. Noise pollution disrupts sleep patterns and increases stress levels, impacting
overall well-being.

3. Global Climate Change: Certain pollutants, notably greenhouse gases like carbon
dioxide (CO2) and methane (CH4), contribute to global warming and climate change.
Understanding their sources and mechanisms of impact helps in formulating policies and
technologies to reduce emissions and mitigate climate-related risks.

4. Economic Impacts: Pollution imposes substantial economic costs through healthcare
expenditures, loss of productivity, and environmental remediation efforts. Addressing
pollution not only protects human health and ecosystems but also promotes sustainable
economic development by reducing these burdens

Types of Pollution:

1. Air Pollution: Involves the release of harmful gases, particulates, and biological
molecules into the atmosphere, primarily from industrial processes, vehicular emissions,
and agricultural activities. These pollutants, including carbon monoxide (CO), sulfur
dioxide (SO2), nitrogen oxides (NOx), ozone (O3), and particulate matter (PM),
contribute to respiratory diseases, cardiovascular problems, and global climate change.

2. Water Pollution: Results from the discharge of industrial wastes, untreated sewage,
agricultural runoff, and oil spills into water bodies. This contamination can lead to the
eutrophication of lakes and rivers, harming aquatic life and jeopardizing the safety of
drinking water sources for human populations.

3. Soil Pollution: Occurs due to the accumulation of toxic chemicals, pesticides, heavy
metals, and industrial waste in soil layers. Soil pollution diminishes soil fertility,
compromises crop productivity, and poses health risks through the food chain as
pollutants seep into groundwater.
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4. Noise Pollution: Arises from excessive noise levels in urban areas, industrial zones, and
transportation corridors, impacting human health by causing hearing impairments,
stress-related disorders, and disruptions to communication and sleep patterns.

5. Light Pollution: Results from the excessive and misdirected use of artificial light sources
in urban areas, affecting natural ecosystems, disrupting wildlife behaviors such as
migration patterns, and contributing to energy waste.

Effects of Pollution: Pollution exerts far-reaching impacts on both the environment and human
health, manifesting in several ways:

o Environmental Degradation: Disruption of ecological balance, loss of biodiversity, and
degradation of natural habitats.

o Health Impacts: Respiratory illnesses, cardiovascular diseases, neurological disorders,
and cancers linked to exposure to airborne pollutants and contaminated water sources.

o Economic Costs: Expenses related to healthcare, environmental remediation, and loss of
productivity in agriculture and industry due to pollution-related impacts.

Causes of Pollution: Human activities are predominantly responsible for pollution, driven by
industrialization, urbanization, unsustainable agricultural practices, and inadequate waste
management systems. The rapid growth of global population and consumption patterns
intensifies these pressures on the environment, exacerbating pollution levels worldwide.

Mitigation and Prevention: Addressing pollution requires a multifaceted approach involving:

e Regulatory Frameworks: Enactment and enforcement of stringent environmental
regulations to limit pollutant emissions and ensure compliance with standards.

o Technological Innovations: Development and deployment of cleaner technologies, such
as renewable energy sources, efficient waste treatment processes, and sustainable
agricultural practices.

o Public Awareness and Education: Promoting environmental stewardship, sustainable
lifestyles, and responsible consumption habits to reduce pollution at its source.

o International Cooperation: Collaborative efforts among nations, organizations, and
communities to tackle transboundary pollution issues and promote global environmental
sustainability.

o Pollution represents a critical challenge of our time, necessitating concerted efforts at
local, national, and global levels to mitigate its adverse effects on ecosystems,
biodiversity, and human health. By understanding the causes, effects, and solutions to
pollution, individuals and societies can work towards achieving a cleaner, healthier, and
more sustainable environment for future generations.
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Air Pollution:

It involves the release of harmful gases, particulates, and biological molecules into the
atmosphere, primarily from industrial processes, vehicular emissions, and agricultural activities.
These pollutants, including carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides
(NOx), ozone (0O3), and particulate matter (PM), contribute to respiratory diseases,
cardiovascular problems, and global climate change.

Air Pollution: A Hazard to Human Health and the Environment

Air pollution poses a significant threat to both human health and environmental
sustainability, arising from diverse sources such as industrial processes, vehicular emissions,
and agricultural activities. This pervasive issue releases a complex mixture of harmful
substances into the atmosphere, including gases, particulates, and biological molecules, with
profound implications for global climate change and public health.

Sources of Air Pollution

1. Industrial Processes: Industries, including manufacturing facilities, power plants, and
refineries, release pollutants during production and combustion processes. These
emissions often contain sulfur dioxide (SO2), nitrogen oxides (NOx), volatile organic
compounds (VOCs), and particulate matter (PM), contributing to local and regional air
quality degradation.

2. Vehicular Emissions: Motor vehicles, especially those powered by gasoline and diesel
engines, emit pollutants such as carbon monoxide (CO), nitrogen oxides (NOXx),
particulate matter (PM), and hydrocarbons (HCs). Urban areas with high traffic density
experience elevated levels of these pollutants, affecting air quality and public health.

3. Agricultural Activities: Farming practices contribute to air pollution through the use of
fertilizers and pesticides, which release ammonia (NH3) and volatile organic compounds
(VOCs) into the atmosphere. Livestock operations also produce methane (CH4), a potent
greenhouse gas, further impacting regional air quality and contributing to climate
change.

Types of Air Pollutants

1. Carbon Monoxide (CO): Produced primarily by incomplete combustion of fossil fuels in
vehicles and industrial processes. CO is a colorless, odorless gas that interferes with the
body's ability to transport oxygen, leading to headaches, dizziness, and in high
concentrations, death.

2. Sulfur Dioxide (SO2): Generated by burning fossil fuels containing sulfur compounds,
such as coal and oil. SO2 reacts in the atmosphere to form sulfuric acid (H2SO4), a
component of acid rain that damages buildings, crops, and aquatic ecosystems.
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Inhalation of SO2 can cause respiratory problems, exacerbating conditions like asthma
and chronic bronchitis.

3. Nitrogen Oxides (NOx): Formed during high-temperature combustion processes,
particularly in vehicle engines and power plants. NOx contributes to the formation of
ground-level ozone (O3) and fine particulate matter (PM2.5), which are harmful to
human health and can lead to respiratory illnesses, cardiovascular diseases, and reduced
lung function.

4. Ozone (03): Ground-level ozone is not emitted directly but forms when nitrogen oxides
(NOx) and volatile organic compounds (VOCs) react in the presence of sunlight. Ozone
pollution, commonly found in urban areas and during hot weather, irritates the
respiratory system, exacerbates asthma and other lung diseases, and damages lung tissue
with prolonged exposure.

5. Particulate Matter (PM): Consists of microscopic particles suspended in the air,
categorized by size as PM10 (coarse particles) and PM2.5 (fine particles). Sources
include vehicle exhaust, industrial emissions, construction activities, and agricultural
burning. PM can penetrate deep into the lungs and enter the bloodstream, causing
respiratory and cardiovascular diseases, lung cancer, and premature death.

Health and Environmental Impacts

1. Human Health: Air pollution poses significant health risks, particularly to vulnerable
populations such as children, the elderly, and individuals with pre-existing respiratory or
cardiovascular conditions. Long-term exposure to pollutants like PM, NOx, and ozone
increases the risk of respiratory infections, exacerbates asthma and allergies, and
contributes to cardiovascular diseases, including heart attacks and strokes.

2. Environmental Effects: Air pollutants have detrimental effects on ecosystems and
biodiversity. Acid rain, caused by sulfur dioxide and nitrogen oxides, damages forests,
lakes, and aquatic ecosystems by altering soil pH and leaching essential nutrients. Ozone
pollution harms vegetation, reducing crop yields and forest productivity, and affects
wildlife populations.

Contribution to Global Climate Change

Certain air pollutants, such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N20),
are greenhouse gases that contribute to global warming and climate change. These gases trap
heat in the Earth's atmosphere, leading to increased temperatures, sea-level rise, altered
precipitation patterns, and more frequent and intense extreme weather events.

Mitigation Strategies
Addressing air pollution requires comprehensive strategies at local, national, and global levels:

o Regulatory Measures: Enacting and enforcing stringent emission standards and pollution
controls for industries, vehicles, and power plants.
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Technological Innovations: Developing and deploying cleaner technologies, such as
catalytic converters, particulate filters, and renewable energy sources, to reduce
emissions and improve air quality.

Public Awareness and Education: Educating communities about the health impacts of air
pollution, promoting sustainable transportation options, and advocating for policies that
prioritize air quality improvement.

International Cooperation: Collaborating on global initiatives to reduce transboundary
air pollution, share best practices, and implement climate mitigation strategies to address
the root causes of air pollution and climate change.

Particulate Pollution:

Controlling particulate matter (PM) emissions is crucial for improving air quality and
reducing health risks associated with airborne pollutants. Particulates, ranging from coarse dust
to fine aerosols, originate from various sources such as combustion processes, industrial
activities, and natural events like wildfires. Effective control methods aim to mitigate emissions

at their source or capture them before they disperse into the atmosphere. Here are several
methods commonly used to control particulates:

1.

2.

5.

6.

Source Reduction:

Particulate Matter Control Devices:
Wet Scrubbers:

Dry Scrubbers:

Natural Methods:

Regulatory Measures:

Fabric Filters (Baghouses):

Fabric filters, commonly known as baghouses, are air pollution control devices used to capture
particulate matter from industrial gas streams. Here’s how they work:

Principle: Fabric filters operate on the principle of physical filtration. As contaminated
air passes through a series of fabric bags (made of woven or felted materials like
polyester, fiberglass, or polypropylene), particulates are captured on the surface of the
fabric.

Collection Mechanism: Particles larger than the pore size of the fabric are captured on
the outside surface of the bags through mechanisms like interception, inertial impaction,
and diffusion. Fine particulates adhere to the fibers due to electrostatic forces or by
mechanical sieving.

Cleaning Mechanism: To maintain efficiency, the fabric bags are periodically cleaned
(usually through reverse airflow, vibration, or mechanical shaking) to dislodge
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accumulated particulates. The dislodged particulates then fall into a hopper for disposal
or recycling.

Applications: Baghouses are effective in capturing a wide range of particulate sizes,
from coarse dust to fine aerosols. They are used in industries such as cement production,
power generation (coal-fired boilers), metallurgy, pharmaceuticals, and food processing.

Advantages:

High efficiency in capturing fine particulates.
Versatility in handling varying gas volumes and particulate concentrations.
Low operating costs compared to some other control technologies.

Ability to handle high temperatures and corrosive gases with appropriate fabric
selection.

Disadvantages:

Initial investment and maintenance costs can be high.
Consumes energy for operation (e.g., for fan systems and periodic cleaning).

Requires proper maintenance and monitoring to prevent bag deterioration and ensure
effective filtration.

Electrostatic Precipitators (ESPs): Electrostatic precipitators (ESPs) are another widely used
technology for controlling particulate emissions. Here’s an overview of their operation:

Principle: ESPs use electrostatic forces to remove particulates from gas streams. The
process involves charging particles using high-voltage electrodes and then collecting
them on grounded plates or tubes.

Charging Mechanism: Gas flows through an ionization section where corona discharge
or radio frequency energy charges particles, making them electrically charged.

Collection Plates: Charged particles are attracted to oppositely charged collection plates
or tubes (also known as collector electrodes), where they accumulate until removed.

Cleaning Mechanism: Periodically, collected particulates are dislodged from the plates
by mechanical rapping, acoustic waves, or water sprays. The dislodged particles are then
collected in hoppers for disposal.

Applications: ESPs are effective in capturing fine particulates (including smoke, fumes,
and submicron particles) from exhaust gases in industries such as power plants
(especially coal-fired), cement kilns, steel mills, and incinerators.

Advantages:

High efficiency in removing fine particulates, even submicron particles.
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e Lower pressure drop compared to fabric filters, resulting in energy savings.
e Can handle large gas volumes and varying particulate loads effectively.
o Suitable for applications requiring high-temperature operation.

Disadvantages:

Higher initial capital cost compared to some other control technologies.
o Sensitive to variations in gas temperature and composition.
o Requires regular maintenance and cleaning of electrodes and collection plates.

o Potential for ozone generation in some designs, which requires additional control

measures.

Cyclone Separators: .  Cleaner
% Air

Cyclone separators are simple devices that use centrifugal force to Tobe

Inlet

separate particulates from an air stream.

e Principle: Gas enters tangentially into a cylindrical or conical Diny
chamber, creating a swirling motion (vortex) inside the cyclone.
This vortex forces heavier particles to move towards the outer wall

of the cyclone due to centrifugal force.

Cyclone
Body ~ [

o Separation Mechanism: As the gas spirals downward in the
cyclone, larger and heavier particles collide with the cyclone walls
and lose momentum, falling into a hopper at the bottom of the Section
device.

v
Dirt

e Collection Efficiency: Cyclones are effective in capturing larger particles (typically 5
micrometers or larger) but may not efficiently capture finer particles due to their lower
inertia and tendency to remain entrained in the gas stream.

o Applications: Cyclone separators are commonly used as pre-collectors to remove coarse
particles (e.g., sand, dust) from industrial processes before exhaust gases enter more
efficient particulate control devices like fabric filters or electrostatic precipitators.

Advantages:
e Simple design and operation with no moving parts.
¢ Low maintenance and operational costs compared to other technologies.
o Effective in handling high-temperature and abrasive particulate streams.
Disadvantages:

o Limited efficiency in capturing fine particulates (<5 micrometres).
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o Higher pressure drop compared to fabric filters and electrostatic precipitators.

o Size and efficiency depend on gas flow rate, particle size distribution, and cyclone
design.

Introduction to Scrubbers:

Scrubbers are air pollution control devices used to remove particles and gases from
industrial exhaust streams before they are released into the atmosphere. They play a
crucial role in reducing emissions of harmful pollutants, thereby improving air quality
and minimizing environmental impact. Two main types of scrubbers are commonly
used: dry scrubbers and wet scrubbers.

1. Dry Scrubbers:

e Operation: Dry scrubbers utilize a dry sorbent material to remove pollutants from gas
streams. The sorbent, typically limestone (calcium carbonate) or hydrated lime (calcium
hydroxide), reacts with acidic gases such as sulfur dioxide (SO2) and hydrogen chloride
(HCI) to neutralize them.

e Process: Gas flows through a chamber or vessel containing the dry sorbent material. As
the gas passes through, acidic pollutants are absorbed or chemically reacted with the
sorbent particles. The neutralized gases exit the scrubber as clean air.

e Advantages:

o No water is required in the scrubbing process, making it suitable for applications
where water conservation is a concern.

o Dry scrubbers are generally simpler to install and operate compared to wet
scrubbers.

o They are effective for removing acid gases and particulate matter from exhaust
streams.

o Disadvantages:

o Limited efficiency for removing gases that require high moisture for effective
scrubbing.

o Sorbent material handling and disposal can be costly, especially for large-scale
applications.

o Potential for dust emissions if not properly managed.

o Applications: Dry scrubbers are commonly used in industries such as cement
manufacturing, incineration plants, and metal smelting facilities where acidic gases and
particulates need to be controlled.
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Wet Scrubbers:

e Operation: Wet scrubbers use a liquid (usually water e
or an alkaline solution) to capture and neutralize
pollutants in gas streams. The polluted gas passes
through a wet scrubbing chamber where it comes into
contact with the scrubbing liquid.

o Process: Pollutants are absorbed or dissolved into the
. . . . . fiue gas
scrubbing liquid through physical contact or chemical — o
. . . stimers 1™y botiom fraction | @cwculauon pump
reactions. The liquid then undergoes treatment or ; ‘ %ﬁ

Joxidizing gas @
recycling, while cleaned gas exits the scrubber. \ K

imestone

o Types:

gypsum

o Venturi Scrubbers: Use high-velocity liquid
streams to atomize and capture particles and gases.

o Packed Bed Scrubbers: Employ packing material (like ceramic or plastic) to
increase surface area and contact time between gas and liquid for efficient
absorption.

o Spray Tower Scrubbers: Direct gas through a chamber where it contacts a
spray of scrubbing liquid, effectively removing pollutants.

e Advantages:

o Highly efficient in removing both gases and particulate matter from exhaust
streams.

o Can handle high temperatures and varying gas flows.

o Versatile and effective for a wide range of pollutants, including acidic gases,
volatile organic compounds (VOCs), and odorous compounds.

o Disadvantages:

o Requires significant amounts of water, which can pose environmental concerns
and increase operational costs.

o Maintenance of liquid handling systems and disposal of spent scrubbing liquid
can be complex.

o Performance may be affected by temperature variations and gas composition
changes.

o Applications: Wet scrubbers are widely used in industries such as power plants,
chemical processing facilities, steel mills, and semiconductor manufacturing where
stringent emission standards must be met.

