
 

 

Unit 1: Understanding Environment, Natural Resources and 
Sustainability 
 

 

 

Definition 
 

 The environment refers to the sum total of all external factors, conditions, and influences 
that surround and affect an organism, community, or system. 

 Environment applies to all the external factors that have a formative influence on one's 
physical, mental, or moral development. 

 Environmental Protection Act (1986) defined, “Environment as the sum total of water, air 
and land, their inter-relationship among themselves and with the human beings, other 
living beings and property.” 

 

Fundamental Environmental Concepts and Their Relevance to 
Business Operations 

 
A. Fundamental Environmental Concepts 
 

1. Interdependence of Ecosystems 
All components of the environment - plants, animals, humans, air, water, and soil are 
interconnected. A change in one element (e.g., deforestation) can disrupt the balance of 
entire ecosystems. 

2. Sustainability 
Sustainability is the principle of meeting current needs without compromising the ability 
of future generations to meet theirs. It promotes balanced growth that maintains 
environmental, social, and economic well-being. 

3. Biodiversity 
Refers to the variety of life on Earth. Biodiversity ensures ecosystem productivity, 
resilience, and adaptability to changing environments. Its loss affects food security, 
medicine, and ecosystem services. 

4. Natural Resources and Conservation 
These include renewable (e.g., water, forests) and non-renewable resources (e.g., coal, 
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minerals). Conservation ensures the sustainable use and protection of these resources 
for long-term availability. 

5. Pollution and Waste Management 
Pollution (air, water, soil, noise) results from industrialization and urbanization. Proper 
waste management and pollution control measures are essential for maintaining a 
healthy environment. 

6. Climate Change and Global Warming 
Greenhouse gas emissions from industries contribute to global warming and climate 
change, which have significant environmental and economic implications. 
 

B. Relevance of Environmental Concepts to Business Operations 
 

1. Legal and Regulatory Compliance 
Governments enforce environmental regulations such as pollution limits, emissions 
standards, waste disposal norms, and usage of natural resources. Businesses must 
comply with these laws to avoid penalties and litigation. 
 

2. Risk Management and Resilience 

Environmental risks like resource scarcity, climate change, and natural disasters can 
affect supply chains and operations.  

 

3. Cost Reduction 
Energy-efficient machinery, waste reduction strategies, and water conservation can 
reduce production costs and improve efficiency. 
 

4. Innovation and Competitive Advantage 
Green products, sustainable packaging, and eco-friendly processes can differentiate a 
brand in the marketplace. Environmental innovation can open new markets and meet the 
rising demand for ethical consumption. 
 

5. Sustainable Resource Management 
Businesses dependent on natural resources (like water, wood, or minerals) must ensure 
their sustainable use to maintain continuity and avoid depletion. 
 

6. Investor and Consumer Expectations 
Consumers are more environmentally conscious and prefer brands that demonstrate 
environmental responsibility. Investors also assess environmental performance as part 
of ESG (Environmental, Social, Governance) criteria. 
 

7. Global Standards and Trade 
International markets often require compliance with environmental standards like ISO 
14001. Businesses aligning with these standards can access global markets more 
easily. 

 

Components and Segments of the Environment 
 
A. Atmosphere 

 The gaseous layer surrounding the Earth. 
 Composed primarily of nitrogen (78%), oxygen (21%), and other gases (1%). 
 Functions: 

 Provides oxygen for respiration and carbon dioxide for photosynthesis. 
 Acts as a shield protecting life from harmful ultraviolet radiation. 
 Regulates Earth's temperature through the greenhouse effect. 



 

 

B. Lithosphere 

 The solid outer layer of the Earth comprising rocks, minerals, and soil. 
 Includes mountains, plains, valleys, and the Earth's crust. 
 Functions: 

 Provides minerals and fossil fuels. 
 Plays a key role in agricultural production and land use. 

C. Hydrosphere 

 Encompasses all water bodies – oceans, rivers, lakes, glaciers, and groundwater. 
 Covers about 71% of the Earth’s surface. 
 Functions: 

 Essential for life – drinking water, agriculture, sanitation. 
 Regulates climate through heat distribution and water cycle. 
 Supports marine ecosystems and biodiversity. 

D. Biosphere 

 The zone of life that includes all living organisms – plants, animals, and microorganisms. 
 Interacts with all other components (air, water, land). 
 Functions: 

 Maintains ecological balance. 
 Supports food chains and biodiversity. 
 Facilitates nutrient cycling and energy flow in ecosystems. 

The Man- Environment Relationship 

The relationship between humans and the environment is dynamic and reciprocal—humans 
influence the environment, and in turn, are influenced by it. Understanding this relationship is 
crucial for sustainable development. 

A. Human Dependence on the Environment 

 Humans depend on natural resources for food, water, shelter, and energy. 
 The environment provides raw materials for industrial and economic activities. 
 Natural ecosystems offer climate regulation, disease control, and waste decomposition. 

B. Human Impact on the Environment 

 Deforestation, urbanization, and industrialization have led to resource depletion. 
 Pollution (air, water, soil, noise) disrupts natural cycles and causes health issues. 
 Overuse of fossil fuels contributes to climate change and global warming. 
 Loss of biodiversity due to habitat destruction and species extinction. 

C. Need for a Balanced Relationship 

 Unsustainable practices result in environmental degradation, which affects human health 
and economic stability. 

 A sustainable approach ensures the environment can continue to support life and 
economic activity in the long term. 

 Governments, businesses, and individuals must work together to maintain this balance 
through conservation, green practices, and environmental education. 



 

 

Understanding the components and segments of the environment helps us appreciate the 
interconnectedness of all life systems. A balanced man-environment relationship is key to 
achieving sustainability and ensuring the well-being of current and future generations. 

Definition of Sustainability 
 

 Sustainability refers to the capacity to meet the needs of the present without 
compromising the ability of future generations to meet their own needs. 

 This concept was first popularized in 1987 through the Brundt land Report (also known 
as Our Common Future by the World Commission on Environment and Development). 

 Environmental Sustainability 
 Economic Sustainability 
 Social Sustainability. 

Dimensions of Sustainability 

 
A. Environmental Sustainability 

 Involves protecting natural resources and ecosystems. 
 Ensures that environmental systems remain productive and resilient over time. 
 Examples: 

 Use of renewable energy 
 Waste recycling 
 Conservation of biodiversity 

B. Economic Sustainability 

 Focuses on maintaining economic growth without causing environmental or social harm. 
 Encourages efficient use of resources and long-term financial planning. 
 Examples: 

 Green business practices 
 Responsible investment 
 Low-carbon economic models 

C. Social Sustainability 

 Ensures equity, fairness, and well-being for all individuals in society. 
 Promotes access to basic needs: education, healthcare, justice, and employment. 
 Examples: 

 Fair wages 

 Gender equalityce of Sustainability in Business 

A. Enhances Brand Image and Reputation 

 Companies committed to sustainability are viewed more favorably by customers and 
investors. 

B. Ensures Compliance with Environmental Laws 

 Businesses must follow pollution control norms, emission standards, and resource 
usage regulations. 



 

 

C. Reduces Operational Costs 

 Efficient use of energy, water, and raw materials cuts down expenses. 

D. Attracts Ethical Consumers and Investors 

 Growing demand for eco-friendly and socially responsible products. 

E. Promotes Innovation 

 Sustainability encourages innovation in clean technologies and green product designs. 

Examples of Sustainable Practices in Business 

 Switching to renewable energy sources (solar, wind). 
 Implementing waste management and recycling programs. 

Challenges to Sustainability 

 Short-term profit focus in business models. 
 Lack of awareness and education on sustainability. 
 High initial cost of sustainable technologies. 

WHAT ARE NATURAL RESOURCES? 

Natural resources are materials or substances that occur in nature and are used by humans for 
various purposes such as food, fuel, shelter, and economic development. 

Classification of Natural Resources 

 
A. Renewable Resources 

 Resources that can regenerate naturally over time. 
 Can be used repeatedly as long as they are managed sustainably. 
 Examples: Forests, freshwater, wind, sunlight, biomass. 

B. Non-Renewable Resources 

 Resources that do not regenerate on a human timescale. 
 Finite in quantity; once used, they are gone forever. 
 Examples: Fossil fuels (coal, oil, natural gas), minerals, metals. 

Associated Problems with Natural Resources 

 
A. Overexploitation 

 Excessive and unsustainable use leads to depletion. 
 Common in forests, water bodies, and fossil fuel consumption. 

B. Pollution 

 Extraction and use of resources (like coal and oil) cause air, water, and soil pollution. 



 

 

C. Habitat Destruction 

 Mining, deforestation, and urban expansion destroy wildlife habitats. 

D. Climate Change 

 Burning of fossil fuels leads to greenhouse gas emissions, contributing to global 
warming. 

E. Conflicts and Inequity 

 Resource-rich areas often experience conflicts, and poor communities often have limited 
access to resources. 

Non-Renewable Resources 

 These are exhaustible resources. Once used, they cannot be replenished. 

A. Fossil Fuels 

B. Minerals and Metals 

 

Renewable Resources  

 These are inexhaustible if managed properly. However, some can be depleted with 
overuse. 

TYPES OF RESOURCES 

A. Forest Resources 

B. Water Resources 

C. Mineral Resources 

D. Food Resources 

E. Energy Resources 
F. Land Resources 
 



  

FORESTS RESOURCES 
 

 Forests are complex land ecosystems that support a wide variety of plants, 

trees and animals.  

 It provides a lot of resources like fruits, timber, firewood, honey, herbal 

medicines etc.  

 The forests also provide several raw materials for different manufacturing 

industries. There are whole communities that depend entirely on forest 

resources for their survival. 

Functions of Forests 

1. They manage the balance between carbon dioxide and oxygen in the atmosphere. 
2. Forests shield the soil from erosion. 
3. They act as an ecosystem for the wide variety of flora and fauna. 
4. Help to reduce noise pollution. 
5. Shield the surrounding areas from extreme weather conditions. 
6. Forests also restrict the sudden movement of flood water. 

  Significance of Forest Resources 
 
(A) Economic Significance 

1. Forests are the largest renewable source of food, fodder and fuel. They provide 
important goods and services to the market economy. 

2. The timber from the woods can be used for a wide variety of uses like constructing 
homes, tools, boats, etc. 

3. The forests’ flora and wildlife provide important constituents of medicines, natural 
insecticides, etc. Several manufacturing industries like furniture and paper make 
use of the forest resources. 

4. Forest is important renewable resource. Forests vary in composition and diversity 
and can contribute substantially to the economic development of any country. 
Plants along with trees cover large areas, produce variety of products and provide 
food for living organisms, and are also important to save the environment. 

(B) Ecological Significance 
 

1. Conservation of Biodiversity 
Forests provide optimum circumstances for the sustenance of living organisms. 
They host a plethora of flora and fauna and are the most diverse terrestrial 
ecosystem. There are complex food webs that function to sustain the ecological 
balance of forests. 

2. Sustains the Natural World 
The deep and shallow roots in the soil increase the stability of soil and prevent soil 
erosion. Forests prevent landslides and other disturbances on the surface of the 
earth. They act as the lungs of the world by absorbing toxic gases. They play a 
huge role in suppressing and recycling carbon dioxide. They safeguard watersheds 
and ensure a constant supply of fresh water in the water bodies. 

3. Controls the World’s Climate 
They absorb more heat than barren land. They directly affect the levels of carbon 
dioxide, which is a greenhouse gas, in the atmosphere. Forests are carbon sinks, 



  

and hence a key entity in fighting global warming and climate change. Afforestation 
drives are necessary to ensure that the quantity of forests doesn’t decline. Their 
absorption and generation of rainfall, as well as their exchange of atmospheric 
gases, regulate local and worldwide weather. 
 
(C) Social Significance 
 

1. Forests are not just resources in a materialistic sense.  
2. Even while the forest resources have immense economic and ecological value, 

they also hold a huge socio-cultural value to indigenous communities.  
3. Many consider forests their home. It is even embedded in their religious beliefs 

when they worship their surroundings.  
4. Forests also hold an aesthetic value for bird watchers, occasional picnickers, and 

conservationists. 
 

Importance of Forests 

1. Renewable Natural Resources: Forests are an important renewable natural 
resource. 

2. Ecosystem: Trees dominate the forest ecosystem; their species content varies in 
different parts of the world. 

3. Safeguard Against Pollution: Forests check air pollution and soil erosion. 
4. Soil Conservation: Forests save the hill-slopes from landslides. 
5. Wind Erosion: In deserts, trees reduce wind erosion by checking wind velocity. 
6. Maintains Ecological Balance: Forests check air pollution by increasing the oxygen 

content of the air. 
7. Attract Rainfall: By causing condensation of water vapour in clouds, forests attract 

rains. 
8. Control Floods: Forests control floods because they absorb rainwater like a 

sponge. 
9. Linked with Cultural and Civilization: Forests are closely linked with our culture and 

civilization. 

 

Deforestation 

Forests are burned or cut for clearing land for agriculture, harvesting for wood and timber, 
and the development and expansion of cities. These economic gains are short-term, 
whereas long-term effects of deforestation are often irreversible. 

Causes of Deforestation 

1. Shifting Cultivation or Human Cultivation: Prevalent in tribal areas where forest 
lands are cleared to grow subsistence crops.  

2. Commercial Logging: Though not always the primary cause, it enables access for 
shifting cultivators and fuelwood gatherers. 

3. Need for Fuelwood: Growing population has led to increased demand for 
fuelwood, especially in dry forest areas. 

4. Expansion for Agribusiness: The rise of cash crops like oil palm, rubber, fruits, 
and ornamental plants demands more land, causing deforestation. 



  

5. Development Projects and Growing Need for Food: Demand for electricity, 
irrigation, construction, and mining results in forest destruction. Growing population 
also increases the need for food, expanding agricultural lands. 

6. Raw Materials for Industrial Use: Forests supply raw materials for many 
industries. For instance, demand for plywood has led to the cutting of species like 
fir, used for apple and tea packaging in J&K and Northeast India. 

Major Consequences of Deforestation 

 Soil erosion and loss of soil fertility 
 Expansion of deserts 
 Climate change and depletion of water table 
 Loss of biodiversity, flora, and fauna 
 Environmental changes and disturbance in forest ecosystems. 

Effects of Deforestation 
 

1. Habitat Degradation  
Forests are home to 70% of all land animals and plant species. One of the most 
harmful effects of deforestation is the extinction of animal and plant species as a 
result of habitat loss. 

