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Humans and the Environment
Definition, Scope and Multidisciplinary Nature of Environmental Studies.

The natural environment encompasses all living and non-living things. This environment
encompasses the interaction of all living species, climate, weather, and natural resources that
affect human survival and economic activity. Environmental studies is multi-disciplinary
because it comprises various branches of studies like chemistry, physics, medical science, life
science, agriculture and public health. It is the science of physical phenomena in the
environment. Environmental studies deal with every issue that affects an organism. It is an
applied science as it seek practical answers to making human civilization sustainable on the
earth’s finite resources.

The scope of environmental studies include:

1. Developing an awareness and sensitivity to the environment and its related problems.
2. Motivating people for active participation in environmental protection.

3. Developing skills to find solutions to environmental problems.

4. Imbibe and inculcate in others the necessity for conservation of natural resources.

Need for Environmental Awareness and Environmental Education in present day
context

The primary goals of environmental education

Environmental education aims to achieve several interconnected objectives that work
together to create environmentally responsible citizens:

Awareness building: Helping learners recognize and become sensitive to environmental
issues affecting their local and global communities. This involves understanding how human
activities impact natural systems and recognizing environmental problems in their various
forms.

Knowledge development: Providing learners with a solid foundation of knowledge about
ecological systems, environmental challenges, and the complex relationships between human
society and the natural world. This includes understanding concepts like ecosystem
dynamics, pollution sources, resource depletion, and climate change mechanisms.

Skill enhancement: Equipping learners with practical skills needed to investigate
environmental problems, evaluate potential solutions, and take effective action. These skills
include research methods, data analysis, communication, and collaborative problem-solving.



Attitude formation: Fostering positive attitudes toward environmental protection and
sustainability. This involves developing values that support environmental stewardship and a
sense of personal responsibility for environmental quality.

Participation encouragement: Motivating learners to actively engage in environmental
protection activities and decision-making processes that affect environmental quality at local,
national, and international levels.

Population Explosion, Family Welfare Programme, Impact of rising population on
human health and environment.

Population growth,

variations among nations

— Population explosion

— Family welfare program

— Environment and human health

— Human rights

— Value education

— Women and child welfare

— Role of information technology in environment

— Case studies

Introduction to Ethics and Environmental Ethics

e Meaning and scope of ethics- Introduction and guiding principles of environmental
ethics.

« Moral philosophy: normative, applied, meta-ethics- Types and Classification
o Definition and scope of environmental ethics
e Importance of environmental ethics in modern society

o Human-—nature relationship for better assessment.

Introduction to Human Rights
e Meaning, definition, and characteristics

« Historical development of human rights



e Universal Declaration of Human Rights (UDHR)- Principles and motive for human
rights.

Principles of the UDHR

The UDHR is built on key principles that form the foundation of international human
rights law:

1. Universality

Human rights apply to everyone, everywhere, without exception.

2. Equality and Non-Discrimination

All human beings are born free and equal in dignity and rights (Article 1). No one
should face discrimination based on race, color, sex, language, religion, political
opinion, national or social origin, property, birth, or other status.

3. Inherent Dignity

Every person has inherent dignity simply by being human. Rights are not granted by
governments—they are inborn.

Fundamental Rights and Duties of each and every citizen.

Types of Human Rights

« Civil and Political Rights

e Economic, Social and Cultural Rights

« Collective Rights

e Women’s Rights

e Children’s Rights

« Rights of marginalized and vulnerable groups
Introduction to World Food Issues

o Concept of food security in the Nations with tackling the problems, such as food
insecurity and hunger, Malnutrition (Undernutrition and Overnutrition)

Causes of Food Problems
e Population growth
o Poverty and inequality
e Climate change
« Natural disasters
e War and conflicts
e Poor agricultural practices

Environmental Impact on Food



The environment plays a crucial role in food production. Agriculture depends on healthy soil,
sufficient water, and favourable climatic conditions. However, environmental degradation is
negatively affecting global food production, leading to food insecurity and hunger.

Solutions to World Food Problems
e Sustainable agriculture
e Organic farming
o Biotechnology and GM crops
o Government policies and food aid programs

e Role of FAO and World Food Programme (WFP)

Information Technology and Environment
1. Environmental Monitoring
o Use of GIS (Geographic Information Systems)
e Remote sensing
« Satellite imaging
2. Pollution Control
o Air and water quality monitoring systems
e Environmental data analysis
3. Climate Change Studies
o Weather forecasting models

« Disaster management systems

4. Sustainable Development
e Smart cities

e Renewable energy management systems

Information Technology in Human Health

Health information technology (health IT) involves the processing, storage, and exchange of
health information in an electronic environment. Widespread use of health IT within the
health care industry will improve the quality of health care, prevent medical errors, reduce
health care costs, increase administrative efficiencies, decrease paperwork, and expand access
to affordable health care. It is imperative that the privacy and security of electronic health
information be ensured as this information is maintained and transmitted electronically.



Examples of Health IT

The electronic health record (EHR) is the central component of the health IT infrastructure.
An EHR, or electronic medical record (EMR), is a person's official, digital health record
shared among multiple healthcare providers and agencies. Other key elements of the health
IT infrastructure are the personal health record (PHR), which is a person's self-maintained
health record, and the health information index, a health data clearinghouse or a group of
healthcare organizations that enter into an interoperability pact and agree to share data among
their various health IT systems.

Unit 2

Natural Resources, Management and Sustainability

Resources can be mainly classified on the basis of renewability, origin, utility, ownership, and
development.

Renewable resources- These resources are used over and over as they are’ flow’ in nature.
The perpetual of these dynamic resources are dependent upon proper planning and
management. They include water, soil, fertility, forest, wild animal’s human beings etc,.
Renewable resources are those that can be replenished or reproduced easily. Some of them,
like sunlight, air, wind, etc., are continuously available and their quantity is not affected by
human consumption.

Non-renewable Resources - Non-renewable resources are formed over very long geological
periods. Minerals and fossils are included in this category. Since their rate of formation is
extremely slow, they cannot be replenished once they are depleted. Out of these, the metallic
minerals can be re-used by recycling them, but coal and petroleum cannot be recycled.

Based on its origin, resources are classified into:

Biotic - Biotic resources are those obtained from the biosphere. Forests and their products,
animals, birds and their products, fish and other marine organisms are important examples.
Minerals such as coal and petroleum are also included in this category because they were
formed from decayed organic matter.

Abiotic resources- comprise of non-living things. Examples include land, water, air and
minerals such as gold, iron, copper, silver etc. Classification based on utility. Energy
resources Energy is the primary and most universal measures of all kinds of work by human
beings and nature. Everything what happens in the world is the expression of flow of energy
in one of its forms. The energy sources can be divided into two types Conventional and
nonconventional energy sources. Conventional energy sources are exhaustible e.g. coal,
petroleum Non-conventional energy sources are solar energy, wind energy etc., Raw material
resources for industries raw materials are the main sources. For iron and steel industries iron
ore, manganese, coal is important raw materials.

Natural resource management

Encompasses the sustainable use and conservation of our planet’s valuable resources. When
done effectively, it balances environmental protection with human needs while ensuring
resources remain available for future generations. The growing pressure on our natural



resources has led to various management approaches that address different aspects of
sustainability challenges. These approaches provide frameworks for decision-making that
account for ecological, economic, and social factors in resource governance.

Forest Resources in India: Use, Over Exploitation, Causes and Effects.

A forest is a natural, self-sustaining community characterized by vertical structure created by
presence of trees. Trees are large, generally single-stemmed, woody plants. Forest can exist in
many different regions under a wide range of conditions, but all true forests share these
physical characteristics.

Use and Over Exploitation:

A forest is a biotic community predominantly of trees, shrubs and other woody vegetation,
usually with a closed canopy. This invaluable renewable natural resource is beneficial to man
in many ways.

The direct benefits from forests are:
(a) Fuel Wood

(b) Timber

(c) Bamboos

(d) Food

(e) Shelter

(F) Paper

Human Interactions with Forests:

Humans are indisputably a part of most forests. With the exception of extremely inaccessible
forestlands, all forests present on Earth today have been influenced by human being for tens
of thousands of years. In many cases, forest communities have never been without the
influence of human activities.

Effects of Deforestation:

Forests are closely related with climatic change, biological diversity, wild animals, crops,
medicinal plants etc.

Large scale deforestation has many far-reaching consequences:

(a) Habitat destruction of wild animals (tree-using animals are deprived of food and shelter.)
(b) Increased soil erosion due to reduction of vegetation cover.

(c) Reduction in the oxygen liberated by plants through photosynthesis.

(d) Increase in pollution due to burning of wood and due to reduction in Car- bon-dioxide
fixation by plants.

(e) Decrease in availability of forest products.



(f) Loss of cultural diversity
(9) Loss of Biodiversity

(h) Scarcity of fuel wood and deterioration in economy and quality of life of people residing
near forests.

(i) Lowering of the water table due to more run-off and thereby increased use of the
underground water increases the frequency of droughts.

() Rise in Carbon dioxide level has resulted in increased thermal level of earth which in turn
results in melting of ice caps and glaciers and consequent flooding of coastal areas.

WATER RESOURCES
The main sources of fresh water are:
Surface water and Ground water.

Surface water is a body of water exist above the ground in a stream, river, lake, wetlands,
reservoir, and ocean. Surface water constantly be a part of water cycle, where the water
movement happens to and from the surface of the earth by the process of precipitation and
evaporation and seepage of water into the ground.

Overexploitation of Water Resources:

The indiscriminate extraction of water resources, above the recharge levels of the aquifers is
what we know as overexploitation of fresh water.

Problems of Flood and Drought:

Flood happens when water quantity of any region exceed the normal requirement level
damaging the physical, infrastructural, economic and social set up of the affected area. Heavy
rainfall mainly causes flood in an area when the natural watercourse fail to channelize the
excess water. When the banks of the river fails to contain the heavy flow of water due to
heavy rainfall, inundation occurs; even high storms during tsunamis or cyclones can cause
inundation near coastal areas. Places without proper drainage system also get flooded during
heavy rainfall.

Drought is also an extreme situation, which happens due to insufficiency of precipitation
over a longer period causing damages to crops. Definition of drought varies in different
countries and regions depending on the average precipitation level of the country such as
countries or regions generally receiving lesser annual average rainfall don’t consider 5 to 6
days without rainfall as drought however similar condition is called a drought situation in
countries receiving higher rainfall throughout the year.

Causes of Floods-

Heavy Rainfallintense or prolonged rainfall (such as during monsoons) can overwhelm rivers
and drainage systems.



River OverflowWhen rivers receive too much water from rain or melting snow, they exceed
their capacity and flood nearby areas.

Tropical Storms & HurricanesPowerful storms like hurricanes (e.g., Hurricane Katrina) bring
heavy rain and storm surges that cause severe flooding.

Rapid SnowmeltSudden temperature rise can melt large amounts of snow quickly, increasing
river flow.

Storm SurgeStrong winds during cyclones push seawater onto land, especially in coastal
regions. Dam or Levee Failure (Natural Damage)

Human Causes of Floods

Deforestation: It is the term used to describe the disappearance or thinning of forests due to
tree cutting. Humans use the space that has been cleared by deforestation to build highways,
factories, homes, dams, and agricultural land.

Lack of drainage system: Poor drainage caused by the shape of the landscape or inadequate
drainage systems can damage buildings and move soil from where it's needed to where it
causes trouble. The effects of poor drainage systems extend beyond single properties and can
have an impact on roads, waterways, and health.

Population Pressure: Population pressure, a term summarizing the stress brought about by
an excessive population density and its consequences, is used both in conjunction with human
overpopulation and with other animal populations that suffer from too many individuals per
area (or volume in the case of aquatic organisms).

Causes of Drought

Droughts occurwhen evaporation and transpiration rates
consistently exceed precipitation over an extended period of time.

This prolonged imbalance results in water shortages, crop damage, and reduced streamflow.
The primary causes of drought are insufficient rainfall or inadequate snowpack.

There are four main types of droughts: permanent, seasonal, unpredictable, and
invisible.

Causes:

1. Rainfall Deficiency: Significant deficiency in rainfall, especially during the monsoon
season, below-average monsoon rainfall can lead to drought conditions.

2. EIl Nifo and La Nifia: These climate phenomena in the Pacific Ocean can disrupt the
normal monsoon patterns in India. El Nifio is associated with drier conditions, while
La Nifia can bring excess rainfall or erratic monsoons.

3. Indian Ocean Dipole (I0OD): IOD events, characterized by sea surface temperature
anomalies in the Indian Ocean, can influence the monsoon. A positive 10D can lead to
drier conditions in India, contributing to droughts.


https://www.britannica.com/science/drought
https://www.britannica.com/science/evaporation
https://www.britannica.com/science/transpiration
https://www.britannica.com/dictionary/exceed
https://www.britannica.com/science/precipitation
https://www.britannica.com/science/drought

Delayed or Erratic Monsoons: Sometimes, the monsoon onset may be delayed, or the
rains may be irregular, leading to uneven distribution of rainfall across regions and
drought in some areas.

Temperature Extremes: High temperatures and heat waves can exacerbate drought
conditions by increasing evaporation rates and drying out soil and water sources.

Deforestation and Land Degradation: Land-use changes, deforestation, and soil
degradation can reduce the land’s capacity to retain moisture, making it more
susceptible to drought.

Over-Extraction of Groundwater: Excessive withdrawal of groundwater for irrigation
and domestic use can deplete aquifers and contribute to drought conditions.

Inefficient Water Management: inefficient irrigation methods and mismanagement of
water resources, exacerbate water scarcity during droughts.

Climate Change: Long-term climate change can alter precipitation patterns and
increase the frequency and severity of drought events.

Mineral Resources of India:

Use, Exploitation, Exploration, and Extraction

India is rich in mineral resources, which play a crucial role in the country's industrial and
economic development. This comprehensive guide covers the various aspects of mineral
resources in India, including their uses, exploitation, exploration, and extraction processes.

Mineral resources, can be broadly classified into the following categories:

Metallic Minerals: Iron ore, manganese, bauxite, copper, gold, zinc, lead, etc.
Non-Metallic Minerals: Limestone, mica, gypsum, dolomite, phosphorite, etc.
Energy Minerals: Coal, petroleum, natural gas, uranium, thorium, etc.

Minor Minerals: Building stones, gravel, ordinary clay, ordinary sand, etc.

Exploitation of Mineral Resources

The exploitation of mineral resources involves extracting minerals from the earth to meet the
industrial and economic demands. Key issues and impacts include:

Environmental Impact: Mining activities can lead to land degradation,
deforestation, loss of biodiversity, soil erosion, and pollution of water and air.

Socio-Economic Impact: Mining can lead to displacement of local communities, loss
of livelihood for indigenous populations, and health issues due to pollution.

Economic Impact: While mining contributes significantly to the economy, it also
requires substantial investment and can be subject to fluctuating global commaodity
prices.

Mineral Extraction

Mineral extraction involves several methods depending on the type of mineral and its
location:

Surface Mining



e Open-Pit Mining: Removing large areas of surface rock to access minerals. Common
for extracting iron ore, bauxite, and limestone.

e Strip Mining: Removing strips of soil and rock to expose ore. Used for coal and
other stratified minerals.

e Quarrying: Extracting building materials like stone, gravel, and sand.
Underground Mining

e« Room and Pillar Mining: Creating large rooms in the mineral seam while leaving
pillars of ore to support the roof. Used for coal, gypsum, and salt.

e Longwall Mining: Using a shearer to cut along the face of the mineral seam, which
then collapses into a conveyor system. Common for coal extraction.

e Block Caving: Involves undercutting the ore body and allowing it to collapse under
its weight, suitable for low-grade ores like copper.

Placer Mining

e Dredging: Extracting minerals from underwater sediments. Common for gold and
diamond extraction.

e Hydraulic Mining: Using high-pressure water jets to dislodge minerals from placer
deposits.

Environmental Management in Mining
To mitigate the environmental impact of mining, several practices are employed:

o Land Reclamation: Restoring the mined area to its original or an acceptable state,
which may include re-vegetation and landscape reconstruction.

e« Waste Management: Proper disposal and treatment of mining waste, including
tailings and overburden.

« Water Management: Preventing water pollution by treating mine water before
discharge and managing water usage efficiently.

e Air Quality Management: Reducing dust and emissions from mining operations
through dust control measures and the use of cleaner technologies.

ENERGY RESOURCES AND THEIR CLASSIFICATION

l. Primary and Secondary energy

I. Perpetual/Continuous and Non-continuous energy
[1. Commercial and Non-commercial energy

IV.  Renewable and Non-renewable energy



Renewable energy resources can be replenished over a fairly short span of time, such as
months, years or decades. These energy sources are inexhaustible and create fewer threats to
the environment in terms of pollution.

Non-renewable energy resources take millions of years to form and accumulate, e.g. all
fossil fuels like coal, oil, natural gas; nuclear fuels like uranium, thorium, etc.

a. Hydroelectric energy
Hydroelectric energy is derived from harnessing moving water and converting the
kinetic energy into electric energy with the aid of a turbine.

b. Solar energy
Solar energy is the highest form of energy, which supplies staggering effects on the
physical, chemical and biological processes on earth. It is actually a form of
electromagnetic wave. Harvesting and utilizing the heat and/or the light from sunlight
is the basic idea in technologies (passive and active) using solar energy.

c. Wind Energy
The uneven distribution of solar radiation on the earth surface due to the shape of the
earth and the Coriolis' effect on the rotation of the earth are the major factors to create
geostrophic wind and surface or local wind. Wind energy can be harvested directly as
mechanical power or by converting the kinetic energy into electrical energy using the
turbine system.

d. Biomass Energy
Energy generated or produced from organic matter through either direct combustion or
gasification (for electricity generation) or conversion of biomass into ethanol is called
biomass energy.

NON-RENEWABLE ENERGY RESOURCES

a) Fossil fuels

Fossil fuels formed during the carboniferous period i.e., 300-360 million years
ago are the highly used non-renewable resources of the current age. The
carbon content in fossils fuels is very high hence the efficiency of fossil fuels
as energy resources are far better than any renewable resources. Fossil fuels
are also moderately cheap and commercially available energy resources- thus
highly reliable energy resources. Three different groups of fossil fuels are
currently used for energy generation. They are coal, crude oil, and natural
gas.

ENERGY DEMAND AND SUPPLY

Energy is one of the major key factors that help humankind to resolve most of the challenges
and opportunities of today’s world. When it comes to several possibilities that ensure the
well-being of society or find a solution for the present-day crises, energy plays a central role.
The availability of perpetual energy is one of the vital factors to determine the social and
economic growth of communities.