SCSVMV CDOE Environmental Science



Page |40

Water Pollution

Water pollution is a significant environmental issue caused by the introduction of

harmful substances into water bodies, compromising their quality and usability for various
purposes. Sources of water pollution range from industrial discharges and agricultural runoff to
improper waste disposal and urban sewage systems. Understanding these sources, effects on

ecosystems and human health, and potential remedies is crucial for effective environmental
stewardship.

Sources of Water Pollution

1.

Industrial Discharge: Industries release a variety of pollutants into water bodies through
effluent discharge. These pollutants include heavy metals (e.g., lead, mercury), toxic
chemicals (e.g., pesticides, solvents), and organic compounds (e.g., benzene, chlorinated
hydrocarbons), which can accumulate in sediments and aquatic organisms, disrupting
ecosystem health.

Agricultural Runoff: Farming activities contribute to water pollution through the runoff
of fertilizers (containing nitrogen and phosphorus), pesticides, and animal waste into
nearby water sources. Excessive nutrient runoff leads to eutrophication, where algae
blooms deplete oxygen levels, suffocating aquatic life and causing "dead zones" in lakes
and coastal areas.

Urban Sewage and Stormwater: Improperly treated sewage and stormwater runoff from
urban areas carry pathogens (e.g., bacteria, viruses), nutrients (e.g., nitrogen,
phosphorus), and pollutants (e.g., oil, heavy metals) into water bodies. These
contaminants degrade water quality, pose health risks to communities downstream, and
contribute to the spread of waterborne diseases.

Effects of Pollutants on Water Quality, Aquatic Life, and Human Health

1.

Water Quality Degradation: Pollutants alter water pH, temperature, and oxygen levels,
making it unsuitable for aquatic organisms. Excessive nutrient levels lead to algal
blooms, reducing light penetration and oxygen production, which disrupts aquatic
ecosystems and harms fish and other organisms dependent on clean water.

Impact on Aquatic Life: Toxic chemicals and heavy metals bioaccumulate in aquatic
organisms, causing reproductive disorders, developmental abnormalities, and population
declines. Sedimentation from soil erosion smothers habitats and disrupts spawning
grounds for fish and other aquatic species.

Human Health Risks: Contaminated water sources pose significant health risks to
humans through direct ingestion, dermal contact, or consumption of contaminated fish
and seafood. Waterborne pathogens can cause gastrointestinal illnesses, hepatitis, and
cholera outbreaks, particularly in communities lacking access to safe drinking water and
adequate sanitation facilities.
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Proposed Remedies

1. Wastewater Treatment: Implementing advanced wastewater treatment technologies, such
as biological treatment systems (e.g., activated sludge, biological filters), chemical
precipitation, and membrane filtration, to remove pollutants before discharge into water
bodies.

2. Sustainable Agricultural Practices: Promoting practices like precision farming,
integrated pest management (IPM), and organic farming to minimize fertilizer and
pesticide runoff. Buffer zones and vegetative strips along waterways can filter out
pollutants before they reach streams and rivers.

3. Stricter Regulations: Enforcing and updating environmental regulations and standards
for industrial discharge, agricultural practices, and urban development to limit pollutant
emissions and promote responsible waste management. Monitoring programs and
penalties for non-compliance can incentivize industries and municipalities to adopt
cleaner production methods.

Activated Sludge Treatment: Principle, Procedure, Merits, and Demerits

Activated sludge treatment is a widely used biological process for treating wastewater,
particularly in municipal and industrial settings. It involves the use of microorganisms to break
down organic matter in wastewater, thereby reducing pollutants before the treated water is
discharged back into the environment. Here's an overview of its principle, procedure, as well as
its advantages and disadvantages:

Principle of Activated Sludge Treatment:

Activated sludge treatment relies on aerobic microbial activity to degrade organic contaminants
in wastewater. The process utilizes a diverse microbial community, including bacteria, fungi,
and protozoa, which consume organic pollutants as their food source. Oxygen is supplied to the
microbial community through aeration, ensuring optimal conditions for aerobic degradation of
organic matter.

Flow chart of an activated sludge system
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Procedure of Activated Sludge Treatment:

1.

Aeration Tank: Wastewater enters the aeration tank, where it is mixed with activated
sludge—a suspension of microorganisms previously grown in the system. Aeration
supplies oxygen to the sludge and wastewater mixture, promoting the growth and
activity of aerobic bacteria that metabolize organic pollutants.

Biological Reaction: Microorganisms in the activated sludge break down organic
compounds present in the wastewater into simpler, less harmful substances through
biochemical reactions. This process reduces biochemical oxygen demand (BOD) and
chemical oxygen demand (COD), indicators of organic pollutant levels in wastewater.

Settling Tank (Clarifier): After the aeration phase, the wastewater-sludge mixture flows
into a settling tank, where gravity allows the heavier activated sludge flocs to settle at
the bottom as sludge. The clarified water, now significantly cleaner, is separated and
discharged or subjected to further treatment.

Sludge Handling: The settled sludge is either recycled back into the aeration tank to
maintain the microbial population or undergoes further treatment processes such as
thickening, digestion, or dewatering for disposal or beneficial reuse.

Merits of Activated Sludge Treatment:

1.

Effective Removal of Organic Matter: Activated sludge treatment is highly effective in
reducing organic pollutants, BOD, and COD levels in wastewater, making it suitable for
treating industrial and municipal effluents.

Flexibility and Adaptability: The process can be adapted to handle varying wastewater
compositions and flow rates, providing operational flexibility.

Compact Design: Compared to other treatment methods, activated sludge systems can
achieve high treatment efficiencies in relatively compact physical footprints, making
them suitable for urban and industrial sites with limited space.

Biodegradation of Pollutants: It promotes natural biodegradation processes, reducing
reliance on chemical treatments and minimizing the generation of hazardous by-
products.

Demerits of Activated Sludge Treatment:

1.

High Energy Consumption: Aeration, a crucial step in activated sludge treatment,
requires significant energy inputs to maintain optimal oxygen levels for microbial
activity, contributing to operational costs and carbon footprint.

Sensitivity to Shock Loads: Sudden influxes of toxic substances or high concentrations
of pollutants can disrupt microbial activity and treatment efficiency, requiring careful
management and monitoring.
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3. Sludge Handling Challenges: Managing and disposing of excess sludge generated during
the process can be costly and environmentally challenging, necessitating additional
treatment steps for sludge stabilization and disposal.

4. Potential for Nutrient Imbalance: Imbalances in nutrient ratios (e.g., nitrogen and
phosphorus) can affect microbial activity and treatment performance, requiring nutrient
addition or adjustment strategies.

Activated sludge treatment is a versatile and effective biological process for wastewater
treatment, offering substantial advantages in organic pollutant removal and treatment flexibility.
However, it also presents challenges related to energy consumption, sludge management, and
sensitivity to operational fluctuations. Advances in process optimization and technology
continue to enhance the efficiency and sustainability of activated sludge systems in addressing
water pollution challenges globally.

Soil Pollution: Causes, Impacts, and Remediation

Soil pollution is a serious environmental issue caused by the introduction of harmful
substances into the soil, adversely affecting soil quality, ecosystem health, and human well-
being. Understanding its causes, impacts, and implementing effective remediation strategies is
crucial for sustainable land use and environmental protection.

Causes of Soil Pollution:

1. Industrial Activities: Disposal of industrial wastes such as heavy metals (e.g., lead,
mercury, cadmium), solvents, and chemicals directly into the soil contaminates the land.

2. Agricultural Practices: Intensive use of chemical fertilizers containing nitrogen,
phosphorus, and potassium, as well as pesticides (e.g., herbicides, insecticides), can lead
to soil contamination through runoff and leaching.

3. Mining Operations: Mining activities expose soil to toxic minerals and chemicals,
causing long-term contamination and disruption of soil structure.

4. Improper Waste Disposal: Inadequate management of solid waste, including municipal
solid waste and hazardous waste, can lead to soil pollution from leachates and
decomposition products.

5. Urbanization and Construction: Urban development and construction activities disturb
soil structure, increase erosion, and introduce pollutants such as oil, heavy metals, and
construction debris into the soil.

Impacts of Soil Pollution:

1. Soil Fertility Degradation: Accumulation of heavy metals and chemicals reduces soil
fertility by altering nutrient availability and microbial activity, impairing plant growth
and agricultural productivity.
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2. Groundwater Contamination: Pollutants leach through the soil profile, contaminating
groundwater resources and affecting drinking water quality, posing risks to human
health and ecosystem integrity.

3. Ecosystem Disturbance: Soil pollution disrupts soil biodiversity and ecological balance,
affecting soil organisms, plants, and wildlife dependent on healthy soil conditions.

4. Human Health Risks: Direct exposure to contaminated soil through inhalation, ingestion,
or dermal contact can lead to health problems such as cancer, respiratory disorders, and
neurological effects.

Recommendations for Soil Remediation and Sustainable Practices:

1. Soil Remediation Techniques:

(¢]

Phytoremediation: Using plants to extract, degrade, or immobilize contaminants
from soil through processes like phytoextraction, phytodegradation, and
rhizofiltration.

Bioremediation: Utilizing microorganisms (e.g., bacteria, fungi) to degrade
organic pollutants and detoxify soil contaminants, enhancing natural
biodegradation processes.

Chemical Remediation: Applying chemical amendments (e.g., activated carbon,
lime) to immobilize contaminants or enhance soil structure, reducing pollutant
mobility and availability.

2. Sustainable Farming Practices:

(¢]

Organic Farming: Minimizing synthetic inputs like chemical fertilizers and
pesticides, promoting soil health through crop rotation, composting, and organic
amendments.

Integrated Pest Management (IPM): Implementing strategies to manage pests,
weeds, and diseases using biological controls, cultural practices, and resistant
crop varieties to reduce chemical use.

Conservation Tillage: Adopting minimum tillage or no-till practices to reduce
soil erosion, maintain soil structure, and enhance organic matter content.

Cover Cropping: Planting cover crops during fallow periods to improve soil
fertility, suppress weeds, and reduce erosion, enhancing overall soil health and
resilience.

3. Regulatory and Educational Measures:

o
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Enforcement of Environmental Regulations: Implementing and enforcing strict
regulations on waste management, soil protection, and agricultural practices to
prevent soil pollution.

CDOE Environmental Science



Page |45

o Public Awareness and Education: Promoting awareness about soil pollution, its
impacts, and sustainable land management practices among farmers, industries,
and the general public.

Addressing soil pollution requires a holistic approach involving effective pollution prevention,
remediation techniques, and sustainable farming practices. By integrating these strategies and
fostering collaboration between stakeholders, we can mitigate soil contamination, safeguard soil
fertility, and ensure a healthier environment for future generations.

Solid Waste Management: Types, Challenges, and Solutions

Solid waste management is crucial for minimizing environmental impact, promoting public
health, and conserving resources. Understanding different waste types, addressing specific
challenges like e-waste, and advocating for sustainable practices are essential for effective waste
management.
Types of Solid Waste and Environmental Implications:

1. Municipal Solid Waste (MSW):

o Definition: Includes everyday items like household waste, packaging materials,
food scraps, and discarded goods.

o Environmental Implications: MSW contributes to landfill overflow, methane
emissions (a potent greenhouse gas), and soil and water contamination if
improperly managed.

2. Industrial Waste:

o Definition: Generated from manufacturing processes, construction activities, and
industrial operations.

o Environmental Implications: Contains hazardous substances such as heavy
metals, solvents, and toxic chemicals that can leach into soil and groundwater,
posing health risks to humans and ecosystems.

3. Electronic Waste (e-waste):

o Definition: Discarded electronic devices like computers, smartphones, and
appliances containing toxic components.

o Environmental Implications: E-waste contains hazardous materials such as lead,
mercury, cadmium, and brominated flame retardants that can pollute soil, water,
and air if improperly disposed of or recycled.

Challenges in Solid Waste Management:

1. E-waste Management:
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Toxic Components: E-waste poses health risks due to toxic substances like lead
(from batteries), mercury (from LCD screens), and brominated flame retardants
(from circuit boards).

Informal Recycling: Inadequate recycling infrastructure leads to informal
recycling practices in developing countries, exposing workers to hazardous
materials without proper safety measures.

2. Waste Minimization:

o

Consumer Behavior: Increasing consumption patterns and disposal of single-use
items contribute to waste generation, challenging efforts to reduce waste at the
source.

Packaging Waste: Excessive packaging materials contribute significantly to solid
waste, requiring improved packaging design and recycling initiatives.

Advocacy for Sustainable Practices:

1. Recycling Programs:

Promotion: Encourage participation in recycling programs for paper, plastics,
glass, and metals to reduce landfill waste and conserve resources.

E-waste Recycling: Establish specialized e-waste recycling facilities to safely
recover valuable materials and minimize environmental contamination.

2. Safe Disposal Methods:

Hazardous Waste Disposal: Ensure proper handling and disposal of hazardous
waste through designated facilities that comply with environmental regulations.

Landfill Management: Implement measures like landfill liners, leachate
collection systems, and methane capture to mitigate environmental impacts.

3. Eco-friendly Product Design:

o

Circular Economy: Promote eco-design principles to reduce product waste,
increase durability, and facilitate easier disassembly and recycling at the end of
product life.

Extended Producer Responsibility (EPR): Hold manufacturers accountable for
product lifecycle management, including take-back programs and responsible
recycling.

Effective solid waste management requires a comprehensive approach that addresses waste
types, environmental impacts, and specific challenges like e-waste. By advocating for recycling
programs, safe disposal methods, and eco-friendly product design, we can mitigate
environmental pollution, conserve natural resources, and promote sustainable development for
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future generations. Public awareness, policy support, and collaborative efforts are essential in
achieving sustainable waste management practices globally.

Methods used in Solid waste management

Solid waste management involves a variety of methods aimed at minimizing waste generation,
efficiently handling waste streams, and mitigating environmental and health impacts. Here’s an
elaboration on the methods used in solid waste management:

1. Waste Minimization:

Source Reduction: Encourages reducing waste at the source by optimizing
product design, promoting reusable products, and minimizing packaging.

Product Life Extension: Promotes repairing, refurbishing, and repurposing
products to extend their lifespan and reduce disposal rates.