2. Temperature Increase 
Deforestation causes an extreme temperature difference between day and night, 
which could be lethal for many residents. Reduced forest cover means there is a 
high percentage of carbon dioxide in the atmosphere, which ultimately results in 
global warming. 

3. Atmospheric Water Depletion 
The trees also help to regulate the water cycle, which helps to control the amount 
of water in the atmosphere. The roots of the trees make the soil porous, and 
through these pores, rainwater seeps and recharges groundwater. 

4. Flooding and Soil Erosion 
Plants and trees hold the soil together, so without plants and trees, the soil gets 
washed away by strong winds and flowing water. 

5. Conservation of Forests 
Conservation of forests is the practice of saving the trees that are cut by industries. 
It includes planting new trees and taking care of them. 

6. Protect Against Forest Fires 
Forest fires are the most common and deadly cause of loss of forests. They can 
start due to natural causes or can be accidental or intentional by humans. 

7. Afforestation 
This is the process by which we plant more trees in an area. We try to increase the 
forest cover through the fresh plantation of trees. 

 

 

 

 



  

WATER RESOURCES 
 

 All aquatic ecosystems are used by a large number of people for their daily 

needs such as drinking water, washing, cooking, watering animals, and 

irrigating fields.  

 The world depends on a limited quantity of fresh water. Water covers 70% of 

the earth’s surface but only 3% of this is fresh water. Of this, 2% is in polar ice  

caps and only 1% is usable water in rivers, lakes and subsoil aquifers.  

 At a global level 70% of water is used for agriculture about 25% for 

industryandonly5%fordomesticuse. 

 The water cycle, through evaporation and precipitation, maintains hydrological 

systems which form rivers and lakes and support in a variety of aquatic 

ecosystems.  

 

Water cycle 



  

Step 1: Evaporation 
The water cycle starts with evaporation. It is a process where water at the surface turns 
into water vapors. Water absorbs heat energy from the sun and turns into vapors. Water 
bodies like the oceans, the seas, the lakes, and the rivers are the main sources of 
evaporation. Through evaporation, water moves from the hydrosphere to the atmosphere. 
As water evaporates, it reduces the temperature of the water bodies. 
 
Step 2: Condensation 
As water vaporizes into water vapor, it rises up into the atmosphere. At high altitudes, the 
water vapors change into very tiny particles of ice or water droplets because the 
temperature at high altitudes is low. This process is called condensation. These particles 
come close together and form clouds and fog in the sky. 
 
Step 3: Sublimation 
Apart from evaporation, sublimation also contributes to water vapors in the air. Sublimation 
is a process where ice directly converts into water vapors without converting into liquid 
water. This phenomenon accelerates when the temperature is low or pressure is high. The 
main sources of water from sublimation are the ice sheets of the North Pole and the South 
Pole and the ice caps on the mountains. 
 
Step 4: Precipitation 
The clouds (condensed water vapors) then pour down as precipitation due to wind or 
temperature changes. This occurs because the water droplets combine to make bigger 
droplets. Also, when the air cannot hold any more water, it precipitates. At high altitudes, 
the temperature is low and hence the droplets lose their heat energy. 
 
Step 5: Transpiration 
As water precipitates, some of it is absorbed by the soil. This water enters into the process 
of transpiration. Transpiration is a process similar to evaporation where liquid water is 
turned into water vapor by the plants. The roots of the plants absorb the water and push it 
toward the leaves where it is used for photosynthesis. The extra water is moved out of 
leaves through stomata (very tiny openings on leaves) as water vapor. Thus, water enters 
the biosphere and exits into the gaseous phase. 
 
Step 6: Runoff 
As the water pours down (in whatever form), it leads to runoff. Runoff is the process where 
water runs over the surface of the earth. When the snow melts into water it also leads to 
runoff. As water runs over the ground, it displaces the topsoil with it and moves the 
minerals along with the stream. This runoff combines to form channels and then rivers and 
ends up into lakes, seas, and oceans. Here, the water enters the hydrosphere. 
 
Step 7: Infiltration 
Some of the water that precipitates does not runoff into the rivers and is absorbed by the 
plants or gets evaporated. It moves deep into the soil. This is called infiltration. The water 
seeps down and increases the level of the groundwater table. It is called pure water and is 
drinkable. 
 
 



  

 

Overutilization and Pollution of Surface and Groundwater 

1. With the growth of human population, there is an increasing need for larger 
amounts of water to fulfill a variety of basic needs. Overutilization of water occurs at 
various levels. Most people use more water than they really need for household 
chores and day-to-day activities. 

2. Many agriculturists use more water than necessary to grow crops. Agriculture also 
pollutes surface water and underground water stores by the excessive use of 
chemical fertilizers and pesticides. 

3. Industry tends to maximize short-term economic gains by not bothering about its 
liquid waste and releasing it into streams, rivers, and the sea. 

Effects of Overutilization and Pollution of Surface and Groundwater 
 

1. Global Climate Change 
Changes in climate at a global level caused by increasing air pollution have now 
begun to affect our climate. In some regions, global warming has created 
unprecedented storms. In other areas, it leads to long droughts. Everywhere, the 
‘greenhouse effect’ due to atmospheric pollution is leading to increasingly erratic 
and unpredictable climatic effects.  
 

2. Floods 
Floods have been a serious environmental hazard for centuries. However, the 
havoc raised by rivers overflowing their banks has become progressively more 
damaging, as people have deforested catchments and intensified use of river flood 
plains that once acted as safety valves.  
 

3. Drought 
In most arid regions of the world, the rains are unpredictable. This leads to periods 
when there is a serious scarcity of water to drink, use in farms, or provide for urban 
and industrial use. Agriculturists have no income in these bad years, and as they 
have no steady income, they have a constant fear of droughts. 
 

4. Power Generation 
India’s increasing demand for water for intensive irrigated agriculture, for 
generating electricity, and for consumption in urban and industrial centers, has 
been met by creating large dams. 
 

Sustainable Water Management 

‘Save water’ campaigns are essential to make people everywhere aware of the dangers 
of water scarcity. A number of measures need to be taken for the better management of 
the world’s water resources: 

 Building several small reservoirs instead of few mega projects 
 Develop small catchment dams and protect wetlands 
 Treating and recycling municipal wastewater for agricultural use 
 Preventing leakages from dams and canals 
 Preventing loss in municipal pipes 
 Effective rainwater harvesting in urban environments 



  

 Water conservation measures in agriculture such as using drip irrigation 
 Pricing water at its real value makes people use it more responsibly and efficiently 

and reduces water wasting 

Dams and Their Social and Environmental Impact 

Dams are built across rivers to store water for irrigation, hydroelectric power generation, 
and flood control. The dams built to serve more than one purpose are called multi-
purpose dams. These dams were called the "temples of modern India" by the country's 
first Prime Minister, Jawaharlal Nehru. 

Benefits of Dams 

1. Dams are built to control flood and store floodwater 
2. Sometimes dams are used for diverting part or all of the water from a river into a 

channel 
3. Dams are used mainly for drinking and agricultural purposes 
4. Dams are built for generating electricity 
5. Navigation and fishery can be developed in the dam areas 

 Problems of Dams 

A) Upstream Problems 

1. Displacement of tribal people 
2. Loss of non-forest land 
3. Loss of forests, flora, and fauna 
4. Landslides, sedimentation, and siltation occur 
5. Stagnation and water logging around reservoirs retards plant growth 

B) Downstream Problems 

1. Water logging and salinity due to over-irrigation 
2. Reduced water flow and silt deposition in rivers 
3. Salt intrusion at river mouth 
4. Due to structural defects or faulty design, a dam may cause sudden dam failure 

leading to collapse 

Water Resources: Use and Over-utilization of Surface and 
Groundwater 

1. Several cities and civilizations have disappeared due to water shortages originating 
from climatic changes 

2. Millions of people all over the world, particularly in the developing countries, are 
losing their lives every year from water-borne diseases 

3. About 97% of the earth’s water supply is in the ocean, which is unfit; of the 
remaining 3%, 2% is locked in the polar ice caps and only 1% is available as fresh 
water in rivers, lakes, streams, reservoirs, and groundwater which is suitable for 
human consumption 

 



  

Groundwater Recharge 

1. Groundwater recharge is also known as deep percolation or deep drainage. It 
undergoes the hydrologic process, which moves surface water to groundwater. 

2. It is a primary method where water enters an aquifer 
3. The recharge occurs at plant roots and is often known as a flux to the water table 

surface 
4. In the water cycle, water is obtained from the sky in the form of rainfall 
5. This water evaporates and makes water vapour which mixes with dust particles in 

the atmosphere 
6. Then it cools and forms clouds which strike the mountains or big trees and return 

again to the earth in the form of rainfall — i.e., nature also makes an effort to 
conserve water by reusing the water repeatedly 

7. This process of using water repeatedly is known as recharging of water 

Recharging of Water 

 By construction of dams 
 By afforestation 
 By constructing ponds 
 By prohibiting wastage of water 
 Afforestation 
 Single stem harvesting 
 Rainwater harvesting (techniques: kunds, tanks, percolation pits, roof water 

harvesting, storm water harvesting) 

Conservation of Water 

1. Water can be conserved by holding as much rainwater as possible, particularly in 
catchment areas such as hill tracks by constructing dams on rivers and on 
catchment areas 

2. The banks of rivers and streams should be made smooth and gently sloping to 
prevent water from seeping into mud rocks and loose soil 

3. To prevent evaporation of water and erosion of soil, a thick canopy of foliage trees 
should be developed on banks of rivers and streams 

4. To construct tube wells from which water will not be easily lost by evaporation 
5. Increase in irrigation efficiency in agricultural fields by reducing water wastage 

(sprinkle irrigation, drip irrigation, etc.) 
6. Recycling of used water in industries so as to reduce water wastage 
7. Reduction in domestic water wastage by constructing wastewater treatment plants 

and recycling the treated water 
8. Desalination of seawater and saline groundwater to make it fit for human 

consumption and other purposes 
9. Diversion of water bodies through canals to increase water supply in dry areas. 

 

 

 



  

MINERALS RESOURCES 
 

 Minerals as a natural resource. It naturally occurring elements or compounds 

that have been formed through slow inorganic processes. Modern civilization 

is based on the use and exploitation of mineral resources. Minerals can be 

metallic and non- metallic. 

 Minerals are not evenly distributed on the Earth. Some countries are rich in 
mineral deposits whereas others are devoid of it. 

 
Mineral wealth of India 
 

 India is fairly rich in mineral resources. It possesses huge reserves of 
iron, extensive deposit of coal and mineral oil, rich deposits of bauxite 

and has a virtual Monopoly of mica.  

 Our country is deficient in some minerals like petroleum, tin, lead, zinc 

and nickel but the continued exploration of India's underground mineral 

wealth is yielding promising results.  

 The mineral resources of India are very unevenly distributed. 

 Mineral production: Madhya Pradesh (11%), Assam (8%), Gujarat ( 
8%), West Bengal (6%), and Andhra Pradesh ( 4%). 

 

Minerals exploitation and further projection 

 
 Minerals are the non living substances obtained from the Earth 

through the process of mining.  

 Formation of minerals took place predominantly in weak zones like 
mountains, folder and faulted regions, lakes, troughs of continental 

shelves through geological processes going on for billions of years.  

 The ores of different minerals are extracted from the mines and then 
refined to get the minerals for further use.  

 Petroleum or crude oil is a complex mixture of solid, liquid and 
gaseous hydrocarbons.  

 It is separated into useful substances through a process called refining 

of petroleum. This is done in oil refineries. The refining process is also 

for fractional distillation.  

 

1. Petroleum gas 

2. Petrol 
3. Kerosene 

4. Diesel 

5. Fuel for power station and ships 

6. Lubricating oil 

 
Characteristics of minerals 
 

1) Exhaustibility 

Minerals are non renewable or depleting assets and once mined out the 

deposits get depleted and lost forever without any chance of replenishment. 

 



  

2) Localised occurrence  

Minerals are very localised in the occurrence and the total areas occupied by 

them is far limited. The coal bearing formation of India, for example, occupies 
about 4% of the country's total area. 
 

3) Unpredictable occurrence 

The quantity and quality of minerals in any region is not easy to predict. 

Uncertainties prevail with respect to their occurrence, extent of depth, cost of 

mining, and the grade. 

 

4) Dependence on other factors 

Minerals production is largely affected by factors like the changing needs of 

consumer industries, availability of stock, fluctuation in prices, and reuse of 
metallic scrap in the production process. 
 

5) International character 

Minerals know no political boundaries. The unequal distribution of minerals 
makes the international trade inevitable. 

 

Mines and Minerals 
There are over 3,000 different minerals. On the basis of composition, minerals 
are classified mainly as metallic and non-metallic Minerals. 

 

● Metallic minerals  

The metallic minerals contain metal in raw form. Metals are hard substances 

that conduct heat and electricity and have a characteristic luster or shine. Iron 

ore, bauxite, manganese ore are some examples. Metallic minerals may be 

ferrous or nonferrous. Ferrous minerals like iron ore, manganese and 

chromites contain iron. A non ferrous mineral does not contain iron but 

may contain some other metal such as gold, silver, copper or lead. 
 

● Non metallic minerals  

do not contain metals. Limestone, Mica and gypsum are examples of such 
minerals. The mineral fuels like coal and petroleum are also non metallic 
minerals. 

 

Mining 
The term "mining" refers to the process of taking out minerals or their ores 
from the Earth. 

 

 There are two methods of mining 
 

1. Surface mining 

This method of mining is utilized when the mineral deposits occur at or near 
the surface of the earth. It can be done by following three ways: open pit 

mining, dredging and strip mining. 

 

2. Subsurface mining 

This method is used when the mineral deposit lies deep beneath the Earth's 
surface. Big holes are dug in the earth surface to extract out ores from the 



  

horizontal ore bodies. 

 

Environmental effect of mineral extraction and use 
1. Land degradation 
2. Surface and groundwater pollution due to the release of harmful trace 

elements such as Cobalt, cadmium, lead. 

3. Adverse effect on the growth of vegetation. 

4. Loss of fauna and flora, final resulting in deforestation 

5. Air pollution due to emission of harmful gases. 

6. Occupational health hazard 

 

Uses of minerals 
1. Development of industrial plants and machinery 

2. Generation of energy. For example, coal, lignite, Uranium 

3. Construction, housing, settlements 
4. Defense equipment-weapons, armaments. 

5. Transportation means 

6. Communication-telephone wires, cables, electronic devices 

7. Jewellery gold, silver, platinum, diamond 

 

Conservation of minerals 
 

1. Recycling 

In recycling used and discarded items are collected and reprocessed into new 
products for example, iron scraps, aluminium cans and so on. Some minerals 
present in products as such can also be recycled for example, gold, silver, 
lead, nickel, steel, copper, aluminium, zinc, etc. 
 