ENERGY USE PATTERN IN INDIA



India, one of the fastest-growing economies in the world, is also one of the most populated
regions in the world. Since globalization in the 1990s, the country has been witnessing a fast
growth in its infrastructure development. The backbone of the Indian economy is agriculture
and just after the post-independence followed by the “green revolution”, the agriculture
sector has been highly mechanized. The demography of India is unique due to its diverse
class and caste division, which is very well reflected in the distribution and availability of
resources. The urban Indian economy is hugely industry-based and service-based, while the
rural Indian economy is still agriculture-based. India currently is the third-largest producer of
electricity in the world. During the last decade, the country doubled its total installed energy
generation capacity; the 154.7 GW in 2007 has been hiked to 345.5 GW in 2018. 86% of the
Indian population is currently having access to electricity. It is also noteworthy to mention
that energy consumption in the country has increased by 129% during the last decade. As per
the IEA projection, the energy demand in the country is going to triple by 2040. The current
electricity consumption pattern in the country is dominated by industry, followed by domestic
and agriculture sectors respectively.

IMPACT ON THE ENVIRONMENT

An affordable supply of energy that is reliable, accessible and produced from a sustainable
resource is fundamental for the development of modern society and that in turn ensures low
dependency on fossil fuels which is deleterious to the environment. The amount of pollution
from fossil fuels are clearly dominating the air quality levels of Indian cities. Vehicular
emission contributes a major part to the air pollution in India and threatens the state of health
in the country.

Land resources
Land as a resource:

Landforms such as hills, valleys, plains, river basins and wetlands include different resource
generating areas that the people living in them depend on. Many traditional farming societies
had ways of preserving areas from which they used resources. Eg. In the ‘sacred groves’ of
the Western Ghats, requests to the spirit of the Grove for permission to cut a tree, or extract a
resource, were accompanied by simple rituals.

Land Degradation: Farmland is under threat due to more and more intense utilisation. Every
year, between 5 to 7 million hectares of land worldwide is added to the existing degraded
farmland. When soil is used more intensively by farming, it is eroded more rapidly by wind
and rain.

Soil erosion

The characteristics of natural ecosystems such as forests and grasslands depend on the type of
soil. Soils of various types support a wide variety of crops. The misuse of an ecosystem leads
to loss of valuable soil through erosion by the monsoon rains and, to a smaller extent, by
wind. The roots of the trees in the forest hold the soil.

Human activities accelerating land degradation

While natural processes contribute to soil erosion, human activities have dramatically
accelerated the rate and extent of land degradation across India. These anthropogenic factors
often work synergistically, compounding their individual impacts.



Biodiversity impacts and ecosystem degradation

Soil erosion compromises ecosystem function beyond agricultural productivity. Eroded
landscapes support fewer species, store less carbon, and provide reduced ecosystem
services compared to their non-degraded counterparts.

In India’s diverse agroecosystems, this degradation manifests as declining soil biodiversity
(particularly microbial communities), reduced habitat quality for wildlife, and
diminished landscape resilience to climate variability. The resulting ecological simplification
makes these systems more vulnerable to pests, diseases, and climate extremes.

Shifting cultivation practices

Shifting cultivation (commonly called jhum in northeastern India) involves clearing forest
patches, burning the vegetation, and cultivating for a few years before abandoning the plot to
regrow while new areas are cleared. Traditionally, long fallow periods (15-20 years) allowed
adequate forest regeneration and soil recovery.

Overgrazing and livestock pressure

India supports the world’s largest livestock population, creating tremendous pressure on
grazing lands. Overgrazing removes protective vegetation cover, compacts soil through hoof
action, and reduces infiltration capacity. In arid and semi-arid regions, this combination
creates ideal conditions for both water and wind erosion.

Infrastructure development and drainage disruption

Expanding infrastructure—roads, railways, canals, and urban development—ifrequently
disrupts natural drainage patterns, concentrating water flows and creating new erosion
hotspots. Road cuts through hillsides expose soil to erosion, while improper culvert
placement can concentrate drainage and initiate gully formation.

Sustainability and Resource Conservation:Sustainable development goals, equitable use
of resources for sustainable lifestyle, resource conservation.

Concept of sustainable development was widely accepted across the globe in1987 after its
appearance in The Brundtland Report (also referred as ‘Our Common Future’). This report
was the result of UN commission set up with a purpose to initialize the concept and practice
of global agenda for change. In simple terms ‘sustainable development’ refers to wise
development strategies which meets the needs of present generation without any comprise for
its availability to the future generations.

Pillars of sustainable development

Society, environment and economy are the three pillars on which sustainable development
thrives. People, their living environment and economic development are inter-related. Any
imbalance between the three can create alarming situations. People are dependent on services
provided by the ecosystem for living and development.

Principles of Sustainable Development



The principle of sustainable development received international recognition from Brundtland
Commission Report (1987) was supported by all the nations. Some of the salient principles
which underlie the concept of sustainable development were spelled out in the Rio
Declaration, 1992 and Agenda 21. Therefore, these principles have been pursued for
achieving the goals for sustainable development. These principles are as follows:

a. Inter-generational equity;
b. Use and conservation of natural resources;
C. Environmental protection;

d. The precautionary principle;

e. The ‘Polluter Pays’ principle;

f. Principle of liability to help and co-operate;
g. Poverty eradication; and
h. Principle of ‘public trust’

Seventeen Sustainable development Goals are:

Goal 1. It aims at eradicating all forms of poverty from everywhere across the globe.
Goal 2. Food security, improved nutrition, remove starvation and promoting sustainable
agriculture development.

Goal 3. Healthy living and well-being for everyone irrespective of the age.

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all

Goal 5. Achieve gender equality and empower all women and girls

Goal 6. Ensure availability and sustainable management of water and sanitation for all
Goal 7 Ensure access to affordable, reliable, sustainable and modern energy for all

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all

Goal 9. Build resilient infrastructure, promote inclusive and sustainable
industrialization and foster innovation

Goal 10. Reduce inequality within and among countries

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable
Goal 12. Ensure sustainable consumption and production patterns

Goal 13. Take urgent action to combat climate change and its impacts.

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable
development

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss



Goal 16. Promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable and inclusive institutions at all levels

Goal 17. Global Partnership for Sustainable Development

SUSTAINABLE LIFESTYLE:

Potentially at least, populations of animals and plants, and their assemblages known as
communities and ecosystems (such as a tract of forest), can be harvested in a sustainable
manner — that is, without depleting the size of the resource or its capability to renewal.
Essentially, this is due to the fact that, within limits, bio-resources are able to regenerate after
some of their biomass is harvested. As long as the rate of harvesting does not exceed that of
regeneration, a bio-resource can be used in a sustainable way.

Potentially, all management options (including selective breeding, enhancement of growth
and recruitment rates, and management of mortality rate) can result in larger yields of bio-
resources. However, the factors that influence the size and productivity of stocks of
renewable resources are imperfectly understood. Consequently, the management systems
advocated by resource scientists are also imperfect. Despite this caveat about uncertainty,
enough is usually known about ecological factors affecting bio-resources to design harvesting
and management systems that will not degrade the capability for renewal. The Depletion of
Natural Resources, including its longer-term implications for the survival of future
generations.

Pollution and its ecological and human health effects
o Disturbances that cause damage to natural ecosystems
« Endangerment and extinction of species

o Impairment of ecosystem services, which are a major part of the life-support system
of the planet

e Social effects of Environmental damage, including unacceptable economic disparities
(including poverty) and the disenfranchisement of indigenous people and
socioeconomic groups.

The proper definition of a sustainable economy is one that can be maintained over time
without causing a depletion of its capital of natural resources. Ultimately, a sustainable
economy can be supported only by the “wise use” of renewable resources, which would be
harvested at rates equal to or less than their productivity. Therefore, “economic development”
should refer only to progress made toward a sustainable economic system.

A Sustainable Human Economy must be based on the wise use of renewable resources —
meaning use that does not compromise their availability in the future. In addition, an
ecologically sustainable economy would not cause unacceptable damage to other parts of the
biosphere, such as putting other species and natural ecosystems at risk of extinction.

Rainwater Harvesting and Watershed Management:



Rainwater can provide naturally occurring cleanest source of water in such areas. Collection
of rainwater in tanks, wells, and ponds also known as ‘“Rainwater Harvesting” has always
been a common practice performed in ancient India. As the country’s agriculture system
primarily depends upon the rainfall which changed almost every year and as flood and
drought occurred regularly since ancient time. There is still a need to understand the
traditional water harvesting techniques for the successful development and implementation of
modern water conservation engineering. Rainwater harvesting is the activity of optimum
utilization of natural resource i.e., rainwater by collecting and storing rainwater for direct use
and can be used to recharged the groundwater.

Modern techniques for Rainwater Harvesting

A modern rainwater harvesting system comprises combinations of various components and
processes, such as a catchment surface, conveyance system, pre-storage filtration, storage
container, pump, post-storage filtration/treatment and post-storage distribution system.
However, the system is not limited to these components only. The requirement of different
components varies depending upon the harvested rainwater utilization. Hence, modern
rainwater harvesting techniques can be broadly classified for two purposes.

1.  Collection and storage of rainwater for direct use
2. Groundwater recharging.

Surface Water Storage: Storage of surface water is used in a majority of rainwater
harvesting systems and considered since ancient period, for example, rooftop rainwater
harvesting system.The basic components of rooftop rainwater harvesting system include a
collection area for water, conveyance system (gutter and conduits) to deliver the collected
water to the storage tank by a network of pipes and the storage facilities.

1. Catchment: The catchment or collection area is an area which directly receives the
rainfall and provides water to the system. The roof of a house or a building can be used to
collect the water as these areas are generally safe and cleaner compared the paved ground
surfaces. The effective roof area and the material used in constructing the roof influence the
efficiency of collection and the water quality.

2. Coarse Mesh: Provide at the roof to prevent entry of any debris.

3. Gutters: These are the channels installed all around the edges of the sloped roof to
collect the water and deliver to the storing system via conduits. These are semi-circular or
rectangular shaped drains can be made by folding galvanized iron (Gl) sheets or by cutting
Poly Vinyl Chloride (PVC) pipes and bamboo or betel trunk vertically into the half.

4. Conduits: Conduits usually consists of pipes that deliver rainwater falling on the rooftop
to cisterns or other storage vessels. To avoid adverse effects on water quality, the chemically
inert materials such as wood, plastic, aluminium, or fiberglass should be used in construction
of drainpipes and roof surfaces.

5. First Flushing: It is a valve devised to check the entry of runoff from the first spell of rain
to the system. As the first spell carries the heavy load of pollutants collected from the
atmosphere and catchment during first few minutes of rainfall.



6. Filters: A filter is a chamber filled with fibre, coarse sand, gravels and charcoal etc. to
remove any debris or dirt particles from the harvested water before it enters the storage tank.
These filters can efficiently remove any color, silt, clay, and microorganisms from the water.

7. Storage tank: The water ultimately is stored in a storage tank or cistern, which should
also be constructed of an inert material such as, reinforced concrete, fiberglass, wood,
aluminium or stainless steel. The tank can be built near the building as part of it or can be
constructed separately at some distance away from the building. Storage tank can be of two
types: 1) underground, and 2) above ground. The underground tank can be constructed of
masonry or reinforced cement concrete (RCC) structure and suitably lined with
waterproofing materials. Whereas, the surface tank can be of Gl sheet, RCC, Plastic or
ferrocement tank and usually placed on a raised platform. The choice and size of the tank
depends on the factors such as daily demand, duration of the dry spell, catchment area and
rainfall, local availability of material and space.

The tank is provided with the following arrangements:
A manhole of 0.50 m x 0.50 m size with cover

Vent pipe/ over flow pipe (with screen) of 100 mm dia.
Drain pipe (100 mm dia.) at bottom

For underground construction, at least 30 cm of the tank should remain above ground and the
water withdrawal can be made by installing the hand pump on it.

8. Overflow Pipe: Installed on the top of a storage tank to remove excess of water from the
tank during heavy rainfall. The size of pipe should be same as of the inlet pipe and installed
with the wire mesh at the end to avoid entry of any insect, rat, squirrel to the tank.

Groundwater Recharging: Groundwater recharging is the indirect method of rainwater
harvesting and is comparatively a new concept. The basic principle of groundwater recharge
is to restore the supplies from an aquifer. Detailed knowledge of hydrological and geological
features of the area is necessary for selecting the suitable site of recharge units. Groundwater
recharge system involves the installation and construction of a variety of structures.

Recharge Pits: Pits also called as recharge pits constructed for recharging the shallow
aquifer. These are constructed with the dimensions of 1-2 m wide and 3 m deep backfilled
with boulders, gravels, coarse sand. An aquifer is an underground formation of water-
saturated layers of soil, sand, gravel or bedrock that can yield water.

Recharge Trenches: These are constructed when the permeable strata are available at
shallow depth. The trench may be 0.5 to 1 m wide, 1 to 1.5 m deep and 10 to 20 m long
depending upon the availability of water. These are backfilled with filter materials.

Dug wells: Existing dry/unused dug wells can be utilized as recharge structure. The water
should pass through filter media before putting into a dug well.

Hand pumps: The abandoned/running hand pumps can be used for recharging the
shallow/deep aquifers if the availability of water is limited. Water can be diverted from



rooftop to hand pump through a pipe (50-100 mm dia). Water should pass through filter
media to avoid choking of recharge wells.

Watershed Management:

A watershed is the geographical area drained by a watercourse. The concept applies at various
scales — from, for example, a farm drained by a creek (a “micro-watershed”) to a large river
basin (or a lake basin). A river basin usually comprises a complex system of watersheds and
micro-watersheds crossed by and draining into a major river and its tributaries, from the
beginning of the river (its “source”) to its mouth (and a lake basin may be defined as a
geographic land area draining into a lake). Because soils and vegetation are intimately linked
to the water cycle, watersheds are the most useful planning unit for integrated water and land
resource management.

Watersheds perform the following important functions and services, among others:
The provision of freshwater (particularly upland watersheds);

The regulation of water flow; the maintenance of water quality; the provision and protection
of natural resources for local livelihoods; protection against natural hazards (e.g. local floods
and landslides);

The provision of energy (e.g. hydropower);
Biodiversity conservation; and recreation.

Watershed management promotes the adoption of sustainable land and water management
practices and encourages investment in better land husbandry that supports, not harms, the
ecosystems on which productivity depends. Efforts to improve efficiency in the use of natural
resources, especially water, are required to reduce pressures on the natural resource base and
to restore the health and quality of freshwater ecosystems. The key purpose of watershed
management is to negotiate a balance among the interests and often competing needs of
stakeholders and to jointly identify options for resource use that balance economic, social and
environmental objectives and for which the highest consensus can be achieved among
stakeholders.

Effective watershed management identifies degraded areas in need of restoration, as well as
areas with high ecological value that must be protected from degradation or conversion to
other uses. Watersheds have long been recognized as an appropriate spatial unit for
management, and they are also increasingly recognized as the key scale for resource
governance.

Wasteland Reclamation:

The barren or degraded lands which do not fulfill their life sustaining potential. Some of
agricultural fields degraded or unfit for profitable cultivation are also often considered as
wastelands. The most commonly used definition of wastelands is “any type of land which
because of neglect, overuse or degradation by climatic and / or anthropogenic factors is not
being used to its fullest potential”.

The National Wasteland Development Board, Govt. of India defines wasteland as “land
which is presently degraded and is lying unutilized except current fallow due to different
constrains”.



Types Of Wasteland:
The wastelands can be mainly divided into 2 types and then subdivided into several subtype.
These are:

i) Culturable Wastelands: These are the wastelands which can be cultured easily or without
much difficulty. No special measures are required for their reclamation. These may reclaim at
their own naturally with time.

i) Non culturable Wastelands: These cannot be reclaimed easily and natural reclamation
of is not possible. These can either be reclaimed with extreme difficulty or cannot be
reclaimed at all.

Causes of Wasteland Formation:
The main causes of wasteland formation are:
e Soil erosion due to highspeed wind and water
« Salinization, alkalization, inundation of land areas
« Natural factors like tsunami, floods and tidal actions

« Anthropogenic activities like improper agricultural practices in terms of excessive
usage fertilizers, pesticides, mono cropping, improper disposal of industrial waste,
illegal and indiscriminate mining of minerals, Jhum cultivation etc.

o Climate change and Environmental conditions like changing rainfall pattern (arid,
semiarid conditions)

e Management constraints.
Importance of Wastelands/Need for Wasteland Reclamation
e Provides the source of income for rural people
« Help in maintaining an ecological balance in area
o Maintains the local climatic conditions
e Ensures a constant supply of fuel, fodder and timber for local use
o Improves the soil fertility
Wasteland Reclamation

It is the process of turning barren, sterile land into fertile land suitable for agriculture or
vegetation and cultivation. Reclamation means recovering physical structure of land to
rebuild the ecosystem. These lands can be reclaimed by three methods:

1) Topography and Soil Management

i1) Water Management

iii) Crop Management

1) Soil Management: The soil management can be done with following:

e Filling of Gullies and Leve



ling: This can be done by filling stones in gullies, followed by compacting after
placing soil over it. The leveling of land should be done to reduce water erosion.
Further changing course of water or small check dams are also useful for the purpose.
Planting grasses and bushes along the water course also help to stop soil erosion.

Terracing: In this the earth is shaped in the form of small level terraces to hold soil
and water. The terraces are given inward slope to increase infiltration of water. The
banks of terraces are made firm and compact by placing stones and planting grasses
over the sides.

Scraping: This technique is used for soils covered with 2-3 cm thick layer of salts
over it. This layer can be removed by scraping using spade. This is possible only at
small scale and may not be possible at large scale.

Flushing: The method is used for lands where water soluble salts accumulate over
land surface due to evaporation of water. To remove these salts, the area is first filled
with water and allowed to remain there for few days. The water is checked for its
conductivity so as to find that how much salts have dissolved. The water is then
flushed off. Water should not be made to stand for long as salts can leach down to the
sub soil.

Deep Ploughing: Fallow lands i.e. land that is normally used for farming but that is
left with no crops for long time become hard due to trampling by animals, settling of
soil particles and lack of vegetation. To recover such lands, ploughing should be done
deep so that soil is opened to absorb moisture from rain. This also removes weeds,
stones and pebbles etc.

Drainage: Waterlogged soils are improved by this method. There are 2 types of
drainage systems, Sub-surface drainage and Underground drainage.