Education and Awareness: Raises public awareness about consumption habits,
waste reduction strategies, and the environmental impact of waste generation.

2. Collection and Transportation:

Curbside Collection: Regular pickup of household waste from residential areas,
often separated into recyclables, organic waste, and non-recyclables.

Transfer Stations: Intermediate facilities where waste from collection vehicles is
transferred to larger transport vehicles for delivery to disposal or processing
facilities.

Special Waste Collection: Includes hazardous waste, bulky items, and electronic
waste, requiring specialized handling and disposal methods.

3. Recycling and Recovery:

Material Recovery Facilities (MRFs): Facilities where recyclable materials such
as paper, plastics, glass, and metals are sorted, processed, and prepared for
recycling.

Composting: Converts organic waste (e.g., food scraps, yard trimmings) into
nutrient-rich compost through microbial decomposition, used for soil enrichment
in agriculture and landscaping.

Energy Recovery: Utilizes waste-to-energy technologies like incineration and
anaerobic digestion to generate heat, electricity, or biofuels from non-recyclable
waste materials.

4. Treatment and Disposal:
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Landfilling: Disposal of non-recyclable and residual waste in engineered landfills
with liners, leachate collection systems, and methane capture to minimize
environmental contamination.

Hazardous Waste Management: Specialized treatment and disposal facilities for
hazardous waste materials, ensuring compliance with environmental regulations
and safety standards.

Biological Treatment: Uses biological processes such as composting, anaerobic
digestion, and vermicomposting to treat organic waste and reduce its volume and
environmental impact.

5. Technological Innovations:

Advanced Sorting Technologies: Automated systems for efficient sorting of
recyclables based on material type, color, and composition, improving recycling
rates and material purity.

Waste Tracking and Management Systems: Digital platforms and sensors for
real-time monitoring of waste streams, optimizing collection routes, and
improving operational efficiency.

Smart Waste Bins: IoT-enabled bins equipped with sensors to monitor fill levels,
optimize waste collection schedules, and promote public engagement in waste
reduction efforts.

6. Regulatory Measures and Policy Frameworks:

(¢]

Waste Management Regulations: Establish standards for waste disposal,
recycling, hazardous waste handling, and landfill operations to protect public
health and the environment.

Extended Producer Responsibility (EPR): Requires manufacturers to take
responsibility for their products throughout their lifecycle, including collection,
recycling, or disposal.

Circular Economy Initiatives: Promotes sustainable resource use, product design
for durability and recyclability, and closed-loop systems to minimize waste
generation and maximize resource recovery.

7. Community and Stakeholder Engagement:
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Public Participation Programs: Encourages community involvement through
recycling drives, waste reduction campaigns, and environmental education
initiatives.
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o Collaboration with Industry: Partnerships with businesses, industries, and NGOs
to promote sustainable practices, innovation in waste management technologies,
and corporate responsibility.

Effective solid waste management integrates multiple strategies and approaches to address
waste generation, handling, treatment, and disposal while promoting resource conservation,
environmental protection, and sustainable development. Implementing comprehensive waste
management systems requires collaboration among governments, industries, communities, and
stakeholders to achieve long-term environmental sustainability goals.

Noise Pollution: Causes, Effects, and Control Measures

Noise pollution, also known as environmental noise or sound pollution, is an unwanted
or harmful outdoor sound created by human activities. It poses significant risks to human health
and well-being, as well as to wildlife. Understanding the causes, effects, and control measures is
essential for mitigating its impact.

Reasons for Noise Pollution

1. Urbanization:

o Rapid urban growth leads to increased construction activities, dense housing, and
higher population densities, all of which contribute to elevated noise levels.

o Daily urban activities, such as garbage collection, street cleaning, and public
gatherings, add to the noise.

2. Industrialization:

o Factories, manufacturing plants, and power generation facilities produce
substantial noise from machinery, equipment, and industrial processes.

o Industrial zones, often located near residential areas, expose residents to
persistent noise pollution.

3. Transportation:

o Road traffic is a major source of noise pollution, with cars, trucks, motorcycles,
and buses generating continuous noise.

o Railways and airports also contribute significantly, with trains and aircraft
producing high levels of noise during operation.

o Maritime activities, such as shipping and port operations, create noise pollution
in coastal areas.

4. Recreational Activities:
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o Loud music from concerts, nightclubs, and public events contributes to noise
pollution.

o Personal audio devices, lawn equipment, and recreational vehicles like jet skis
and snowmobiles also add to the overall noise levels.

Effects of Noise Pollution

1. Hearing Impairment:

o Prolonged exposure to high noise levels can lead to noise-induced hearing loss
(NIHL), which is often irreversible.

o Sudden loud noises can cause acoustic trauma, resulting in immediate and
permanent hearing damage.

2. Sleep Disturbances:

o Noise pollution can interfere with sleep patterns, leading to difficulty falling
asleep, frequent awakenings, and overall poor sleep quality.

o Chronic sleep deprivation is associated with a range of health issues, including
fatigue, impaired cognitive function, and decreased productivity.

3. Stress-Related Health Issues:

o Continuous exposure to noise pollution can increase stress levels, contributing to
anxiety, irritability, and mental fatigue.

o Noise-induced stress can elevate blood pressure, increase the risk of
cardiovascular diseases, and weaken the immune system.

Control Measures for Noise Pollution

1. Noise Barriers:

o Physical barriers such as walls, fences, and berms can effectively reduce noise
levels from transportation and industrial sources.

o Planting vegetation, such as trees and shrubs, along roads and around industrial
sites can also help absorb and deflect sound waves.

2. Zoning Regulations:

o Implementing zoning laws to separate residential areas from high-noise zones,
such as industrial districts and airports, can minimize exposure to noise pollution.

o Establishing quiet zones in urban areas, particularly around schools, hospitals,
and residential neighborhoods, helps protect sensitive populations.

3. Promoting Quieter Technologies:
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o Encouraging the use of low-noise machinery and equipment in industries and
construction sites can significantly reduce noise pollution.

o Advancements in transportation technology, such as electric vehicles and quieter
aircraft engines, contribute to lower noise levels.

o Supporting research and development of noise-reducing materials and building
designs can help create quieter urban environments.
Decibel Levels and Their Impacts

The decibel (dB) scale is used to measure the intensity of sound. Here is a table illustrating
common noise sources and their corresponding decibel levels:

Noise Source Decibel Level (dB) Impact on Hearing
Rustling Leaves 10-20 Very quiet
Whisper 30 Quiet
Normal Conversation 60 Comfortable, typical office noise
City Traffic (inside car) 85 Threshold for potential hearing damage
Lawnmower, Power Tools | 90-100 Prolonged exposure can cause damage
Motorbike, Loud Music 100-110 Risk of hearing loss after 1 hour
Chainsaw, Rock Concert = 110-120 Painful, risk of hearing loss
Jet Engine (at 100 meters) | 130-140 Immediate risk of hearing damage
Firecracker, Gunshot 140-150 Immediate hearing damage

Noise pollution is a pervasive environmental issue that affects human health, well-being,
and quality of life. Effective control measures, including the implementation of noise barriers,
zoning regulations, and the promotion of quieter technologies, are essential for mitigating its
impact. By raising awareness and fostering cooperation among governments, industries, and
communities, we can create a quieter, healthier, and more sustainable environment.

Thermal Pollution: Causes, Effects, and Remedies

Thermal pollution refers to the degradation of water quality by any process that changes
ambient water temperature. It primarily results from the discharge of heated water or effluents
into water bodies, significantly impacting aquatic ecosystems and the environment.
Causes of Thermal Pollution
1. Industrial Processes:
o Power Plants: Thermal power plants use water as a cooling agent. Once the water

has absorbed heat from the plant's systems, it is often discharged back into rivers,
lakes, or oceans at elevated temperatures.

SCSVMV CDOE Environmental Science



Page |52

o Manufacturing Industries: Industries like steel mills, chemical plants, and
refineries use water for cooling machinery and equipment. The heated water is
subsequently released into nearby water bodies, raising the overall temperature.

2. Urban Runoff:

o Impervious Surfaces: Urban areas with concrete, asphalt, and other impermeable
surfaces generate runoff that absorbs heat from the sun. This warm water flows
into storm drains and eventually into natural water bodies, increasing the
temperature.

3. Deforestation:

o Loss of Shade: Removing trees and vegetation along riverbanks reduces the
natural shade that helps regulate water temperatures. Direct sunlight heats the
water, causing thermal pollution.

Effects of Thermal Pollution
1. Reduced Oxygen Levels:

o Dissolved Oxygen: Higher water temperatures decrease the solubility of oxygen
in water. Reduced dissolved oxygen levels can lead to hypoxic conditions, which
are detrimental to aquatic life.

o Metabolic Rates: Increased temperatures elevate the metabolic rates of aquatic
organisms, leading to higher oxygen consumption. The imbalance between
oxygen supply and demand can stress or kill aquatic species.

2. Harm to Aquatic Life:

o Species Sensitivity: Many aquatic species have specific temperature ranges
within which they can survive. Sudden or prolonged exposure to higher
temperatures can lead to thermal shock, disrupting reproductive cycles and
causing mortality.

o Algal Blooms: Elevated temperatures can promote the growth of harmful algal
blooms (HABs). These blooms deplete oxygen levels further and produce toxins
harmful to fish and other aquatic organisms.

3. Altered Ecosystem Dynamics:

o Biodiversity Loss: Temperature changes can shift the composition of aquatic
communities, favoring heat-tolerant species over those that prefer cooler waters.
This shift can reduce biodiversity and alter food webs.

o Invasive Species: Warmer waters can create favorable conditions for invasive
species, which outcompete native species and disrupt ecological balance.
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Remedies for Thermal Pollution

1. Cooling Technologies:

(¢]

Cooling Towers: These structures cool heated water through evaporation and air
exchange before discharging it back into the environment. Cooling towers can
significantly reduce the temperature of the effluent.

Cooling Ponds: Artificial or natural ponds designed to dissipate heat from
industrial effluents before they reach natural water bodies. The ponds act as heat
sinks, allowing water to cool gradually.

Heat Exchangers: Devices that transfer heat from one fluid to another without
direct contact. Industries can use heat exchangers to transfer excess heat from
their processes to other applications, reducing thermal discharge.

2. Thermal Discharge Regulations:

o

Legal Frameworks: Implementing and enforcing regulations that limit the
temperature of water discharged from industrial and power plant operations.
Compliance with these regulations ensures that the discharged water does not
exceed permissible temperature limits.

Monitoring and Reporting: Regular monitoring of water temperatures at
discharge points and mandatory reporting to environmental authorities help track
compliance and detect violations.

3. Environmental Impact Assessments (EIAs):

Pre-Development Analysis: Conducting thorough EIAs before the construction
of industrial plants or urban developments near water bodies. These assessments
evaluate the potential thermal impacts on local ecosystems and propose
mitigation measures.

Ongoing Evaluation: Continuous assessment of the environmental impact of
existing operations to ensure that mitigation measures remain effective and that
any new issues are promptly addressed.

Thermal pollution is a significant environmental issue with far-reaching impacts on
aquatic ecosystems and water quality. Addressing its causes through technological innovations,
regulatory frameworks, and proactive environmental assessments is essential for preserving
aquatic life and maintaining ecological balance. By implementing effective cooling
technologies, adhering to thermal discharge regulations, and conducting comprehensive
environmental impact assessments, we can mitigate the adverse effects of thermal pollution and
promote sustainable industrial and urban development.
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Nuclear Pollution: Causes, Effects, and Control Measures

Nuclear pollution, also known as radioactive contamination, involves the release of radioactive
substances into the environment. It poses severe risks to human health and the environment due
to the harmful effects of ionizing radiation. Understanding the causes, effects, and control
measures is crucial for mitigating the impact of nuclear pollution.

Causes of Nuclear Pollution
1. Accidents at Nuclear Power Plants:
o Nuclear Meltdowns: A core meltdown in a nuclear reactor can release large

amounts of radioactive material into the environment. Notable examples include
the Chernobyl disaster (1986) and the Fukushima Daiichi disaster (2011).

o Operational Failures: Malfunctions, human error, or natural disasters (such as
earthquakes and tsunamis) can lead to accidental releases of radioactive
substances.

2. Improper Disposal of Radioactive Waste:

o High-Level Waste: Spent nuclear fuel and other high-level waste contain long-
lived radioactive isotopes. Improper handling, storage, or disposal of this waste
can lead to contamination.

o Low-Level Waste: Items such as contaminated clothing, tools, and medical waste
that contain lower levels of radiation also pose risks if not properly managed.

o Illegal Dumping: Unauthorized disposal of radioactive waste in landfills, water
bodies, or unregulated sites can lead to widespread environmental contamination.

Effects of Nuclear Pollution
1. Radiation Sickness:
o Acute Exposure: High doses of radiation over a short period can cause acute

radiation syndrome (ARS), characterized by nausea, vomiting, diarrhea, hair loss,
and, in severe cases, death.

o Chronic Exposure: Long-term exposure to lower levels of radiation can lead to
chronic health issues, including fatigue, weakness, and increased susceptibility to
infections.

2. Genetic Mutations:

o DNA Damage: lonizing radiation can cause mutations in DNA, leading to
genetic disorders and increased risk of cancers such as leukemia, thyroid cancer,
and other malignancies.
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o Reproductive Health: Exposure to radiation can affect reproductive cells, leading
to congenital disabilities, miscarriages, and infertility.

3. Long-Term Environmental Contamination:

o Soil and Water Pollution: Radioactive particles can contaminate soil and water
sources, persisting for years or even centuries. This contamination can affect
agriculture, drinking water, and ecosystems.

o Bioaccumulation: Radioactive substances can accumulate in the food chain,
affecting plants, animals, and humans. This bioaccumulation can lead to higher
radiation doses over time.

Control Measures for Nuclear Pollution

1. Stringent Safety Measures:

o Design and Maintenance: Ensuring robust design, construction, and regular
maintenance of nuclear reactors and facilities to prevent accidents.

o Safety Protocols: Implementing comprehensive safety protocols, including
emergency preparedness plans, regular drills, and training for personnel.

o Regulatory Compliance: Adhering to national and international regulations and
standards set by bodies such as the International Atomic Energy Agency (IAEA).

2. Proper Waste Disposal:

o Containment: Using secure, long-term storage solutions such as deep geological
repositories for high-level radioactive waste to isolate it from the environment.

o Treatment and Recycling: Applying advanced treatment technologies to reduce
the volume and toxicity of radioactive waste and exploring recycling options for
spent fuel.

o Monitoring: Continuous monitoring of waste storage sites to detect and address
any potential leaks or breaches promptly.

3. Monitoring Radioactive Materials:

o Environmental Surveillance: Regular monitoring of air, water, and soil around
nuclear facilities to detect and measure radiation levels.

o Health Monitoring: Conducting health surveillance of populations living near
nuclear sites to identify and manage radiation-related health issues early.

o Radiation Detection Equipment: Utilizing advanced radiation detection and
measurement instruments to ensure accurate and timely monitoring of
radioactive materials.
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Legal Provisions for Protecting the Environment in India
Constitutional Provisions
1. Article 48-A:

o Directive Principles of State Policy: The State shall endeavor to protect and
improve the environment and to safeguard the forests and wildlife of the country.

2. Article 51-A(g):

o Fundamental Duties: It shall be the duty of every citizen of India to protect and
improve the natural environment, including forests, lakes, rivers, and wildlife,
and to have compassion for living creatures.