2. Reuse 

Certain items can be collected and can be used over and over again for 

example, reuse of glass bottles. 

 

3. Substitution 

The use of scarce minerals can be substituted with more abundant minerals 
keeping in mind the environmental implications. In recent years plastic, 
ceramics, high strength glass fibres and alloys have been substituted for 
scarce minerals like steel, tin and copper in many industries. 
 

4. Decrease the consumption 

To maintain the extended supply of minerals for a longer time, consumers 
must decrease the minerals consumption by becoming a low waste society. 
 

5. Use of waste 

The manufacturing industries may use the waste products of one 
manufacturing process as the raw materials for another industry. 

 

 

 
 

 



  

 

FOOD RESOURCES 
 

 Food is essential for growth and development of living organisms. These 

essential materials are called nutrients and these nutrients are available from a 

variety of animals and plants.  

 There are thousands of edible plants and animals over the world, out of which 

only about three dozen types constitute the major food of humans. 

 
World Food Problems 
 As per estimates of Food and Agriculture Organization (FAO), about 840 

million people remain chronically hungry and out of this 800 million are living in 

the developing country world. 

 Due to inadequate purchasing power to buy food, it is difficult to fulfill the 
minimum caloric requirement of the human body per day.  

 Large number of people in India are poor which can be attributed to 
inequitable distribution of income.  

 Food insufficiency can be divided into two categories: under-nourishment and 
malnourishment. Both of these insufficiencies are global problems. 

 

 

1. Under-nourishment 

 The FAO estimates that the average minimum daily caloric intake over the 
whole world is about 2,500 calories per day. 

 People who receive less than 90% of their minimum dietary intake on 

a long-term basis are considered undernourished.  

 Under-nourishment means lack of sufficient calories in available food, 
resulting in little or no ability to move or work. 

 
2. Malnourishment 

 Person may have excess food but still diet suffers from nutritional 
imbalance or inability to absorb or may have problems utilizing essential 
nutrients. 

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

 

 Functions of food 
 

1. Physiological functions 

2. Social functions 

3. Psychological functions 

 



 

 

1. Physiological functions 

 

A. Providing energy 

 The first function of the food is to provide energy.  

 Our body needs the energy to sustain the involuntary processes 

essential for the continuance of life, to carry out professional, 

household and recreational activities, to convert food ingested into 

usable nutrients in the body, to grow and to keep warm.  

 The energy needed is supplied by the oxidation of the foods consumed. 

 

B. Body building 

 One of the most important functions of food is building the body. Foods 
rich in protein are called body building foods. 

 Milk, meat, eggs, and fish are rich in proteins of high quality. 

 Pulses and nuts are good sources of protein but the protein is not of 
high quality.  

 These foods help to maintain life and promote growth. They also supply 

energy. 

 

C. Regulatory function 

 Another function of food is to regulate various activities of the body.  

 It includes the regulation of varied activities such as Heartbeat, Muscle 

contraction, Maintenance of the body temperature.  

 Control of water balance, Clotting of blood, Removal of waste products 
from the body.  

 To improve our body’s resistance to disease is also one of the 

physiological functions of food. 

 

 

2. Social functions 

 Food has always been the central part of our community, social, cultural and 
religious life.  

 It has been an expression of love, friendship, and happiness at religious, social 
and family get-togethers. Many of the occasions are related to special foods 

like Birthdays, Holi, Diwali, Eid, etc 

 Food is served almost on all social events like marriages, parties, get-together, 
official meetings, etc., in the form of tea, breakfasts, banquets, dinners, etc.  

 Food is the common link in a meeting, party or get-together that attracts 
people to come to such social gatherings.  

 Refreshments served even at official meetings creates a relaxed atmosphere, 

where people can exchange their views.  
 

3. Psychological functions 
 

 In addition to satisfying physical and social needs, foods also satisfy certain 
emotional needs of human beings.  

 These include a sense of security, love, and acceptance 



 

 The person begins to associate the food habits and foods commonly 

consumed by him, as it gives him a sense of security and satiety.  

 The foods eaten daily give us more mental satisfaction, even a nutritional 
balanced meal may not be satisfying to the individual if food included is 
unfamiliar or distasteful to him/her. 

 In a friendly gathering, one may try unfamiliar foods and thus enlarge our food 
experiences. During the course of time and repeated experience, strange 
foods become familiar and new tastes are formed. These new tastes should 

again be satisfying to the mind. 
 

 

Components of food 

 

 

1. Carbohydrates 

Carbohydrates are also called energy giving food. It is the main source of 

energy. It is made up of carbon, hydrogen, and oxygen. There are three types 

of carbohydrates. 
a. Sugars: It is a simple carbohydrate with a sweet taste. Sources of sugar are 

glucose, Sugarcane, milk and fruits; such as bananas, apples, grapes, etc. 
b. Starch: It is a complex carbohydrate. It is a tasteless, colourless, white power. 

Sources of starch are: Wheat, maize, potato and rice. 

c. Cellulose: It is present in plant cell walls. It is a complex carbohydrate. 

Humans cannot digest cellulose. 

 

2. Protein 

Protein helps in body growth and repairs the tissues so it is also called body 
building food. We get protein from milk, eggs, meat, fish and all kinds of pulse. 
Protein molecules are made of a large number of smaller molecules called 

amino acids.  

 

3. Fat  

Fats are made up of carbon, hydrogen and oxygen. Butter, ghee, milk, egg-
yolk, nuts and cooking oils are the major sources of fat in our food. Fats are 
essential for the absorption of vitamins A, D, E and K in the body. Fat in our 
body also prevents heat loss from the body surface. 

 
4. Vitamins 

Vitamins are complex organic compounds which are essential for the growth 

and maintenance of our body. It does not provide energy. Our body requires 

vitamins A, B, C, D, E, K and B-complex. Our body can make only two 



 

vitamins, Vitamins D and K so other vitamins must be present in our food.  
 

5. Minerals 

Minerals are required by our body in very small quantities. Iron, Iodine, 

calcium, phosphorus, sodium and potassium are common minerals. The 
sources of these animals are plants and animals. 
 

6. Dietary fiber 

The fibrous indigestible material present in any food is termed as dietary fiber 
or roughage. It helps in preventing constipation. It adds bulk to the food and 
gives a sense of fullness after the meal. Salad, vegetables, sprouted grains 

and fruits are the sources of roughages. 
 

 

Balanced diet 
 

 A balanced diet is one that fulfills all of a person's nutritional needs. 
Humans need a certain amount of calories and nutrients to stay 
healthy.  

 A balanced diet provides all the nutrients a person requires, without 
going over the recommended daily calorie intake. 

 A diet that contains all the vital nutrients required by a human body is 
called a balanced diet. Balanced diet comprises vital nutrients like 
carbohydrates, fats, vitamins, minerals, proteins, and fiber. 

 

 

Functions of the Constituents of a Balanced Diet 

1. The function of carbohydrates and fats in the diet is to provide energy to the body. 
2. The function of proteins present in the diet is to provide material for growth and 

development of the body and repair of damaged tissues. 
3. Mineral salts are needed by the body to form blood, bones, teeth and to regulate 

body functions. 
4. Vitamins are needed in the diet to catalyse certain chemical reactions in the body 

which are necessary for normal growth and good health. 
5. Water is necessary in the diet to carry out the various life processes in the body like 

digestion, transport and excretion. 
6. Roughage is required in the diet for proper digestion and bowel movement. 

 

 

 



 

Important Elements of the Management of Food Resources 

1. Planning for food production 
2. Safe storage of food grains 
3. Processing of food materials 
4. Preservation of perishable foods 
5. Packaging of food materials 
6. Transportation of food materials 
7. Distribution of food materials 
8. Conservation of food materials 

 

A. Planning for Food Production 

1. Fixing of annual production targets for major agricultural crops. 
2. Arrangements for supplying good quality seeds to achieve the targets. 
3. Provision of additional resources of irrigation to achieve the targets. 
4. Provision of adequate power supply for irrigation, harvesting and threshing 

operations. 
5. Arrangements for procurement of food grains from farmers. 
6. Provision of additional storage space. 
7. Provision of adequate transport for the food produced. 

 

B. Need for Safe Storage of Food Materials 

1. Most of the food crops are seasonal, so it is necessary to keep them in safe 
storage to make them available even when out of season. 

2. Safe storage of food crops as well as other food materials like fruits and vegetables 
is necessary to meet the dietary requirements of all types of people. 

3. Safe storage also facilitates the distribution of food materials to distant places in the 
country. 

4. Proper storage of food grains is essential to avoid their wastage and spoilage. 

Factors Which Damage Stored Food Materials 

A. Abiotic Factors – Temperature, moisture, humidity, materials of the container, 
etc. 
B. Biotic Factors – Rodents, birds, animals, insects, worms, microorganisms, 
action of enzymes. 

C. Food Processing 

 We get our food from crop plants and animals. Only some of the foods 
obtained from plants and animals are eaten in the raw form. 

 The process in which raw food materials are changed into a more readily 
usable form is called food processing. 

 Examples of processed food – sugar, vegetable ghee, edible oils, butter, 
curd, desi ghee, biscuits, instant coffee, etc. 

 



 

Modern Food Processing Techniques 

 Traditional techniques: Heat treatment, fermentation, pickling, smoking, drying, 
curing 

 Modern techniques: Pasteurisation, canning, ultra-heat treatment, high-pressure 
processing, modified atmosphere packaging, quick freezing 

 

Purpose or Advantages of Food Processing 

1. Food processing prevents the food from spoilage. 
2. Food processing ensures the availability of food products throughout the year. 
3. Food processing ensures the availability of food even in far-flung areas. 
4. Food processing helps in retaining the nutritive value of foods. 

5. Processed foods are easy to store, transport and distribute. 

 

Disadvantages of Food Processing 

1. Food processing removes some of the nutrients, vitamins and fiber present in the 
food. 

2. Processed foods are obtained from laboratories and not nature. 
3. Frequent intake of processed foods can make people become angry and irritable. 
4. Consumption of natural whole foods can help level out mood, sustain energy and 

promote relaxation. 
5. Trans fats and sugar present in processed items can cause inflammation, which 

may lead to asthma. 
6. Daily consumption of processed foods promotes aging and kidney damage as they 

contain phosphates and genetically engineered ingredients. 

 

D. Food Preservation 

 Food preservation is the process in which perishable food materials are given 
suitable physical or chemical treatment to prevent spoilage and retain nutritive 
value for long periods.  

 The basic aim is to stop or slow down the decay of food. 

 Examples – jams, jellies, pickles, etc. 

 

Two Basic Steps in Food Preservation 

1. Destroy the microorganisms that cause food spoilage. 
2. Create conditions that prevent the growth and action of food-spoiling 

microorganisms. 

Methods of Food Preservation 

A. Bactericidal Methods 
Bacteria, yeast, molds, etc., are killed or eliminated by cooking, canning, and irradiation 
with gamma rays. 



 

B. Bacteriostatic Methods 
Growth of microorganisms is prevented or rendered inactive. 
Methods include sun drying, dehydration, salting, adding sugar, pickling (in vinegar), 
smoking, refrigeration. 

Advantages of Food Preservation 

1. Prevents the wastage of perishable food materials. 
2. Increases the safe storage period of various perishable foods. 
3. Makes seasonal fruits and vegetables available throughout the year. 

Examples: peas, sweet corn, etc. 

Types of Food Matter 

1. Moist Matter 

 Includes water content and other liquid-based nutrition in food. 

2. Dry Matter 

 When dry material is heated, a portion burns (organic matter) and a portion does 
not (inorganic matter). 

 Organic Matter includes carbonic compounds, proteins, oil materials, and 
vitamins. 

 Inorganic Matter (Ash) includes calcium, phosphorus, silica, etc. 

Cattle Food Sources 

 Natural sources: Fodder or forage, silage, grains (corns, pulses or beans), 
oilseeds, oil cakes. 

 Industrial products as cattle food: Wheat bran, maize bran, rice polish, maize 
gluten, molasses, bark of bans (bamboo or tree bark-based fodder). 

 



 

ENERGY RESOURCES 
 

 Energy is present in various forms such as mechanical, thermal, chemical, 
biological energy and energy in the matter which differ basically from one 

another but together they constitute the physical reality of our universe all the 
physical processes can be constructed as a transition from one energy form to 
another.  

 Energy is defined by physicists as the capacity to do work. 

 Energy is found on our planet in a variety of forms, some of which are 
immediately useful to do work, while others require a process of 
transformation. 

 

Types of energy 
 

1. Non-renewable energy 

2. Renewable energy 

 

1. Non-renewable energy 

These consist of the mineral based hydrocarbon fuels coal, oil and natural gas, 
that were formed from ancient prehistoric forests. These are called ‘fossil 

fuels’ because they are formed after plant life is fossilized. At the present rate 

of extraction there is enough coal for a long time to come. When these fuels 

are burnt, they produce waste products that are released into the atmosphere 

as gases such as carbon dioxide, oxides of sulphur, nitrogen, and carbon 

monoxide, all causes of air pollution, global warming, acid rain, oil spills, etc. 

Examples: coal, oil and natural gas. 

 

2. Renewable energy 

Renewable energy systems use resources that are constantly replaced and 

are usually less polluting. Renewable energy is energy derived from natural 

sources that are replenished at a higher rate than they are consumed. Sunlight 

and wind, for example, are such sources that are constantly being replenished. 

Renewable energy sources are plentiful and all around us. Renewables are 

now cheaper in most countries, and generate three times more jobs than fossil 

fuels. Renewable energy is often thought of as a new technology, harnessing 

nature’s power has long been used for heating, transportation, lighting, and 

more. Examples: solar, wind, water, geothermal, ocean, biomass, etc. 



  

Sources of energy with reference to India 

 

1. Wood, Cow Dung and Gas 

(A) Wood is unique in that it can be used for the production of solid, liquid, and 

gaseous fuels for the generation of energy including electricity, heat, and 

power needed by the industrial, commercial, household and transportation 

sectors. Wood is a major fuel source for industries that produce wood 

products.  

(B) Cow dung can be used by burning cow dung itself or by burning biogas 

produced from it. Biogas is more efficient as it's thermal efficiency is higher 

than that of cow dung. Biogas plants have become increasingly popular in 

India in the rural sector.  
 