Addition of Green Manure and Soil Amendments: The method is used to reclaim
the soils low in organic matter, nutrients and alkaline or acidic in nature. In this
method legume crops or nitrogen fixing plants are cropped on the land and ploughed
down in the soil when they are soft and without flowers. They fix atmospheric
nitrogen and add organic matter to soil. The chemicals like calcium carbonate,
gypsum, fly ash and farm yard manure are added to the soil to increase the nutrient
level and lime is added to reduce the soil acidity.

Wind Breaks: The method is used in areas having loose dry sandy soil and high
intensity of speedy winds leading to movement of soil with wind. To reduce soil
erosion due to high speed wind, row of fast growing trees are plated on boundaries of
wastelands and banks of water courses. The trees species commonly used as wind
breaks are Poplar, Neem, Shesham Bamboo and some fruit trees like, Ber, Jamun
Mango etc.

Silt Trapping Dams: When the water flowing from uplands cause soil erosion and
siltation, to check the movement od eroded soil, big or small dams of reasonable
height can be constructed against the course of water flow. Water is made to stand
near these traps for a while and silt particles settle down thus reducing soil erosion.

Contour Furrowing and Bunding: The method is adopted for sloppy wasteland. The
contours or furrows are made to allow water to remain in contour or to move at a slow



speed and hence reduce soil erosion by water. This increases Infiltration of water
leading to water conservation.

e Mulching: The method is used to conserve soil moisture during droughts and when there
are no rains. Mulches of dry grass, polythene, chemical mulch etc. are used to cover the
soil surface. Mulching also check soil erosion and suppresses emergence of weeds.

Due to large number of anthropogenic and natural activities, the land degradation has
increased. In order to support the ever increasing population of humans and domesticated
animals, there is utmost need to reclaim the waste lands. Programmes are being run by
different countries to reclaim the wasteland and some of these have shown positive
results. The mapping of wastelands after regular intervals is necessary to keep an eye on
their status.

Unit 111

Ecosystem and Biodiversity

Concept, Structure and Functions of Ecosystem:
Ecology and Ecosystems

The interactions in nature are studied in a branch of science termed as ‘Ecology’.

The Earth System and its components

The earth’s life support system consists of four main components — the geosphere, the
atmosphere, the hydrosphere, and the biosphere

The term ‘Ecology’ was first coined by the German biologist Ernst Haeckel in 1869.
Haeckel defined ecology as ‘the study of natural environment including the relations of
organisms to one another and to their surroundings.’ It is derived from two Greek words
— “oikos” meaning home and “logos” meaning study. Thus literally, ecology is the study of
life at home with main emphasis on pattern of relations between organisms and their
surrounding environment.

Concept of Ecosystem

In nature, the living organisms (plants, animals and microorganisms) and non-living
environment (e.g. water, air, soil, etc.) are inseparably interrelated and interact with each
other. No living organism can exist by itself, or without an environment. Every organism uses
energy, nutrients and water from its surrounding environment in various life activities.

These fundamental interactions among organisms and their non-living/physico-chemical
environment constitute an interrelating and interdependent ever-changing system known as
an Ecological System or Ecosystem.

Ecosystem Structure

The ecosystem is largely divided into two components — Abiotic and Biotic components.
Ecosystem structure is created due to interaction between abiotic and biotic components,
varying over space and time.



1. Abiotic Components

i)

i)

inorganic substances required by organisms such as carbon dioxide, water,
nitrogen, calcium, phosphorus, etc. that are involved in material cycles. The
amount of these inorganic substances present at any given time in ecosystem is
called as standing state or standing quality of ecosystem.

organic compounds like proteins, carbohydrates, amino acids, lipids, humic
substances and others are synthesized by the biotic counterpart of an ecosystem.
They make biochemical structure of ecosystem.

climatic factors including mainly rain, light, temperature, humidity, wind and air
and iv) edaphic and other factors such as minerals, soil, topography, pH, etc.
greatly determine the functions, distribution, structure, behavior and inter-
relationship of organisms in a habitat.

2. Biotic Components

The biotic components of the ecosystems are the living organisms including
plants, animals and microorganisms. Based on their nutritional requirement, i.e.
how they get their food, they are categorized into three groups — i) Producers are
mainly the green plants with chlorophyll which gives them the ability to use solar
energy to manufacture their own food using simple inorganic abiotic substances,
through the process of photosynthesis.

Types of Ecosystem and their characteristics

1. Terrestrial Ecosystem

The ecosystems on land are called as terrestrial ecosystems. They are broadly
classed into:

a) Forest Ecosystem:

They are the ecosystems with an abundance of flora, or plants in relatively small
space. A wide diversity of fauna can also be seen.

b) Desert Ecosystems:

Desert ecosystems are located in regions that receive low precipitation, generally
less than 25 cm per year. They occupy about 17 percent of land on earth. Some
deserts contain sand dunes, while others feature mostly rock.

c) Grassland Ecosystems:

Grassland Ecosystems are typically found in both tropical and temperate regions
of the world. They share the common climactic characteristic of semi-aridity. The
area mainly comprises grasses with a little number of trees and shrubs.

d) Mountain Ecosystem:

Mountain land provides a scattered and diverse array of habitats where a large
number of animals and plants are found.

2. Aquatic Ecosystems:



Agquatic ecosystem is the ecosystem found in a body of water. It encompasses
aquatic flora, fauna and water properties, as well. There are two main types of
aquatic ecosystem — Marine and Freshwater Ecosystem.

a) Marine Ecosystem
Marine ecosystems are the biggest ecosystems, which cover around 71% of earth’s
surface and contain 97% of out planet’s water. Water in marine ecosystems
contains high amounts of dissolved minerals and salts.

b) Freshwater Ecosystem

Contrary to the Marine ecosystems, the freshwater ecosystem covers only 0.8% of
Earth’s surface and contains 0.009% of the total water. Three basic kinds of
freshwater ecosystems exist. i) Lentic — slow-moving or still water like pools,
lakes or ponds

ii) Lotic — fast-moving water such as streams and rivers.

Natural and Artificial Ecosystems
All above ecosystems are Natural ecosystems as these operate themselves under
natural conditions without any major interference by man.

Energy Flow Through an Ecosystem

Trophic levels provide a structure for understanding food chains and how energy
flows through an ecosystem. At the base of the pyramid are the producers, who
use photosynthesis or chemosynthesis to make their own food. Herbivores or
primary consumers, make up the second level. Secondary and tertiary consumers,
omnivores and carnivores, follow in the subsequent sections of the pyramid. At
each step up the food chain, only 10% of the energy is passed on to the next level,
while approximately 90% of the energy is lost as heat.

Ecological Pyramid - Definition, Types, Importance, Limitations

An ecological pyramid is a graphical representation of the relationship that every
living creature present at different levels of the ecosystem shares with each other.
Ecological Pyramids represent the different forms of bio-productivity of an
ecosystem i.e. how much biomass, energy, or number of individuals each trophic
level accounts for.

Pyramid of Number

The Pyramid of Number denotes the total number of living individuals at various
trophic levels in an ecological system. The producers are at the base and top
carnivores at the topmost level in this pyramid.

Pyramid of Biomass

The ecological pyramid that is made by considering the amount of biomass that is
produced by the living system of each trophic level is represented by the pyramid
of biomass. The pyramid that demonstrates the total weight of every trophic level
in a specific food chain in an ecosystem is the biomass pyramid.

Pyramid of Energy



The ecological pyramid which is formed by determining the flow of energy from
one trophic level to another is known as the pyramid of energy. The producers
situated at the base of the pyramid of energy have the highest amount of energy
and the topmost consumer at the top has the least amount of energy.

Ecological Pyramids provide valuable insights into the structure and functioning
of ecosystems. By visualizing the relationships between different trophic levels,
we gain a deeper understanding of how energy, biomass, and population numbers
are distributed within ecosystems.

Ecosystem services

Have emerged as a pivotal concept in environmental science, highlighting the
myriad benefits that ecosystems provide to human well-being and economic
prosperity. It is imperative to understand the intricacies of these services, from
their definition and classification to their importance and implications for policy
and decision-making.

As defined by the Millennium Ecosystem Assessment (MEA), ecosystem services
are the benefits that people obtain from ecosystems, encompassing provisioning,
regulating, cultural, and supporting services. These services underpin human well-
being and are vital for sustaining life on Earth.

Classification of Ecosystem Services (ESS):
Ecosystem services are commonly classified into four categories:

1. Provisioning Services: These include the tangible products obtained from ecosystems,
such as food, water, timber, and medicinal plants. Provisioning services are directly utilized
by humans and form the basis of various industries and livelihoods.

2. Regulating Services: Regulating services encompass the role of ecosystems in regulating
essential processes, such as climate regulation, water purification, pollination, and flood
control. These services contribute to the resilience of ecosystems and mitigate the impacts of
natural disasters.

3. Cultural Services: Cultural services refer to the non-material benefits that ecosystems
provide, including recreational opportunities, spiritual and aesthetic values, and cultural
heritage. These services contribute to human well-being by fostering cultural identity, social
cohesion, and mental health.

4. Supporting Services: Supporting services are fundamental to the functioning of
ecosystems and include processes such as nutrient cycling, soil formation, and habitat
provision. While not directly benefiting humans, supporting services are indispensable for the
delivery of other ecosystem services.

Importance of Ecosystem Services:

The importance of ecosystem services extends across multiple dimensions, encompassing
ecological, economic, and social aspects:



1. Ecological Importance: Ecosystem services are essential for maintaining biodiversity,
ecosystem stability, and resilience to environmental changes. They form the foundation of
Earth's life-support systems and contribute to the functioning of ecosystems at local, regional,
and global scales.

2. Economic Importance: Ecosystem services have substantial economic value, often
surpassing the value of marketed goods and services. For instance, the economic value of
pollination services by bees and other insects amounts to billions of dollars annually.
Additionally, provisioning services such as fisheries and agriculture depend on healthy
ecosystems for their sustainability and productivity.

3. Social Importance: Ecosystem services play a pivotal role in supporting human
wellbeing, livelihoods, and cultural identities. Access to clean water, fertile soil, and diverse
landscapes enhances quality of life and contributes to social equity. Furthermore, cultural
services provided by ecosystems contribute to human spiritual, recreational, and aesthetic
experiences.

Biodiversity:

The term biodiversity was used for the first time in 1985. It can be defined as the number and
the variety of living organisms living in a particular area. This area may include plants,
animals, and microorganisms. It usually refers to the diversity of living organisms found in an
ecosystem. It is a kind of earth's library consisting of a variety of life at every level from
genes to ecosystems.

Types of Biodiversity
Broadly, biodiversity is categorized into three types. These three types are as follows:
1. Species Diversity
2. Genetic Diversity
3. Ecological Diversity
Species Diversity
Species diversity refers to the variety of different species within an ecosystem. It includes
from the smallest bacteria to the largest mammals and trees. These may be invisible to the

naked eye. The higher the number of species in an ecosystem, the greater the stability and
productivity.

Genetic Diversity

Genetic diversity can be defined as the total number of genetic characteristics in the genetic
combination of species. No two individuals from the same species can be exactly similar. it
shows differences in appearances and functions.

Ecological/Ecosystem Diversity



Ecological diversity can be defined as the variety of ecosystems in a geographical location
and across the planet. It consists of a wide range from forests, grasslands, and deserts to
lakes, rivers, and oceans. Each segment supports a unique compilation of life. Ecological
diversity contributes to economic diversity that provides a range of goods and services such
as agriculture, fishing, and tourism.

Values and uses of biodiversity:

The global biodiversity provides a large number of goods that are directly used by the
humanity. The most tangible goods is indeed food and agriculture, as without these the global
human population would collapse. Crops, vegetable and fruit cultivation provide direct food
and nutrition for the human sustenance. A large majority of humanity also depend upon
animal-based food sources, including honey, dairy, poultry, and meat and fish products. The
biodiversity also provide food for the sustenance of these animals in the form of forage and
fodder.

Biodiversity services can be defined as suite of intangible benefits that the biodiversity
provide to the humanity. Biodiversity services can be grouped into four subdivisions;
provisioning services, supporting services, regulatory services and cultural services, although
many argue that such a quadrivium is arbitrary.

Apart from tangible goods, biodiversity is also useful to humanity in a number of ways
through various services that it offers. Services can arbitrarily be grouped into four as
Provisioning services, Regulating services, Supporting services and Cultural services,
Perhaps the most important among services of biodiversity is global biogeochemical cycles as
well as production of oxygen combined with natural sequestration of CO2.

Major Threats to Biodiversity

Threats to global biodiversity are a global concern these days. In recent years, extinction rates
have increased dramatically. Human activity has led to the extinction of thousands of species
and variations every year. Over the last 150 years, the rate of extinction has increased
significantly. If current trends continue, we could lose 1/3rd to 2/3rd of our current
biodiversity by the middle of the 21st century.

The main causes of biodiversity loss include invasive alien species, unsustainable natural
resource use and exploitation, pollution, and land use changes.

Habitat loss can be divided into two types.
These are Habitat destruction and Habitat fragmentation.
o Habitat Destruction

It is the complete elimination of a localized or regional ecosystem as a result of
either anthropogenic or natural activities. Anthropogenic activities that destroy the habitat
are buildings, factories, or agricultural land as these require space and that space comes
through the destruction of certain habitats. Natural activities are forest fires or Vulcans. All
of this activity can destroy a regional ecosystem.



o Habitat Fragmentation

It is a secondary effect of habitat destruction and this happens because of the destruction of
habitat patches due to which the remaining population are isolated from their group. E.g. We
construct a road in the middle of a forest or grassland. Habitat fragmentation divides the
resident species into two groups, leading to reduced reproductive ability and population
decline.

Overexploitation of Natural Resources

Overexploitation of wildlife and natural resources is a major issue in conservation, despite its
importance to human survival. Logging, hunting, and fishing can all reduce populations to
extinction. Humans' increasing need for wild species for food, fibre, ornamentation, and other
things can lead to population reductions and extinction.

Overexploitation (unsustainable use) occurs when biodiversity is depleted faster than it can
be replaced, leading to species extinction over time.

Biodiversity Hotspots:

Biogeographical areas that have rich biodiversity and are threatened by different destruction
like overexploitation, climate change, pollution, and other human activities. The word
"Biodiversity Hotspot" was first coined by the British biologist Norman Myers in 1988.

As per the IUCN "Red Data List," there are around 36 areas in the world that are qualified as
the Biodiversity Hotspots. These Biodiversity Hotspots represent only 2.3% of the total
Earth's surface. They contain around 50% endemic flora and 42% endemic fauna of the
whole Earth.

A Biodiversity Hotspot is a geographical area with a high level of diverse endemic
species that is not found anywhere else in the world.

Biodiversity Hotspots In India:

As per the IUCN "Red Data List," there are 36 areas in the world that are qualified as the
Biodiversity Hotspots. Of these 36, there are four biodiversity hotspots present in India. Two
of them are solely part of India, and rest two are distributed in South Asia.

Himalaya

Himalaya is the youngest and highest mountain chain present on the Earth. It is an arc that
stretches across north Pakistan, Nepal, Bhutan, north-west, and north-eastern states of India.

Indo-Burma

Indo-Burma biodiversity hotspot includes the entire northeast India, except Assam and
Andaman groups of Islands. It also extended to Bangladesh, Myanmar, Thailand, Vietnam,
Laos, Cambodia, and southern China.

Western Ghats



The Western Ghats are also referred to as the Sahyadri Hills. They are made up of the
Malabar Plains. It is a group of mountains that extend 30 to 50 kilometers inland and parallel
to India’s western coast.

Biodiversity of India - Flora and Fauna

India is one of the mega-diverse countries. It is rich in biodiversity and associated traditional
knowledge. India has almost 23.39% of its geographical area which is covered by forests and
trees. India represents two realms, five biomes, ten bio-geographic zones, and twenty-five
bio-geographic provinces in total.

Bio Geographic Classification of India:

India is a Mega- diverse nation, housing around 10% of world's species. India also has a rich
cultural heritage going back millions of years. Much of Indian biodiversity is intricately
related to the socio-cultural practices of the land. Eastern and North Eastern parts of India are
the mega sources of biodiversity. India receives so many items like medicines, woods, flora
and fauna.

Bio-geographers have classified India into ten Bio-geographic zones with each zone having
characteristic climate, soil and biodiversity.

Our country can be conveniently divided into ten major regions, based on the geography,
climate and pattern of vegetation seen and the communities of Mammals, Birds, Reptiles,
Amphibia, Insects and other Invertebrates that live in them.

Trans Himalayan Region of Ladakh
The Himalayan Ranges

The Terai

The Gangetic and Brahmaputra Plains

The Thar Desert of Rajasthan

o o & w D oE

The semiarid grassland region of the Deccan plateau Gujarat, Maharashtra, Andhra
Pradesh, Karnataka and Tamil Nadu

7. The Northeast States of India

8. The Western Ghats

9. The Andaman and Nicobar Islands

10. Western and Eastern Coastal Belt
Endangered species

A plant, animal or microorganism that is in immediate risk of biological extinction is called
“endangered species” or “threatened species”. In other words, these are those species whose
life is under risk or threat and which are about to be extinct. These species which was native
to a region and their population strength has reduced from 50 per cent to 5 per cent, such



species are known as endangered species. Many factors are responsible for this which may be
natural or man-made.

Endangered plant species of India

The flora of India is one of the richest in the world due to the country’s wide range of climate,
topology, and environment. There are over 15,000 species of flowering plants in India which
account for 6% of all plant species in the world. Many plant species are being destroyed,
however, due to their prevalent removal. Roughly 1/4 of all plant species in the world are
at risk of being endangered or going extinct.

Endangered Animal species of India

India, a megadiverse country with only 2.4% of the world’s land area, accounts for 7-8% of
all recorded species, including over 45,000 species of plants and 91,000 species of animals.
Being one of the 17 identified megadiverse countries; India has 10 biogeographic zones and
is home to 8.58% of the mammalian species documented so far, with the corresponding
figures for avian species being 13.66%, for reptiles 7.91%, for amphibians 4.66%, for fishes
11.72% and for plants 11.80%. Four of the 34 globally identified biodiversity hotspots,
namely the Himalaya, Indo-Burma, the Western Ghats-Sri Lanka and Sundaland, are
represented in India. India, with only about 2.4% of world’s total land surface, it is known to
have over 6.7% of the animal species that the world holds. This percentage represents nearly
96,373 known species, including 63,423 insect species. In India, 450 plant species have been
identified as endangered species. 100 mammals and 150 birds are estimated to be
endangered.