1. Environment (Protection) Act, 1986:

o An umbrella legislation enacted for the protection and improvement of the
environment.

o Empowers the central government to take all necessary measures to protect and
improve the quality of the environment.

o It includes the authority to lay down standards for emissions and discharges of
pollutants.

2. Air (Prevention and Control of Pollution) Act, 1981:
o Aims to prevent, control, and reduce air pollution.

o Establishes Central and State Pollution Control Boards to monitor and enforce air
quality standards.

o Specifies penalties for non-compliance with regulations.
3. Water (Prevention and Control of Pollution) Act, 1974:
o Enacted to prevent and control water pollution.

o Establishes Central and State Pollution Control Boards to oversee the
enforcement of water quality standards.

o Empowers these boards to set effluent standards for industries and
municipalities.

4. Wildlife (Protection) Act, 1972:
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Provides for the protection of wild animals, birds, and plants.
Establishes protected areas such as wildlife sanctuaries and national parks.

Prescribes penalties for hunting and trade of endangered species.

5. Forest (Conservation) Act, 1980:

(¢]

Aims to conserve forests and regulate deforestation.

Requires prior approval of the central government for the diversion of forest land
for non-forest purposes.

Imposes restrictions on the de-reservation of forests.

Constitutional Provisions

Article 48-A:

o

Directive Principles of State Policy: The Constitution of India, under Article
48-A, mandates the State to endeavor to protect and improve the environment
and to safeguard the forests and wildlife of the country. This directive guides the
creation of policies and legislation aimed at environmental conservation.

Article 51-A(g):

(¢]

Fundamental Duties: Article 51-A(g) specifies that it is the duty of every citizen
of India to protect and improve the natural environment, including forests, lakes,
rivers, and wildlife, and to have compassion for living creatures. This provision
aims to create a sense of responsibility among citizens towards environmental
conservation.

1. Environment (Protection) Act, 1986:

(¢]

Objective: An umbrella legislation enacted to provide a framework for the
protection and improvement of the environment.

Provisions: Empowers the central government to coordinate actions by various
state governments, lay down standards for emissions and discharges, regulate the
location of industries, manage hazardous wastes, and protect public health and
safety.

Implementation: Allows the government to issue direct orders to shut down or
regulate any activity that is polluting the environment.

2. Air (Prevention and Control of Pollution) Act, 1981:

o
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Objective: Aims to prevent, control, and abate air pollution.
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o Provisions: Establishes Central and State Pollution Control Boards tasked with
monitoring air quality, granting consent to industries, and ensuring compliance
with air quality standards.

o Implementation: Provides mechanisms for imposing penalties and taking legal
action against violators.

3. Water (Prevention and Control of Pollution) Act, 1974:
o Objective: Enacted to prevent and control water pollution.

o Provisions: Establishes the Central and State Pollution Control Boards, which
are responsible for monitoring water quality, setting effluent standards, and
prosecuting offenders.

o Implementation: Allows for the imposition of fines and imprisonment for
polluting water bodies.

4. Wildlife (Protection) Act, 1972:

o Objective: Provides for the protection of wild animals, birds, and plants, and
establishes a legal framework for the management of protected areas.

o Provisions: Designates protected areas such as wildlife sanctuaries and national
parks, bans hunting of endangered species, regulates trade in wildlife products,
and stipulates penalties for violations.

o Implementation: Involves the creation of wildlife boards and authorities at the
national and state levels.

5. Forest (Conservation) Act, 1980:
o Objective: Aims to conserve forests and regulate deforestation.

o Provisions: Requires prior approval of the central government for the diversion
of forest land for non-forest purposes, imposes restrictions on the de-reservation
of forests, and mandates compensatory afforestation.

o Implementation: Empowers the government to reject or modify proposals for
deforestation.

Problems in Implementation and Reasons
1. Lack of Awareness and Public Participation:

o Issue: There is insufficient public awareness about environmental laws and their
significance. Citizens often lack understanding of their role in environmental
protection.
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o Reason: Limited environmental education and outreach programs. Poor
communication strategies from government and non-governmental organizations.

2. Inadequate Enforcement:

o Issue: Weak enforcement of environmental laws due to lack of resources,
inadequate infrastructure, and insufficient trained personnel.

o Reason: Regulatory bodies like Pollution Control Boards are often understaffed
and underfunded, leading to poor monitoring and enforcement capabilities.

3. Judicial Delays:

o Issue: Slow judicial processes result in delayed justice and enforcement of
environmental regulations.

o Reason: Backlog of cases in environmental courts and tribunals, coupled with
complex litigation processes.

4. Industrial and Developmental Pressures:

o Issue: Rapid industrialization and urbanization exert tremendous pressure on
natural resources, often leading to environmental degradation.

o Reason: Conflict between economic development goals and environmental
sustainability, with development projects often prioritized over environmental
concerns.

5. Inadequate Penalties:

o Issue: Penalties for environmental violations are often insufficient to deter
offenders.

o Reason: Existing fines and punishments are not stringent enough, allowing
industries and individuals to continue harmful practices with minimal
repercussions.

6. Interagency Coordination:

o Issue: Poor coordination among various government agencies and departments
involved in environmental protection.

o Reason: Overlapping jurisdictions and responsibilities, lack of communication
and collaboration, leading to inefficiencies and gaps in enforcement.

7. Political Influence and Economic Interests:

o Issue: Political interference and the influence of powerful industrial and business
groups often undermine environmental regulation and enforcement.
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o Reason: Economic interests are frequently prioritized over environmental
protection due to lobbying and political pressures.

8. Scientific and Technical Challenges:

o Issue: Lack of advanced scientific and technical expertise in environmental
monitoring and management.

o Reason: Inadequate infrastructure, insufficient funding for research and
development, and limited access to modern technologies for pollution control
and waste management.

Addressing these issues requires a multi-faceted approach, including strengthening legal
frameworks, enhancing public awareness, improving enforcement mechanisms, ensuring
judicial efficiency, and fostering better coordination among agencies. Additionally,
political will and commitment to environmental sustainability are crucial for effective
implementation of these laws.

Environment (Protection) Act, 1986

The Environment (Protection) Act, 1986 is a comprehensive legislation enacted by the
Indian government to provide a legal framework for the protection and improvement of
the environment. The Act was passed in response to the United Nations Conference on
the Human Environment held in Stockholm in 1972, which highlighted the need for a
unified and integrated approach to environmental protection.

Objective

The primary objective of the Environment (Protection) Act, 1986 is to implement
decisions made at the UN Conference and to ensure a safe, sustainable, and healthy
environment. The Act aims to protect and improve the quality of the environment,
control and reduce pollution from various sources, and lay down procedures and
standards for environmental protection.

Key Provisions
1. Scope and Application:
o The Act extends to the whole of India.

o It applies to all types of pollution — air, water, soil, and noise — and encompasses
the entire ecosystem.

2. Definitions:

o Defines key terms such as "environment," '"environmental pollutant,"
"environmental pollution," "hazardous substance," etc., to provide clarity on the
scope of regulation.
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3. Powers of the Central Government:

o The central government has the authority to take all necessary measures for the
protection and improvement of the environment.

o It can coordinate actions by state governments, set environmental quality
standards, and regulate industrial locations.

o The government can issue directions to close, prohibit, or regulate any industry,
operation, or process.

4. Environmental Standards:

o The Act empowers the central government to establish standards for emissions
and discharges of pollutants from various sources.

o Standards can be set for air, water, soil, and noise pollution.
5. Regulation of Hazardous Substances:

o Provides for the regulation and handling of hazardous substances to prevent
accidents and ensure safety.

o Requires industries to obtain prior permission for the handling of hazardous
substances.

6. Protection and Improvement of the Environment:

o Allows the central government to undertake research, development, and training
programs for environmental protection.

o Encourages the establishment of environmental laboratories for testing and
analysis.

7. Penalties and Legal Action:

o Prescribes penalties for non-compliance with the Act's provisions, including fines
and imprisonment.

o Provides for the prosecution of offenders and grants courts the authority to take
necessary legal actions.

8. Public Participation and Awareness:

o Emphasizes the importance of public awareness and participation in
environmental protection.

o Encourages the dissemination of information and education regarding
environmental issues.

Implementation Mechanisms
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1. Central Pollution Control Board (CPCB):

o The CPCB plays a key role in monitoring and enforcing environmental
standards.

o It coordinates with State Pollution Control Boards (SPCBs) to ensure compliance
with regulations.

2. State Pollution Control Boards (SPCBs):
o SPCBs are responsible for implementing the Act at the state level.

o They monitor pollution sources, grant consents to industries, and take action
against violators.

3. Environmental Laboratories:

o Accredited laboratories are established for the testing and analysis of
environmental samples.

o These labs help in monitoring pollution levels and ensuring adherence to
standards.

4. Environmental Impact Assessment (EIA):

o The Act mandates Environmental Impact Assessments for certain types of
projects.

o EIA processes assess the potential environmental impact of proposed projects
and suggest mitigation measures.

Challenges in Implementation
1. Resource Constraints:

o Many regulatory bodies face financial and human resource limitations, affecting
their ability to enforce the Act effectively.

2. Lack of Awareness:

o Public awareness about the Act and its provisions is often low, leading to
inadequate compliance and participation.

3. Industrial Pressure:

o Economic interests and industrial pressures sometimes result in compromises in
environmental standards and enforcement.

4. Judicial Delays:
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o Slow judicial processes and a backlog of cases can delay the enforcement of
penalties and legal actions against violators.

5. Coordination Issues:

o Poor coordination between central and state authorities can lead to
implementation gaps and inefficiencies.

Conclusion

The Environment (Protection) Act, 1986 is a vital piece of legislation aimed at
safeguarding India's environment. While it provides a comprehensive legal framework
for environmental protection, effective implementation requires adequate resources,
public awareness, strong enforcement mechanisms, and political will. Addressing these
challenges is essential to achieve the Act's objective of a clean, safe, and sustainable
environment.

Air (Prevention and Control of Pollution) Act, 1981

The Air (Prevention and Control of Pollution) Act, 1981 is a significant environmental
legislation enacted by the Indian government to control and prevent air pollution in
India. The Act provides a framework for regulating emissions from industrial and
vehicular sources, and establishes the necessary authorities to implement and enforce air
quality standards.

Objective

The primary objective of the Air (Prevention and Control of Pollution) Act, 1981 is to
prevent, control, and reduce air pollution by regulating emissions from various sources
and maintaining air quality standards. It aims to ensure that air pollution does not
adversely affect public health and the environment.

Key Provisions
1. Definitions:
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o The Act defines key terms such as "air pollutant," "air pollution," "approved
appliance," "approved fuel," and "control equipment,” providing a clear
understanding of the scope of regulation.

2. Central and State Pollution Control Boards:

o Establishes the Central Pollution Control Board (CPCB) and State Pollution
Control Boards (SPCBs) to monitor, control, and prevent air pollution.

o The CPCB coordinates activities of the SPCBs, provides technical assistance,
and establishes air quality standards.
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o SPCBs are responsible for implementing the Act at the state level and ensuring
compliance with air quality standards.

3. Powers and Functions of the Boards:

o CPCB: Advises the central government on air quality standards, plans and
executes nationwide programs for the prevention and control of air pollution,
collects and disseminates information on air pollution, and provides technical
assistance to SPCBs.

o SPCBs: Advises state governments on air quality standards, inspects air
pollution control areas, and ensures the implementation of control measures.
SPCBs also have the power to approve or reject consent applications from
industries.

4. Air Quality Standards:

o The Act empowers the central government to set ambient air quality standards
for different areas, considering the health impact on humans, animals, plants, and

property.
5. Emission Standards and Regulation:

o The Act authorizes the government to establish emission standards for pollutants
discharged from industrial plants, vehicles, and other sources.

o Industries and vehicles are required to obtain consent from the SPCBs before
commencing operations. This consent includes adhering to specified emission
standards.

6. Control of Vehicular Emissions:

o The Act includes provisions for controlling emissions from motor vehicles by
regulating the types of fuel used and enforcing standards for vehicle emissions.

7. Inspection and Monitoring:

o SPCBs are empowered to conduct inspections of industrial plants and vehicles to
ensure compliance with emission standards.

o SPCBs can take samples of air emissions and analyze them to determine the level
of pollutants.

8. Penalties and Legal Action:

o The Act prescribes penalties for non-compliance with its provisions, including
fines and imprisonment.

o SPCBs have the authority to close down or stop the operation of non-compliant
industrial plants or vehicles.
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9. Public Participation and Awareness:

o Encourages public participation in air pollution control measures and promotes
awareness about the adverse effects of air pollution.

o Provides mechanisms for citizens to file complaints about air pollution incidents.
Implementation Mechanisms
1. Central Pollution Control Board (CPCB):

o The CPCB plays a crucial role in formulating and implementing national policies
and programs for air pollution control.

o It coordinates with SPCBs to ensure uniform enforcement of air quality standards
across states.

2. State Pollution Control Boards (SPCBs):

o SPCBs are the primary agencies responsible for implementing the Act at the state
level.

o They grant consents to industries, monitor air quality, conduct inspections, and
take legal actions against violators.

3. Air Quality Monitoring Networks:

o Establishment of air quality monitoring networks across cities and industrial
areas to continuously monitor air pollution levels.

o Data collected from these networks help in assessing air quality and formulating
control measures.

4. Environmental Impact Assessments (EIAs):

o The Act requires certain projects to undergo Environmental Impact Assessments
to evaluate their potential impact on air quality.

o EIA reports help in identifying mitigation measures to reduce air pollution from
proposed projects.

Challenges in Implementation
1. Resource Constraints:

o Many SPCBs face financial and human resource limitations, affecting their
ability to effectively monitor and control air pollution.

2. Lack of Public Awareness:
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o Public awareness about the Act and the importance of air quality is often low,
leading to insufficient public participation in pollution control measures.

Industrial and Vehicular Pressure:

o Rapid industrialization and the increase in the number of vehicles pose
significant challenges to maintaining air quality standards.

Judicial Delays:

o Slow judicial processes and a backlog of cases can delay the enforcement of
penalties and legal actions against violators.

Coordination Issues:

o Poor coordination between central and state authorities can lead to gaps in
implementation and enforcement.

Political and Economic Influences:

o Political interference and the influence of powerful industrial and business
groups can undermine the enforcement of air quality standards.

Conclusion

The Air (Prevention and Control of Pollution) Act, 1981 is a critical legislation aimed at
combating air pollution in India. While it provides a robust legal framework for
regulating emissions and maintaining air quality standards, effective implementation
requires adequate resources, public awareness, strong enforcement mechanisms, and
political commitment. Addressing these challenges is essential to achieve the Act's goal
of a cleaner and healthier environment.

(Prevention and Control of Pollution) Act, 1974

The Water (Prevention and Control of Pollution) Act, 1974 is a key piece of
environmental legislation enacted by the Indian government to address the growing
problem of water pollution. The Act aims to prevent and control water pollution by
maintaining and restoring the wholesomeness of water across the country.

Objective

The primary objective of the Water (Prevention and Control of Pollution) Act, 1974 is to
prevent and control water pollution, maintain and restore the quality of water, and
establish a regulatory framework for the management of water resources. It provides for
the establishment of Central and State Pollution Control Boards to monitor and enforce
water quality standards.

Key Provisions

Definitions:
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o The Act defines key terms such as "pollution," "sewage effluent," "trade
effluent," "stream," and "sewer," providing clarity on the scope of regulation.

2. Establishment of Pollution Control Boards:

o Central Pollution Control Board (CPCB): Established at the national level to
coordinate activities of State Pollution Control Boards and advise the central
government on water pollution matters.

o State Pollution Control Boards (SPCBs): Established at the state level to plan
comprehensive programs for the prevention, control, and abatement of water
pollution.