2. Coal and Lignite 

(A) Coal is the world’s single largest contributor of green house gases and is 

one of the most important causes of global warming. Coal is a fossil fuel. It is a 

combustible, sedimentary, organic rock, which is composed mainly of carbon, 

hydrogen and oxygen. It is formed from vegetation, which has been 

consolidated between rock strata and altered by the combined effects of 

pressure and heat over millions of years to form coal seams. 

(B) Lignite coal, aka brown coal, is the lowest grade coal with the least 

concentration of carbon. Lignite has a low heating value and a high moisture 

content- and is mainly used in electricity generation. 

 

3. Mineral oil and Natural Gas 

Most of our natural gas is linked to oil. The mineral oil and natural gas is 

formed in the course over millions of years. A mineral oil occurring in 

subsurface rocks and at the surface which is a naturally occurring mixture of 

hydrocarbon and non hydrocarbon compounds.  

 

4. Electricity 

Electrical energy is the power an atom's charged particles have to cause an 

action or move an object. Most electricity is generated with steam turbines 

using fossil fuels, nuclear, biomass, geothermal, and solar thermal energy. The 

thermal power uses heat energy as its base for the production of electricity. 

Hydro-electric power involves production of electricity through the use of 

kinetic force of falling water. And the nuclear power involves the use of 

sustained nuclear fission to generate electricity. 
 

5. Atomic energy 

The energy that is released through a nuclear reaction or radioactive decay 

process. One kind of nuclear reaction is fission, which occurs in a nuclear 

reactor and releases energy, usually in the form of heat and radiation. It 

generates power through fission. 

 

6. Industrial alcohol 
Industrial alcohol is the term used for ethanol. Internationally, sugarcane, 
sweet sorghum and sugar beet are used for the production of ethanol as sugar 
containing feedstock. Maize, wheat and other cereals contain starch that can 
relatively easily be converted to sugar. In India, ethanol is primarily produced 



  

using sugarcane molasses. 

 

7. Wind energy 

Wind power or wind energy is a form of renewable energy that harnesses the 
power of the wind to generate electricity. It involves using wind turbines to 
convert the turning motion of blades, pushed by moving air (kinetic energy) into 

electrical energy (electricity).  

 

Advantages of Wind Power 
1. Wind power creates good-paying jobs. 
2. Wind power is a clean and renewable energy source. 
3. Wind power benefits local communities. 
4. Wind power is cost-effective. 

 
Challenges of Wind Power 
1. Wind power must compete with other low-cost energy sources. 
2. Ideal wind sites are often in remote locations. 
3. Turbines produce noise and alter visual aesthetics. 
4. Wind plants can impact local wildlife. 

 
     8.    Solar energy 

Solar energy is radiant light and heat from the Sun that is harnessed using a range 
of technologies such as solar power to generate electricity, solar thermal energy 
(including solar water heating), and solar architecture. It is an essential source of 
renewable energy, and its technologies are broadly characterized as either passive 
solar or active solar depending on how they capture and distribute solar energy or 
convert it into solar power. Active solar techniques include the use of photovoltaic 
systems, concentrated solar power, and solar water heating to harness the energy.  

 
Applications of solar energy 
1. Solar Water Heating 
2. Solar-distillation 
3. Solar-pumping 
4. Solar Drying for Agriculture 
5. Solar Cooking 
6. Solar Electric Power Generation 
7. Solar Green Houses 
8. Solar Storage 
9. Solar at Night 
10. Portable Solar Power 
 
Advantages 
1. Solar energy is clean & green energy 
2. Not dependent on other sources of Energy 
3. Non-maintenance 
4. Safer than Other 
5. Renewable Energy 
6. Electricity Bill Reduction 
7. Maximum Usage 
8. Technology Development 
 
 



  

Disadvantages 
1. High Cost of Solar Panels 
2. Sunlight Dependent 
3. Installation Can Be Difficult 
4. Space Constraints 
5. Solar Energy Storage Is Expensive 
6. Difficulty With Relocation 
 

The Benefits of Solar Energy in India 
 
• Solar energy is a clean and environmentally friendly source of energy that produces no 
greenhouse gas emissions. 
• This makes it an ideal energy source for India, as it can help reduce the country's carbon 
footprint and mitigate the impacts of climate change. 
• Solar energy is also cost-effective and provides a reliable source of power, especially 
in rural areas where access to traditional energy sources is limited. 
• It can help to reduce the country's dependence on imported oil, which is becoming 
increasingly expensive and create job opportunities in the renewable energy sector. 
• Solar energy can provide energy to remote and isolated areas, where access to 
traditional energy sources is limited. 
• This can help to improve the standard of living in these areas and provide a source of 
energy for essential services, such as healthcare and education. 
 

The Benefits of Biogas in India 
 
• In rural India, where many families still rely on traditional cooking methods such as wood-
burning stoves, the air inside homes can be severely polluted, leading to serious health 
problems. Women and children spend the most time indoors and are particularly 
vulnerable. Biogas offers a clean and sustainable alternative that can improve the health 
and well-being of rural communities. 
• Biogas can play a critical role in transforming the energy dependence of rural and 
agricultural communities, which majorly depends on burning wood, dung, charcoal, coal 
and other fossil fuels for their energy needs. 
• Only 26.53% of the total power generated in India is from renewable sources. 
• The high dependence on non-renewable sources is the leading cause of the long-
standing energy problems in the country. 
 
Sources of Biogas 
1. Sewage 
2. Crop residue 
3. Vegetable residue 
4. Poultry dropping 
5. Algae 
6. Cattle waste 
 
Merits of bioenergy 
1. Reduces the demand for wood fuel 
2. Decreases the use of fossil fuels 
3. Supports sustainable agriculture 
4. Reduces the risk of violence 
5. Improves health 
6. Increases access to education 



  

Limitations of bio energy 
1. Biomass plants require a lot of space. 
2. Can lead to deforestation. 
3. It is not entirely clean 
4. Biomass energy is not as efficient as fossil fuels. 
 
The dangers of use of nuclear energy 
 
• Nuclear waste: The waste generated by nuclear reactors remains radioactive for tens to 
hundreds of thousands of years. 
• Nuclear proliferation: There is great concern that the development of nuclear energy 
programs increases the likelihood of proliferation of nuclear weapons. 
• National security: Nuclear power plants are a potential target for terrorist operations. An 
attack could cause major explosions, putting population centers at risk, as well as ejecting 
dangerous radioactive material into the atmosphere and surrounding region. 
• Accidents: human error and natural disasters can lead to dangerous and costly 
accidents. 
• Cancer risk: the significant risk of cancer associated with fallout from nuclear disasters, 
studies also show increased risk for those who reside near a nuclear power plant, 
especially for childhood cancers such as leukemia. 
 

Energy crisis and energy conservation 
 
The term energy crisis is usually defined as any significant shortage in energy supply to a 
country or region. More specifically, the term is used to refer to a shortage of a specific 
energy source at a specific time in a specific place. 
 
The problem that arises when the consumption of energy is very high and the available 
sources are limited is called energy crisis which is also known as ‘runout’ of energy. 
• The acute scarcity of energy sources due to overuse by growing population is called 
energy crisis. 
• Population growth and over exploitation of the non-renewable resources of energy are 
the causes of energy crisis. 
 
Causes of energy crisis 
• Rapid consumption and overuse of fossil fuels by the growing population. 
• Limited reserve of fossil fuels found in nature which if exhausted cannot be replenished in 
short time. 
• Lack of developing and using alternative and renewable sources of energy. 
• Improvement or advancement in industrial and agricultural sector due to technological 
inventions. 
• Misuse of energy and less efficiency of fuel consuming devices and machines. 
 
Conservation of energy 
• With the growth of modern civilization and increasing population, the consumption of 
energy has been increasing. We are using fossil fuels or non-renewable sources of energy 
at much faster rate than their rate of formation. 
• It is high time that we use our energy resources like coal, petroleum and natural gas 
wisely and economically. 
• It is our duty to save fuel for our future generation. 
• The economic and wise use of energy saving them for our future generation is called 
energy saving or energy conservation. 



  

LAND RESOURCES 
 

    Land is a natural resource of utmost importance.  

    It supports natural vegetation, wild life, human life, economic activities, 

transportation and communication systems. It is important to use the available 

land for various purposes with careful planning. 

   The use of land is determined both by physical factors such as topography, 

climate, soil types as well as human factors such as population density, 

technological capability and culture and traditions etc. 

    Some land is occupied by rivers, some may have trees and on some parts 

roads and buildings have been built. Different types of lands are suited to 

different uses. Human beings thus, use land as a resource for production as 

well as residence and recreation. 

1. Forests 

2. Land put to Non-agricultural uses 

3. Barren and Wastelands 

4. Area under Permanent Pastures and Grazing Lands 

5. Culturable Waste-Land 

6. Current Fallow 

 

Land uses 

 

1. Residential building 

2. Constructing roads 

3. Gardening 

4. Agriculture 

5. Creating forests 

6. Industrial purpose 

 

Land degradation and desertification 
 

 Land degradation is caused by multiple forces, including extreme weather 

conditions, particularly drought.  

 It is also caused by human activities that pollute or degrade the quality of soils 
and land utility.  

 It negatively affects food production, livelihoods, and the production and 
provision of other ecosystem goods and services.  

 Desertification is a form of land degradation by which fertile land becomes 

desert. 

 These social and environmental processes are stressing the world's arable 
lands and pastures essential for the provision of food and water and quality air.  

 Land degradation and desertification can affect human health through complex 
pathways. 

 

 



  

Main causes of Land degradation are as follows 

1. Deforestation 

2. Excessive use of fertilizers and pesticides 

3. Overgrazing 

4. Water-logging 

5. Desertification 

6. Soil erosion 

7. Wasteland 

8. Landslides 

 

Soil & Soil erosion 

 

Soil 

 Soil is the loose surface material that covers most land. It consists of inorganic 

particles and organic matter.  

 Soil provides the structural support to plants used in agriculture and is also 

their source of water and nutrients. 

 Soils vary greatly in their chemical and physical properties. Processes such as 

leaching, weathering and microbial activity combine to make a whole range of 
different soil types.  

 Each type has particular strengths and weaknesses for agricultural production. 
 

 texture 

 colour 

 depth 

 structure 

 porosity (the space between the particles) 

 stone content. 
 

Soil erosion 

It is a process in which the top fertile layer of soil is lost. Due to soil erosion, 
the soil becomes less fertile. The top layer of soil is very light which is easily 
carried away by wind and water. There movement of top soil by the natural or 

human activities source is known as soil erosion. 

 

Causes of Soil erosion 

 

1. Wind 

When strong winds blow, the topsoil along with the organic matter is carried 

away by the wind. This happens more often when the land is not covered with 
grass or plants. Such conditions are very common in desert and semi-desert 
regions where strong winds blow very frequently. 

 

2. Water 

When it rains in the hilly areas, the soil gets washed away towards the plains. 

The running water deposits the mineral-rich soil in the riverbed and over the 

years this deposition of soil can change the course of the river. This can lead 

to floods which cause the destruction of life and property. Water erosion leads 



  

to loss of agriculture potential. 

 

3. Overgrazing 

When cattle are allowed to graze on the same field repeatedly, all the available 
grass, including the roots are eaten by them. This makes the topsoil vulnerable 

to wind and flowing water, leading to soil erosion. 

 

4. Deforestation 

Humans have taken land from the forest to cultivate in order to feed the ever- 

increasing population and to build houses, industries, etc. Cutting down trees 

on a large scale for these purposes is deforestation. The roots of trees hold the 

soil together, thus preventing the soil from getting up rooted. When large areas 

of the forest are cleared, the topsoil gets eroded by wind and flowing water. 
 

5. Use of agrochemicals 

Pesticides and other chemicals used on crop plants have helped farmers to 
increase yields. Scientists have found that overuse of some of these chemicals 
changes soil composition and disrupts the balance of microorganisms in the 
soil. This stimulates the growth of harmful bacteria at the expense of beneficial 
kinds. 

 

6. Logging and Mining 

Logging removes trees that protect the ground from soil erosion. The tree roots 
hold the soil together and the tree canopy protects the soil from hard falling 

rain. Logging results in the loss of leaf litter, or dead leaves, bark, and 
branches on the forest floor. Leaf litter plays an important role in protecting 
forest soils from erosion 

 

7. Construction 

Constructing buildings and roads churns up the ground and exposes soil to 

erosion. In some locations, native landscapes, such as forest and grassland, 

are cleared, exposing the surface to erosion (in some locations the land that 

will be built on is farmland). Near construction sites, dirt, picked up by the wind, 

is often in the air. Completed construction can also contribute to erosion 

 

 

8. Rain and Rainwater Runoff 

During heavy rains, soil erosion is common. This type of erosion begins with 
water breaking down the soil and dispersing the materials it is made of. 

 



  

Effects of Soil Erosion 

 

1. Loss of Arable Land 

Soil erosion removes the top fertile layer of the soil. This layer is rich in the 
essential nutrients required by the plants and the soil. The degraded soil does 
not support crop production and leads to low crop productivity. 

 

2. Clogging of Waterways 

The agricultural soil contains pesticides, insecticides, fertilizers and several 
other chemicals. This pollutes the water bodies where the soil flows. The 
sediments accumulate in the water and raise the water levels resulting in 
flooding. 

 

3. Air Pollution 

The dust particles merge in the air, resulting in air pollution. Some of the toxic 
substances such as pesticides and petroleum can be extremely hazardous 
when inhaled. The dust plumes from the arid and semi-arid regions cause 
widespread pollution when the winds move. 

 

4. Desertification 

Soil erosion is a major factor for desertification. It transforms the habitable 

regions in to deserts. Deforestation and destructive use of land worsens the 
situation. This also leads to loss of biodiversity, degradation of the soil, and 
alteration in the ecosystem. 

 

5. Destruction of Infrastructure 

The accumulation of soil sediments in dams and along the banks can reduce 
their efficiency. Thus, it affects infrastructural projects such as dams, 

embankments, and drainage. 

 

6. Soil Compaction 

When the soil under the top soil becomes compacted and stiff, it reduces the 
ability for water to infiltrate these deeper levels, keeping runoff at greater 
levels, which increases the risk of more serious erosion. 

 

7. Reduced Organic and Fertile Matter 

Removing heavy topsoil with organic matter will reduce the ability of the land to 
regenerate new flora or crops.  

 

8. Soil acidity levels 

When the soil structure becomes compromised, and organic matter is greatly 
reduced, there is a higher chance of increased soil acidity, which will 
significantly impact the ability of plants and crops to grow. 