Reasons for species becoming endangered

In India, 450 plant species have been identified as endangered species. 100 mammals and 150
birds are estimated to be endangered. India’s biodiversity is threatened primarily due to:

1) Habitat destruction
i1) Degradation and

iii) Over exploitation of resources

Factors affecting endangered species

Human beings dispose wastes indiscriminately in nature thereby polluting the air, land and
water. These pollutants enter the food chain and accumulate in living creatures resulting in
death.

Over-exploitation of natural resources and poaching of wild animals also leads to their
extinction.

Climate change brought about by accumulation of greenhouse gases in the atmosphere.
Climate change threatens organisms and ecosystems and they cannot adjust to the changing
environmental conditions leading to their death and extinction.



In-Situ and Ex-Situ Conservation of Biodiversity:

In-situ and ex-situ conservation of biodiversity are two approaches to the conservation of
biodiversity. In-situ conservation mainly focuses on protecting the organism in its natural
habitat whereas ex-situ conservation mainly focuses on protecting the organism by relocating
it into an ideal protective habitat. In-situ and ex-situ conservation both focus on the protection
of an organism however utilizing different means.

In-Situ Conservation of Biodiversity:

When we conserve and protect at all levels of biological organization, that is, the whole
ecosystem, the approach is known as in- situ conservation. In this, the conservation of species
is protected within their natural habitat. In-situ conservation example can be to save the tiger,
we save the whole forest. The protected areas where in situ conservation takes place are;
wildlife sanctuary, national park, biosphere reserve, and sacred groves.

Ex-situ Conservation of Biodiversity:

In ex-situ conservation, threatened animals and plants are taken out of their natural habitat
and placed in a unique and ideal setting where they can be protected and given special care.
Zoological parks, botanical gardens, gene banks, and cryopreservation serve the above
purpose.

Wild Life Sanctuary

Is a protected area where wild animals and birds are conserved and protected in their natural

habitat. The capturing, killing, and poaching of animals are strictly prohibited. However,
human activities like the collection of firewood, etc. are allowed up to some extent. Wildlife
sanctuaries can be created for particular species—for example, Gir wildlife sanctuary to
protect lions.

National Park

National park protects the entire plants, animals, and landscape of the region. Cultivation of
land, forestry, and grazing are not allowed at all. Human activities are strictly prohibited—for
example, Corbett National Park.

Biosphere Reserve

Is a large protected area for the conservation of wildlife, plant and animal resources, and
traditional tribal life in the area. It contributes to the protection and preservation of the natural
ecosystem and culture of the region. It may also contain other protected areas like wildlife
sanctuaries or national parks. The Biosphere Reserve example are Pachmarhi Biosphere
Reserve contains Satpura National Park and Bori and Pachmarhi Wildlife Sanctuary.

Sacred Groves

Sacred grooves are tracts of forested land that are protected by the community living around
them. The community attaches some religious or cultural significance to the protected forest
land. It helps protect many rare, threatened, and endemic plant and animal species found in a
region—for example, Khasi and Jantia hills in Meghalaya.

Zoological Park



A zoological park is a facility where animals are kept within enclosures for public display and
are often bred for conservation purposes. Zoological parks increase the public interest in the
understanding of wildlife and are centers for recreation and education like the National
Zoological Park, Delhi.

Botanical Garden

Is a garden specially meant for the collection, cultivation, preservation, and display of a wide

variety of plants, which are typically labeled with their botanical names. They serve the
purpose of scientific research, conservation, display, and education like the National
Botanical Garden, Lucknow.

Gene Bank

A gene bank is a biorepository that preserves the genetic material. It is a collection of seeds,
plants, tissue cultures, etc., of potentially valuable species. It conserves the genetic diversity
of wild and domesticated plants and animals like the National Animal Gene Bank, Karnal.

Cryopreservation

Cryopreservation is the long-term process of keeping live cells, tissues, and other biological
samples frozen at sub-zero temperatures for storage and preservation. The sample is
commonly kept at —196°C. It preserves the biological material, and the genetic integrity of
the material is stored like the one present in IARI, New Delhi.

Red Data Book is a public database that records endangered and rare species of plants,
animals, fungi, and local subspecies present in a given area. Red data book provides data
on certain species that are on the brink of extinction. The Red List consists of eight categories
of species: extinct, extinct in the world, endangered, critically endangered, vulnerable, lower
risk, not evaluated, and data deficient.

About Red Data Book:

e Through its master archives, data of every single endangered species of plants and
fungi, and their subsequent sub-species is recorded in the Red Data Book.

e Red Data Book entails detailed knowledge and collected information regarding the
rare species and subspecies of a region.

o Red Data Book is updated every quarter with extinction timelines.

e The Book provides scientific information on the updated status of every endangered
species and subspecies of a concentrated region.

o Red Data Book records measures to protect and refurbish endangered species along
with programs employed to monitor the said species.

Unit IV

Environmental Pollution

Environmental pollution refers to the introduction of harmful contaminants into the natural

environment, causing adverse effects on living organisms and ecosystems. These



contaminants can be in the form of pollutants, such as chemicals, particulate matter, or

biological agents, that exceed the environment's capacity to handle them.
Types of Environmental Pollution:

Air Pollution: Contamination of the air with harmful substances like pollutants, allergens,

and particulate matter, leading to respiratory and environmental problems.

Water Pollution: Introduction of pollutants into water bodies, compromising water quality

and harming aquatic life as well as posing risks to human health.

Thermal Pollution: Degradation of water quality caused by the discharge of heated effluents

into natural water bodies, leading to harmful changes in aquatic ecosystems.

Soil Pollution: Contamination of soil by hazardous substances, affecting plant growth,

ecosystem health, and potentially entering the food chain.

Noise Pollution: Presence of excessive or disturbing noise in the environment, impacting

human health, communication, and wildlife.
Air Pollution

Definition: Air pollution refers to the presence of harmful substances (solid particles, liquid
droplets, or gases) in the atmosphere at concentrations that adversely affect human health,
living organisms, materials, and the environment. These contaminants lower the quality of the
air and alter its natural composition. The World Health Organization states that one of the

main environmental risk factors influencing people's health worldwide is air pollution.

Major Air Pollutants
Common air pollutants include:

e Particulate matter (PMa.s and PMio)
e Sulphur dioxide (SO2)

e Nitrogen oxides (NOy)

e Carbon monoxide (CO)

e Ozone (03)

e \olatile organic compounds (VOCs)
e Lead and other heavy metals

Causes of Air Pollution

(a) Anthropogenic (Human-made) Sources

e Burning of fossil fuels in vehicles, power plants, and industries
e Industrial emissions (cement, chemical, and metal industries)



e Vehicular exhaust

e Open burning of waste and crop residues

o Construction activities and road dust

o Use of biomass fuels for cooking in rural areas

(b) Natural Sources

e Volcanic eruptions

e Forest fires

e Dust storms

e Pollen and microbial emissions

Human activities are the dominant contributors to present-day air pollution.

Effects of Air Pollution
(a) Effects on Human Health

e Respiratory diseases such as asthma and bronchitis
o Cardiovascular disorders

e Eye and skin irritation

e Reduced lung function

e Increased risk of cancer

o Premature deaths due to prolonged exposure

(b) Environmental Effects

o Damage to crops and vegetation

e Acid rain affecting soil and water bodies
« Reduced visibility (smog formation)

o Climate change due to greenhouse gases
o Harm to wildlife and ecosystems

(c) Effects on Materials

e Corrosion of buildings and monuments
« Fading and deterioration of paints, plastics, and rubber

Control Measures of Air Pollution

To minimise exposure and reduce emissions at their source, air pollution control solutions
include behavioural, regulatory, and technical strategies. The use of cleaner fuels and
renewable energy, the construction of pollution-control equipment in companies, such as
scrubbers and electrostatic precipitators, routine vehicle emission testing, and the
encouragement of public transportation and electric mobility are important tactics. Pollutant
concentrations are also controlled by urban design strategies such as creating green belts and

enhancing traffic control. Protecting public health requires strict adherence to air quality



regulations, which are based on guidelines suggested by agencies such as the World Health
Organization.

Water Pollution

The term "water pollution" describes the physical, chemical, or biological contamination of
surface and groundwater that renders it unsuitable for drinking, household use, agriculture,
and aquatic life. It is a significant environmental problem brought on by rapid urbanisation,
industrialisation, and population explosion. Organisations such as the World Health
Organization emphasised that clean water is a fundamental public health necessity because it

is vital to both environmental stability and human health.
Sources of Water Pollution
Water pollution originates from both point and non-point sources.
(a) Point Sources
These are identifiable and localized sources:
e Industrial effluents (chemicals, heavy metals, acids)
e Municipal sewage discharge
« Wastewater from power plants and refineries
(b) Non-Point Sources
These are diffuse and widespread:
o Agricultural runoff containing fertilizers and pesticides
e Urban stormwater runoff
e Soil erosion carrying sediments into rivers and lakes
(c) Other Important Sources
o Domestic waste and detergents
e QOil spills and marine dumping
e Thermal discharges from industries

« Plastic and solid waste entering water bodies

Effects of Water Pollution
(a) Effects on Human Health

e Water-borne diseases such as cholera, typhoid, and dysentery
e Heavy metal poisoning (lead, mercury, arsenic)
o Skin infections and gastrointestinal disorders



(b) Effects on Aquatic Ecosystems

o Depletion of dissolved oxygen leading to fish kills
o Eutrophication due to excess nutrients causing algal blooms
o Loss of biodiversity and disruption of food chains

(c) Environmental and Economic Effects

o Degradation of drinking water sources

o Reduced agricultural productivity

o Damage to fisheries and tourism

« Accumulation of toxic substances in sediments

Control Measures of Water Pollution

Both ecological equilibrium and human health are seriously threatened by water
contamination. Its management necessitates a comprehensive strategy that includes robust
regulation, sustainable farming methods, scientific treatment techniques, and engaged public
involvement. Ensuring clean water resources for current and future generations requires an
understanding of the sources of contamination and the implementation of efficient control

strategies.

The aim of water pollution control strategies is to stop pollutants at their source, properly
treat wastewater, and encourage sustainable water resource management. Cleaner production
methods and biodegradable chemicals can decrease pollution loads, but municipal sewage
and industrial effluents should be properly treated before being released. Runoff can be
reduced in agriculture by implementing organic methods, establishing vegetative buffer zones
alongside water bodies, and using fertilisers and pesticides sparingly. Public health protection
requires regular monitoring, regulatory enforcement of water quality standards, and public
awareness campaigns, all of which are backed by World Health Organization guidelines.
Additionally, individual actions such as avoiding waste dumping, conserving water, and
encouraging reuse and recycling contribute to pollution reduction. An integrated approach
combining technological, legislative, and community-based strategies is crucial for ensuring

clean and sustainable water resources.

Thermal Pollution

The term "thermal pollution™ describes the decrease in water quality due to the release of
heated wastewater into natural water bodies such as lakes, rivers, and oceans. It mainly
occurs when power plants and industry emit warm water that is utilised for cooling, which
causes the receiving water's temperature to suddenly rise. Aquatic life is negatively impacted
by this temperature shift because it disrupts aquatic ecosystems and lowers dissolved oxygen



levels. The World Health Organization and other international health and environmental
organisations stress the importance of preserving safe water quality to safeguard human

health and ecosystems.
Sources of Thermal Pollution
Thermal pollution arises from both industrial and human activities:
(@) Industrial Sources
e Thermal and nuclear power plants (cooling water discharge)
« Refineries and steel industries
e Chemical and fertilizer industries

(b) Domestic and Urban Sources

e Warm wastewater from households
e Urban runoff from heated surfaces (roads, rooftops)

(c) Other Sources

o Deforestation along riverbanks (loss of shade increases water temperature)
e Reservoir releases from dams (alter natural temperature regimes)

Effects of Thermal Pollution

(a) Effects on Aquatic Life

Reduction in dissolved oxygen leading to fish mortality

Disruption of breeding and migration patterns of aquatic organisms
Increased metabolic rates in fish, causing stress and reduced lifespan
Proliferation of harmful algae and microorganisms

(b) Environmental Effects

o Disturbance of aquatic food chains
e Loss of biodiversity
« Alteration of natural ecological balance

(c) Effects on Water Quality
e Enhanced chemical reaction rates
e Increased toxicity of certain pollutants
o Reduced self-purification capacity of water bodies

Control Measures of Thermal Pollution

Thermal pollution control focuses on reducing the temperature of heated industrial effluents
before they enter natural water bodies in order to protect aquatic ecosystems. Industries

actively use engineering methods such as cooling towers, cooling ponds, and heat exchangers



to remove excess heat, while many power plants also recycle cooling water to minimize
thermal discharge—for example, thermal power stations commonly employ cooling towers to
lower wastewater temperature before release. Ecological measures, including planting
riparian vegetation along riverbanks, provide natural shade and help regulate water
temperature, thereby improving habitat conditions for aquatic organisms. Governments
further support these efforts through careful site selection of power plants, continuous
monitoring of effluent temperatures, and strict enforcement of environmental regulations
based on water quality guidelines recommended by National and International organizations.
Together, these technological, ecological, and regulatory actions directly reduce thermal
stress on water bodies, highlighting that integrated management is essential for controlling

thermal pollution and sustaining healthy aquatic environments.
Noise Pollution

Unwanted, disagreeable, or excessive sound that interferes with human activities and has a
negative impact on the environment and living things is referred to as noise pollution. Sound
is measured in decibels (dB) using a logarithmic scale. While moderate sound is a normal
part of daily life, exposure to high noise levels beyond permissible limits can lead to serious

health and environmental problems.

Ambient Noise Limits (Area-wise Standards in India)

(As per Central Pollution Control Board — CPCB)

Area Category Daytime Limit (6 AM-10 PM) Night-time Limit (10 PM-6 AM)
Industrial Area 75dB 70 dB
Commercial Area (65 dB 55dB
Residential Area |55 dB 45 dB
Silent Zone* 50 dB 40 dB

*Silent zones include areas within 100 meters of hospitals, schools, courts, etc.

According to the World Health Organization, prolonged exposure to noise levels above 55 dB
during daytime and 40 dB at night can cause adverse health effects.

Sources of Noise Pollution

Noise pollution can be classified into the following major sources:




A. Industrial Sources

e Heavy machinery

o Generators

o Compressors

e Mills and factories
Industrial areas often record noise levels between 75-100 dB.

B. Transportation Sources
e Road traffic (cars, buses, trucks, motorcycles)
o Railways
e Aircraft
Urban traffic is one of the primary contributors to environmental noise pollution.

C. Construction Activities

e Drilling

e Hammering

o Blasting

e Concrete mixers

Construction sites produce temporary but high-intensity noise.
D. Domestic and Community Sources

o Loudspeakers

o Television and music systems
e Household appliances

e Social and religious functions
e Firecrackers during festivals

E. Agricultural Activities

e Tractors
o Harvesters
e Irrigation pumps

Effects of Noise Pollution
Noise pollution affects humans, animals, and the environment.
A. Effects on Human Health

1. Hearing Loss
o Prolonged exposure above 85 dB can cause permanent hearing damage.
o Temporary or permanent deafness may occur.
2. Sleep Disturbance
o Night-time noise interferes with sleep cycles.
o Leads to fatigue and reduced productivity.
3. Cardiovascular Problems
o Increased blood pressure
o Higher risk of heart diseases



4. Psychological Effects
o Stress
o Anxiety
o lrritability
o Reduced concentration
5. Communication Interference
o Difficulty in conversation
o Reduced learning ability in children

B. Effects on Animals and Wildlife

e Disruption of communication among animals

« Migration of birds from noisy areas

o Disturbance in breeding patterns

« Marine animals affected by ship and sonar noise

C. Environmental Effects

« Disturbance in ecosystem balance
e Reduced biodiversity in urban areas

Control Measure of Noise Pollution

A combination of technical, administrative, and social controls must be used at the source,
along the transmission channel, and at the receiver level to control noise pollution. Regular
maintenance and lubrication of machinery, the installation of mufflers and silencers in
automobiles, the use of soundproof enclosures for large machinery, and the replacement of
outdated machines with low-noise ones are all ways to reduce noise at its source. The
propagation of sound waves is reduced throughout the transmission line by installing double-
glazed windows, creating green belts, building noise barriers and properly zoning and
planning residential and commercial areas. Effective protective measures at the receiver level
include minimising exposure time, using earplugs and earmuffs, and designing buildings with
sound insulation. Sustainable noise management also requires public awareness efforts,
adherence to rules set by organisations like the World Health Organization, stringent

enforcement of noise limits, and restrictions on loudspeakers and firecrackers.
Soil Pollution

When hazardous chemicals, waste products, and other toxic substances contaminate soil, it
lowers the soil's fertility, quality, and productivity. This is known as soil pollution. It occurs
when the concentration of contaminants exceeds the soil's inherent ability to neutralise or
break them down. The essential natural resource for agriculture, plant growth, and ecosystem

stability is soil. It impacts human health, groundwater quality, and food security when it is



contaminated.
Soil degradation has been identified as a major worldwide environmental concern by

international organisations, including the Food and Agriculture Organization.
Sources of Soil Pollution

Soil pollution arises from both natural and human (anthropogenic) activities.

A. Agricultural Sources

o Excessive use of chemical fertilizers

o Pesticides and insecticides

e Herbicides and fungicides

 Irrigation with contaminated water
Continuous application of agrochemicals leads to accumulation of toxic residues in soil.
B. Industrial Sources

o Disposal of industrial wastes
o Leakage of chemicals and oils
o Heavy metals like lead (Pb), mercury (Hg), cadmium (Cd), and arsenic (As)
e Fly ash from thermal power plants
Industries are major contributors to long-term soil contamination.

C. Urban and Municipal Waste
e Open dumping of solid waste
« Landfills without proper lining
o Plastic waste accumulation
e Sewage sludge disposal
Improper waste management leads to leaching of toxic substances into soil.
D. Mining and Smelting Activities
« Extraction of minerals
o Deposition of tailings and slag
e Acid mine drainage
Mining activities introduce toxic metals into surrounding soil.