3. Powers and Functions of the Boards:

o CPCB: Formulates policies for the prevention and control of water pollution,
sets standards for water quality and effluent discharge, collects and disseminates
information, and provides technical assistance to SPCBs.

o SPCBs: Implements policies and programs, inspects wastewater treatment
facilities, monitors water quality, grants consents for discharge of effluents, and
takes action against violators.

4. Prevention and Control of Water Pollution:

o Prohibits the discharge of pollutants into water bodies beyond prescribed
standards.

o Requires industries and local bodies to obtain consent from SPCBs for the
discharge of sewage and trade effluents.

o Empowers SPCBs to set standards for effluent discharge and impose conditions
on the consent granted to industries.

5. Penalties and Legal Action:

o Prescribes penalties for non-compliance with the Act's provisions, including fines
and imprisonment.

o Provides for the prosecution of offenders and grants courts the authority to take
necessary legal actions against violators.

6. Water Quality Monitoring:

o SPCBs are required to establish and operate water quality monitoring networks
to assess the status of water bodies.

o Regular monitoring of water bodies helps in identifying pollution sources and
evaluating the effectiveness of pollution control measures.
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7. Advisory Committees:

o The Act provides for the establishment of advisory committees to guide the
Pollution Control Boards on technical matters related to water pollution control.

8. Emergency Measures:

o SPCBs are empowered to take emergency measures to prevent or mitigate
pollution incidents that pose an imminent danger to public health or the
environment.

9. Public Participation and Awareness:

o Emphasizes the importance of public awareness and participation in water
pollution control measures.

o Encourages community involvement in monitoring and reporting pollution
incidents.

Implementation Mechanisms
1. Central Pollution Control Board (CPCB):

o The CPCB formulates and enforces national policies and programs for water
pollution control.

o Coordinates with SPCBs to ensure uniform implementation of water quality
standards across states.

2. State Pollution Control Boards (SPCBs):

o SPCB:s are the primary agencies responsible for implementing the Act at the state
level.

o They monitor water quality, grant consents for effluent discharge, inspect
treatment facilities, and take legal action against violators.

3. Water Quality Monitoring Networks:

o Establishment of extensive water quality monitoring networks across rivers,
lakes, and other water bodies.

o Data collected from these networks help in assessing water quality and
formulating control measures.

4. Effluent Treatment Standards:

o The Act requires industries to install and maintain effluent treatment plants to
meet prescribed discharge standards.

o SPCBs regularly inspect these facilities to ensure compliance with standards.
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5. Public Participation:

o Encourages public participation through awareness programs and community
monitoring initiatives.

o Provides mechanisms for citizens to file complaints about water pollution
incidents.

Challenges in Implementation
1. Resource Constraints:

o Many SPCBs face financial and human resource limitations, affecting their
ability to effectively monitor and control water pollution.

2. Lack of Public Awareness:

o Public awareness about the Act and the importance of water quality is often low,
leading to insufficient public participation in pollution control measures.

3. Industrial and Agricultural Pollution:

o Rapid industrialization and intensive agricultural practices contribute
significantly to water pollution.

o Inadequate treatment of industrial effluents and agricultural runoff poses serious
challenges to water quality.

4. Judicial Delays:

o Slow judicial processes and a backlog of cases can delay the enforcement of
penalties and legal actions against violators.

5. Coordination Issues:

o Poor coordination between central and state authorities can lead to gaps in
implementation and enforcement.

6. Political and Economic Influences:

o Political interference and the influence of powerful industrial and agricultural
lobbies can undermine the enforcement of water quality standards.

Conclusion

The Water (Prevention and Control of Pollution) Act, 1974 is a critical legislation aimed
at combating water pollution in India. While it provides a robust legal framework for
regulating effluent discharge and maintaining water quality standards, effective
implementation requires adequate resources, public awareness, strong enforcement
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mechanisms, and political commitment. Addressing these challenges is essential to
achieve the Act's goal of a cleaner and healthier water environment.

Wildlife (Protection) Act, 1972

The Wildlife (Protection) Act, 1972 is a comprehensive legislation enacted by the Indian
government to provide for the protection and conservation of wildlife species, their
habitats, and to regulate wildlife trade across the country. The Act aims to prevent the
exploitation of wildlife and ensure their sustainable management for future generations.

Objective

The primary objective of the Wildlife (Protection) Act, 1972 is to protect and conserve
wildlife and their habitats from exploitation, hunting, poaching, and illegal trade. The
Act emphasizes the importance of maintaining ecological balance and biodiversity by
safeguarding endangered and threatened species.

Key Provisions
1. Definitions:

o The Act defines key terms such as "wild animal," "wildlife," "hunting,"
"poaching," "captive animal," and "specified plant," providing clarity on the
scope of regulation.

2. Classification of Wildlife:

o Classifies wildlife into various categories, including endangered species,
threatened species, and protected species, based on their conservation status.

3. Prohibition of Hunting and Trade:

o Prohibits hunting of all wildlife species, except under specific circumstances and
with appropriate permits.

o Bans trade in endangered and protected species and their derivatives, except
under strict conditions regulated by the government.

4. Protected Areas:

o Establishes protected areas such as national parks, wildlife sanctuaries, and
conservation reserves to conserve wildlife habitats.

o Regulates human activities within these protected areas to minimize disturbances
to wildlife.

5. Permits and Licenses:
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Requires individuals and organizations to obtain permits and licenses for
activities such as scientific research, photography, and filming in protected areas.

Permits are also necessary for captive breeding, transportation, and rehabilitation
of wildlife.

6. Conservation Initiatives:

Provides for the formulation and implementation of conservation programs and
projects for endangered and threatened species.

Promotes habitat restoration, captive breeding, and reintroduction programs to
enhance wildlife populations.

7. Penalties and Legal Action:

(¢]

Prescribes stringent penalties for offenses related to hunting, poaching, illegal
trade, and violation of protected area regulations.

Imposes fines, imprisonment, and confiscation of property for offenders, with
penalties varying based on the severity of the offense.

8. Wildlife Advisory Boards:

o

The Act provides for the establishment of State Wildlife Advisory Boards and
the National Board for Wildlife to advise the government on wildlife
conservation policies and programs.

9. Wildlife Wardens and Authorities:

Appoints wildlife wardens and authorities at the national and state levels to
enforce the provisions of the Act and manage protected areas.

Empowers wildlife authorities to seize and confiscate wildlife products obtained
through illegal means.

Implementation Mechanisms

1. Central and State Wildlife Authorities:

(¢]

The Ministry of Environment, Forests, and Climate Change oversees the
implementation of the Act at the national level through the Wildlife Division.

State Forest Departments and Wildlife Wings are responsible for implementing
the Act at the state level, including the management of protected areas and
enforcement of wildlife laws.

2. Protected Area Management:
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o Conservation and management plans are developed for each protected area to
ensure the preservation of biodiversity and wildlife habitats.

o Regular monitoring and patrolling activities are conducted to prevent illegal
activities and protect wildlife from poaching and habitat destruction.

3. Wildlife Rescue and Rehabilitation:

o Wildlife rescue centers and rehabilitation facilities are established to provide
medical care and rehabilitation to injured, orphaned, or confiscated wildlife.

o These facilities play a crucial role in the conservation and recovery of wildlife
species.

4. Public Awareness and Education:

o Awareness programs, workshops, and educational campaigns are conducted to
educate the public about the importance of wildlife conservation and the
provisions of the Wildlife Act.

o Collaboration with local communities and stakeholders is encouraged to promote
coexistence with wildlife and reduce human-wildlife conflicts.

Challenges in Implementation
1. Illegal Wildlife Trade:

o Persistent challenges posed by illegal wildlife trade, driven by demand for
wildlife products and trophies in domestic and international markets.

o Requires enhanced law enforcement efforts and international cooperation to
combat wildlife trafficking networks.

2. Human-Wildlife Conflicts:

o Increasing incidents of human-wildlife conflicts due to habitat fragmentation,
encroachment, and competition for resources.

o Calls for innovative approaches to mitigate conflicts and promote harmonious
coexistence between humans and wildlife.

3. Resource Constraints:

o Limited financial resources and manpower constraints faced by wildlife
authorities and conservation agencies.
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o Requires increased funding and capacity-building efforts to strengthen wildlife
protection measures.

4. Political and Socioeconomic Factors:

o Influence of political interests, economic pressures, and developmental activities
impacting wildlife habitats and conservation efforts.

o Necessitates balanced decision-making and sustainable development practices to
minimize adverse impacts on wildlife.

Conclusion

The Wildlife (Protection) Act, 1972 plays a pivotal role in safeguarding India's rich
biodiversity and ensuring the conservation of endangered and threatened wildlife
species. While the Act provides a robust legal framework for wildlife protection,
addressing challenges such as illegal wildlife trade, human-wildlife conflicts, resource
constraints, and socio-political factors is crucial for its effective implementation.
Strengthening enforcement mechanisms, enhancing public awareness, and fostering
international cooperation are essential steps towards achieving sustainable wildlife
conservation in India.

Forest (Conservation) Act, 1980

1.

The Forest (Conservation) Act, 1980 is a crucial environmental legislation enacted by
the Indian government to regulate and conserve forests across the country. The Act aims
to restrict the diversion of forest lands for non-forest purposes and promote sustainable
management of forest resources.

Objective

The primary objective of the Forest (Conservation) Act, 1980 is to ensure the
conservation and sustainable utilization of forest resources by regulating the diversion of
forest lands for non-forest purposes such as mining, industry, infrastructure projects, and
agriculture. The Act emphasizes the importance of maintaining ecological balance,
biodiversity, and environmental stability through prudent forest management practices.

Key Provisions
Definitions:
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o The Act defines key terms such as "forest land," "diversion," "non-forest
purpose," and "forest produce," providing clarity on the scope of regulation.

2. Regulation of Forest Land Diversion:
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o Requires prior approval from the Central Government for the diversion of forest
lands for any non-forest purpose.

o The approval process involves detailed scrutiny of the proposal's impact on forest
ecology, biodiversity, wildlife habitats, and local communities dependent on
forests.

3. Exceptions and Conditions:

o Allows for the diversion of forest lands in exceptional cases where the proposed
project serves public interest or national security, subject to stringent conditions.

o Conditions may include compensatory afforestation, ecological restoration
measures, and mitigation of environmental impacts.

4. Role of Central Government:

o The Central Government, through the Ministry of Environment, Forests, and
Climate Change, administers the Act and grants approvals for forest land
diversion proposals.

o Evaluates the ecological and environmental implications of proposed projects
and ensures compliance with forest conservation principles.

5. Compensatory Afforestation:

o Mandates compensatory afforestation to mitigate the loss of forest land due to
diversion.

o Requires project proponents to undertake afforestation and reforestation activities
on degraded or non-forest lands, equivalent to the area of forest land diverted.

6. Penalties and Legal Action:

o Prescribes penalties for unauthorized diversion of forest lands or non-compliance
with the conditions specified in the approval.

o Imposes fines, imprisonment, and cancellation of approvals for violations of the
Act's provisions.

7. Environmental Safeguards:

o Emphasizes the integration of environmental safeguards and mitigation measures
into project planning and implementation to minimize adverse impacts on forests
and biodiversity.

8. Public Participation and Consultation:

o Encourages public participation and consultation in the decision-making process
regarding forest land diversion proposals.
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o Provides opportunities for stakeholders, including local communities and
environmental organizations, to voice concerns and suggestions.

Implementation Mechanisms
1. Central and State Forest Departments:

o The Ministry of Environment, Forests, and Climate Change oversees the
implementation of the Act at the national level.

o State Forest Departments are responsible for administering the Act at the state
level, including the management of forest lands and monitoring compliance with
forest conservation measures.

2. Forest Advisory Committees:

o Establishes Forest Advisory Committees at the central and state levels to review
forest land diversion proposals and provide recommendations to the Central
Government.

o Committees comprise experts in forestry, ecology, wildlife conservation, and
socio-economic aspects to ensure comprehensive assessment of proposals.

3. Monitoring and Compliance:

o Regular monitoring and inspection of approved projects to assess compliance
with conditions, including compensatory afforestation and environmental
safeguards.

o Ensures adherence to timelines and targets for afforestation activities and
ecological restoration.

4. Review and Amendments:

o Periodic review of the Forest (Conservation) Act, 1980 to address emerging
challenges and improve effectiveness in forest conservation and sustainable
management.

o Amendments may be introduced based on scientific research, technological
advancements, and stakeholder feedback.

Challenges in Implementation
1. Pressure for Land Use Change:

o Persistent pressure for land use change from developmental projects,
infrastructure expansion, and industrial activities.

o Balancing economic development with forest conservation goals requires careful
planning and sustainable land use practices.
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2. Compensatory Afforestation Challenges:

o Challenges in identifying suitable land for compensatory afforestation and
ensuring its ecological viability and long-term sustainability.

o Inadequate monitoring and maintenance of afforestation sites may compromise
the success of mitigation measures.

3. Capacity and Resources:

o Limited capacity and resources of forest departments and regulatory bodies to
effectively monitor and enforce compliance with the Act's provisions.

o Requires enhanced institutional capacity-building, technical expertise, and
financial support for robust implementation.

4. Public Awareness and Participation:

o Low awareness among stakeholders, including local communities, about the
importance of forest conservation and their role in sustainable forest
management.

o Strengthening public engagement, awareness programs, and participatory
decision-making processes are essential for fostering support for conservation
initiatives.

Conclusion

The Forest (Conservation) Act, 1980 serves as a vital legal framework for protecting
India's forest resources and promoting sustainable development. While the Act provides
essential provisions for regulating forest land diversion and promoting compensatory
afforestation, addressing implementation challenges such as land use pressures,
afforestation effectiveness, resource constraints, and public awareness is critical.
Strengthening enforcement mechanisms, enhancing stakeholder engagement, and
adopting innovative conservation strategies are imperative for achieving long-term forest
conservation goals and ensuring ecological resilience.

Environmental legislation in India faces several challenges that hinder its effective
implementation and enforcement. These problems stem from various factors, including
legal, institutional, socio-economic, and environmental aspects. Here are some key
issues:

1. Legal Loopholes and Ambiguities:

o Complexity and Overlap: Environmental laws in India often overlap or
contradict each other, leading to confusion and difficulties in enforcement.

o Lack of Clarity: Some laws may lack clear definitions or mechanisms for
implementation, making interpretation and enforcement challenging.
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2. Inadequate Enforcement Mechanisms:

o Capacity Constraints: Regulatory bodies such as Pollution Control Boards and
Forest Departments often lack sufficient manpower, technical expertise, and
financial resources.

o Coordination Issues: Poor coordination between central and state agencies leads
to gaps in monitoring, compliance, and enforcement.

3. Weak Compliance and Monitoring:

o Non-compliance: Industries, businesses, and individuals frequently violate
environmental regulations due to weak enforcement and low penalties.

o Monitoring Deficiencies: Inadequate monitoring infrastructure and technologies
hinder real-time assessment of environmental impacts and compliance.

4. Political Interference and Corruption:

o Influence of Interest Groups: Powerful industrial lobbies and local political
interests often influence decision-making, leading to compromises in
environmental protection measures.

o Corruption: Bribery and corruption within regulatory agencies undermine the
implementation of environmental laws and permit illegal activities.

5. Lack of Public Awareness and Participation:

o Limited Awareness: Communities, especially in rural areas, may lack awareness
about environmental laws, their rights, and the importance of conservation.

o Minimal Participation: Public engagement in environmental decision-making
processes is often limited, reducing accountability and transparency.