 

9. Water pollution 

A major problem with runoff from soils particularly those used for agricultural 
processes is that there is a greater likelihood of sediment and contamination, 
like the use of fertilizer or pesticide. This can cause significant damage to fish 

and water quality. 

 



  

Solutions (Prevention) to Soil erosion 
 

1. Crop Rotation 

Plenty of crop rotation is crucial for keeping the land happy and healthy. This 
allows organic matter to build up, making future plantings more fertile. 

 

2. Increased structure for plants 

Introducing terraces or other means of stabilizing plant life or even the soil 
around them can help reduce the chance that the soil loosens and erodes. 
Boosting areas prone to erosion with sturdy plant life can be a great way to 
stave off future effects. 

 

3. Water control 

For those areas where soil erosion is predominantly caused by water–whether 
natural or man-made – specialized runoff pipes can help to direct these water 

sources away from the susceptible areas, helping stave off excess erosion. 

 

4. Soil conservation 

Soil conservation is the combination of the appropriate land use and 
management practices that promote the productive and sustainable use of 
soils and, in the process, minimize soil erosion and other forms of land 

degradation. 

 

5. Increased knowledge 

A major factor in preventing soil erosion is educating more and more people 
who work with the land on why it is a concern and what they can do to help 
reduce it. 

 

6. Plant trees on barren lands to limit erosion of soil. 

 

Desertification 
 

 Desertification is the process by which vegetation in dry lands i.e. arid and 
semi-arid lands, such as grasslands or shrub lands, decreases and eventually 
disappears.  

 The concept does not refer to the physical expansion of existing deserts, but to 
the various processes that threaten to turn currently non-desert ecosystems 
into deserts. 

 Human activities, including deforestation and the over exploitation of aquifers, 
accelerate desertification. 

The effects of climate change, which is also driven by humans, and the 

destruction it causes in the form of extreme hurricanes, fires, etc. must be 
added to this. 



  

Causes of desertification 

1. Deforestation 

2. Poor agricultural practices 

3. Over exploitation of natural resources 

4. Bad livestock practices 

 

Consequences of desertification 

1. Loss of biodiversity 

2. Food insecurity 

3. Loss of vegetation cover 

4. Increased risk of zoonotic diseases 

5. Loss of forest cover 

6. Decrease in drinking water reserves 

 

Control of land degradation 

1. Afforestation 

2. Proper management of grazing to control overgrazing. 

3. Planting of shelter belts of plants. 

4. Control of mining activities. 

5. Proper discharge and disposal of industrial effluents and wastes after treatment. 

6. Proper management of waste-lands. 

7. Avoid over-irrigation, especially in dry areas. 

8. Avoid over use of fertilizers and pesticides. 

 

Important measures to control and degradation  
 

 Afforestation 

Afforestation is growing more new plants and trees and preventing the 
destruction of already existing forests.The best way of conserving soil and 

water is to grow as many plants and trees as possible as they hold the soil and 
absorb water. 

 

 Management of Overgrazing 

Overgrazing causes soil erosion. It’s during the dry period animals run out of 

fodder and start grazing on grass. They almost remove the grass with its roots 

and the ground is almost torn out. As a result which upper most layer of soil 

loses its fertility. Now soil particles are no longer held by roots. So they can 

easily be carried by the wind and water. So Overgrazing needs to be checked 

to prevent soil erosion.  

 

 Construction of Dams 

Much soil erosion happens due to river floods. This can be prevented by 

constructing dams across the river. This way we can check the speed of water 
and prevent soil erosion. 

 

 



 

 Planting of shelters of plants or wind breaks: In coastal regions trees are 

planted to check the wind movement. One or two rows of trees or shrubs are 
planted to prevent soil erosion by wind. This is a way of protecting soil from 
wind. 

 

 Proper management of waste lands 

Waste lands are the lands that were destroyed due to fires, overgrazing, or 
deforestation. Now growing the forest again that is reforestation would be the 
best way of using the waste land. Excess water and fertilizers could also be 

used to bring waste land under cultivation.  
 

 Control over mining activities 

By using cleaner production techniques mining activities can be controlled. 
Mining techniques shouldn’t have a great impact on the land. Mining wastes 
should be reused. Illegal mining sites should be shut down.  

 

 Proper discharge of industrial wastes 

Industrial could be treated before they are released into water bodies or land. 
By using the technique of Reduce Reuse and Recycle, industrial wastes can 
be properly disposed of. 

 

Wastelands 
 

 A waste land is some place that's empty and desolate, with no sign of life 

or growth.  

 An area may be a wasteland because of toxic materials in the soil, or due to 

climate conditions like strong winds.  

 The land which is left fallow (uncultivated) for more than five years included in 

this category. It can be brought under cultivation after improving its fertility. 

 Wastelands are lands which are unproductive, unfit for cultivation, grazing 
and other economic uses due to rough terrain and eroded soils.  

 The lands which are water logged and line are also termed as wastelands.  

 The loss of fertility followed by erosion also leads to the conversion of marginal 
forest lands into wastelands. 

 

Classification of Waste land soil 
 

1. Cultural Wasteland: Cultural wasteland is defined as land that cannot be 

used for any agricultural or forestation purpose. Example of cultural wasteland 
includes water logged and marshy land, Degraded forest, shifting cultivation 
land, saline land, and mined and industrial land. 

 

2. Non-Cultural Waste land: Non-cultural waste land is defined as land that 

cannot be developed for agriculture, forestation, or any other productive 

purposes. Example of a Non-cultural wasteland includes desert land, rocky 

land, glacier land, snow-covered land, etc. 

 

 
 
 



 

Causes of formation of waste lands 

1. Over-Cultivation 

2. Overgrazing 

3. Deforestation 

4. Dumping of wastes and mines 

5. Misuse and unscientific land management 

 

Waste Land Development 

Wasteland development provides a source of income for the rural poor. It 
ensures a constant supply of fuel, fodder and timber for local use. Makes the 
soil fertile by preventing soil erosion and conserving moisture. 

 

The major objectives of wasteland reclamation are: 

▪ To improve the physical structure and quality of the marginal soils. 

▪ To improve the availability of good quality water for irrigating these lands. 

▪ To prevent soil erosion, flooding and landslides. 

▪ To conserve the  biological resources of the land for sustainable use. 



 

ROLE OF INDIVIDUAL IN CONSERVATION OF NATURAL 
RESOURCES 
 

1. Water Conservation 
 

7. Installing flow-restricting shower heads to save water during showers. 

8. Taking bucket-baths instead of showers. 

9. Turning off the tap while brushing teeth. 

10. Immediately fixing any leaking taps and pipes in our homes. 

11. Practicing rain water harvesting to reduce the wastage of rainwater. 

12. Use of drip irrigation and sprinkling irrigation to improve irrigation efficiency 
and reduce evaporation 

 

2. Energy Conservation 
 

1. Switch off lights and electrical appliances when not using them 

2. Switch to energy-saving LED light globes 

3. Shut doors and close curtains. 

4. Understand and improve your home's energy use 

5. Save energy in the kitchen 

6. Get the best energy deal  
7. Insulate your roof 

8. Save money with solar energy 

 

3. Soil Conservation 

 
1. Practice no till farming. With no till farming, crops are allowed to remain rather 

than being ploughed under at the end of the season. 

2. Use terrace farming, 
3. Practice contour farming. 

4. Use a rain barrel. 

5. Restore wetlands. 



  

Unit  2: Ecosystems, Biodiversity and Sustainable Practices  
 

 

Concept of an ecosystem 
 

MEANING OF ECOSYSTEM 
 

 The term ecosystem was introduced by Sir Arthur Tansely (1935). 

 "The complex system in which interactions between the different components of 

the environment occur, is referred to as an ecosystem". 

 "The ecosystem is a community of interdependent organisms together with the 

environment".  

 The organisms of any community besides interacting among themselves, 

always have a functional relationship with the environment. "The structural and 

functional system of communities and environment is called ecological system 

or ecosystem.  

 In an ecosystem, energy and matter are continuously exchanged between its 

living and nonliving components. 

 

TYPES OF ECOSYSTEMS 
 

a) Natural ecosystem: These systems operate themselves under natural 

conditions and can further be divided as- 

i. Terrestrial Ecosystem- For example forest, grassland, desert, etc. Soil is 

the most characteristic feature of the terrestrial environment. 

ii. Aquatic Ecosystem- It can be distinguished as: 

A. Fresh water ecosystem - It is relatively small in area - 1.8% of earth surface. It 

may be lotic (running water as spring stream or river) or lenting (standing water 

as lakes, ponds, pools, etc. 

B. Marine ecosystem- It consists of deep bodies such as oceans, seas, estuaries, 

 Concept of an ecosystem 

 Structure and functions of an ecosystem (Producers, Consumers and 
Decomposers) 

 Energy flow in the ecosystem  
A. The Water cycle 
B. Carbon cycle 
C. Oxygen cycle 
D. Nitrogen cycle 
E. Energy cycle 
F. Integration of cycles in nature 

 Ecological succession 

 Food chains 

 The importance of biodiversity, the threats it faces and the methods used for its 
conservation 
 



  

etc. Very large amounts of earth is covered by ocean. no photosynthesis can 

occur in the ocean because light cannot penetrate deeply into the ocean. 

b) Man Engineered ecosystem: Artificial ecosystems are maintained by man 

himself through planned manipulations. For example, man tries to control the 

biotic community and physicochemical environment. 

 

Functions of natural ecosystem 

 The industrial and automobile generated air pollutants are trapped by leaves of 

the trees and convert into harmless compounds. 

 The industrial waste, sewage, and domestic wastewater gets filtered through 

the natural soil and are thus made drinkable. 

 The type of vegetation influences the climate and the soil structure. For 

example, if there is almost no vegetation, the climate will be very dry and of 

desert type. 

 In the natural ecosystem there is a continuous and rapid exchange of O2, CO2, 

and H2O. The concentration of these compounds varies from season to season 

and also throughout the year. 

 

Functions of Artificial Ecosystem 

 The water filtration tank/pond which purifies the water before supplying it for 

drinking. 

 A cooling water spray pond in a thermal power station. 

 Closed ecosystem created in scientific bottles with the research laboratories. 

 Aquarium such as Taraporewala aquarium Marine drive, Mumbai. 

 

Characteristics of or affecting factors of an ideal ecosystem 

 The population of any species is limited to the available food resource potential. 

 The species diversity is adequate for efficient recycling of materials in the 
ecosystem. 

 The pollution loads do not exceed the self-purification capacity of the system. 

 The energy consumption of the system is minimized and is also dependent on 

renewable resources. 

 The system is capable of continuing in definitely without heading up towards a 

dead end. 

 The system dynamics proceeds towards new evolutionary trends without losing 

stability. 

 

 

 

 

 

 

 

 



  

 

STRUCTURE (COMPONENTS) AND FUNCTIONS OF 

ECOSYSTEM 
 

The structure of an ecosystem is characterized by the organization of both biotic and 

abiotic components. This includes the distribution of energy in our environment. It also 

includes the climatic conditions prevailing in that particular environment. 

 

A. Biotic components 

B. Abiotic components 

 

The biotic and abiotic components are interrelated in an ecosystem. It is an open 

system where the energy and components can flow throughout the boundaries. 

 

A. Biotic components 

Biotic components refer to all life in an ecosystem. Based on nutrition, biotic 

components can be categorized into autotrophs, heterotrophs and saprotrophs 

(or decomposers). 

 

1. Producers include all autotrophs such as plants. They are called autotrophs as 

they can produce food through the process of photosynthesis. Consequently, all 

other organisms higher up on the food chain rely on producers for food. 

 

2. Consumers or heterotrophs are organisms that depend on other organisms 

for food. Consumers are further classified into primary consumers, secondary 

consumers and tertiary consumers. 

 

a) Primary consumers are always herbivores that they rely on producers for food. 

b) Secondary consumers depend on primary consumers for energy. They can 

either be a carnivore or an omnivore. 

c) Tertiary consumers are organisms that depend on secondary consumers for 

food. Tertiary consumers can also be an omnivore. 

d) Quaternary consumers are present in some food chains. These organisms 

prey on tertiary consumers for energy. Furthermore, they are usually at the top 

of a food chain as they have no natural predators. Some examples of 

quaternary consumers are lions, polar bears, sharks, and hawks. A food chain 

showing a lion as a quaternary consumer starts with a mouse that eats grass. 

The mouse is then consumed by a rabbit, making the rabbit a secondary 

consumer. 

 

3. Decomposers include saprophytes such as fungi and bacteria. They directly 

thrive on the dead and decaying organic matter. Decomposers are essential for the 

ecosystem as they help in recycling nutrients to be reused by plants. 

 



  

 

B. Abiotic components 

Abiotic components are the non-living component of an eco system. It includes air, 

water, soil, minerals, sunlight, temperature, nutrients, wind, altitude, turbidity, etc. In 

other words, the non-living factors are the physical environment prevailing in an 

ecosystem form the abiotic components. They have a strong influence on the 

structure, distribution, behavior and interrelationship of organisms. 

 

Abiotic components are mainly of two types: 

1. Climatic factors: Which include rain, temperature, light, wind, humidity, etc. 

2. Edaphic factors: Which includes soil, PH, topography, minerals, etc. 

The functions of important factors in abiotic components are given below: 

 

a) Soil: Soils are much more complex than simple sediments. It contains a mixture 

of weathered rock fragments, highly altered soil mineral particles, organic matter 

and living organisms. Soils provide nutrients, water, a home, and a structural 

growing medium for organisms. 

b) Atmosphere: The atmosphere provides organisms found within ecosystems 

with carbon dioxide for photosynthesis and oxygen for respiration. The 

processes of evaporation, transpiration and precipitation cycle water between 

the atmosphere and the earth's surface. 

 

c) Solar radiation: Solar radiation is used in ecosystem to heat the atmosphere 

and to evaporate and transpire water into the atmosphere. Sunlight is also 

necessary for photosynthesis. Photosynthesis provides the energy for plant 

growth and metabolism and the organic food for the other forms of life. 

 

ENERGY FLOW THROUGH THE ECOSYSTEM 
 

 Energy moves life. The cycle of energy is based on the flow of energy through 

different trophic levels in an ecosystem.  

 Our ecosystem is maintained by the cycling energy and nutrients obtained from 

different external sources. 

 



  

 

 At the first trophic level, primary producers use solar energy to produce organic 

material through photosynthesis. 

 The herbivore sat the second trophic level, use the plants as food which gives 

them energy.  