E. Accidental Oil Spills and Hazardous Waste

o Leakage from storage tanks
o Chemical spills during transport

Types of Soil Pollutant



Depending on their type and place of origin, soil pollutants can be generically categorised as
chemical, physical, or biological contaminants. Chemical pollutants include petroleum
hydrocarbons from oil spills, excessive fertilisers and pesticides used in agriculture, heavy
metals such as lead, mercury, cadmium, and arsenic that build up in soil from mining and
industrial waste, and persistent organic pollutants that remain in the environment for
extended periods. Solid wastes such as plastics, glass, building debris, and radioactive
elements make up the majority of physical pollutants that alter the composition and structure
of soil. Biological pollutants include pathogenic microorganisms present in untreated sewage,
animal waste, and biomedical waste, which contaminate soil and pose health risks. These
pollutants may persist for long durations, reduce soil fertility, disrupt microbial activity, and

enter the food chain, thereby affecting plants, animals, and humans.

Effects of Soil Pollution
A. Effects on Soil Quality

e Reduction in soil fertility

o Destruction of soil microorganisms
e Alteration of soil pH

e Loss of soil structure

Soil becomes less productive and less suitable for agriculture.
B. Effects on Plants

e Poor crop yield

e Stunted growth

e Accumulation of toxins in edible parts
o Reduced nutrient absorption

Contaminated crops may enter the food chain.
C. Effects on Human Health

o Food poisoning from contaminated crops
o Skin diseases

e Respiratory problems

e Cancer due to heavy metal exposure

« Neurological disorders

Long-term exposure to contaminated soil poses serious health risks.
D. Effects on Water Resources

e Leaching of pollutants into groundwater
e Contamination of rivers and lakes



Soil pollution often leads to secondary water pollution.
E. Effects on Ecosystem

e Reduction in biodiversity
e Harm to soil fauna like earthworms
« Disruption of ecological balance

Control Measures of Soil Pollution

Control of soil pollution requires preventive as well as remedial strategies aimed at reducing
contamination and restoring soil health. The excessive use of chemical fertilizers and
pesticides should be minimized by adopting organic farming, biofertilizers, and Integrated
Pest Management (IPM) practices. Proper treatment and scientific disposal of industrial
effluents, municipal solid waste, and sewage sludge are essential to prevent the accumulation
of toxic substances in soil. Lined sanitary landfills should be constructed to avoid leaching of
harmful chemicals into surrounding land and groundwater. Recycling and reuse of materials,
especially plastics and hazardous wastes, can significantly reduce soil contamination.
Remediation techniques such as bioremediation, phytoremediation, soil washing, and thermal
treatment can help remove or neutralize pollutants from contaminated sites. In addition, strict
enforcement of environmental regulations, regular monitoring of soil quality, and public
awareness programs are necessary to ensure long-term protection and sustainable

management of soil resources.
Marine Pollution

Marine pollution refers to the introduction of harmful substances or energy into oceans, seas,
and coastal waters that result in adverse effects on marine ecosystems, human health, and
economic activities. Oceans cover about 71% of the Earth’s surface and play a crucial role in
climate regulation, biodiversity conservation, and global food supply. However, increasing
human activities have led to severe contamination of marine environments. International
bodies such as the United Nations Environment Programme have identified marine pollution

as a major global environmental challenge.
Sources of Marine Pollution

Marine pollution originates from both land-based and sea-based activities.



A. Land-Based Sources (Major Contribution)

1. Industrial Effluents — Discharge of untreated chemicals, heavy metals, and toxic
wastes into rivers that ultimately flow into oceans.

2. Sewage and Domestic Waste — Untreated sewage introduces pathogens and nutrients
into marine water.

3. Agricultural Runoff — Fertilizers, pesticides, and herbicides washed into water
bodies cause nutrient enrichment.

4. Solid Waste and Plastics — Improper disposal of plastic waste enters oceans through

rivers and coastal dumping.
B. Sea-Based Sources

1. Oil Spills — Leakage from oil tankers and offshore drilling platforms.
2. Ship Discharges — Disposal of ballast water, garbage, and fuel residues.

3. Offshore Mining and Drilling — Release of drilling muds and chemicals.
C. Atmospheric Deposition
Air pollutants such as nitrogen oxides and sulfur oxides settle into oceans through rainfall.

Types of Marine Pollutants

Depending on their type and origin, marine pollutants can be categorized into several groups.

e Oil and petroleum products: common pollutants released from oil spills, shipping
activities, and offshore drilling, forming surface films that harm marine life.

e Plastic waste and microplastics: persistent pollutants that accumulate in oceans,
entangle marine organisms, and enter the food chain.

e Chemical pollutants: including heavy metals such as mercury, lead, and cadmium,
as well as pesticides and industrial chemicals, contaminate seawater and sediments
and may bioaccumulate in aquatic organisms.

e Nutrient pollutants: mainly nitrates and phosphates from agricultural runoff and
sewage, cause eutrophication and harmful algal blooms.

e Radioactive substances: from nuclear activities and thermal pollution from power

plants also alter marine conditions and affect biodiversity.

These pollutants degrade water quality, disturb marine ecosystems, and pose serious risks to

human health and coastal economies.



Effects of Marine Pollution

A. Effects on Marine Ecosystems

o Death of marine organisms due to toxic substances
o Coral reef degradation

o Disruption of food chains

e Loss of biodiversity

Excess nutrients cause eutrophication, leading to algal blooms and oxygen depletion.
B. Effects on Human Health

e Consumption of contaminated seafood
e Bioaccumulation of toxins like mercury
e Spread of water-borne diseases

C. Economic Impacts

o Decline in fisheries
e Loss of tourism revenue
o Damage to coastal livelihoods

D. Qil Spill Impacts

Oil forms a layer on water surface, blocking sunlight and oxygen exchange, and harming
birds, fish, and marine mammals.

Control Measures of Marine Pollution

Preventing contaminants from entering oceans and minimising existing contamination are the
main goals of marine pollution control strategies. Effective treatment of household sewage
and industrial effluents before discharge into rivers and coastal waterways is crucial, as a
significant amount of marine pollution comes from land-based operations. Reducing nutrient
runoff and avoiding eutrophication are two benefits of implementing sustainable agriculture
practices, which include the prudent use of pesticides and fertilisers. Plastic contamination in
maritime habitats is greatly reduced by recycling initiatives, proper solid waste management,
and limits on single-use plastics. Strict laws governing offshore drilling, the use of double-
hulled ships, and quick emergency response systems can all help prevent oil spills.
International cooperation and enforcement of marine protection conventions under
organizations such as the International Maritime Organization play a crucial role in regulating
ship discharges and controlling sea-based pollution. Public awareness, coastal clean-up
initiatives, and promotion of sustainable fishing practices further contribute to protecting

marine ecosystems from pollution.

Nuclear Pollution



The contamination of the environment (air, water, and soil) by radioactive materials emitted
from nuclear reactions and associated human activities is referred to as nuclear pollution,
sometimes known as radioactive pollution. These radioactive substances release dangerous
radiation, including beta, gamma, and alpha rays, which can injure living things and pose
long-term risks to human health and the environment. Because radioactive materials can
linger in the environment for thousands of years, nuclear contamination is among the most
hazardous types of pollution. Global nuclear safety is monitored and regulated by

international agencies such as the International Atomic Energy Agency.

Sources of Nuclear Pollution

Nuclear pollution arises from both natural and man-made sources.

A. Natural Sources

e Cosmic radiation from space
o Radioactive minerals present in rocks and soil (uranium, thorium)
« Radon gas emitted from the Earth's crust

B. Man-Made Sources

1. Nuclear Power Plants
o Leakage of radioactive materials
o Accidents during reactor operation
2. Nuclear Weapon Testing
o Release of radioactive fallout into the atmosphere
3. Nuclear Accidents
o Major disasters such as
= Chernobyl disaster
= Fukushima Daiichi nuclear disaster
4. Improper Disposal of Nuclear Waste
o Leakage from storage containers
o Dumping of radioactive waste
5. Medical and Research Activities
o Use of radioactive isotopes in diagnosis and treatment
o Laboratory waste
6. Mining and Processing of Radioactive Ores
o Uranium mining operations

Types of Radiation

Based on energy and capacity to extract electrons from atoms, radiation is often divided into
two categories: ionising and non-ionizing. Alpha particles, beta particles, and gamma rays are
examples of ionising radiation, which is particularly important in the context of nuclear

contamination. Although a sheet of paper can stop alpha particles, which are heavy, positively



charged, and have poor penetration strength, they are extremely dangerous if inhaled or
consumed. Beta particles can penetrate paper but are halted by thin metal sheets such as
aluminium because they are lighter, negatively charged, and have moderate penetration
ability. The human body can be penetrated by gamma rays, which are high-energy
electromagnetic waves. These types of radiation differ in their penetration capacity and
biological impact, but all can cause serious damage to living cells when exposure exceeds

safe limits.

Effects of Nuclear Pollution

A. Effects on Human Health

e Radiation sickness

e Skin burns

e Hairloss

e Cancer (especially leukemia and thyroid cancer)
o Genetic mutations

o Birth defects

Long-term exposure increases the risk of fatal diseases.
B. Effects on Environment

« Soil contamination

o Water pollution

« Destruction of vegetation
o Death of wildlife

Radioactive materials can remain active for many years, affecting ecosystems for
generations.

C. Genetic and Hereditary Effects

o DNA damage
o Mutations passed to future generations

D. Bioaccumulation

Radioactive substances enter the food chain and accumulate in organisms, increasing toxicity
at higher trophic levels.

Control Measures of Nuclear Pollution

Control of nuclear pollution requires strict safety standards, advanced technology, and
effective regulatory supervision to prevent the release of radioactive substances into the
environment. Nuclear power plants must be designed with multiple safety systems, regular
inspections, and emergency cooling mechanisms to minimize the risk of accidents. Safe and

secure disposal of radioactive waste through deep geological burial and storage in properly



shielded containers is essential to prevent leakage into soil and groundwater. Continuous
monitoring of radiation levels and enforcement of guidelines by authorities such as the
International Atomic Energy Agency help ensure safe handling of nuclear materials. Banning
or strictly regulating nuclear weapon testing, maintaining proper training for workers, and
using protective equipment can further reduce exposure risks. Public awareness programs,
disaster preparedness plans, and rapid emergency response systems are also crucial in

minimizing the harmful impacts of nuclear pollution on human health and the environment.
Greenhouse Gases and their Impacts

The natural greenhouse effect results from atmospheric molecules called greenhouse gases
(GHGs), which absorb and retain heat in Earth's atmosphere. This process maintains Earth's
average temperature at a level suitable for sustaining life. However, increases in the
concentration of these gases due to human activities intensify the greenhouse effect, leading

to climate change and global warming.

The Greenhouse Effect

The greenhouse effect is a natural process in which certain gases absorb and re-emit infrared
radiation from the Earth's surface. When solar energy reaches the Earth's surface, some of it
is absorbed by the land and oceans, warming the surface. This is the beginning of the
greenhouse effect. The absorbed energy is then released by the heated surface as infrared
radiation. A portion of this emitted infrared radiation is absorbed by greenhouse gases in the
atmosphere, which stop it from escaping straight into space. The Earth warms as a result of
heat being trapped in the lower atmosphere. Without this natural greenhouse effect, life as we
know it would not be conceivable, for the Earth's average temperature would be around 18°C
rather than the current average of around 15°C.

Greenhouse Gases

Carbon dioxide (COz), methane (CHa), nitrous oxide (N20), water vapour (H20), ozone (Os),
and synthetic fluorinated gases are the primary greenhouse gases. While many of these gases
occur naturally through processes such as respiration, volcanic eruptions, and decomposition,
human activities—such as burning fossil fuels, deforestation, industrial operations, and
intensive agriculture—have significantly increased their atmospheric concentrations. This rise
in greenhouse gas levels intensifies global warming and climate change, leading to

environmental impacts like sea level rise, extreme weather events, and ecosystem disruption.



Sources of Greenhouse Gases

Natural Sources Anthropogenic (Human) Sources
e Respiration of living organisms e Urbanization
e Decomposition of organic matter e Deforestation
e Wetlands e Transportation
e Volcanic eruption e Agriculture
e Industrialization e Power generation

Major Greenhouse Gases

The main greenhouse gases present in the atmosphere include:

e Carbon dioxide (CO:) — Released from burning fossil fuels, deforestation, and
industrial processes.

e Methane (CH4) — Produced from livestock, rice fields, landfills, and natural gas
production.

e Nitrous oxide (N20) — Emitted from fertilizers, industrial activities, and combustion
processes.

e Water vapour — Naturally present and the most abundant greenhouse gas.

e Chlorofluorocarbons (CFCs) — Synthetic gases used in refrigeration and aerosols.

Types of Greenhouse Effect

1. Natural Greenhouse Effect
o Essential for maintaining Earth’s temperature.
o Supports life and ecological balance.
2. Enhanced (Anthropogenic) Greenhouse Effect
o Caused by increased concentration of greenhouse gases due to human
activities.

o Leads to global warming and climate change.

Effects of Greenhouse Effect
Positive Effects (Natural Level)

« Maintains suitable temperature for life




e Supports agriculture and ecosystems
o Enables water cycle and climate stability

Negative Effects (Enhanced Level)

Global warming
Melting of glaciers and polar ice
Sea-level rise

Extreme weather events (floods, droughts, cyclones)
Loss of biodiversity
Changes in rainfall patterns

Greenhouse Gas Potential (Global Warming Potential - GWP)

Approximate

Greenhouse Gas Chemical GWP* (100-year Aj[mqspherlc Major Sources
Formula . Lifetime
basis)
o 100-1000 Fossil _ fuel burning,
Carbon dioxide CO: 1 (reference gas) ears deforestation, cement
y production.
Methane CH. 2834 12 years Livestock, rice fields, landfills,
natural gas leakage
. . Fertilizers, industrial processes,
Nitrous oxide N20 265-298 ~114 years .
combustion
Chlorofluorocarbons Refrigeration, aerosols (now
(CFCs) CFCs 4,000-10,000+ 45-100+ years largely banned)
Refrigerants, air conditioning
Hydrofluorocarbons |[HFCs 100-12,000 1-270 years

systems

*GWP values are approximate and based on a 100-year time horizon.

This table shows that although carbon dioxide is the reference gas, other gases like methane,

nitrous oxide, and synthetic gases have much higher warming potentials per unit mass,

making them highly significant contributors to climate change.

Climate Change

Climate change refers to long-term alterations in temperature, precipitation, wind patterns,

and other components of the Earth’s climate system. While climate has changed naturally

over geological time, recent changes are largely driven by human activities, particularly since

the Industrial Revolution. Climate change is closely associated with global warming, which

refers specifically to the increase in Earth’s average surface temperature.




Definition

Climate change is defined as a significant and lasting change in the statistical distribution of
weather patterns over extended periods (decades or longer), caused by natural processes and

human activities.

Causes of Climate Change
Climate change occurs due to both natural and anthropogenic (human-induced) factors.
A. Natural Causes

e Volcanic eruptions

e Variations in solar radiation
e Ocean currents

o Natural greenhouse effect

B. Human-Induced Causes

e Burning of fossil fuels (coal, oil, natural gas)
o Deforestation

e Industrialization

e Agricultural activities

e Urbanization

o Emission of greenhouse gases

Greenhouse Gases Responsible
Major greenhouse gases contributing to climate change include:
e Carbon dioxide (COz)
e Methane (CH4)
e Nitrous oxide (N20)
o Water vapour
e Chlorofluorocarbons (CFCs)

These gases trap heat in the atmosphere, enhancing the greenhouse effect.

Impacts of Climate Change



Economic Impacts

Environmental Impacts Social Impacts

e e Reduced agricultural .
e Loss of biodiversity ductivi g o Water scarcity
. productivity . :
e Coral bleaching . Damage to infrastructure e Food insecurity
o Desertification e Increased disaster e Health  problems
e Forest fires management costs (heat waves,
vector-borne
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e Climate-induced
migration

Global Warming & Climate Change

One significant greenhouse gas found in the troposphere is carbon dioxide (CO:), a major
pollutant as its concentration rises. Under typical circumstances, the equilibrium between
heat emitted back into space and incoming solar radiation keeps the Earth's temperature
constant. Rising CO2 levels, however, create a thick layer in the atmosphere that traps heat,
much like a greenhouse's glass, allowing sunlight in but preventing heat from escaping. The
lower atmosphere warms as a result of this process, which is called the greenhouse effect. As
a result of industrial expansion, atmospheric CO: levels have increased from approximately
275 parts per million a century ago to 350 parts per million now, and are predicted to
continue rising. Along with other greenhouse gases such as CO and CHa, CO- absorbs and re-

emits heat, causing global warming.

Consequently, global average land surface temperatures are rising continuously. This
increasing tendency has continued since the 1990s, which was noted as the warmest decade.
The average world temperature has increased by roughly 0.5 °C since the late 19th century.
Climate experts concur that even slight increases in the average temperature can have a
substantial impact on Earth's climate, influencing weather patterns, ecosystems, and human
societies, despite the fact that this increase may seem insignificant. This consensus is

reinforced by estimates from the Intergovernmental Panel on Climate Change.

Causes of Global Warming

(a) Anthropogenic Causes

1. Fossil fuel combustion — Power plants, vehicles, and industries release large amounts
of CO.o.

2. Deforestation — Reduces carbon absorption by trees while releasing stored carbon.



3. Industrialization — Cement production and chemical industries emit greenhouse
gases.

4. Agriculture — Paddy fields and cattle release methane; fertilizers emit nitrous oxide.

5. Urbanization and lifestyle changes — Increased energy demand and waste

generation.

(b) Natural Causes

e Volcanic activity
o Solar radiation variations

o Natural climatic cycles

Impacts of Global Warming

(@) Environmental Impacts

o Loss of biodiversity and species extinction
e Coral bleaching

o Desertification and forest degradation

« Disruption of ecosystems

e Shrinking freshwater resources

(b) Human Health Impacts

e Heat stress and heat-related deaths

o Spread of vector-borne diseases (malaria, dengue)
o Respiratory problems due to air pollution

e Food insecurity and malnutrition

(c) Socio-Economic Impacts

e Reduced agricultural productivity

« Damage to coastal infrastructure

e Increased frequency of natural disasters

e Climate-induced migration
Acid Rain
Acid rain is a significant global environmental issue resulting from air pollution. It
includes rain, snow, sleet, fog, and dry particles that contain strong acids formed from
atmospheric sulphur dioxide (SO:) and nitrogen oxides (NOx). These gases primarily
originate from the burning of fossil fuels in power plants, factories, and automobiles. Because
acid rain is a transboundary issue, pollutants released in one region can be carried by winds

and deposited far away, affecting ecosystems, monuments, and human health globally.