6. Inadequate Legal Remedies and Delayed Justice:

o Judicial Backlog: Environmental cases often face delays in courts due to a
backlog of cases, diminishing the deterrent effect of legal penalties.

o Legal Complexity: Legal procedures for environmental litigation may be
cumbersome, deterring affected parties from seeking redress.

7. Emerging Environmental Challenges:

o Climate Change: Rapidly evolving challenges like climate change require
adaptive and proactive legislative responses, which may be lacking or
insufficiently integrated.
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o New Technologies: Advances in technology (e.g., biotechnology,
nanotechnology) raise new environmental concerns that may not be adequately
addressed by existing laws.

8. Conflicts with Development Goals:

o Balancing Conservation and Development: There is often a conflict between
economic development priorities and environmental conservation goals, leading
to compromises in environmental protection measures.

o Infrastructure Projects: Large-scale infrastructure projects frequently require
forest land diversion or impact sensitive ecosystems, challenging conservation
efforts.

9. International Commitments and Compliance:

o Global Agreements: India's commitments under international environmental
agreements (e.g., Paris Agreement, Convention on Biological Diversity) may
require harmonization with domestic laws, posing implementation challenges.

Addressing these challenges requires comprehensive reforms, including strengthening
enforcement mechanisms, enhancing public awareness, improving institutional
capacities, promoting stakeholder engagement, and integrating sustainability principles
into developmental policies. Efforts to streamline and update environmental legislation
while ensuring effective implementation are essential for sustainable development and
environmental protection in India.
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Block-5 -Social issues and environmental ethics

5.1 Present environmental scenario — greenhouse effect — climate change — The Kyoto Protocol
— ozone layer depletion-The Montreal Protocol - acid rain — causes — effects - disparity among
the nations — The Copenhagen UNFCCC summit — carbon currency- virtual water- genetically
modified organisms, Disaster management.

5.2 Environmental ethics — introduction — people getting affected - resettlement and
rehabilitation — issues involved —Sardhar Sarovar project — Tawa Matsya sang - Melting
icebergs of Arctic.

Course Objectives for Social Issues and Environmental Ethics Unit

e Provide an overview of the current environmental scenario, including key global issues
like greenhouse effect, climate change, and ozone layer depletion.

e Explain international agreements and protocols aimed at addressing environmental
challenges, such as the Kyoto Protocol and the Montreal Protocol.

e Discuss the causes and effects of environmental phenomena like acid rain, and the
disparities among nations in addressing these issues.

e Introduce concepts like carbon currency, virtual water, genetically modified organisms,
and disaster management.

e Explore environmental ethics, focusing on the impacts on people, resettlement and
rehabilitation issues, and specific case studies like the Sardar Sarovar project and the
melting Arctic icebergs.

Course Outcomes for Social Issues and Environmental Ethics Unit

v Understand and articulate the current environmental scenario and global issues like the
greenhouse effect and climate change.

v Explain the significance of international environmental agreements and protocols.

v Analyze the causes and effects of acid rain and understand the disparities among nations
in environmental responsibility.

v Discuss concepts like carbon currency, virtual water, genetically modified organisms,
and disaster management strategies.

v Evaluate environmental ethics, including the impact on people, resettlement and
rehabilitation issues, and case studies like the Sardar Sarovar project and the melting
Arctic icebergs.

Environmental Issues and Global Initiatives

Issue HDescription HImpacts
Greenhouse Increase in greenhouse gases leading to global||Climate change, rising sea levels,
Effect warming extreme weather events
. Long-term changes in temperature and weather|[Ecosystem disruption, health risks,
Climate Change & . .g P . o P
patterns, primarily due to human activities economic losses

Increased skin cancer rates, harm to
marine life, reduced agricultural
productivity

Ozone  Layer||Reduction in the ozone layer due to chemicals
Depletion like CFCs, leading to higher UV radiation
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Issue HDescription HImpacts ‘
Precipitation with high levels of sulfuric and||Soil and water acidification, damage
Acid Rain nitric acids, resulting from emissions of sulfur|{to forests and buildings, health
dioxide and nitrogen oxides problems
. Differences in environmental impact and||Inequitable burden of environmental
Disparity . . . .
. capacity to address issues between developed||problems, challenges in international
Among Nations . . .
and developing nations cooperation

The Greenhouse Effect

The greenhouse effect is a critical natural process that warms the Earth’s surface. When

the Sun’s energy reaches the Earth, some of it is reflect

ed back to space, and the rest is

absorbed, warming the planet. The Earth then emits energy in the form of infrared radiation.
Greenhouse gases in the atmosphere, including CO2, CHa, nitrous oxide (N20), and water vapor,
absorb this infrared radiation and trap heat, preventing it from escaping into space. This process

keeps the Earth’s climate stable and habitable.
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However, human activities have significantly increased the concentrations of these
greenhouse gases, particularly CO2, CHa4, and N20. The burning of fossil fuels for energy,

deforestation, industrial processes, and agricultural practices

are major sources of GHGs. This

enhanced greenhouse effect is leading to global warming and climate change, with profound
impacts on weather patterns, ecosystems, and human societies.

Global Greenhouse Gas Emissions by Sector (2018)

Sector GHG Emissions (Gt CO:e)
Energy 335
Industry 6.5
Agriculture, Forestry 5.8
Waste 1.2
SCSVMV CDOE
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Total 46.0 100%
Impacts of Climate Change
The impacts of climate change are widespread and diverse. Rising temperatures lead to the
melting of polar ice caps and glaciers, contributing to sea-level rise and threatening coastal
communities. Changes in precipitation patterns result in more severe droughts and floods,
affecting water availability and agricultural productivity. The increased frequency and intensity
of extreme weather events, such as hurricanes, heatwaves, and wildfires, pose significant risks
to human health, infrastructure, and ecosystems.
Global Temperature Anomaly (1880-2020)
In addition to these physical impacts, climate change exacerbates existing social and economic
inequalities. Vulnerable populations, including low-income communities, indigenous peoples,
and small island nations, are disproportionately affected by the adverse effects of climate
change. This highlights the need for adaptive measures that enhance resilience and ensure
equitable distribution of resources and support.
Mitigation and Adaptation Strategies
To address climate change, both mitigation and adaptation strategies are essential. Mitigation
involves reducing GHG emissions and enhancing carbon sinks to limit global warming. Key
mitigation measures include transitioning to renewable energy sources, improving energy
efficiency, adopting sustainable agricultural practices, and protecting and restoring forests.
Adaptation, on the other hand, focuses on adjusting to the impacts of climate change and
enhancing resilience. This includes developing early warning systems for extreme weather
events, building resilient infrastructure, implementing water conservation measures, and
promoting climate-smart agriculture.

Strategy Description Examples

Mitigation | Reducing GHG emissions and | Renewable energy, energy efficiency, afforestation,
enhancing carbon sinks sustainable agriculture

Adaptation | Adjusting to climate change impacts | Early warning systems, resilient infrastructure,

and enhancing resilience water conservation, climate-smart agriculture

In conclusion, tackling the greenhouse effect and climate change requires a comprehensive
approach that combines mitigation and adaptation strategies. International cooperation,
technological innovation, and sustainable practices are crucial in achieving a stable and resilient
climate future.

The Kyoto Protocol

Overview and Objectives

The Kyoto Protocol, adopted in 1997, is an international treaty aimed at reducing greenhouse
gas emissions and combating climate change. It is a legally binding agreement that commits
industrialized countries to reduce their GHG emissions relative to 1990 levels. The Protocol
recognizes the principle of "common but differentiated responsibilities," acknowledging that
developed nations, being historically responsible for the bulk of emissions, should take the lead
in emission reductions.
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The Kyoto Protocol sets specific emission reduction targets for participating countries and
allows for flexibility mechanisms, such as emissions trading, the Clean Development
Mechanism (CDM), and Joint Implementation (JI), to help countries meet their targets cost-
effectively.
Implementation and Challenges
The Kyoto Protocol came into force in 2005, after sufficient countries ratified it to meet the
threshold requirement. It established binding targets for 37 industrialized countries and the
European Community, aiming for an average reduction of 5% below 1990 levels over the
commitment period from 2008 to 2012.
Kyoto Protocol Emission Reduction Targets

Country/Region Target Reduction (%) Base Year Comments

European Union = 8% 1990 Met target collectively through the EU-15
United States - - Did not ratify

Japan 6% 1990 Met target, but struggled post-Fukushima
Canada 6% 1990 Withdrew in 2011

Australia 8% increase 1990 Allowed to increase emissions

The implementation of the Kyoto Protocol faced several challenges. The United States, one of
the largest emitters, did not ratify the treaty, citing concerns over economic impacts and the
exclusion of developing countries from binding targets. Canada withdrew from the Protocol in
2011, citing the difficulty of meeting its targets and the lack of commitment from other major
emitters.

Despite these challenges, the Kyoto Protocol played a crucial role in raising awareness and
fostering international cooperation on climate change. It laid the groundwork for subsequent
climate agreements, such as the Paris Agreement, which seeks to build on and expand the
principles established by Kyoto.

The Legacy of the Kyoto Protocol

The Kyoto Protocol's legacy is mixed but significant. While it achieved some success in
reducing emissions in participating countries, its overall impact was limited by the non-
participation of major emitters and the lack of binding commitments for developing nations.
However, it established important mechanisms and frameworks that continue to influence global
climate policy.

The Protocol's flexibility mechanisms, such as the CDM and emissions trading, have been
particularly influential. The CDM, for instance, has funded numerous projects in developing
countries that reduce emissions and promote sustainable development. Emissions trading has
become a key tool for many countries and regions in their climate policies.

Table 5: Clean Development Mechanism Projects by Sector (2020)

Sector Number of Projects Emission Reductions (Mt CO:e)
Renewable Energy 4,000 1,200

Energy Efficiency = 2,500 600

Waste Management 1,500 300

Forestry 200 50

Total 8,200 2,150
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In conclusion, the Kyoto Protocol represents a significant milestone in international climate
policy. Despite its limitations, it set the stage for more comprehensive and inclusive agreements
and highlighted the importance of global cooperation in addressing climate change.

Ozone Layer Depletion and The Montreal Protocol

1. Ozone Layer: Composition, Formation, and Depletion Reactions

o Composition and Formation: The ozone layer is a region in the Earth's stratosphere
containing a relatively high concentration of ozone (Os) molecules. Ozone forms when
oxygen molecules (O2) are split apart by solar ultraviolet (UV) radiation into two oxygen
atoms. These atoms can then combine with other oxygen molecules to form ozone:

0—0 UV radiation 2 02

+

0: + 0—0 UV radiaion O:O\
O

This process primarily occurs in the stratosphere, approximately 10 to 30 kilometers
above the Earth's surface.

e Ozone Depletion Reactions: The stability of the ozone layer is threatened by human-
produced chemicals known as ozone-depleting substances (ODS), which include:
o Chlorofluorocarbons (CFCs): When CFCs reach the stratosphere, they are
broken down by UV radiation, releasing chlorine atoms:

CFCl3+UVradiation—CFClL+Cl1
Cl+03—ClO0+02
Cl10+0—Cl+02

Chlorine atoms act as catalysts in ozone destruction, leading to a net reduction in
ozone molecules.

o Halons and Methyl Bromide: Similar to CFCs, these substances release
bromine atoms in the stratosphere, which also catalytically destroy ozone
molecules: Bromine atoms, like chlorine atoms, participate in ozone-depletion
cycles.

o Nitrogen Oxides: Released primarily by aircraft engines, nitrogen oxides can
contribute to ozone depletion indirectly by accelerating reactions that destroy
ozone in the stratosphere.

Effects of Ozone Layer Depletion:
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The consequences of ozone layer depletion are profound and affect both human health and the
environment:

e Increased Ultraviolet (UV) Radiation: The depletion of ozone allows more UV
radiation, particularly UV-B and UV-C, to reach the Earth's surface. UV radiation at
these wavelengths is known to cause various health problems in humans, including skin
cancer, cataracts, and weakened immune systems. It can also harm marine life, plants,
and microorganisms.

o Environmental Impact: UV radiation penetrates the surface waters of oceans and lakes,
affecting marine ecosystems and phytoplankton. It can disrupt food chains, alter
reproductive cycles, and reduce biodiversity. In terrestrial ecosystems, increased UV
radiation can damage plant tissues and inhibit photosynthesis, affecting crop yields and
forest health.

¢ Climate Change: Some ozone-depleting substances, such as CFCs and HCFCs, are also
potent greenhouse gases. Their release into the atmosphere contributes to global
warming and climate change, exacerbating the environmental challenges already posed
by ozone depletion.

Health Issue Description Increased Risk (%)

Skin Cancer UV radiation is a major cause of skin = 10-20% increase per 10% decrease in
cancer ozone

Cataracts UV exposure can lead to cataract 5-10% increase per 10% decrease in
formation ozone

Immune System Increased UV can impair the human | Variable, depending on exposure and

Suppression immune system individual factors

3. Mitigation Strategies:

Addressing ozone layer depletion requires concerted global efforts and a combination of
regulatory measures, technological innovation, and public awareness:

e Montreal Protocol: Signed in 1987, the Montreal Protocol on Substances that Deplete
the Ozone Layer is an international treaty that mandates the phasing out of the
production and consumption of ODS. It has been widely successful in reducing the
global production and emissions of CFCs, halons, and other ozone-depleting substances.

o Phase-out of ODS: Countries have implemented regulations to substitute ozone-
depleting substances with less harmful alternatives, such as hydrochlorofluorocarbons
(HCFCs) and hydrofluorocarbons (HFCs). These alternatives have lower ozone
depletion potentials and shorter atmospheric lifetimes.

o Technological Innovation: Advancements in refrigeration, air conditioning, and
insulation technologies have led to the development of ozone-friendly alternatives that
do not harm the ozone layer. These innovations include the use of natural refrigerants
like ammonia and carbon dioxide in place of CFCs and HCFCs.

e Public Awareness and Education: Educating the public about the dangers of ozone
depletion and UV radiation is crucial in promoting behavior changes that reduce
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emissions of ozone-depleting substances. Awareness campaigns also highlight the
importance of using sunscreen, protective clothing, and sunglasses to minimize UV
exposure.

o International Cooperation: Continued monitoring of ozone levels, enforcement of
regulations, and collaboration among countries are essential to address emerging threats
from new ozone-depleting substances and ensure the success of ozone protection efforts
on a global scale.

The Montreal Protocol

The Montreal Protocol on Substances that Deplete the Ozone Layer, adopted in 1987, is a
landmark international treaty designed to phase out the production and consumption of ODS. It
is widely regarded as one of the most successful environmental agreements due to its near-
universal ratification and significant impact on reducing ozone depletion.

Key Provisions of the Montreal Protocol

Provision Description

Phase-Out Schedules Timetables for the gradual reduction and eventual elimination of ODS

Financial Mechanism Establishment of a fund to assist developing countries in meeting their
phase-out obligations

Adjustment and Procedures for making changes to the Protocol based on scientific and

Amendment technological advancements

Compliance Mechanism Framework for monitoring and ensuring compliance with the Protocol's
provisions

The Protocol has undergone several amendments and adjustments to address new scientific
findings and incorporate additional ODS. The most significant amendments include the London,
Copenhagen, Montreal, and Beijing Amendments, which accelerated the phase-out schedules
and added new chemicals to the list of controlled substances.