 A large part of this energy is used up for the metabolic functions of these animals 

such as breathing, digesting food, supporting growth of tissues, maintaining blood 

circulation and body temperature. 

 The carnivores at the next trophic level, feed on the herbivores and derive energy 

for their sustenance and growth.  

 If large predators are present, they represent still higher trophic level and they 

feed on carnivores to get energy.  

 Thus, the different plants and animal species are linked to one another through 

food chains. 

 Decomposers which include bacteria, fungi, molds, worms, and insects break 

down wastes and dead organisms, and return the nutrients to the soil, which is 

then taken up by the producers.  

 Energy is not recycled during decomposition, but it is released. 

 

BIOGEOCHEMICAL CYCLES 
 

 All elements in the earth are recycled time and again. The major elements such 

as oxygen, carbon, nitrogen, phosphorous, and sulphur are essential ingredients 

that make up organisms. 

 Biogeochemical cycles refer to the flow of such chemical elements and 

compounds between organisms and the physical environment. 

 Chemicals taken in by organ isms are passed through the food chain and come 

back to the soil, air, and water through mechanisms such as respiration, 

excretion, and decomposition. 

 As an element moves through this cycle, it often forms compounds with other 

elements as a result of metabolic processes in living tissues and of natural 

reactions in the atmosphere, hydrosphere, or lithosphere. 

 Such cyclic exchange of material between the living organisms and their 

nonliving environment is called Biogeochemical Cycle. 

 

Following are some important biogeochemical cycles − Water Cycle 

Carbon Cycle, Oxygen Cycle, Nitrogen Cycle, Integration Cycle. 

 

 

 

 

 



  

 

WATER CYCLE 
 

 The evaporation of water from ocean, rivers, lakes, and transpiring plants takes 

water in the form of vapors to the atmosphere.  

 This vaporized water subsequently cools and condenses to form cloud and 

water. 

 This cooled water vapor ultimately returns to the earth as rain and snow, 

completing the cycle. 

 

 

 

 

 

 

Meaning 

 The water cycle is an important Biogeochemical Cycle involved in the flow or 

circulation of water through different levels of the ecosystem.  

 The water cycle is defined as a natural process of constantly recycling the 

water in the atmosphere. It is also known as the hydrological cycle or the 

hydrologic cycle. 

 

During the process of the water cycle between the earth and the atmosphere, water 

changes into three states of matter – solid, liquid and gas. 

 

Stages of Water Cycle 

The complete water cycle is carried into four stages which are as follows: Evaporation, 

Condensation, Precipitation and Collection. 



  

 

 
Evaporation 

This is the initial stage of the water cycle. 

The process by which water from its liquid state changes to vapour, a gaseous state, is 

termed as evaporation. During the water cycle, water in the water bodies get heated up 

and evaporates in the form of vapour, mixes with the air and disappears. 

 

Condensation 

When the evaporated water vapour loses its thermal energy, it becomes liquid through 

the process of condensation. Formation of clouds are examples of condensation. 

 

Precipitation 

Rain, snow, sleet, or hail are all examples of Precipitation. After the condensation, 

atmospheric water vapour forms sufficiently large water droplets and falls back to the 

earth with the help of gravity. 

 

Deposition or Collection 

This is the final stage of the water cycle. Deposition occurs when evaporated water 

vapour falls back to earth as precipitation. This water may fall back into the different 

water bodies, including oceans, rivers, ponds, lakes and even end up on the land, 

which in turn becomes a part of the groundwater. 

 

Overall, the water cycle process describes how water is balanced in the atmosphere. It 

also plays an important role in ensuring the availability of water for all living organisms 

and also it has a great impact on our environment. 

 
CARBON CYCLE 

 

 Carbon enters into the living world in the form of carbon dioxide through the 

process of photosynthesis as carbohydrates.  

 These organic compounds (food) are then passed from the producers to the 

consumers (herbivores & carnivores).  

 This carbon is finally returned to the surrounding medium by the process of 

respiration or decomposition of plants and animals by the decomposers.  

 Carbon is also recycled during the burning of fossil fuels. 

 

Carbon Cycle Definition 

Carbon cycle is the process where carbon compounds are interchanged among the 

biosphere, geosphere, pedosphere, hydrosphere, and atmosphere of the earth. 

 



  

 

 

 

Carbon Cycle Steps 

 

 Carbon present in the atmosphere is absorbed by plants via photosynthesis. 

 During photosynthesis, plants take in carbon dioxide (CO2) and water (H2O) 

from the air and soil.  

 These plants are then consumed by animals and carbon gets bio accumulated 

into their bodies. 

 These animals and plants eventually die, and upon decomposing, carbon is 

released back into the atmosphere. 

 Some of the carbon that is not released back into the atmosphere eventually 

become fossil fuels. 

 These fossil fuels are then used for man-made activities, which pump more 

carbon back into the atmosphere. 

 

Carbon Cycle on Land 

 Carbon in the atmosphere is present in the form of carbon dioxide. 

 Carbon enters the atmosphere through natural processes such as respiration and 

industrial applications such as burning fossil fuels. 

 The process of photosynthesis involves the absorption of CO2 by plants to 

produce carbohydrates. 

 

The equation is as follows 

 

CO2+H2O+energy→(CH2O)n+O2 

 Carbon compounds are passed along the food chain from the producers to 
consumers. 

 The majority of the carbon exists in the body in the form of carbon dioxide 

through respiration. 

 The role of decomposers is to eat the dead organism and return the carbon from 

their body back into the atmosphere. 



  

The equation for this process sis 

(CH2O) n+O2→CO2+H2O 

 

Key Points on Carbon Cycle 

 Carbon cycle explains the movement of carbon between the earth’s biosphere, 

geosphere, hydrosphere and atmosphere. 

 Carbon is an important element of life. 

 Carbon dioxide in the atmosphere is taken up by green plants and other 

photosynthetic organisms and is converted into organic molecules that travel 

through the food chain.  

 Carbon atoms are then released as carbon dioxide when organisms respire. 

 The formation of fossil fuels and sedimentary rocks contributes to the carbon 

cycle for very long periods. 

 The carbon cycle is associated with the availability of other compounds as well. 

 

 

OXYGEN CYCLE 
 

 Oxygen required for respiration in plants and animals enters the body directly 

from the surrounding medium (air or water).  

 Oxygen returns to the surroundings in the form of carbon dioxide or water.  

 It also enters the plant body as carbon dioxide and water during photosynthesis 

and is released in the form of molecular oxygen as a byproduct in the same 

process for use in respiration. The cycle is completed. 

 The oxygen cycle a biological process which helps in maintaining the oxygen 

level by moving through three main spheres of the earth which are Atmosphere, 

Lithosphere, Biosphere. 

 

 
 

 



  

Stages of the Oxygen Cycle 

 

Stage - 1 

All green plants during the process of photosynthesis, release oxygen back into the 

atmosphere as a by-product. 

 

Stage - 2 
All aerobic organisms use free oxygen for respiration. 

 

Stage - 3 

 Animals exhale Carbon dioxide back into the atmosphere which is again used by the 

plants during photosynthesis. Now oxygen is balanced within the atmosphere. 

 

Uses of Oxygen - Breathing, Combustion, Supporting aquatic life, Decomposition of 

organic waste, rusting 

 

Production of Oxygen 
 

Plants: The leading creators of oxygen are plants by the process of photosynthesis. 

Photosynthesis is a biological process by which all green plants synthesize their food 

in the presence of sunlight.  

During photosynthesis, plants use sunlight, water, carbon dioxide to create energy and 

oxygen gas is liberated as a by-product of this process. 

 

Sunlight: Sunlight also produces oxygen. Some oxygen gas is produced when the 

sunlight reacts with water vapour in the atmosphere. 

 

NITROGEN CYCLE 
 

 



  

Introduction 

 Nitrogen is one of the most important elements required for life on Earth.  

 Although the atmosphere is made up of nearly 78% nitrogen gas (N₂), this form is 
inert and cannot be directly used by plants or animals.  

 It must first be converted into usable forms through natural and industrial 
processes.  

 This continuous movement and transformation of nitrogen through the environment 
is known as the Nitrogen Cycle. 

Why Is Nitrogen Important? 

 
Area Importance 

Biological Essential for formation of amino acids (proteins), DNA, RNA 

Agriculture Critical for plant growth; determines soil fertility 

Business/Industry Used in fertilizer production, manufacturing, and 
pharmaceuticals 

Environmental 
Management 

Understanding nitrogen flow helps in pollution control, waste 
management, and climate strategies 

 
Major Steps in the Nitrogen Cycle 

Each stage in the cycle ensures nitrogen is transformed into forms usable by different 
parts of the ecosystem. Let’s explore each stage. 

1. Nitrogen Fixation 

Definition: Conversion of atmospheric nitrogen gas (N₂) into ammonia (NH₃) or 

ammonium (NH₄⁺), which plants can absorb. 

Types of Nitrogen Fixation 

Type Description Examples 

Biological 
Fixation 

Done by nitrogen-fixing bacteria living in 
soil or root nodules of leguminous plants 

Rhizobium, Azotobacter, 
Cyanobacteria 

Atmospheric 
Fixation 

Lightning converts nitrogen and oxygen in 
air to nitrates 

Natural rainfall adds 
nitrates to soil 

Industrial 
Fixation 

Man-made process using high pressure 
and temperature to create ammonia from 
nitrogen and hydrogen 

Haber-Bosch process 
used in fertilizer 
production 

 

2. Nitrification 

Definition: A two-step biological process where ammonia is converted to nitrites and then 

to nitrates by nitrifying bacteria. 

 

 



  

Step Bacteria Involved Chemical Change 

Step 1 Nitrosomonas Ammonia (NH₃) → Nitrite (NO₂⁻) 
Step 2 Nitrobacter Nitrite (NO₂⁻) → Nitrate (NO₃⁻) 

Business relevance: Nitrates are key components in fertilizers used in agriculture and 
horticulture industries. 

3. Assimilation 

Definition: The process by which plants absorb nitrates (NO₃⁻) and ammonium (NH₄⁺) 
from the soil to synthesize organic nitrogen compounds like amino acids. 

 Plants use nitrates → to build proteins and DNA 
 Animals get nitrogen → by eating plants or other animals 

Relevance to business students: Understand how nutrient cycles impact food chains, 
farming, and resource-based industries. 

4. Ammonification (Decomposition) 

Definition: Conversion of organic nitrogen (from dead plants, animals, and animal waste 

like urine) into ammonia (NH₃) or ammonium (NH₄⁺) by decomposer microorganisms. 

 Performed by: Bacteria and fungi in the soil 
 Outcome: Returns nitrogen to the soil in a form that can enter the cycle again 

Environmental insight: Waste management industries rely on natural decomposition for 
composting and recycling nutrients. 

5. Denitrification 

Definition: Conversion of nitrates (NO₃⁻) back into nitrogen gas (N₂) by anaerobic 
bacteria, releasing it back into the atmosphere. 

 Bacteria involved: Pseudomonas, Clostridium 
 Occurs in: Wetlands, marshes, and waterlogged soils 

Relevance for pollution control: Excess nitrates from fertilizers in water bodies cause 
eutrophication, harming aquatic ecosystems. Denitrification helps remove excess 
nitrogen. 

Business & Management Perspective 

 
Sector Impact of Nitrogen Cycle 

Agriculture Efficient nitrogen use improves crop yield, lowers costs, and 
enhances soil sustainability 

Environmental 
Management 

Understanding nitrogen cycle helps in pollution control, reducing 
emissions, and managing ecosystems 

Corporate Sustainable use of nitrogen fertilizers and proper waste 



  

Responsibility treatment is part of environmental compliance 
Innovation Opportunities in biotechnology (biofertilizers), waste-to-compost 

solutions, and green energy industries 
 

Key Takeaways  

1. Nitrogen is essential for life, but must be converted to usable forms. 
2. The Nitrogen Cycle ensures balance in ecosystems and soil fertility. 
3. Nitrogen management is critical in business sectors like agriculture, 

manufacturing, and environmental management. 
4. Overuse of nitrogen-based fertilizers can harm the environment – businesses 

must adopt sustainable practices. 
5. Students must understand natural cycles to align business strategies with 

environmental sustainability. 

INTEGRATION CYCLE 

 
Introduction 

In the environment, everything is interconnected. The integration cycle in 
biogeochemical cycles refers to the continuous and interconnected movement of 
elements like carbon, nitrogen, water, phosphorus, and sulphur through biotic (living 
organisms) and abiotic (soil, water, air) components of the Earth. 

These cycles are known as biogeochemical cycles, and their integration maintains the 
balance of ecosystems, supports life, and ensures sustainability. 

 

What are Biogeochemical Cycles? 

Biogeochemical cycles are the natural pathways by which essential elements of life (like 
carbon, nitrogen, oxygen, etc.) circulate through the Earth's atmosphere, lithosphere 
(land), hydrosphere (water), and biosphere (living organisms). 

Key components 

 Bio – living organisms 
 Geo – earth materials (soil, rocks) 
 Chemical – chemical elements and compounds 

Understanding the Integration Cycle 

The Integration Cycle in environmental context refers to the mutual dependence and 
interaction among different biogeochemical cycles. These cycles do not work in isolation 
but are linked together, influencing and supporting each other. 

For example: 

 The Carbon Cycle is linked with the Oxygen Cycle through processes like 
photosynthesis and respiration. 



  

 The Nitrogen Cycle supports plant growth, which in turn affects the Carbon 
Cycle. 

 The Water Cycle plays a role in transporting nutrients in all other cycles. 

 

Major Biogeochemical Cycles and Their Integration 
 
Cycle Main 

Element 
Processes Integration with Other 

Cycles 

Water Cycle H₂O Evaporation, condensation, 
precipitation, infiltration 

Supports all other cycles 
by transporting nutrients 

Carbon Cycle C Photosynthesis, respiration, 
combustion, decomposition 

Connected with oxygen, 
nitrogen, and water cycles 

Nitrogen 
Cycle 

N Nitrogen fixation, nitrification, 
assimilation, denitrification 

Affects plant growth, 
connects to carbon and 
water cycles 

Phosphorus 
Cycle 

P Weathering of rocks, absorption 
by plants, animal waste, 
decomposition 

Supports energy transfer 
in living organisms 

Sulfur Cycle S Volcanic emissions, decay, 
precipitation, industrial release 

Linked to acid rain and 
climate regulation 

 

 
Diagram of the Integration Cycle 

 
 
 
 
 

 
 
 
 



  

Importance of Integration Cycle in Nature 
 

A. Maintains Ecological Balance 

 Each cycle ensures the availability of essential nutrients. 
 Prevents accumulation or depletion of any single element. 