Formation and types of Acid Rain



After sulphur dioxide (SO:) and nitrogen oxides (NOy) are released into the atmosphere, a
series of physical and chemical reactions occur that result in acid rain. The primary sources of
these pollutants are motor vehicles, petroleum refineries, coal-based thermal power plants,

and industrial operations.

When SO: and NOx are released into the atmosphere, they may travel hundreds of kilometres
with the prevailing winds and stay suspended for a few days. They go through intricate
chemical reactions with airborne substances like oxygen, ozone, water vapour, and hydroxyl
radicals while being transported. These reactions result in the oxidation of sulphur dioxide to

sulphuric acid (H2SO4) and the conversion of nitrogen oxides to nitric acid (HNOs).

These newly formed acids dissolve in tiny water droplets and cloud particles, increasing the

acidity of precipitation. Eventually, they return to the Earth’s surface in two main ways:

1. Wet Deposition (Deposition of Wet Materials)

Wet deposition occurs when acidic substances dissolved in rain, snow, sleet, or fog are
delivered to the ground. This is the most visible form of acid rain and immediately affects
structures, plants, soils, and bodies of water. It can corrode buildings and monuments,
damage vegetation, leach essential nutrients from soil, and lower the pH of lakes and rivers,
thereby harming aquatic ecosystems. While wet deposition is the most obvious form, acid

rain can also occur through another process known as dry deposition.

2. Dry Deposition (Deposition of Dry Materials)

Dry deposition takes place during dry weather, when acidic gases and fine particles settle on
surfaces such as leaves, soil, rocks, and buildings. These deposited pollutants may remain for
days or weeks until they are washed away by rainfall. When this happens, the accumulated
acids are rapidly carried into streams and lakes, often causing sudden and highly acidic runoff

that can severely stress aquatic life.

Because both wet and dry deposition occurs through atmospheric processes, pollutants can
travel long distances before being deposited. For this reason, acid rain is considered a
transboundary environmental issue, requiring coordinated regional and international

efforts for effective control and prevention.

Sources of Acid Rain

(A) Natural Sources

e Volcanic eruptions



o Forest fires
e Marine plankton emissions

(B) Anthropogenic (Human-made) Sources

o Coal-based thermal power plants
o Petroleum refineries

e Metal smelting industries

« Motor vehicles

Environmental Impacts of Acid Rain

(i) Effects on Aquatic Ecosystems

e Lowers pH of lakes and rivers
o Causes fish mortality and reduced reproduction
o Releases toxic aluminium from soils into water bodies, harming aquatic life

(i1) Effects on Soil and Vegetation

e Leaches essential nutrients (calcium, magnesium, potassium) from soil
o Damages leaves and reduces photosynthesis
e Weakens trees, making them vulnerable to pests and drought

(iii) Effects on Forests

o Decline of forest health due to nutrient loss and root damage
e Reduced biodiversity in forest ecosystems

(iv) Effects on Buildings and Monuments

Acid rain corrodes limestone and marble structures. A well-known example is the damage
observed on the Taj Mahal in India, where acidic pollutants have contributed to surface

discoloration and deterioration.

(v) Human Health Impacts
While acid rain itself does not directly harm humans, SO and NOy contribute to:

e Respiratory problems
» Asthma and bronchitis
o Formation of fine particulate matter (PM.s), which affects lungs and heart

Measurement of Acid Rain

o Acidity is measured using the pH scale.

e Normal rainwater has a pH of about 5.6.

o Acid rain typically ranges from pH 4.0 to 4.5, and sometimes even lower in industrial
regions.



Control and Prevention of Acid Rain

(A) Technological Measures

e Flue gas desulfurization (scrubbers) in power plants
o Catalytic converters in vehicles
e Use of low-sulfur fuels

(B) Energy and Policy Measures

« Shift to renewable energy sources (solar, wind, hydro)

o Energy conservation and efficiency

o Strict emission standards enforced by agencies such as the United States
Environmental Protection Agency.

(C) Ecological Measures

e Liming of acidified lakes and soils
o Afforestation and sustainable forest management

Global Significance

The interdependence of Earth's atmosphere, ecosystems, and human activity is exemplified
by acid rain. Air pollutants like nitrogen oxides and sulphur dioxide are not limited to the
areas in which they are produced. Rather, wind currents carry them over great distances,
where they are ultimately deposited far from their initial sources. Thus, acid rain is a global
and transboundary environmental issue since industrial emissions from one nation can harm

the environment in another.

Ozone Depletion

Ozone depletion refers to the gradual thinning of the ozone layer in the upper
atmosphere, primarily caused by human-made chemicals such as chlorofluorocarbons
(CFCs) and halons. This protective layer absorbs most of the Sun’s harmful ultraviolet (UV-
B) radiation and is therefore essential for sustaining life on Earth. When ozone is destroyed,
more UV-B radiation reaches the Earth’s surface, leading to higher rates of skin cancer and
cataracts, weakening immune systems, and causing damage to crops, forests, and aquatic
ecosystems. Since the late 20th century, scientists have observed a significant decrease in
ozone levels, especially over Antarctica—an occurrence known as the “ozone hole.” Because
ozone depletion affects ecosystems, climate, and human health worldwide, it is considered a

critical global environmental concern.
Structure and Importance of the Ozone Layer

The ozone layer is a region of the Earth’s stratosphere located approximately 15-35 km

above the planet’s surface. It contains a relatively high concentration of ozone (Os)



molecules, which are formed when oxygen molecules interact with ultraviolet radiation from
the Sun. Although ozone makes up only a small fraction of the atmosphere, this thin layer

performs a critically important protective function.

The primary role of the ozone layer is to absorb most of the Sun’s harmful ultraviolet (UV-B
and UV-C) radiation before it reaches the Earth’s surface. By filtering these high-energy rays,
the ozone layer acts as a natural shield that protects living organisms and maintains

environmental stability.
Causes of Ozone Depletion

The primary cause of ozone depletion is the release of ozone-depleting substances (ODS)

into the atmosphere. These include:

(a) Chlorofluorocarbons (CFCs)

Used earlier in refrigerators, air conditioners, aerosol sprays, and foam production.
(b) Halons

Used in fire extinguishers.

(c) Carbon tetrachloride and methyl chloroform

Used as industrial solvents.

(d) Nitrous oxide (N20)

Released from agricultural activities and fossil fuel combustion.

When these chemicals reach the stratosphere, ultraviolet radiation breaks them down,
releasing chlorine and bromine atoms. These atoms repeatedly destroy ozone molecules
through chain reactions, leading to significant thinning of the ozone layer.

Mechanism of Ozone Destruction
Chemical processes involving ozone-depleting compounds such as halons and

chlorofluorocarbons (CFCs) are the primary cause of ozone depletion in the stratosphere.
These stable molecules are produced at the Earth's surface and then gradually ascend into the
upper atmosphere, where intense UV light causes them to disintegrate and release extremely
reactive chlorine or bromine atoms. Following their reaction with ozone (Os), these atoms
transform it into regular oxygen (O:). A single atom can degrade thousands of ozone
molecules before it is eliminated from the environment, and the chlorine or bromine atom is
released throughout this process, further destroying other ozone molecules in a chain

reaction.



This is the summary of ozone depletion mechanism:

Ozone-depleting substances rise into the stratosphere.
UV radiation breaks these compounds, releasing chlorine or bromine.

These reactive atoms attack ozone (Os), converting it into oxygen (O2).

M W np e

A single chlorine atom can destroy thousands of ozone molecules before being

removed from the atmosphere.

This continuous process results in long-term ozone loss.

Effects of Ozone Depletion
(i) Human Health

e Increased risk of skin cancer
« Eye damage such as cataracts
e Weakened immune system

(i) Impacts on Ecosystems
e Reduced photosynthesis in plants
« Damage to phytoplankton, affecting marine food chains
o Decline in crop yields
(iii) Material Damage
« [Faster degradation of plastics, rubber, paints, and fabrics

Global Response and Control Measures

Recognizing the seriousness of ozone depletion, the international community took collective
action under the leadership of organizations such as the United Nations Environment
Programme. Countries agreed to phase out ozone-depleting substances and promote safer

alternatives.

Major control strategies include:

e Gradual elimination of CFCs and halons

e Use of ozone-friendly refrigerants

e Improved industrial practices

e Public awareness and monitoring programs

These efforts have led to a slow but steady recovery of the ozone layer, demonstrating the

success of global environmental cooperation.



Relationship with Climate Change

Many ozone-depleting substances are also powerful greenhouse gases. Therefore, reducing
these chemicals not only protects the ozone layer but also helps mitigate climate change. This
shows how atmospheric issues are interconnected and require integrated environmental

management.

Nuclear Accidents

A nuclear accident refers to an unintended event involving nuclear reactors, nuclear weapons,
or radioactive materials that result in the release of harmful radiation into the environment.

Such accidents can have severe environmental, health, and socio-economic consequences.

Causes of Nuclear Accidents

o Reactor design flaws

e Human error

« Equipment failure

o Natural disasters (earthquakes, tsunamis)
« Poor safety management

e Cooling system failure

Major Nuclear Accidents

Major nuclear accidents in the world have demonstrated the serious risks associated with
nuclear energy when safety systems fail. The most catastrophic incident was the Chernobyl
disaster in Ukraine (1986), where a reactor explosion released massive amounts of
radioactive material across Europe, causing immediate deaths, long-term cancer cases, and
permanent evacuation of nearby areas. Another significant event was the Fukushima Daiichi
nuclear disaster in Japan (2011), triggered by a powerful earthquake and tsunami, which led
to reactor meltdowns and widespread radioactive contamination. The Three Mile Island
accident in the United States (1979) involved a partial reactor meltdown, resulting in limited
radiation release but major reforms in nuclear safety regulations. Earlier incidents such as the
Kyshtym disaster in the former Soviet Union also caused significant environmental
contamination. These accidents highlight the importance of strict safety measures, advanced

reactor design, and strong international monitoring to prevent future nuclear disasters.

Effects of Nuclear Accidents
A. Environmental Effects

e Soil and water contamination
o Radioactive fallout



o Long-term ecosystem damage
B. Health Effects

o Radiation sickness

e Increased cancer risk
e Genetic mutations

e Psychological stress

C. Economic and Social Effects
e Evacuation and displacement
e Loss of agricultural land
« High clean-up and decommissioning costs

Prevention and Safety Measures

o Strict regulatory frameworks

o Advanced reactor design

e Regular safety inspections

e Emergency preparedness plans

« International monitoring through the International Atomic Energy Agency (IAEA)

Nuclear Holocaust

A nuclear holocaust refers to large-scale destruction and loss of life resulting from
widespread use of nuclear weapons. It implies catastrophic global consequences, including
environmental collapse and human extinction risks.

Historical Context

The destructive power of nuclear weapons was first demonstrated during World War 11:

e Atomic bomb dropped on Hiroshima (1945)
e Atomic bomb dropped on Nagasaki (1945)

These events showed the devastating humanitarian and environmental impacts of nuclear
warfare.

Solid Waste

Definition: Any unwanted or discarded material that is not liquid or gas. Solid waste can be
generated from various sources, including households, industries, commercial establishments,

and institutions.

Types of Solid Waste:



e Municipal Waste: Generated from households, schools, and small businesses,
commonly known as household trash or garbage.

e Industrial Waste: Produced by manufacturing and industrial processes, including
production scrap, packaging materials, and wastewater treatment residues.

e Hazardous Waste: Poses a threat to human health or the environment due to its toxic,
flammable, corrosive, or reactive nature.

e Electronic Waste (E-waste): Discarded electronic devices, such as computers,

smartphones, and appliances, containing hazardous materials like lead and mercury

Importance of Effective Solid Waste Management:

Environmental Protection: Proper waste management prevents environmental pollution and

degradation, preserving natural resources and ecosystems.

Public Health: Effective waste management reduces the risk of diseases spread by

uncontrolled waste, maintaining a healthy living environment.

Resource Conservation: Recycling and reusing materials from solid waste contribute to

resource conservation and sustainable practices.

Aesthetic and Social Impact: Well-managed waste contributes to a cleaner and aesthetically

pleasing environment, fostering community well-being.
Solid Waste Generation and Composition:

Factors Influencing Solid Waste Generation:

Population Size and Density
Socioeconomic Factors
Consumption Patterns
Urbanization and Industrialization

Characterization of Solid Waste:

e Physical Characteristics (size, weight, density)

e Chemical Composition (organic, inorganic, hazardous)

e Biological Composition (presence of pathogens)

e Temporal Variations (seasonal changes in waste composition)

Composition Analysis and Waste Stream Assessment:



e ldentifying and categorizing waste components to determine recycling potential and
appropriate disposal methods.
e Conducting waste stream assessments to analyze the types and quantities of waste

generated over time.

Sustainable Waste Management Principles

Reduce, Reuse, Recycle (3R) Principles:

Reduce: Minimizing the generation of waste by using fewer resources, adopting efficient

production processes, and making conscious consumer choices.

Reuse: Extending the lifespan of products by using them multiple times before discarding,

promoting a culture of reusing items instead of opting for disposable alternatives.

Recycle: Collecting and processing materials to create new products, reducing the demand

for raw materials and energy.
Sustainable Consumption and Production:

Sustainable Consumption: Making informed and responsible choices as consumers,

considering environmental and social impacts before purchasing goods or services.

Sustainable Production: Adopting eco-friendly manufacturing processes, reducing resource

consumption, minimizing waste generation, and incorporating circular economy principles.

The 3R principles (Reduce, Reuse, Recycle) form the foundation of sustainable waste
management, emphasizing the importance of minimizing waste generation and maximizing

resource efficiency.

Sustainable consumption encourages individuals to make environmentally conscious

choices, supporting products and services with lower ecological footprints.

Sustainable production involves adopting practices that prioritize environmental
conservation, resource efficiency, and social responsibility, contributing to a more sustainable

and circular economy.



Eco-friendly packaging and product design for sustainability play pivotal roles in reducing
environmental impact by minimizing waste, promoting recyclability, and incorporating

sustainable materials and processes.

Functional Elements of Solid Waste Management

1. Waste Generation — Production of waste materials.

2. Segregation at Source — Separation into biodegradable, recyclable, and hazardous
waste.

3. Collection — Door-to-door or community bin collection systems.

4. Transportation — Transfer to processing or disposal sites.

5. Processing and Treatment — Recycling, composting, incineration.

6. Final Disposal — Sanitary land filling.

Composting: Principles and Techniques:

Principles: Composting is a natural process that transforms organic waste into a nutrientrich
soil conditioner. The key principles include providing the right mix of organic materials,

moisture, and aeration to promote microbial decomposition.

Techniques:

Composting Bins: Containers designed to hold organic waste, facilitating the composting

process.

Aerated Piles: Large piles of organic matter turned regularly to introduce oxygene and

enhance decomposition.

Vermicomposting: Introducing worms to aid in the breakdown of organic waste.

Principles: Vermicomposting involves the use of specialized worms, such as red worms, to

break down organic waste into nutrient-rich vermicompost.

Techniques:Selection of Worms: Choosing suitable worm species that thrive in the specific

composting conditions.

Bedding Materials: Providing a comfortable environment for worms with materials like

shredded newspaper or cardboard.

Maintenance:Properly managing moisture, temperature, and feeding to ensure efficient

vermicomposting.



Landfill Management: Design and Operation: Design Principles: Landfills are engineered
facilities designed to safely contain and isolate waste from the environment. Design
considerations include liner systems, leachate collection, and gas management. Operation:
Landfill operations involve waste placement, compaction, and covering to minimize

environmental impacts. Regular monitoring is essential to detect and address potential issues.

Waste-to-Energy: Incineration and Power Generation: Incineration: Involves burning
solid waste at high temperatures, reducing its volume and generating heat. This heat can be
converted into electricity, contributing to energy recovery. Power Generation: The heat
produced during incineration is used to produce steam, which drives turbines connected to

generators, generating electrical power.

Landfill Management involves designing and operating engineered facilities to safely
contain and isolate waste from the environment, with a focus on environmental protection

and gas management.

Waste-to-Energy (WtE), including incineration and power generation, provides an

alternative to landfilling, contributing to volume reduction and energy recovery.

Safe Disposal of Hazardous Waste requires specialized facilities and strict adherence to

regulations to prevent environmental contamination and protect human health.

Legal and Environmental Considerations play a crucial role in waste management, guiding
practices, and ensuring compliance with regulations to minimize environmental impact and

promote sustainability.
Environmental Law & Act

Environmental Movements

Environmental movements, which are known to conserve natural resources, promote
sustainable development, and influence environmental governance, are collective societal
reactions to ecological degradation. Growing awareness of the detrimental effects that
pollution, massive infrastructure projects, industrialisation, and deforestation have on
ecosystems and human well-being is the driving force behind these campaigns. Initiatives
such as the Silent Valley Movement, Narmada BachaoAndolan, and Chipko Environmental
Movement in India define how popular involvement can successfully oppose environmentally

harmful activities and promote conservation-focused policy. Environmental movements are



important because they protect livelihoods, preserve biodiversity, increase democratic
participation, and incorporate ecological considerations into development planning. These
movements significantly support intergenerational environmental fairness and sustainable

resource management by promoting environmental knowledge and accountability.
Chipko Movement

The Chipko Movement was a significant environmental movement that began in 1973 in the
Chamoli district of present-day Uttarakhand. The word “Chipko” means “to hug” or “to
cling,” reflecting the unique method adopted by villagers—especially women—who
embraced trees to prevent them from being cut down by contractors. The movement emerged
as a response to large-scale deforestation, which was causing soil erosion, floods, and loss of
livelihood for local communities. Prominent leaders such as Sunderlal Bahuguna and Chandi
Prasad Bhatt played a vital role in spreading awareness about forest conservation and
ecological balance.

The Chipko Movement highlighted the close relationship between forests and rural
livelihoods, emphasizing that forests are not merely sources of timber but essential for water
conservation, soil protection, and ecological stability. The peaceful and non-violent protest
drew national and international attention, eventually leading the government to impose
restrictions on tree felling in the Himalayan region. The movement became a symbol of
people’s participation in environmental protection and inspired several other ecological

movements across India.

Appiko Movement

The Appiko Movement was a forest conservation movement launched in 1983 in the Uttara
Kannada district of Karnataka in the Western Ghats. The term “Appiko” means “to hug” in
Kannada, symbolizing the method adopted by villagers who embraced trees to prevent them
from being felled. The movement was inspired by the Chipko Movement and was led by
environmentalist Pandurang Hegde. It emerged as a response to large-scale deforestation
caused by commercial logging and monoculture plantations, which were leading to soil

erosion, loss of biodiversity, and depletion of water resources in the Western Ghats.