Achievements and Future Challenges

The Montreal Protocol has achieved remarkable success in reducing the production and
consumption of ODS, leading to a gradual recovery of the ozone layer. It is estimated that the
ozone layer will return to its pre-1980 levels by the middle of the 21st century, assuming
continued compliance with the Protocol.
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Global emissions of ozone-depleling substances
Annual consumption of ozone-depleting substances. Emissions of each gas are given in ODP tonnes, which
accounts for the quantity of gas emitted and how "strong" it is in terms of depleting ozone.

1.6 million tonnes
1.4 million tonnes
1.2 million tonnes

1 million tonnes

800,000 tonnes

600,000 tonnes Methyl
Chloroform
Methyl Bromide
400,000 tonnes Hydrochlorofluorocarbons
(HCFCs)
Carbon
200,000 tonnes Tetrachloride
Chlorofluorocarbons
(CFCs)
0 tonnes ! Halons
6 1990 1995 2000 2005 2010 2015 2021
Data source: UN Environment Programme (2023) OurWorldInData.org/ozone-layer | CC BY

Note: In some years, gases can have negative consumption values. This occurs when countries destroy or export gases that were
produced in previous years (i.e. stockpiles).

Despite its successes, the Montreal Protocol faces ongoing challenges. Illegal production
and trade of ODS, particularly in developing countries, pose a threat to the progress made.
Additionally, the rise of substitute chemicals like hydrofluorocarbons (HFCs), which do not
deplete the ozone layer but are potent GHGs, necessitates further action under climate
agreements such as the Kigali Amendment to the Montreal Protocol.

In conclusion, the Montreal Protocol serves as a model for international environmental
cooperation. Its effective implementation and significant achievements in protecting the ozone
layer underscore the potential for collective action in addressing global environmental issues.
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Acid Rain: Causes and Effects

Causes of Acid Rain

Acid rain is formed when sulfur dioxide (SO:) and nitrogen oxides (NOy) are emitted into the
atmosphere, primarily from burning fossil fuels and industrial processes. These pollutants react
with water vapor, oxygen, and other chemicals to form sulfuric acid (H.SO4) and nitric acid
(HNO:s). These acids can then fall to the ground as precipitation (rain, snow, sleet, or fog) or as
dry deposition on surfaces.

Source SO: Emissions (%) NOx Emissions (%)
Power Plants 67% 33%
Industrial Processes = 20% 13%
Transportation 5% 52%
Residential Heating 8% 2%
Effects of Acid Rain

The effects of acid rain are widespread and detrimental to the environment and human health.
Acid rain can acidify soils and water bodies, leading to harmful impacts on plants, aquatic life,
and infrastructure.

Impact Description

Soil Acidification Acid rain lowers the pH of soils, leaching essential nutrients and minerals,
affecting plant growth

Water Acidification Acidifies lakes and streams, harming fish and other aquatic organisms

Forest Damage Weakens trees by leaching nutrients from soils and damaging leaves

Building and Material Corrodes buildings, statues, and monuments made of limestone and marble

Damage

Human Health SO:2 and NOx can cause respiratory problems, particularly in vulnerable
populations

Acid rain refers to precipitation that has been made acidic by atmospheric pollution,
primarily due to sulfur dioxide (SO:) and nitrogen oxides (NOy) released from industrial
activities, vehicles, and power plants. When these pollutants combine with water vapor in the
atmosphere, they form sulfuric and nitric acids, which fall to Earth as rain, snow, or fog. The
consequences of acid rain are extensive and impact various aspects of the environment and

human life.

1. Environmental Effects:
Aquatic Ecosystems:
Water Chemistry Alteration: Acid rain lowers the pH of water bodies such as lakes, rivers, and

streams, making the water more acidic. This alteration can have harmful effects on aquatic life.
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Fish Populations: Acidic waters can lead to the leaching of toxic metals like aluminum from
soils into waterways, which can be toxic to fish and other aquatic organisms. Fish eggs and
larvae are particularly vulnerable to acidic conditions, leading to reduced fish populations.
Biodiversity Loss: Acid rain can cause the decline or extinction of sensitive aquatic species,
leading to a loss of biodiversity. Species that cannot tolerate low pH levels are particularly at
risk.

Terrestrial Ecosystems:

Soil Degradation: Acid rain alters soil chemistry by leaching away essential nutrients such as
calcium and magnesium, which are vital for plant growth. This nutrient loss weakens plants and
reduces soil fertility.

Forest Damage: Trees and plants absorb acidic water, which can cause direct damage to leaves
and bark. Over time, weakened trees become more susceptible to disease, extreme weather, and
pests.

Microbial Activity: Soil microorganisms that play a crucial role in nutrient cycling can be
adversely affected by acid rain, disrupting ecosystem processes.

Built Environment:

Structural Damage: Acid rain accelerates the deterioration of buildings, monuments, and
infrastructure, especially those made of limestone, marble, and concrete. The acids react with
the minerals in these materials, causing them to weaken and erode.

Cultural Heritage: Historic buildings and monuments can suffer significant damage from acid

rain, leading to loss of cultural heritage and increased restoration costs.

2. Human Health Effects:

Air Quality: Acid rain can contribute to the formation of fine particulate matter (PM2.5) and
ground-level ozone, both of which are harmful to human health. These pollutants can exacerbate
respiratory conditions such as asthma and bronchitis.

Drinking Water Contamination: Acid rain can leach harmful metals like lead and mercury from
soils and pipes into drinking water sources, posing a risk to human health.

Food Supply: The negative impact on soil fertility and plant health can affect agricultural
productivity, potentially leading to reduced crop yields and food supply.

Economic Effects:
Agriculture: Reduced soil fertility and crop damage can lead to decreased agricultural

productivity and higher costs for farmers, impacting food prices and food security.
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Forestry: Damage to forests affects timber production and the livelihoods of communities
dependent on forestry.

Infrastructure Maintenance: The accelerated deterioration of buildings, bridges, and other
structures due to acid rain increases maintenance and repair costs for governments and property
owners.

Tourism: Damage to natural landscapes, historic sites, and cultural monuments can negatively

affect tourism, leading to economic losses in affected regions.

Mitigation and Prevention:

Addressing the effects of acid rain requires both prevention and mitigation strategies:

Emission Reductions: Implementing regulations to reduce SO: and NOy emissions from
industrial sources, power plants, and vehicles is crucial. This can be achieved through the use of
cleaner technologies, fuel switching, and emission control devices such as scrubbers and
catalytic converters.

Renewable Energy: Promoting the use of renewable energy sources such as wind, solar, and
hydroelectric power can reduce reliance on fossil fuels, thereby decreasing acid rain precursors.
Energy Efficiency: Enhancing energy efficiency in industrial processes, transportation, and
residential sectors can lower overall emissions.

Liming: Applying lime (calcium carbonate) to acidified soils and water bodies can help
neutralize acidity and restore ecological balance.

Legislation and International Agreements: Enforcing environmental laws and participating in
international agreements like the Clean Air Act and the Convention on Long-Range

Transboundary Air Pollution can help control and reduce emissions responsible for acid rain.

Disparity Among Nations in the Emissions

There is a significant disparity among nations in terms of greenhouse gas emissions and
their contributions to global climate change. Developed countries, with their high levels of
industrialization and energy consumption, are historically responsible for the majority of global
emissions. In contrast, developing countries, while contributing less to historical emissions, are
rapidly increasing their emissions due to economic growth and industrialization.

Historical and Current GHG Emissions by Country
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Country Historical Emissions (Mt CO:e) Current Emissions (Mt CO:e)
United States 400,000 6,500

China 200,000 10,000

European Union = 300,000 4,000

India 50,000 3,000

Russia 150,000 2,500

Economic and Technological Disparities

The disparity in emissions is closely linked to economic and technological differences among
nations. Developed countries have greater financial and technological resources to invest in
emission reduction measures, renewable energy, and adaptation strategies. Developing
countries, on the other hand, often face challenges in accessing these resources and
technologies, limiting their ability to address climate change effectively.

Renewable Energy Investment by Region (2019)

Region Investment (Billion USD)
North America 100
Europe 120
Asia-Pacific 200
Latin America 20
Africa 10

Impacts on Vulnerable Populations

The impacts of climate change disproportionately affect vulnerable populations in developing
countries. These populations often rely on climate-sensitive sectors such as agriculture,
fisheries, and forestry for their livelihoods. They also have limited access to healthcare,
infrastructure, and social safety nets, making them more susceptible to the adverse effects of
climate change, such as extreme weather events, food and water insecurity, and health risks.

Country Vulnerability Index | Comments

Bangladesh High Frequent floods and cyclones

Haiti High Limited infrastructure and resources
Philippines High Exposure to typhoons and sea-level rise
Sub-Saharan Africa High Droughts, food insecurity, health risks

International Cooperation and Equity
Addressing the disparity among nations requires a fair and equitable approach to international
climate policy. The principle of "common but differentiated responsibilities" (CBDR) underpins
many international agreements, recognizing that while all countries must contribute to climate
action, developed countries should take the lead and support developing nations through
financial, technological, and capacity-building assistance.
International Climate Finance Commitments (2019)

Donor Country/Region Commitment (Billion USD) Recipient Regions

United States 5 Global

European Union 10 Africa, Asia-Pacific, Latin America
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Japan 7 Asia-Pacific
Canada 2 Global
Australia 1 Pacific Islands

In conclusion, bridging the disparity among nations in addressing climate change requires
enhanced international cooperation, equitable policies, and increased support for vulnerable
populations and developing countries. Ensuring a just transition and sustainable development
for all nations is crucial for effective global climate action.

The Copenhagen UNFCCC Summit

Background and Objectives

The Copenhagen Climate Change Conference, also known as COP15, was held in December
2009 under the United Nations Framework Convention on Climate Change (UNFCCC). The
summit aimed to establish a comprehensive global agreement to succeed the Kyoto Protocol,
addressing long-term climate action and strengthening international cooperation to combat
climate change.

Key Outcomes

While the Copenhagen Summit did not achieve a legally binding agreement, it resulted in the
Copenhagen Accord, a political agreement that was noted by the Conference of the Parties. The
Accord outlined several key elements:

1. Temperature Target: Recognition of the scientific view that global temperature rise
should be limited to below 2°C above pre-industrial levels.

2. Emission Reduction Pledges: Commitment by developed countries to provide
quantified emission reduction targets for 2020, and by developing countries to
implement mitigation actions.

3. Finance: Commitment to mobilize $100 billion per year by 2020 to support climate
action in developing countries.

4. Transparency: Establishment of a process for monitoring, reporting, and verifying
(MRYV) emission reductions and financial support.

Table 16: Copenhagen Accord Key Commitments

Commitment Description

Temperature Target Limit global temperature rise to below 2°C above pre-industrial levels

Emission Reduction | Developed countries to provide targets, developing countries to implement

Pledges mitigation actions

Climate Finance Mobilize $100 billion per year by 2020 for climate action in developing
countries

Transparency Establish MRV process for emission reductions and financial support

Challenges and Criticisms

The Copenhagen Summit faced several challenges and criticisms. The lack of a legally binding
agreement and specific timelines for emission reductions disappointed many stakeholders.
There was also controversy over the negotiation process, with concerns about transparency and
the exclusion of some countries from key discussions.
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Despite these challenges, the Copenhagen Accord represented a step forward in international
climate negotiations, emphasizing the need for enhanced climate finance and greater
transparency in climate actions.

Major Criticisms of the Copenhagen Summit

Criticism Description

Lack of Binding Agreement  No legally binding targets or timelines for emission reductions

Negotiation Process Concerns about transparency and exclusion of some countries from key
discussions

Ambiguity Vague language and lack of specific commitments in some areas

Legacy and Impact

The Copenhagen Accord laid the groundwork for subsequent climate agreements, particularly
the Paris Agreement of 2015. It highlighted the importance of financial support for developing
countries, the need for transparency in climate actions, and the global commitment to limiting
temperature rise.

Comparison of Copenhagen Accord and Paris Agreement

Element Copenhagen Accord Paris Agreement

Temperature Below 2°C Well below 2°C, pursue efforts for 1.5°C
Target
Emission Pledges by developed and developing Nationally determined contributions
Reduction countries (NDCs)
Climate Finance $100 billion per year by 2020 Continued commitment with enhanced
transparency

Transparency MRYV process Enhanced transparency framework

Progress in Global Climate Policy (2009-2020)

In conclusion, the Copenhagen UNFCCC Summit, despite its shortcomings, played a crucial
role in advancing global climate negotiations. It underscored the need for comprehensive
climate action, equitable support for developing countries, and the importance of transparency
in international climate efforts.
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Carbon Currency: Concept and Mechanism

Carbon currency, also known as carbon credits or carbon offsets, represents a tradable permit

that allows the holder to emit a certain amount of carbon dioxide (CO2) or other greenhouse

gases. The concept is part of market-based mechanisms designed to reduce global emissions by

assigning a cost to carbon pollution and incentivizing emission reductions.

Carbon credits can be earned through various activities that reduce or sequester emissions, such

as renewable energy projects, reforestation, and energy efficiency improvements. These credits

can then be traded on carbon markets, enabling countries or companies that exceed their

emission limits to purchase credits from those that have surplus reductions.

Types of Carbon Credits

Type Description

Certified Emission Reductions = Issued for emission reductions from Clean Development Mechanism

(CERs) (CDM) projects

Verified Carbon Units (VCUs) Issued for voluntary emission reduction projects, verified by third
parties

European Union Allowances Tradable units under the EU Emissions Trading System (EU ETS)

(EUAs)

Carbon Markets

Carbon markets operate at both international and national levels, providing platforms for the
trading of carbon credits. The largest carbon markets include the EU ETS, the California Cap-
and-Trade Program, and voluntary carbon markets where companies and individuals can offset
their emissions.

Table 20: Major Carbon Markets

Market Region Volume of Trades (Mt
COze)
EU Emissions Trading System (EU ETS) Europe 1,000
California Cap-and-Trade Program United States 200
(California)
Regional Greenhouse Gas Initiative United States (Northeast) = 100
(RGG))
Voluntary Carbon Market Global 300

Carbon Market Growth (2005-2020)

Benefits and Challenges

The carbon currency system offers several benefits, including providing financial incentives for
emission reductions, promoting sustainable development projects, and fostering international
cooperation on climate action. However, it also faces challenges such as ensuring the credibility
and additionality of emission reduction projects, avoiding market manipulation, and addressing
equity concerns.

Benefits and Challenges of Carbon Currency

Benefits Description

Financial Incentives Encourages investment in emission reduction projects

Sustainable Development = Supports projects that contribute to sustainable development goals
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International Cooperation = Facilitates global collaboration on climate action

Challenges Description

Credibility Ensuring the validity and additionality of emission reduction projects

Market Manipulation = Preventing fraud and manipulation in carbon trading markets

Equity Concerns Addressing disparities in the distribution of carbon credits and benefits

Benefits and Challenges of Carbon Markets

Future Prospects

The future of carbon currency depends on the continued development of robust regulatory
frameworks, increased transparency and verification mechanisms, and expanded participation
from both developed and developing countries. Innovations in carbon sequestration
technologies, such as direct air capture and carbon storage, also hold promise for enhancing the
effectiveness of carbon markets.

Innovations in Carbon Sequestration

Technology Description
Direct Air Capture Technology that captures CO: directly from the atmosphere
Carbon Storage Methods for storing captured CO: in geological formations or

other long-term reservoirs
Bioenergy with Carbon Capture and Combines biomass energy production with carbon capture and
Storage (BECCS) storage

Future Prospects for Carbon Currency

In conclusion, carbon currency represents a vital tool in the global effort to reduce greenhouse
gas emissions. While challenges remain, continued innovation, regulatory development, and
international cooperation can enhance its effectiveness and contribute to a sustainable, low-
carbon future.