B. Regulates Climate 

 The integration of carbon, water, and sulfur cycles controls temperature and 
precipitation patterns. 

C. Promotes Biodiversity 

 Integrated cycles support healthy food chains and ecosystems. 

D. Sustains Life Processes 

 Living organisms rely on the flow of energy and nutrients maintained by these 
cycles. 

 

Human Interference and Disruption of Integration Cycles 
 
Human Activity Disrupted Cycle(s) Consequences 

Fossil fuel combustion Carbon, Sulfur Global warming, acid rain 

Overuse of fertilizers Nitrogen, Phosphorus Eutrophication, soil degradation 

Deforestation Water, Carbon Less rainfall, higher CO₂ 
Industrial waste All cycles Pollution, ecosystem damage 

 
Significance  
 

A. Understanding Sustainable Business Practices 

 Knowledge of integrated natural cycles promotes eco-conscious decision-making. 

B. Supports Corporate Social Responsibility (CSR) 

 Companies can reduce environmental impact by aligning with nature’s cycles. 

C. Informs Green Innovation 

 Product designs, packaging, and waste management can be improved through 
cycle-aware strategies. 

D. Helps in Risk Management 

 Climate-related risks to operations, supply chains, and markets can be anticipated 
and minimized. 



  

 
ENERGY CYCLE 

 

    The energy flow in the ecosystem is one of the major factors that support the 

survival of such a great number of organisms. 

    For almost all organisms on earth, the primary source of energy is solar 

energy. It is amusing to find that we receive less than 50 percent of the sun’s 

effective radiation on earth. When we say effective radiation, we mean the 

radiation, which can be used by plants to carry out photosynthesis. 

    The energy flow takes place via the food chain and food web.  

    During the process of energy flow in the ecosystem, plants being the 

producers absorb sunlight with the help of the chloroplasts and a part of it is 

transformed into chemical energy in the process of photosynthesis. 

    This energy is stored in various organic products in the plants and passed on 

to the primary consumers in the food chain when the herbivores consume 

(primary consumers) the plants as food.  

    Then conversion of chemical energy stored in plant products into kinetic 

energy occurs, degradation of energy will occur through its conversion into 

heat. 

    Thenfollowedbythesecondaryconsumers.Whentheseherbivoresareingestedby 

carnivores of the first order (secondary consumers) further degradation will 

occur. Finally, when tertiary consumers consume the carnivores, energy will 

again be degraded. Thus, the energy flow is unidirectional in nature. 

 

Energy Flow in Ecosystem 

 
 



  

 

    Moreover, in a food chain, the energy flow follows the 10 percent law. 

    According to this law, only 10 percent of energy is transferred from one 

trophic level to the other; rest is lost into the atmosphere.  

    This is clearly explained in the following figure and is represented as an 

energy pyramid. 

 

Trophic level 
 

The producers and consumers in the ecosystem can be arranged into different feeding 

groups and are known as trophic level or the feeding level. 

 

 The producers (plants) represent the first trophic level   

 Herbivores (primary consumers) present the second trophic level. 

 Primary carnivores (secondary consumers) represent the third trophic level 

 Top carnivores (tertiary consumers) represent the last level. 
 

FOOD CHAINS 
 

Introduction 

A food chain is the sequence of organisms through which energy and nutrients 

flow in an ecosystem. Each organism occupies a specific trophic level, and energy is 

transferred from one level to the next. 

 

Definition 

A food chain is a linear pathway that shows how energy and matter move through 

an ecosystem from producers to top-level consumers and ultimately to decomposers. 

 

Components of a Food Chain 

 

Trophic Level Description 

Producers Green plants or algae that produce food via photosynthesis 

Primary Consumers Herbivores that eat producers (e.g., cow, rabbit) 

Secondary Consumers Carnivores that eat herbivores (e.g., snake, fox) 

Tertiary Consumers Top predators that eat other carnivores (e.g., tiger, eagle) 

Decomposers Microorganisms like bacteria and fungi that break down 

dead organisms 

 



  

Each level passes only ~10% of the energy to the next level (as per the 10% Law of 

Energy Transfer). 

 

Types of Food Chains 

1. Grazing Food Chain 

2. Detritus Food Chain 

3. Parasitic Food Chain 

 

 

 

1. Grazing Food Chain 

 

Definition 

Starts with living green plants (producers) which are eaten by herbivores, followed by 

carnivores. 

 

Energy Source 

Directly from the sun, through photosynthesis. 

 

Trophic Levels Example 

• Grass (Producer) → Grasshopper (Herbivore) → Frog (Primary Carnivore) → 

Snake (Secondary Carnivore) → Eagle (Top Carnivore) 

 

Ecosystems Where Found 

 • Grasslands, forests, freshwater ponds, lakes, oceans. 



  

 

Characteristics 

 • Simple linear chain. 

 • Begins with autotrophs. 

 • 

 Dominant in ecosystems with abundant plant life. 

 • Supports herbivores and carnivores. 

 

2. Detritus Food Chain 

 

Definition 

Begins with dead organic matter (detritus) such as fallen leaves, animal remains, and 

decomposed bodies. 

 

Energy Source 

Energy is derived from detritus, not directly from sunlight. 

 

Trophic Levels Example 

 • Dead leaves (Detritus) → Earthworms (Detritivore) → Beetles (Small 

carnivores) → Birds → Decomposers (Bacteria/fungi) 

 

Ecosystems Where Found 

 • Forest floors, compost heaps, swamps, ocean beds, and marshes. 

 

Characteristics 

 • Dominated by decomposers and detritivores. 

 • Recycles nutrients back into the ecosystem. 

 • Maintains soil fertility and ecosystem health. 

 • Critical in nutrient cycling. 

 

3. Parasitic Food Chain 

 

Definition 

Begins with producers, but energy is transferred to parasites, not through direct 

consumption. 

 

Energy Source 

Energy comes from a host organism rather than eating. 

 



  

Trophic Levels Example 

 • Tree (Producer) → Birds (Herbivores) → Lice (Parasite) → Mites 

(Hyperparasite) → Bacteria (Decomposers) 

 

Ecosystems Where Found 

 • Both terrestrial and aquatic ecosystems, especially in densely populated 

areas. 

 

Characteristics 

 • Involves organisms living on or inside another organism (host). 

 • Often not linear. 

 • Complex interactions, includes multiple hosts and parasites. 

 • Doesn’t follow typical predator-prey flow.  
 

 

ECOLOGICAL SUCCESSION 
 

Introduction 

Ecological succession is a natural process by which ecosystems change and develop 
over time. It is the gradual replacement of one community by another in an area, 
which leads to the development of a stable ecosystem known as a climax community. This 
process occurs due to changes in environmental conditions, disturbances, and interactions 
among organisms. 

Definition 

Ecological succession is defined as the orderly and predictable change in the 
structure and composition of a community over time. It involves a series of progressive 
changes in the types and numbers of species in an area, ultimately leading to a stable 
climax community.  

Characteristics of Ecological Succession 
 

1. It tends to progress from unstable “community to stable” community. 
2. Its general stages are so regular and directional that an ecologist can often predict 

the sequence of future communities. 
3. In successive serial stages, there is a tendency towards an increase in species 

diversity, total biomass, miche specialization and humus content f the soil. 
4. It tends to progress from simple food-chains to complete food-webs. 
5. The habitat tends to modify from aquatic or dry conditions to mesic moderately wet 

conditions. 
6. Succession of plants is speedy and it is easily visible, while succession animal 

communities is slow. 
 

 

 



  

Importance of Ecological Succession 

1. Restores Ecosystems: Helps in recovery of ecosystems after disturbances (fire, 
floods, deforestation). 

2. Increases Biodiversity: Encourages diverse species colonization over time. 
3. Soil Formation: In primary succession, it helps in building soil from bare rocks. 
4. Climax Stability: Leads to the formation of a stable and sustainable community. 
5. Improves Habitat: Creates favourable conditions for various organisms to thrive. 
6. Natural Recycling: Ensures cycling of nutrients and energy efficiently. 
7. Environmental Balance: Maintains ecological balance and resilience. 

 

Types of Ecological Succession 
 

1. Primary Succession 

Definition: Primary succession occurs in an area where no previous life existed, such 
as bare rocks, volcanic lava, sand dunes, or newly formed islands. There is no soil 
initially. 

Example: Lava flows from a volcano creating new land, where pioneer species like 
lichens and mosses begin colonizing. 

Stages 

 Initial Phase: Formation of a bare area. 
 Invasion: Arrival of pioneer species. 
 Competition and Reaction: Species interact and modify the environment. 
 Climax: Stable, mature ecosystem is formed. 

Key Features 

 Starts from bare substrate (rock/sand). 
 Takes longer time (hundreds to thousands of years). 
 Pioneer species like lichens, algae, and mosses. 
 Leads to soil development. 

 

2. Secondary Succession 

Definition: Secondary succession takes place in areas that were once inhabited but 
disturbed or destroyed due to fire, flood, farming, or human activity. Soil is already 
present. 

Example: Abandoned farmland that becomes a forest over time. 

Stages 

 Disturbance: Existing ecosystem is disrupted. 
 Recolonization: Species return to the area. 
 Climax: A mature and stable ecosystem develops again. 



  

 

Key Features 

 Occurs on pre-existing soil. 
 Faster than primary succession. 
 Previous organisms may still be present. 
 Begins with grasses and shrubs, leading to forest. 

INTRODUCTION TO BIODIVERSITY 

Definition 

Biodiversity or biological diversity refers to the variety and variability of all forms of life 
on Earth – including plants, animals, fungi, and microorganisms, as well as the 
ecosystems they form and inhabit. It is generally categorized into three levels: 

 Genetic Diversity – Variation of genes within a species. 
 Species Diversity – Variety of species within a habitat. 
 Ecosystem Diversity – Variety of ecosystems in a particular region. 

Biodiversity is not only the foundation of ecosystem services but also the basis for human 
survival and economic prosperity. 

Importance of Biodiversity 

It plays a vital role in maintaining the balance of the environment and supporting life in all 
forms. 

1. Ecological Importance 

Biodiversity maintains the structure, function, and resilience of ecosystems. 

 Ecosystem stability: Diverse ecosystems are more resilient to disturbances like 
climate change, diseases, or natural disasters. 

 Food chains and nutrient cycles: Different species contribute to essential 
ecological processes such as pollination, seed dispersal, decomposition, and 
nutrient cycling. 

 Climate regulation: Forests, oceans, and wetlands help regulate global climate 
and rainfall patterns. 

 



  

 

2. Economic Importance 

Many industries and livelihoods depend on biodiversity: 

 Agriculture and food security: Biodiversity provides a vast gene pool for crop 
improvement and pest resistance. 

 Forestry and fisheries: Timber, fuelwood, fish, and other wildlife products depend 
on species diversity. 

 Pharmaceutical industry: Over 50% of pharmaceutical drugs are derived from 
plant or animal compounds. 

 Ecotourism: Many regions benefit economically from nature-based tourism. 

3. Social and Cultural Importance 

 Traditional knowledge and practices: Indigenous communities rely on local 
biodiversity for food, medicine, and rituals. 

 Cultural heritage: Sacred groves, animals, and plants hold spiritual significance in 
many cultures. 

 Aesthetic and recreational value: Nature contributes to human well-being 
through beauty and recreation. 

4. Scientific and Educational Value 

 Research and innovation: Biodiversity provides opportunities for scientific 
discoveries in medicine, agriculture, and environmental science. 

 Education and awareness: Natural diversity promotes environmental education 
and awareness. 

5. Environmental Services (Ecosystem Services) 

 Provisioning services: Food, water, timber, fuel, and medicinal resources. 
 Regulating services: Climate regulation, disease control, water purification, and 

pollination. 
 Supporting services: Soil formation, photosynthesis, and nutrient cycling. 
 Cultural services: Recreation, tourism, spiritual enrichment. 

Threats to Biodiversity 
 

A. Habitat Destruction 

 Urbanization, industrial expansion, agriculture, and deforestation reduce natural 
habitats, pushing species toward extinction. 

B. Pollution 

 Air pollution affects birds and insects. 
 Water pollution leads to the destruction of aquatic ecosystems. 
 Soil contamination destroys the microbial life vital for plant growth. 

C. Climate Change 



  

 Rising temperatures, irregular rainfall, melting glaciers, and ocean acidification 
affect species distribution and migration. 

 Coral bleaching, extinction of polar species, and changing crop patterns are direct 
effects. 

D. Overexploitation of Resources 

 Overfishing, excessive logging, illegal wildlife trade, and overgrazing exhaust 
biodiversity faster than it can regenerate. 

E. Invasive Species 

 Introduction of non-native species disturbs local ecosystems and leads to the 
extinction of indigenous species (e.g., water hyacinth in Indian lakes). 

F. Industrialization and Unsustainable Development 

 Mining, dam construction, chemical industries, and infrastructure projects destroy 
ecosystems and fragment landscapes. 

Methods Used for Biodiversity Conservation 
 

A. In-situ Conservation (On-site Conservation) 

Preserving species in their natural habitats where they have evolved. 

1. National Parks – Large areas protected for conserving wildlife (e.g., Jim Corbett 
National Park). 

2. Wildlife Sanctuaries – Reserved for the protection of particular species (e.g., 
Kaziranga for rhinos). 

3. Biosphere Reserves – Larger protected areas combining conservation with 
sustainable development. 

4. Sacred Groves – Traditionally protected forest patches by communities with 
religious significance. 

B. Ex-situ Conservation (Off-site Conservation) 

Protecting species outside their natural habitats. 

1. Zoos and Aquariums – Preserve endangered animals and educate the public. 
2. Botanical Gardens – Conserve plant diversity. 
3. Seed Banks and Gene Banks – Store seeds, tissues, and DNA for future 

research and restoration. 
4. Captive Breeding – Raising species in controlled environments for reintroduction 

into the wild. 

C. Legal and Policy Framework 

1. Wildlife Protection Act, 1972 (India) – Legal protection for endangered species. 
2. Environment Protection Act, 1986 – Holistic protection for ecosystems. 
3. Biodiversity Act, 2002 – Sustainable use of biodiversity in India. 



  

4. International Treaties – 
 Convention on Biological Diversity (CBD): Global treaty for conservation. 
 CITES: Protects endangered species from international trade. 

D. Technological and Business-Oriented Approaches 

Environmental Impact Assessments (EIA): Evaluate the environmental impact of 
new business projects before execution. 