The Appiko Movement emphasized three main objectives: protecting existing forests,
regenerating degraded forests, and promoting the sustainable use of forest resources. Through

peaceful protests, awareness campaigns, and community participation, the movement



successfully drew attention to the ecological importance of forests. It encouraged
afforestation, environmental education, and responsible resource management, becoming a

significant milestone in India’s grassroots environmental activism.

Silent Valley Movement

The Silent Valley Movement was a landmark environmental movement in India aimed at
protecting the tropical evergreen forests of Silent Valley in Palakkad district of Kerala. In the
1970s, the Kerala State Electricity Board proposed a hydroelectric dam project across the
Kunthipuzha River, which would have submerged a large part of this pristine forest. Silent
Valley is one of the last remaining undisturbed tracts of tropical rainforest in the Western
Ghats and is home to rare and endangered species such as the lion-tailed macaque.
Environmentalists, scientists, and local communities strongly opposed the project due to its

potential ecological damage.

The movement gained momentum through the efforts of organizations like the Kerala Sastra
Sahitya Parishad and prominent environmental activists. Public awareness campaigns,
scientific studies, and nationwide protests highlighted the ecological significance of Silent
Valley and the need to conserve its rich biodiversity. The movement became one of the
earliest examples in India where scientific arguments and people’s participation combined

effectively for environmental protection.

As a result of sustained protests and national attention, the Government of India decided in
1983 to abandon the hydroelectric project. In 1984, Silent Valley was declared a National
Park, ensuring long-term protection of its unique ecosystem. The Silent Valley Movement
stands as a milestone in India’s environmental history, demonstrating the power of collective

action in safeguarding natural heritage.
Big dam movements in India

Big dam movements in India refer to a series of social and environmental protests that
emerged against the construction of large dams across major rivers. Although dams are built
for irrigation, hydroelectric power generation, flood control, and drinking water supply, they
have often resulted in displacement of local communities, environmental degradation, and
biodiversity loss. These movements highlight the ongoing conflict between rapid
development and environmental sustainability, questioning whether large-scale infrastructure

projects truly benefit all sections of society.

After independence, large dams were considered symbols of progress and nation-building,

famously described as the “temples of modern India” by Jawaharlal Nehru. Massive river



valley projects were undertaken to strengthen agriculture and energy production. However,
over time, serious concerns arose regarding the large-scale displacement of tribal and rural
populations, submergence of forests and fertile lands, ecological imbalance, and inadequate
rehabilitation and compensation policies. These issues gradually led to organized resistance

movements across different states.

Major Big Dam Movements in India

(A) Narmada BachaoAndolan (NBA)

The Narmada BachaoAndolan stands as one of India’s most powerful grassroots movements
advocating for environmental justice and human rights. Launched in the 1980s against large
dam projects such as the Sardar Sarovar Dam on the Narmada River, the movement
questioned the social and ecological costs of so-called development. Led by Medha Patkar
and supported by Baba Amte, it highlighted the displacement of thousands of tribal and rural
families, submergence of forests and fertile lands, and inadequate rehabilitation measures.
Through peaceful protests, legal battles, and international advocacy, the movement brought
global attention to the need for sustainable development that respects both nature and human

dignity, making it a landmark in India’s environmental history.

(B) Tehri Dam Movement

The movement against the Tehri Dam emerged as a powerful voice of resistance in the
Himalayan region of Uttarakhand. Built on the Bhagirathi River, the dam was promoted as a
major source of hydroelectric power and water supply, but it also raised serious concerns
about seismic vulnerability, as the region lies in an earthquake-prone zone. Thousands of
residents faced displacement, and the historic town of Tehri was submerged. The project
sparked widespread debate over whether large-scale development should come at the cost of

ecological fragility and human displacement.

The movement was strongly led by renowned environmentalist Sunderlal Bahuguna, who
undertook long hunger strikes and peaceful protests to oppose the dam. He emphasized the
ecological sensitivity of the Himalayas and warned of long-term environmental risks.
Although the dam was eventually completed, the Tehri Dam Movement became a significant
chapter in India’s environmental activism, highlighting the importance of sustainable
development, proper rehabilitation policies, and careful assessment of environmental risks

before implementing mega projects.

Causes of Big Dam Movements



Displacement without proper rehabilitation
Environmental degradation

Submergence of forests and wildlife habitats
Cultural loss of tribal communities

Unequal distribution of benefits
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Environmental Impacts of Big Dams

1. Deforestation

2. Loss of biodiversity

3. Alteration of river ecosystems
4. Sedimentation problems

5. Waterlogging and salinization

Social Impacts

1. Forced migration

2. Loss of livelihood

3. Social conflicts

4. Violation of tribal rights

Significance of Big Dam Movements in India

The significance of big dam movements in India lies in their powerful challenge to the
conventional model of development that prioritizes large infrastructure over environmental
sustainability and social justice. Movements such as the Narmada BachaoAndolan and
protests against the Tehri Dam brought national and international attention to issues of
displacement, loss of livelihoods, ecological degradation, and inadequate rehabilitation.
These movements strengthened grassroots democracy by giving marginalized communities—
especially tribal and rural populations—a voice in decision-making processes. They also led
to stricter Environmental Impact Assessments (EIA), improved rehabilitation policies, and a
broader acceptance of sustainable and participatory development as essential principles in

planning large-scale projects in India.
Environmental audit and Environmental Impact Assessment.

Environmental protection is an essential component of sustainable development. To minimize
environmental damage caused by developmental activities, two important management tools

are used: Environmental Impact Assessment (EIA) and Environmental Audit. These tools



help in planning, monitoring, and improving environmental performance of projects and

industries.

Environmental Impact Assessment (EIA)

What is EIA

Environmental Impact Assessment (EIA) is a systematic process of identifying, predicting,
and evaluating the potential environmental impacts of a proposed project before it is
implemented. In India, EIA is regulated by the Ministry of Environment, Forest and Climate

Change under the Environment (Protection) Act, 1986.

Objectives of EIA

« To predict environmental impacts of projects

o To suggest mitigation measures

« To promote environmentally sound and sustainable development
e To ensure informed decision-making

e To involve public participation

Need for EIA

o Rapid industrialization and urbanization

o Large infrastructure projects (dams, highways, mining, thermal power plants)
e Prevention of irreversible environmental damage

e Protection of biodiversity and natural resources

Steps in the EIA Process

Screening — Determining whether a project requires EIA.

Scoping — Identifying key environmental issues.

Baseline Data Collection — Studying existing environmental conditions.
Impact Prediction — Assessing likely environmental effects.

Mitigation Measures — Suggesting ways to reduce negative impacts.
Public Hearing — Involving local communities.

Environmental Impact Statement (EIS) — Preparing detailed report.
Appraisal and Clearance — Decision by regulatory authority.
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Environmental Audit

Environmental Audit, is a systematic and periodic evaluation of an organization’s
environmental performance after a project has begun operation. It assesses whether industries
and institutions are complying with environmental laws, standards, and regulations.

Environmental audits examine waste management practices, pollution control measures,



resource consumption, and overall environmental management systems. The goal is to ensure

continuous improvement and accountability in environmental performance.

While EIA is conducted before the approval and implementation of a project, environmental
audit is carried out during or after project operation. EIA predicts potential environmental
impacts, whereas environmental audit verifies actual performance and compliance. Together,
they form complementary tools for environmental governance—EIA prevents environmental
damage at the planning stage, and audit ensures ongoing compliance and efficiency during

project execution.

Both Environmental Impact Assessment and Environmental Audit are essential for achieving
sustainable development. They encourage responsible industrial practices, protect natural
resources, and safeguard public health. By integrating environmental considerations into
planning and monitoring processes, these tools help create a balance between development

needs and ecological preservation, ensuring long-term environmental security.

Obijectives of Environmental Audit

e To check compliance with environmental regulations

e To evaluate pollution control measures

o To assess resource utilization (water, energy, raw materials)
« To promote continuous environmental improvement

Types of Environmental Audit

1. Compliance Audit — Verifies legal compliance.
2. Performance Audit — Evaluates efficiency of environmental management systems.
3. Functional Audit — Examines specific operations (waste management, emissions).

Differences between EIA and Environmental Audit

Basis EIA Environmental Audit
Stage Before project approval After project operation
Purpose Predict impacts Evaluate performance
Nature Preventive Corrective

Focus Planning stage Monitoring stage

International Agreements on Environment




International Agreements on Environment are major international conferences organized to
address global environmental challenges and promote sustainable development. These
summits bring together world leaders, policymakers, scientists, and civil society
organizations to frame international agreements for environmental protection, climate action,
biodiversity conservation, and sustainable growth. Most of these conferences were organized
under the leadership of the United Nations.

United Nations Conference on the Human Environment (Stockholm, 1972)

The United Nations Conference on the Human Environment (1972), held in Stockholm, was
the first major global conference focused exclusively on environmental issues. Organized by
the United Nations, it marked the beginning of international environmental diplomacy and
global cooperation for environmental protection. The conference adopted the Stockholm
Declaration, which outlined 26 principles emphasizing the right to a healthy environment and
the responsibility of nations to protect natural resources. One of its most significant outcomes
was the establishment of the United Nations Environment Programme (UNEP), which
continues to coordinate global environmental activities. The Stockholm Conference laid the
foundation for future international environmental agreements and highlighted the link

between environmental protection and sustainable development.
Key Outcomes:

e Creation of the United Nations Environment Programme (UNEP)
o Stockholm Declaration (26 principles on environmental protection)
e Recognition of the right to a healthy environment

¢ Environmental Protection Act, 1986
Introduction

The Environment (Protection) Act, 1986 is a comprehensive environmental law enacted by
the Government of India in the aftermath of the Bhopal Gas Tragedy. The tragedy exposed
serious gaps in environmental regulation and industrial safety in the country.

The Act was passed under Article 253 of the Constitution of India to implement decisions
taken at the United Nations Conference on the Human Environment. It came into force on
19 November 1986 and is often described as an umbrella legislation because it coordinates
and strengthens various environmental laws.



Objectives

1. Protection and Improvement of Environment
To protect and enhance the quality of air, water, and land.
2. Prevention of Environmental Hazards
To safeguard human beings, other living creatures, plants, and property from
environmental pollution.
3. Implementation of International Commitments
To fulfill India’s obligations under international environmental agreements.
4. Coordination of Environmental Policies
To provide a centralized authority for environmental protection and regulation.

Environment under the Act

The Act defines environment broadly to include:

o Water
e Air
e Land

o Interrelationships among them
e Human beings, other living creatures, plants, microorganisms, and property

This wide definition makes the Act comprehensive in scope.

Salient Features

1. Umbrella Legislation
It covers all forms of pollution—air, water, soil, and noise.
Umbrella Legislation (with reference to Environmental Law)

An umbrella legislation is a comprehensive law that provides a broad framework to regulate
and coordinate various specific laws under one central authority. It does not replace existing
laws but strengthens, supplements, and integrates them to ensure uniform implementation.

In Indian environmental governance, the Environment (Protection) Act, 1986 is called an
umbrella legislation. The Act covers all components of the environment—air, water, and
land—and supplements earlier laws like:

The EPA acts as an umbrella law that supplements earlier laws such as:

e Water (Prevention and Control of Pollution) Act, 1974
e Air (Prevention and Control of Pollution) Act, 1981

It is termed an umbrella legislation because:

1. Covers All Components of Environment
It includes air, water, land, and their interrelationships.



2. Supplements Earlier Laws
It strengthens earlier Acts such as:
o Water (Prevention and Control of Pollution) Act, 1974
o Air (Prevention and Control of Pollution) Act, 1981
3. Centralized Powers
It gives wide powers to the Central Government to:
o Set environmental standards
o Regulate industrial activities
o Issue directions for closure of polluting units
o Frame rules for hazardous substances
4. Enabling Act
Many important environmental rules and notifications are framed under it, such as:
o Environmental Impact Assessment (EIA) Notification
o Coastal Regulation Zone (CRZ) Rules
o Hazardous Waste Management Rules
5. Importance of Umbrella Legislation

e Ensures uniform environmental standards across the country.
o Avoids conflicts between different environmental laws.

« Provides quick regulatory action in case of environmental emergencies.
« Strengthens enforcement and compliance mechanisms.

2. Wide Powers to the Central Government

(Under the Environment (Protection) Act, 1986)

One of the most important features of the Environmental Protection Act, 1986 is that it grants
extensive and overriding powers to the Central Government for effective environmental
protection and control of pollution.

1. Power to Take Measures for Environmental Protection (Section 3)

The Central Government can take all necessary measures to protect and improve
environmental quality. These include:

o Coordinating actions of State Governments and authorities

« Planning and executing nationwide environmental programs

« Laying down standards for environmental quality

e Restricting areas where industries or operations may be carried out

This makes the Central Government the supreme authority in environmental governance.
2. Power to Set Environmental Standards

The government can:

o Prescribe standards for emission or discharge of pollutants
o Fix maximum allowable limits of pollutants in air, water, and soil
o Establish different standards for different industries or regions



This ensures uniform regulation across India.
3. Regulation of Industrial Location and Activities

The Central Government can:
« Prohibit or restrict industrial activities in certain areas
o Declare ecologically sensitive zones
o Impose conditions on industrial operations

This helps in protecting fragile ecosystems.
© 4. Regulation of Hazardous Substances

The government can prescribe procedures for:

e Handling

o Storage

e Manufacture
e Import

o Disposal of hazardous substances

This prevents industrial accidents and environmental disasters.
5. Power to Issue Directions (Section 5)

This is one of the strongest provisions of the Act.
The Central Government can issue binding directions, including:
e Closure of industries
e Regulation of production
o Stoppage of electricity or water supply
These directions are legally enforceable.
6. Power of Entry, Inspection, and Sampling (Section 10 & 11)
Authorized officers can:
« Enter any premises
e Inspect equipment and records
o Take samples for testing

This strengthens enforcement mechanisms.

7. Rule-Making Power

The Central Government can frame rules under the Act, such as:

e Environmental Impact Assessment (EIA) Notification



e Hazardous Waste Rules
o Coastal Regulation Zone (CRZ) Rules
o Biomedical Waste Management Rules

Significance of Wide Powers

o Ensures centralized environmental control.

« Enables quick response during environmental emergencies.

« Strengthens enforcement and compliance.

o Facilitates implementation of international environmental commitments.

The Central Government is empowered to:
e Set standards for environmental quality.
e Regulate emission and discharge of pollutants.
o Restrict industrial activities in ecologically sensitive areas.
« Lay down procedures for handling hazardous substances.

o Establish environmental laboratories.
o Issue directions for closure or regulati

3. Environmental Standards

The government can:

« Lay down standards for air, water, and soil quality.
e Specify maximum allowable limits of pollutants.

4. Regulation of Hazardous Substances

e Strict procedures for manufacture, storage, and disposal.
o Basis for Hazardous Waste Management Rules.

5. Environmental Impact Assessment (EIA)

The Act provides the legal basis for the Environmental Impact Assessment (EI1A)
Notification, which makes environmental clearance mandatory for certain developmental
projects.

6. Inspection and Enforcement

o Government officials can enter, inspect, and take samples.
e Power to issue binding directions, including:

o Closure of industries

o Stoppage of electricity or water supply

Penalties

e Imprisonment up to 5 years, and/or



e Fine up to X1 lakh.
o Continued violation may lead to additional fines and imprisonment up to 7 years.

Significance

e First comprehensive environmental legislation in India.

« Strengthened regulatory framework after industrial disasters.
o Facilitates sustainable development.

« Promotes precautionary principle and polluter pays principle.

Limitations

o Over-centralization of powers.
e Implementation gaps.
e Delays in environmental clearances and monitoring.

The Environment (Protection) Act, 1986 serves as the backbone of environmental governance
in India. It integrates environmental management, pollution control, and sustainable
development under one legal framework. Effective enforcement and public participation are
essential for achieving its objectives.

Air (Prevention and Control of Pollution) Act, 1981 —
Enhanced Notes

1. Introduction

The Air (Prevention and Control of Pollution) Act, 1981 was enacted to prevent, control,
and abate air pollution and to maintain and improve air quality in India.

The Act was passed after India participated in the United Nations Conference on the
Human Environment, which emphasized the need for environmental protection laws.

It came into force in 1981 and was significantly strengthened by the 1987 Amendment,
which gave more enforcement powers to pollution control authorities.

2. Objectives of the Act

Prevention, control, and abatement of air pollution.
Establishment of Central and State Pollution Control Boards.
Maintenance of ambient air quality standards.

Regulation of emissions from industries and vehicles.
Protection of public health and ecological balance.
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3. Definitions

Air Pollutant

Any solid, liquid, or gaseous substance (including noise) present in the atmosphere in such
concentration as may be harmful to human beings, living creatures, plants, property, or the
environment.

Air Pollution

Presence of any air pollutant in the atmosphere.

4. Institutional Framework

The Act empowers existing boards formed under the Water Act, 1974:

¢ Central Pollution Control Board (CPCB)

e Advises Central Government.

o Coordinates activities of State Boards.

o Lays down national air quality standards.
o Conducts research and training programs.

O State Pollution Control Boards (SPCBs)

e Implement the Act at the state level.
e Inspect industries.

« Grant or refuse consent to operate.
e Monitor emission standards.

5. Major Provisions
A. Declaration of Air Pollution Control Areas
State Governments may declare specific regions as Air Pollution Control Areas, where:

e Industries must follow strict emission standards.
e Prior consent is mandatory before establishment.

B. Consent Mechanism (Section 21)

Industries must obtain:

o Consent to Establish (CTE) before setting up a plant.
e Consent to Operate (CTO) before commencing operations.

Operating without consent is punishable.



C. Emission Standards

Pollution Control Boards can:
o Fix emission limits for different industries.

e Prescribe stack height requirements.
o Regulate fuel quality.

D. Control of Vehicular Pollution

e Regulation of automobile emissions.
o Implementation of emission norms (e.g., Bharat Stage norms).
e Mandatory Pollution Under Control (PUC) certificates.

E. Powers of Entry and Inspection (Section 24)

Authorized officers may:
o Enter and inspect premises.

o Examine pollution control equipment.
« Verify compliance with standards.

F. Power to Take Samples (Section 26)

o Authorities can collect emission samples.
e Samples are analyzed in approved laboratories.

G. Power to Issue Directions (Section 31A — 1987 Amendment)

Boards can:

e Order closure of polluting industries.
e Stop electricity or water supply.
e Regulate industrial operations.