Environmental Ethics

Environmental ethics is indeed the study of moral principles that guide human interactions with
the natural world. It explores questions about how humans should perceive, value, and interact
with the environment and its non-human entities. This field of ethics considers the ethical
implications of human activities that affect ecosystems, biodiversity, natural resources, and the
overall health of the planet.

Key aspects of environmental ethics include:

1. Intrinsic Value: Whether the environment and its components have inherent worth,
independent of their usefulness to humans. This perspective often contrasts with
anthropocentric views that prioritize human interests.

2. Anthropocentrism vs. Biocentrism vs. Ecocentrism:

o Anthropocentrism: Focuses on human interests and well-being as central in
ethical considerations regarding the environment.

o Biocentrism: Extends ethical consideration to all living organisms, viewing
them as having inherent value.
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o Ecocentrism: Places value on entire ecosystems and the Earth as a whole,
emphasizing the interconnectedness and integrity of natural systems.

3. Stewardship vs. Conservation vs. Preservation:

o Stewardship: Advocates for responsible management and use of natural
resources, emphasizing human responsibility to care for the environment.

o Conservation: Promotes sustainable use of natural resources to meet present
needs without compromising future generations' ability to meet their own needs.

o Preservation: Argues for protecting natural environments from human
interference, often in wilderness areas or for the sake of biodiversity
conservation.

4. Environmental Justice: Addresses fairness in the distribution of environmental benefits
and burdens among different groups, especially focusing on marginalized communities
disproportionately affected by environmental degradation and pollution.

5. Sustainability: Emphasizes the need to maintain ecological balance and preserve natural
resources for long-term human and environmental well-being.

Environmental ethics plays a crucial role in shaping environmental policies, influencing
decision-making processes, and fostering responsible attitudes and behaviors towards nature. It
encourages individuals and societies to consider the long-term consequences of their actions on
the environment and future generations.

Rehabilitation and resettlement (R&R) issues

Rehabilitation and resettlement (R&R) issues are critical aspects of development projects
and environmental policies that involve the displacement of communities. These issues arise
when communities are relocated or their livelihoods are disrupted due to infrastructure projects,
urbanization, environmental conservation efforts, or natural disasters. Here’s an overview of key
aspects related to R&R:

1. Reasons for Rehabilitation and Resettlement:

e Infrastructure Development: Construction of dams, highways, railways, and urban

development projects often require land acquisition, leading to displacement.

o Environmental Conservation: Protected areas and biodiversity conservation efforts
may necessitate the relocation of communities residing within these areas.

o Natural Disasters: Displacement occurs due to floods, earthquakes, hurricanes, and
other natural calamities that render areas uninhabitable.

2. Challenges Faced by Displaced Communities:

o Loss of Livelihood: Displaced communities often lose their primary sources of income
and face challenges in adapting to new economic activities or finding suitable
employment.

e Social Disruption: Communities may experience the breakdown of social networks and
traditional cultural practices, leading to psychological stress and social unrest.

e Access to Basic Services: Displaced populations may encounter difficulties in accessing
healthcare, education, clean water, and sanitation facilities in resettlement areas.

e Legal and Land Rights: Issues related to compensation, land ownership, and
resettlement entitlements may lead to disputes and legal battles.
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3. Principles and Guidelines for Rehabilitation and Resettlement:

o Informed Consent: Ensuring affected communities are informed about the impacts of
displacement and actively participate in decision-making processes.

o Fair Compensation: Providing fair compensation for land, property, and livelihood
losses based on market value and considering future income potential.

o Resettlement Planning: Developing comprehensive resettlement plans that address
housing, infrastructure, livelihood restoration, and social services for displaced
communities.

o Sustainability: Promoting sustainable development in resettlement areas to ensure long-
term economic and social stability.

4. Environmental and Social Impact Assessments (ESIA):

e Conducting ESIA to assess the potential environmental and social impacts of
development projects on affected communities.

o Identifying mitigation measures to minimize adverse impacts and enhance benefits for
displaced populations.

5. Case Studies and International Standards:

e International Standards: Guidelines such as the World Bank’s Operational Policy on
Involuntary Resettlement (OP 4.12) and the International Finance Corporation (IFC)
Performance Standards provide frameworks for R&R practices.

o Case Studies: Examples include the resettlement of communities affected by large-scale
infrastructure projects like dams (e.g., Sardar Sarovar Dam in India) and urban
redevelopment projects in cities (e.g., slum resettlement projects).

6. Environmental Justice and Human Rights:

e Addressing concerns of environmental justice to ensure equitable distribution of benefits
and burdens among affected communities, particularly vulnerable groups.

e Upholding human rights principles, including the rights to adequate housing,
livelihoods, and cultural integrity, in R&R processes.

7. Future Directions and Challenges:

o Policy Implementation: Ensuring effective implementation of R&R policies and
monitoring mechanisms to address gaps in practice.

e Community Participation: Enhancing meaningful participation of affected
communities in decision-making processes and R&R planning.

o Climate Change Adaptation: Addressing challenges posed by climate-induced
displacement and integrating climate resilience measures in R&R strategies.

In summary, rehabilitation and resettlement issues are complex and multifaceted, requiring
careful consideration of social, economic, environmental, and human rights dimensions to
mitigate adverse impacts and promote sustainable development outcomes for displaced
communities.

Tawa Matsya Sangh

"Tawa Matsya Sangh" refers to the Tawa Matsya Sangh Sahakari Samiti Limited, which is a
cooperative society primarily engaged in fisheries-related activities in the Tawa Reservoir area
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of Madhya Pradesh, India. The Tawa Reservoir, also known as the Bina Reservoir, is a large
reservoir created by the construction of the Tawa Dam on the Tawa River.
Overview of Tawa Matsya Sangh:

1. Location and Purpose:

o The Tawa Matsya Sangh operates in the vicinity of the Tawa Reservoir, which is
situated in the Hoshangabad district of Madhya Pradesh.

o Its primary objective is to promote and support fisheries activities in the reservoir
area.

2. Activities and Functions:

o Fish Farming and Breeding: The cooperative society engages in fish farming
and breeding operations, utilizing the reservoir's resources to enhance fish
production.

o Marketing and Sales: It undertakes the marketing and sale of fish and other
aquatic products harvested from the reservoir, ensuring a market for local
fishermen and farmers.

o Community Development: The Sangh plays a role in the socio-economic
development of local communities by providing employment opportunities and
supporting livelihoods through fisheries-related activities.

3. Cooperative Structure:

o As a cooperative society (Sahakari Samiti), it operates on cooperative principles,
where members (fishermen, farmers, and other stakeholders) collaborate for
mutual benefit and sustainable development.

o Cooperative societies like Tawa Matsya Sangh often receive support from
government agencies and programs aimed at rural development and fisheries
management.

4. Impact and Challenges:

o Environmental Sustainability: Balancing fisheries activities with
environmental conservation efforts to ensure the sustainability of fish
populations and aquatic ecosystems in the reservoir.

o Market Dynamics: Dealing with market fluctuations and ensuring fair prices for
fish products to benefit local fishermen and consumers.

o Infrastructure and Technology: Access to modern fishing techniques,
infrastructure for storage and transportation, and technological advancements for
efficient fish farming and processing.

5. Role in Local Economy:

o The cooperative contributes to the local economy by generating income for
fishermen and farmers, supporting food security through fish production, and
fostering rural development in the region.

Tawa Matsya Sangh Sahakari Samiti Limited plays a crucial role in promoting fisheries
activities, supporting livelihoods, and contributing to the socio-economic development of
communities around the Tawa Reservoir in Madhya Pradesh, India.
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Melting Icebergs in the Arctic:

1. Causes of Melting:

o Climate Change: Rising global temperatures due to human activities, primarily
the burning of fossil fuels, lead to increased heat absorption in the Arctic region.
This accelerates the melting of icebergs and glaciers.

o Albedo Effect: As ice melts, it exposes darker ocean or land surfaces beneath,
which absorb more solar radiation, further amplifying warming and melting
processes.

o Ocean Warming: Warmer ocean temperatures contribute to the melting of ice
shelves and sea ice from below, affecting stability and integrity.

2. Impact on Environment:

o Sea Level Rise: Melting icebergs contribute to global sea level rise, which poses
risks to coastal communities and ecosystems worldwide.

o Ecosystem Disruption: Loss of Arctic ice impacts marine ecosystems, including
polar bears, seals, walruses, and various species of fish and seabirds that rely on
ice habitats.

o Ocean Circulation: Changes in freshwater input from melting ice can disrupt
global ocean currents, affecting climate patterns and weather systems.

3. Geopolitical and Economic Implications:

o Resource Extraction: Melting ice opens up new opportunities for oil and gas
exploration, mining, and shipping routes in the Arctic, leading to concerns over
environmental impacts and geopolitical tensions.

o Fishing and Tourism: Changes in Arctic ecosystems may affect fisheries and
tourism industries, which rely on stable ice conditions and biodiversity.

4. Feedback Loops and Future Projections:

o Positive Feedback: Feedback loops, such as the albedo effect and release of
stored carbon in permafrost, could accelerate warming and melting processes.

o Future Scenarios: Scientific projections suggest continued Arctic warming and
ice loss under various greenhouse gas emission scenarios, with significant
implications for global climate and ecosystems.

5. Mitigation and Adaptation Efforts:

o International Agreements: Efforts to mitigate climate change through
international agreements like the Paris Agreement aim to reduce greenhouse gas
emissions and limit global temperature rise.

o Adaptation Strategies: Adaptation measures include coastal defenses,
sustainable resource management, and policies promoting renewable energy and
climate resilience.

Impact on Polar Bears:

1. Habitat Loss:
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o Polar bears depend on sea ice as platforms for hunting seals, their primary prey.
Melting icebergs and shrinking sea ice reduce the availability of hunting grounds,
forcing polar bears to travel longer distances or spend more time on land where
food sources are limited.

2. Feeding and Reproduction:

o Reduced sea ice makes it harder for polar bears to access seals, their main food
source. This can lead to nutritional stress, reduced body condition, and lower
reproductive success rates among females.

o Pregnant polar bears depend on sea ice dens to give birth and rear cubs. Loss of
stable ice reduces their ability to create dens, potentially affecting cub survival
rates.

3. Longer Swims:

o As sea ice retreats further from land, polar bears are increasingly forced to swim
longer distances between ice floes or from land to sea ice. This increases their
energy expenditure and risks of drowning, particularly for cubs and older bears.

4. Human-Wildlife Conflict:

o Loss of sea ice can lead polar bears to move closer to human settlements in
search of food, increasing interactions and conflicts with local communities. This
poses risks to both humans and bears.

5. Population Decline:

o Scientific studies indicate that polar bear populations are declining in some
regions due to habitat loss, reduced food availability, and other climate-related
stressors. This trend is concerning for the long-term survival of the species.

Conservation Efforts:
1. Research and Monitoring:

o Scientists study polar bear behavior, habitat use, and population dynamics to
understand how climate change affects them and inform conservation strategies.

2. Protected Areas and Management Plans:

o Conservation efforts include establishing protected areas and developing
management plans that consider the impacts of climate change on polar bear
habitats.

3. Climate Change Mitigation:

o Advocacy for reducing greenhouse gas emissions and supporting international
agreements like the Paris Agreement to limit global temperature rise and mitigate
Arctic ice loss.

4. Community Engagement:

o Collaboration with local communities to promote coexistence and sustainable
practices that minimize human-wildlife conflicts and support polar bear
conservation efforts.

Suggested Text Books:

1. Botkin, D. B., & Keller, E. A. (2014). Environmental science: Earth as a living planet
(9th ed.). John Wiley & Sons.
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change. Cambridge University Press.
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Glossary

Greenhouse Effect: A natural process where certain gases in Earth's atmosphere trap
heat, preventing it from escaping into space, thereby warming the planet.

Climate Change: Long-term changes in temperature, precipitation, and other
atmospheric conditions on Earth, primarily caused by human activities like burning
fossil fuels.

Kyoto Protocol: An international treaty adopted in 1997, which commits its parties to
reduce greenhouse gas emissions based on the premise that global warming exists and
human-made CO2 emissions have caused it.

Ozone Layer Depletion: The thinning of the Earth's ozone layer, primarily caused by the
release of chemical compounds containing gaseous chlorine or bromine from industries
or other human activities.

Montreal Protocol: A global agreement reached in 1987 to phase out the production and
consumption of ozone-depleting substances to protect the ozone layer.

Acid Rain: Precipitation with high levels of sulfuric and nitric acids, resulting from
emissions of sulfur dioxide (SO2) and nitrogen oxides (NOx) from burning fossil fuels;
it can harm ecosystems, structures, and human health.

Copenhagen UNFCCC Summit: The 2009 United Nations Climate Change Conference
held in Copenhagen, aiming to establish a global climate agreement for the post-2012
period.

Carbon Currency: A system of carbon credits that can be traded, allowing countries or
companies to emit a certain amount of carbon dioxide; part of efforts to reduce overall
carbon emissions.

Virtual Water: The hidden flow of water if food or other commodities are traded from
one place to another; essentially, the amount of water embedded in the production of
those goods.
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Genetically Modified Organisms (GMOs): Organisms whose genetic material has been
altered using genetic engineering techniques to introduce new traits or enhance existing
ones.

Disaster Management: The process of preparing for, responding to, and recovering from
natural or man-made disasters to minimize their impact on people and the environment.
Environmental Ethics: A branch of philosophy that considers the moral relationships
between humans and the environment, and the ethical implications of environmental
policies and practices.

Resettlement and Rehabilitation: The processes involved in relocating people affected
by large-scale projects like dams or infrastructure developments, and the subsequent
efforts to restore their living conditions and livelihoods.

Sardar Sarovar Project. A large-scale, multi-purpose dam project on the Narmada River
in India, which has raised significant resettlement and environmental concerns.

Tawa Matsya Sangh: A cooperative organization of fisherfolk in India, known for its
successful struggle for fishing rights and sustainable livelihood practices.

Self-Evaluative Questions

1.
2.

NS

11.

12.

13.

14.

15.

What are the primary causes and effects of the greenhouse effect and climate change?
How do the Kyoto Protocol and the Montreal Protocol aim to address global
environmental issues?

What were the main objectives and outcomes of the Copenhagen UNFCCC summit?
How do international agreements like the Kyoto Protocol differ from national
regulations like the Environment Act of 1986?

What are the main causes and effects of acid rain, and how do they vary among different
regions?

How does the depletion of the ozone layer affect global ecosystems and human health?
What is carbon currency, and how can it help mitigate climate change?

How does the concept of virtual water relate to global water resource management?
What ethical considerations should be taken into account when resettling populations
affected by large-scale environmental projects?

. How do case studies like the Sardar Sarovar project and the melting icebergs of the

Arctic illustrate the challenges of environmental ethics?

What are the key components of effective disaster management, and how do they apply
to environmental disasters?

How can genetically modified organisms (GMOs) be used to address environmental
challenges, and what ethical issues do they raise?

What are the key provisions of the Air Act of 1981 and the Water Act of 1974, and how
effective have they been in protecting the environment?

What are some common challenges faced in the implementation of environmental laws
and policies?

How do individuals' personal actions and choices contribute to environmental
sustainability or degradation?
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16.In what ways can individuals advocate for and contribute to more effective

environmental policies and practices in their communities?
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