This significantly strengthened enforcement capacity.
6. Penalties

e Imprisonment from 3 months to 6 years.
o Fine and additional penalties for continuing offences.
e Increased punishment for repeated violations.

7. Significance of the Act

First comprehensive law specifically targeting air pollution.

Provides legal basis for National Ambient Air Quality Standards (NAAQS).
Strengthened regulatory authority of CPCB and SPCBs.

Helps reduce industrial and vehicular emissions.

Protects public health, agriculture, and infrastructure



8. Limitations and Challenges

Weak monitoring infrastructure in some states.
Rapid urbanization and industrial growth.
Increasing vehicular emissions.

Limited public participation.

Enforcement gaps.
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Relationship with Other Laws

The Air Act works alongside:

o Water Act, 1974
e Environment (Protection) Act, 1986

The Environment Protection Act provides additional enforcement powers and rule-making
authority. The Air (Prevention and Control of Pollution) Act, 1981 is a cornerstone of India’s
environmental regulatory system. It provides a structured framework for monitoring,
regulating, and reducing air pollution. However, strict implementation, technological
innovation, public awareness, and sustainable urban planning are essential to effectively
address the growing air pollution crisis in India.

o= Wildlife Protection Act, 1972 — Detailed Account
Introduction

The Wildlife Protection Act, 1972 was enacted to provide comprehensive protection to wild
animals, birds, and plants in India. Before this Act, wildlife protection laws varied from state
to state and were not uniform.

The Act was passed in response to the alarming decline in wildlife populations due to
hunting, poaching, habitat destruction, and illegal trade. It came into force on 9 September
1972 and has been amended several times (notably in 1991, 2002, 2006, and 2022) to
strengthen conservation measures.

Objectives

Protection of wild animals, birds, and plants.

Prevention of hunting and poaching.

Conservation of endangered species.

Establishment of protected areas such as National Parks and Wildlife Sanctuaries.
Regulation of trade in wildlife and wildlife products.
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Scope of the Act

The Act extends to the whole of India and provides a legal framework for wildlife
conservation. It regulates:

e Hunting of wild animals



e Trade and commerce in wildlife products
« Protection of specified plants
e Management of protected areas

Important Definitions

o Wildlife: Includes animals, birds, reptiles, amphibians, fish, and plants forming part
of any habitat.

e Hunting: Includes capturing, killing, poisoning, trapping, or injuring any wild animal.

o Habitat: Land, water, or vegetation that supports wildlife.

1. Prohibition of Hunting

e Hunting of wild animals listed in Schedules I-1V is prohibited.
o Exceptions allowed only under special circumstances (self-defense, scientific
research, or if declared dangerous).

2. Protected Areas
The Act provides for the creation of:
© Wildlife Sanctuaries

o Area declared for protecting wildlife.
o Limited human activities allowed with regulation.

© National Parks

« Higher level of protection.
« No grazing or private activities permitted.

© Conservation Reserves
o Areas adjacent to national parks/sanctuaries for habitat protection.
© Community Reserves
e Areas conserved by local communities.
3. Schedules under the Act

The Act contains six Schedules, providing different levels of protection:

e Schedule I & Il (Part I1): Absolute protection; highest penalties.
e Schedule Il & IV: Protected but lesser penalties.

e Schedule V: Vermin (can be hunted).

e Schedule VI: Protected plants.



4. Regulation of Trade and Commerce

« Strict ban on trade of wildlife products such as ivory, skins, horns.
o Establishment of wildlife crime control mechanisms.

5. Authorities under the Act

Director of Wildlife Preservation
Chief Wildlife Warden

Wildlife Advisory Board

National Board for Wildlife (NBWL)

These authorities supervise implementation and conservation strategies.
6. Establishment of National and State Boards

« National Board for Wildlife advises the Central Government on wildlife policies.
o State Boards assist in state-level conservation planning.

Penalties

e Imprisonment up to 7 years and fine for serious offences (especially Schedule |
species).

o Strict penalties for repeat offenders.

« Seizure of vehicles, weapons, and equipment used in offences.

Amendments and Strengthening

Major amendments have:

Increased penalties.

Strengthened anti-poaching measures.

Established the National Tiger Conservation Authority (NTCA).
Improved protection for endangered species.

Significance of the Act

Legal protection for endangered species like tiger, elephant, rhinoceros.
Basis for conservation programs such as Project Tiger and Project Elephant.
Helps preserve biodiversity and ecological balance.

Prevents illegal wildlife trade.

Limitations and Challenges

Human-wildlife conflict.

Poaching and illegal wildlife trade.

Habitat fragmentation.

Insufficient manpower and resources.

Conflicts with local communities’ livelihood needs.

arwONE



The Wildlife Protection Act, 1972 is a cornerstone of biodiversity conservation in India. It
provides a strong legal framework for protecting wildlife and habitats. However, effective
implementation, community participation, and scientific management are essential to ensure
long-term wildlife conservation and ecological sustainability.

& rorest (Conservation) Act, 1980 — Comprehensive
and Analytical Account

1. Introduction

The Forest (Conservation) Act, 1980 is a landmark environmental legislation enacted to
curb large-scale deforestation and regulate the diversion of forest land for non-forest
purposes.

During the 1950s-1970s, India witnessed rapid forest loss due to agriculture expansion,
industrialization, river valley projects, mining, and infrastructure development. Since State
Governments had the authority to dereserve forests, indiscriminate diversion occurred.

To address this ecological crisis, the Act was enacted on 25 October 1980, centralizing
decision-making power with the Central Government to ensure stricter control and uniform
conservation policy across the country. It was further strengthened by amendments in 1988
and subsequent policy guidelines.

2. Objectives of the Act

1. Conservation of Forest Cover
To prevent deforestation and preserve ecological balance.
2. Regulation of Forest Land Diversion
To restrict the use of forest land for non-forest activities.
3. Centralized Monitoring and Approval
To ensure uniform environmental scrutiny before forest diversion.
4. Promotion of Compensatory Afforestation
To compensate ecological loss caused by diversion.
5. Sustainable Forest Management
To balance development with environmental protection.

3. Scope and Applicability

The Act applies to:

e Reserved forests
e Protected forests
e Any forest land recorded in government records

It applies irrespective of ownership (state, private, or community forests recorded as forest
land).



4. Core Provision — Section 2 (Heart of the Act)

Section 2 states that no State Government or authority shall, without prior approval of the
Central Government:
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De-reserve a reserved forest.

Use forest land for non-forest purposes.

Assign forest land to private persons or corporations.
Clear naturally grown trees for reafforestation.

This central approval mechanism is the strongest feature of the Act.

5. Meaning of Non-Forest Purpose

Non-forest purpose includes:

Cultivation of commercial crops (tea, coffee, spices, rubber, oil palm).
Construction of dams, roads, railways, transmission lines.

Mining and quarrying activities.

Industrial establishments.

However, activities related to forest conservation, wildlife protection, and management are
not considered non-forest purposes.

6. Advisory Committee

An Advisory Committee is constituted to:

Examine forest diversion proposals.

Assess ecological impact.

Recommend approval with conditions or rejection.

This ensures scientific scrutiny of development proposals.

7. Compensatory Afforestation (CA)

When forest land is diverted:

Equivalent non-forest land must be afforested.
If equivalent land is unavailable, double degraded forest land must be afforested.
User agencies bear the cost.

Funds collected are managed under CAMPA (Compensatory Afforestation Fund).

8. Net Present Value (NPV)

Project proponents must pay:

Net Present VValue of forest land diverted.



e The amount reflects ecological services such as carbon sequestration, biodiversity
conservation, soil and water protection.

NPV ensures environmental cost internalization.

9. Significance of the Act
® Ecological Importance

e Reduced rate of deforestation significantly after 1980.
e Protected biodiversity and wildlife habitats.

o Prevented soil erosion and desertification.

« Contributed to climate change mitigation.

@ Governance Importance

o Centralized environmental decision-making.
e Increased accountability in forest land diversion.
« Strengthened environmental clearance processes.

10. Relationship with Other Environmental Laws

The Act works in coordination with:

« Wildlife Protection Act, 1972 (for habitat conservation)
o Environment (Protection) Act, 1986 (for broader environmental clearance and
regulation)

While the EPA provides general environmental safeguards, the Forest Conservation Act
specifically focuses on forest land protection.

11. Amendments and Recent Developments

e 1988 Amendment strengthened conservation measures.

o Establishment of Compensatory Afforestation Fund (CAMPA).

« Recent amendments aim to streamline approvals while balancing conservation
concerns.

12. Challenges and Criticism

Delays in infrastructure and development projects.
Conflict between tribal rights and forest conservation.
Poor monitoring of compensatory afforestation quality.
Increasing diversion for mining and highways.
Pressure from economic growth demands.
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13. Role in Sustainable Development

The Act promotes:



o Intergenerational equity.

e Ecological balance.

e Climate resilience.

o Sustainable use of forest resources.

It reflects the principle that forests are national assets and must be conserved for future
generations. The Forest (Conservation) Act, 1980 is a cornerstone of India’s forest
governance framework. By centralizing forest diversion approvals and mandating
compensatory afforestation and NPV payments, it has significantly reduced deforestation and
promoted sustainable development.

However, effective implementation, transparent monitoring, community participation, and
integration with tribal rights are essential for ensuring long-term ecological security.

I Biological Diversity Act, 2002 —
Introduction

The Biological Diversity Act, 2002 was enacted by the Government of India to conserve
biological diversity, promote sustainable use of its components, and ensure fair and equitable
sharing of benefits arising from the use of biological resources and associated traditional
knowledge.

The Act was passed to fulfill India’s commitments under the Convention on Biological
Diversity (CBD), signed at the Rio Earth Summit in 1992.

It came into force in 2003 and provides a comprehensive legal framework for biodiversity
conservation in India.

Objectives of the Act

1. Conservation of Biological Diversity
Protection of ecosystems, species, and genetic resources.
2. Sustainable Use of Biological Resources
Ensuring that resources are used without degrading biodiversity.
3. Equitable Benefit Sharing
Fair sharing of benefits arising from the commercial use of biological resources and
traditional knowledge.
4. Protection of Traditional Knowledge
Safeguarding indigenous knowledge from bio-piracy.

Key Concepts

1. Biological Diversity

The variability among living organisms from all sources including terrestrial, marine, and
aquatic ecosystems.



2. Biological Resources
Plants, animals, microorganisms, or parts thereof having actual or potential use.
3. Benefit Sharing

Sharing monetary or non-monetary benefits with local communities when biological
resources are commercially utilized.

Institutional Framework
The Act establishes a three-tier structure:
© 1. National Biodiversity Authority (NBA)

e Headquartered in Chennai.

e Regulates access to biological resources by foreign individuals or companies.
o Approves transfer of research results abroad.

e Ensures benefit-sharing mechanisms.

© 2. State Biodiversity Boards (SBBs)

o Regulate access to biological resources by Indian entities for commercial use.
e Advise state governments on conservation matters.

© 3. Biodiversity Management Committees (BMCs)

o Established at local body level (Panchayats/Municipalities).
e Promote conservation and documentation of biodiversity.
e Prepare People’s Biodiversity Registers (PBRs).

Regulation of Access to Biological Resources

A. Foreign Entities

e Must obtain prior approval from the NBA before accessing biological resources.
B. Indian Citizens/Companies

e Must inform State Biodiversity Boards before commercial utilization.
C. Transfer of Research Results

o Approval required before transferring research results to foreign nationals.
Benefit Sharing Mechanism

Benefits may include:



e Monetary compensation

e Technology transfer

« Joint ownership of intellectual property rights
o Capacity building

e Community development programs

This ensures justice to local and indigenous communities.
Protection Against Bio-piracy

Bio-piracy refers to unauthorized use of biological resources or traditional knowledge
without benefit sharing.

The Act prevents:

« Patenting of Indian biological resources without approval.
o Exploitation of traditional medicinal knowledge.

Penalties

e Imprisonment up to 5 years.
e Fine up to %10 lakh or more depending on damage.
o Additional penalties for continuing offences.

The Biological Diversity Act, 2002 is a landmark legislation that integrates biodiversity
conservation with sustainable use and social justice. By ensuring equitable benefit sharing
and regulating access to biological resources, it protects India’s ecological wealth and
traditional knowledge from exploitation.

Effective implementation, community participation, and strong monitoring mechanisms are
essential for achieving the goals of biodiversity conservation and sustainable development.



Earth Summit (Rio de Janeiro, 1992)

The Earth Summit 1992, officially known as the United Nations Conference on Environment
and Development (UNCED), was held in Rio de Janeiro under the leadership of the United
Nations. It was a landmark global conference that brought together world leaders to address
pressing environmental and developmental challenges. The summit popularized the concept
of sustainable development and resulted in several important agreements, including the Rio
Declaration, Agenda 21 (a comprehensive action plan for sustainable development), the
United Nations Framework Convention on Climate Change (UNFCCC), and the Convention
on Biological Diversity (CBD). The Earth Summit 1992 marked a turning point in
international environmental cooperation by integrating environmental protection with

economic and social development goals.
Major Outcomes:

e Rio Declaration (27 principles)
e Agenda 21 (Action plan for sustainable development)

Adoption of:

e United Nations Framework Convention on Climate Change (UNFCCC)

« Convention on Biological Diversity (CBD)

e United Nations Convention to Combat Desertification (UNCCD, later adopted
in 1994)

Rio+20 Summit (2012)

Objectives of the Summit
The Rio Summit aimed to:

1. Integrate environment and development issues in global policy.

2. Create global cooperation strategies on climate, biodiversity, forests and sustainable
development.
Promote sustainable patterns of production and consumption.

4. Encourage international partnerships and participatory decision-making.



Major Outcomes & Documents

A. Rio Declaration on Environment & Development

e A set of 27 principles providing a global framework for sustainable development

policies.

o Key principles include precautionary approach, polluter pays, public participation,

common but differentiated responsibilities.

B. Agenda 21

e A comprehensive action plan for sustainable development in the 21st century.

e Non-binding but influential in shaping policy at local, national, and global levels.

e Four main sections:

1.
2.
3.

4.

Social & economic dimensions

Conservation & management of resources

Strengthening the role of major groups (NGOs, women, youth, indigenous
peoples, business)

Means of implementation (finance, technology, capacity building)

e Promotes “Think globally, act locally.”

C. Statement of Forest Principles

e A non-binding statement providing guidelines for sustainable forest management
globally.

D. Landmark Conventions Opened for Signature

1. United Nations Framework Convention on Climate Change (UNFCCC) - to

stabilize greenhouse gas concentrations.

2. Convention on Biological Diversity (CBD) — conservation, sustainable use of

biodiversity, and equitable benefit sharing.

Importance of Earth Summits

« Promote global cooperation

o Create legally binding international agreements

o Raise environmental awareness

e Encourage sustainable development policies

« Strengthen climate action and biodiversity protection



Convention of Biological Diversity

The Convention on Biological Diversity (CBD) is an international legally binding treaty
adopted at the Earth Summit held in Rio de Janeiro in 1992. It came into force on 29
December 1993. The CBD aims to promote sustainable development by conserving the

world’s biological diversity.

Main Objectives of CBD

The Convention has three primary objectives:

1. Conservation of biological diversity
Protecting ecosystems, species, and genetic diversity.

2. Sustainable use of its components
Using biological resources in a way that does not lead to long-term decline.

3. Fair and equitable sharing of benefits

Ensuring that benefits arising from genetic resources are shared fairly, especially with
developing countries.

Key Features

e Recognizes biodiversity as a global concern.

o Countries prepare National Biodiversity Action Plans (NBAPS).

e Encourages in-situ conservation (protected areas, national parks).

e Promotes ex-situ conservation (zoos, botanical gardens, seed banks).
o Supports scientific research and technology transfer.

« Emphasizes the role of indigenous communities.

Montreal Protocol

The Montreal Protocol is an international environmental agreement adopted on 16
September 1987 in Montreal to protect the Earth’s ozone layer. It was formulated in response
to the discovery of ozone depletion over Antarctica, commonly known as the “ozone hole,”
which was scientifically confirmed by researchers of the British Antarctic Survey in 1985.
The Protocol aims to phase out the production and consumption of ozone-depleting
substances (ODS) such as chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and
methyl chloroform. It is considered one of the most successful environmental treaties because

it has achieved universal ratification by all member countries of the United Nations.

The Montreal Protocol works on the principle of “common but differentiated
responsibilities,” providing developing countries with more time to comply and establishing

a Multilateral Fund in 1991 to support financial and technical assistance. Over time, the treaty



has been strengthened through several amendments, including the Kigali Amendment, which
aims to phase down hydrofluorocarbons (HFCs), powerful greenhouse gases that do not
deplete ozone but contribute to climate change. As a result of the Protocol’s implementation,
the production of major ozone-depleting substances has drastically declined, and the ozone
layer is showing signs of recovery. The Montreal Protocol not only protects human health
from harmful ultraviolet radiation but also contributes significantly to climate change

mitigation.

Objectives

e Phase out production and consumption of ozone-depleting substances.
e Protect human health and the environment.

« Promote international cooperation in research and technology transfer.

Key Principles

« Common but Differentiated Responsibilities (CBDR)
Developed countries had stricter and earlier phase-out schedules.

e Financial Assistance
The Multilateral Fund (established in 1991) supports developing countries.

o Universal ratification under the United Nations system.

Kyoto Protocol

The Kyoto Protocol is an international agreement adopted in 1997 in Kyoto under the
framework of the United Nations Framework Convention on Climate Change (UNFCCC). It
came into force on 16 February 2005. The Protocol was created to address the growing
problem of global warming by legally binding developed countries to reduce greenhouse gas
(GHG) emissions.

Background

The UNFCCC (1992) aimed to stabilize greenhouse gas concentrations but did not set
binding targets. Therefore, the Kyoto Protocol established mandatory emission reduction
commitments for industrialized nations (Annex | countries). It is based on the principle of
Common but Differentiated Responsibilities (CBDR), recognizing that developed

countries are historically responsible for most emissions.

Objectives



Reduce greenhouse gas emissions such as:

Carbon dioxide (CO:), Methane (CHa), Nitrous oxide (N20), Hydrofluorocarbons (HFCs),
Perfluorocarbons (PFCs), Sulphur hexafluoride (SFs).
Achieve an average reduction of about 5% below 1990 levels during the first commitment

period (2008-2012).
Achievements and Limitations
Achievements:

o Established legally binding climate targets.
o Created carbon markets and global climate finance systems.

Limitations:
e The United States signed but did not ratify the treaty.

« Developing countries like China and India had no binding targets.
o Limited overall impact on global emissions.