1. Sustainable Business Models: 
 Eco-labels (e.g., Rainforest Alliance) 
 Green Certifications (e.g., LEED buildings) 

2. Waste Reduction and Green Practices: Reduce pollution and improve resource 
efficiency. 

3. Corporate Environmental Responsibility (CER): Businesses voluntarily 
undertake biodiversity protection projects. 

E. Community Participation and Education 

1. Community-based Conservation: Involve local people in protecting forests, 
rivers, and wildlife. 

2. Environmental Education: Raise awareness in schools, colleges, and industries. 
3. Public Campaigns: Wildlife Week, Earth Day, and social media drives help 

mobilize support for biodiversity. 

 

 
 
 



 

UNIT 3: ENVIRONMENTAL POLLUTION, WASTE MANAGEMENT AND 
SUSTAINABLE DEVELOPMENT 

 

Definition 
 

  Environmental pollution is unwarranted disposal of mass or energy into earth's natural 
resource pool such as water, land, or air that results in long or short term detriment to the 

atmosphere and its ecological health to negatively impact the living beings and their life      
both quantitatively and qualitatively. 

 

  Environmental pollution means the presence in or introduction into the environment of 
a substance which has harmful or poisonous effects. Environmental Pollution 
occurs when pollutants contaminate the surroundings; which brings about changes 
that affect our normal lifestyles adversely. 

  When there is an undesirable change in the surrounding that has harmful effects on 
plants and animals, it leads to environmental pollution. 

 

 

SOURCES OF ENVIRONMENTAL POLLUTION 
 
Man-made sources 

1. Industrialisation 
2. Transportation 
3. Deforestation 
4. Nuclear explosion 
5. Mining 
6. Over population 
 

Natural sources 
1. Volcanic eruption 
2. Forest fires 
3. Dust storms 
4. Natural pollutants like bacteria, spores. Cysts and pollens 
5. Decay of organic matters. 

 

 

 Definition, Causes, effects and control measures of - Air pollution, Water pollution, Soil 
pollution, Marine pollution, Noise pollution, Thermal pollution, Nuclear hazards 

 Solid waste Management: Causes, effects and control measures of urban and industrial 
wastes 

 Disaster management: floods, earthquake, cyclone and landslides.  

 From Unsustainable to Sustainable development,  

 Urban problems related to energy,  

 Water conservation, rain water harvesting, water shed management 



 

Effects of Environmental Pollution 
1. Increasing health issues 
2. Global warming 
3. Disturbed eco system 
4. Increasing natural disasters 
5. Depletion of Ozone layer 

 

Measures to Control Environmental Pollution 
1. Afforestation 
2. Use of environment friendly products 
3. Reuse, reduce and recycle of wastes 
4. Population control 
5. Conservation of natural resources 
6. Disposal and management of wastes. 
7. Proper maintenance of transportation 

Pollutants 

 A pollutant is a substance or energy introduced into the environment that has 
undesired effects, or adversely affects the usefulness of a resource. These can be 
both naturally forming (i.e. minerals or extracted compounds like oil) or human 
beings in origin (i.e. manufactured materials or by products).  
 

 Pollutants result in environmental pollution or become public health concerns when 
they reach a concentration high enough to have significant negative impacts. 

 

 A pollutant may cause long or short-term damage by changing the growth rate of 
plant or animal species, or by interfering with resources used by humans, human 
health or wellbeing, or property values. 

 

Definition 
 

1. “Toxic or harmful substances that have adverse effect on the environment and living 
beings are known as pollutants.” 

 

2. “A pollutant is a chemical or biological substance which harms water, air, or land quality.” 

3. “Environmental pollutants are compounds introduced in the natural environment causing 

adverse changes, for example, adversely affecting health or causing other types of damage.” 
 

Types of pollutants 
 
On the basis of existence in nature 

 
a. Quantitative Pollutants 

The substances which are already present in the environment, but are termed as pollutants 

when their concentration (quantity) increases in the environment. eg. CO2 is present in the 

environment in greater quantity than normal and is hence termed as a quantitative pollutant. 
 

b. Qualitative Pollutant 
The substances which are not normally present in the environment and are added by 
human beings and are pollutants by nature. Eg. insecticides, pesticides 

https://en.wikipedia.org/wiki/Extraction_of_petroleum
https://en.wikipedia.org/wiki/By-product
https://en.wikipedia.org/wiki/Pollution
https://en.wikipedia.org/wiki/Pollutant_concentration


 

On the basis of the form in which they persist 

 
a. Primary Pollutants 

The substances which are directly emitted from the source and remain in that form are 
termed as primary pollutants eg, smoke, fumes, ash, dust, nitric oxide and sulphur- 
dioxide. 

 
b. Secondary Pollutants 

The substances which are formed by chemical reaction between the primary pollutants 
and constituents of the environment (i.e. those which are already present in the 
environment) .eg smog, ozone, sulphur-trioxide, nitrogen dioxide. 

 
On the Basis of Disposal 

 
a. Bio Degradable Pollutants 

The pollutants which are decomposed by natural processes eg. domestic (municipal) 
sewage. 

 
b. Non-Bio-degradable Pollutants 

The pollutants which don’t decompose naturally or decompose slowly eg. DDT, 
Aluminium cans. 

 
 

TYPES OF POLLUTION 
 

 

 

 

 

 

 



 

AIR POLLUTION 

Introduction 

 Air pollution refers to any physical, chemical or biological change in the air. It is the 
contamination of air by harmful gases, dust and smoke which affects plants, animals 
and humans drastically. 

 This imbalance in the gaseous composition has resulted in an increase in earth’s 
temperature, which is known as global warming." 

 Air pollution is contamination of the indoor or outdoor environment by any chemical, 
physical or biological agent that modifies the natural characteristics of the 
atmosphere.  

 Household combustion devices, motor vehicles, industrial facilities and forest fires 
are common sources of air pollution.  

 Pollutants of major public health concern include particulate matter, carbon 
monoxide, ozone, nitrogen dioxide and sulfur dioxide. Outdoor and indoor air 
pollution cause respiratory and other diseases and are important sources of 
morbidity and mortality. 

 

Definition 
 “Air Pollution is there lease of pollutants such as gases, particles, biological molecules, 

etc. into the air that is harmful to human health and the environment.” 
 

 “Air pollution is defined as the introduction of pollutants, organic molecules, or other 
unsafe materials into Earth’s atmosphere.” 

 

Causes of air pollution 
 
Natural causes 
 

1. Ash 
2. Sulphur-dioxide 
3. Ground level ozone 
4. Salt spray 
5. Volcanic gases 
6. Radon. 

 
Manmade Causes 
 

1. Burning of traditional biomass such as wood, crop waste and dung. 
2. Oil and gas sites that have methane leaks. 
3. Construction sites. 
4. High emission factors present in industries. 
5. Gaseous emission from transportation. 
6. Crackers bursting 
7. Deforestation 

 

https://en.wikipedia.org/wiki/Methane_leaks
https://en.wikipedia.org/wiki/Emission_factors


 

Effects of Air pollution 

1. Harmful to human health by causing coughing, difficulty in breathing, irritation to eyes, nose 
and throat, headache, dizziness, fatigue, respiratory diseases, cardiovascular damage, 
cancer, birth defects, damage of nervous system and even death. 

2. Animals also get affected by air pollution reproduction may get damaged.  
3. Harmful to vegetation as large exposure damages the stomata, growth and their survival. 
4. Burning fossil fuels releases sulfur and nitrogen oxides into the atmosphere. Acid rain 

forms when sulfur dioxide and nitrogen dioxide mix with water droplets in the atmosphere to 
make sulfuric acid and nitric acid. 

5. The hole in the ozone layer is caused by air pollutants. Chemicals used as refrigerants, such 
as chlorofluorocarbons (CFCs), contain chlorine atoms. Releasing chlorine atoms into the 
atmosphere destroys ozone. 

6. Gaseous ammonia (NH3) from agriculture and nitrogen dioxide (NO2) from car, truck, 
and air plane emissions increase the amount of nitrogen in soils. Plants need nitrogen to 
grow, but too much nitrogen can limit the growth of some plants and increase the growth 
of others, disrupting the balance of species within an ecosystem. 

7. Ecosystems can become imbalanced from air pollution. 
8. Pollution particulates eventually fall back to earth, contaminating the soil 
9. Air pollution creates acid rain, which can damage plants. Acid rain also changes 

soil chemistry, which can alter plant growth. 
10. Air pollution is also one of the major causes of global warming. Global warming can also 

lead to more destruct have natural calamities such as storms and cyclones. 
 

 

Measures to prevent air pollution 
 

1. Implement afforestation by planting more trees. 
2. Use of public transportation. 
3. Buy energy efficient vehicles like electric. 
4. Consider “Going Green”. 

5. Avoid Plastic Bags 
6. Always use recyclable and reusable products. 
7. Educate your companions and spread awareness in regards. 
8. Use filters for chimneys. 
9. Avoid usage of crackers. 

10. Avoid using of products with chemicals. 
 

    

https://scied.ucar.edu/learning-zone/air-quality/acid-rain
https://scied.ucar.edu/learning-zone/atmosphere/discovering-culprits-causing-ozone-holes


 

WATER POLLUTION 

Introduction 

 

Water pollution occurs when harmful substances often chemicals or microorganisms 
contaminate a stream, river, lake, ocean, aquifer, or other body of water, degrading water 
quality and rendering it toxic to humans or the environment.  

 Unsafe water kills more people each year than war and all other forms of violence 
combined. 

 The earth has more than two thirds of its surface covered with water in the form of 
oceans, rivers, lakes and streams.  

 Meanwhile, our drinkable water sources are finite: Less than 1 percent of the earth’s 
fresh water is actually accessible to us. 

 Water is uniquely vulnerable to pollution. Known as a “universal solvent,” water is 
able to dissolve more substances than any other liquid on earth. It’s also why water is 
so easily polluted. 

 Toxic substances from farms, towns, and factories readily dissolve into and mix with 
it, causing water pollution. 

 

Definition 

 “Water pollution can be defined as the contamination of water bodies.” 
  

 “Water pollution occurs when harmful substances—often chemicals or microorganisms— 
contaminate a stream, river, lake, ocean, aquifer, or other body of water, degrading water 
quality and rendering it toxic to humans or the environment.” 

 

Causes/Sources of water pollution 
 

1. Urbanization 

As human populations grow and cities expand, there is a corresponding increase in the pressure 
on local water resources. Urban areas often discharge untreated domestic sewage, household 
waste, and runoff containing pollutants into nearby water bodies. 

 Shared water resources in urban areas lead to contamination. 
 Polluted waterways become environmental health hazards. 

2. Deforestation 

The removal of trees reduces natural infiltration of water into the soil and increases surface runoff. 

 Lack of vegetation leads to soil erosion. 
 Eroded soils carry sediments and pollutants into rivers and lakes. 
 Risk of flooding and contamination of nearby reservoirs increases. 

3. Industrial Effluents 

Industries often release toxic chemicals and heavy metals into nearby water sources. 

 Includes mercury, lead, etc. 
 Harmful to aquatic life and human health. 
 Major contributor to long-term water pollution. 

 



 

4. Detergents, Pesticides, and Fertilizers 

 Detergents from household wastewater contain phosphates that promote algae growth. 
 Fertilizers and pesticides used in agriculture contaminate water through runoff. 
 Some religious and cultural practices, such as open cremation, can pollute rivers, 

especially in developing countries. 

5. Waterborne Diseases 

 Cholera 
 Typhoid 

These diseases spread through contaminated drinking water and unhygienic conditions. 

6. Agricultural Run-off 

Heavy rainfall and irrigation water carry excess fertilizers and pesticides into water bodies. 

 Nitrates and phosphates cause algal blooms and eutrophication. 
 Contaminates groundwater and freshwater sources over large areas. 

7. Sewage and Wastewater 

Untreated or partially treated sewage is one of the major sources of water pollution. 

 Contains nitrogen and phosphorus, which promote algal growth. 
 Often released into rivers and lakes, disturbing the aquatic balance. 

8. Oil Pollution 

Oil spills or leaks from ships, pipelines, or coastal refineries lead to serious marine pollution. 

 Affects marine organisms, birds, and coastal vegetation. 
 Difficult to clean and has long-lasting environmental impact. 

9. Radioactive Substances 

Naturally occurring radioactive materials (NORM) like uranium and thorium contaminate water. 

 Radiation from nuclear plants and waste disposal adds to the problem. 
 Prolonged exposure can cause cancer and genetic disorders in humans. 

10. Organic Wastes 

These are biodegradable materials such as food waste, agricultural residue, and animal 
manure 

 Decomposition consumes dissolved oxygen in water. 
 Results in oxygen depletion, killing aquatic animals (dead zones). 
  

11. Pathogens (Infectious Organisms) 

Bacteria, viruses, and protozoa enter water through sewage and animal waste. 

 Common pathogens: E. coli, Streptococcus faecalis. 
 Cause gastrointestinal and other diseases. 



 

12. Chemical Pollutants (Heavy Metals) 

Toxic heavy metals such as Cadmium, Mercury and Nickel. These are water-soluble and enter 
water bodies via industrial waste. 

 Cause damage to the nervous system, kidneys, and liver. 
 Bio accumulate in the food chain and are harmful even in small amounts. 

Effects of water pollution 

1. Destruction of biodiversity: Water pollution can also affect biodiversity by introducing toxic 
chemicals into aquatic ecosystems. These chemicals can accumulate in the tissues of 
aquatic organisms, causing mutations, reproductive problems, and other health issues. 

2. Contamination of the food chain: Fishing in polluted waters and the use of wastewater for 
livestock farming and agriculture can introduce toxins into foods which are harmful to our 
health when eaten. 

3. Lack of potable water: Pollution can come in many forms and almost always makes the 
water unfit for human consumption. 

4. Diseases: The WHO estimates that about 2 billion people have no option but to drink water 
contaminated by exposing them to diseases such as cholera, hepatitis A, and dysentery. 

5. Contamination of drinking water: Water pollution can cause contamination of drinking 
water, thereby contributing to waterborne illnesses. 

6. Soil chemical contamination: Water pollution also leaches chemicals into the soil that may 
impact the growth of plants or other food crops. 

7. Oil spills: Oil spilled into rivers often collects along the banks, where it clings to plants and 
grasses. The animals that ingest these contaminated plants may also be affected. Rocks 
found in and around flowing water serve as homes for mosses, which are an important basic 
element in a freshwater habitat's food chain. 

8. Mercury contamination: The release of mercury due to arms and weapons in water bodies, 
and such as damage the nervous system, kidneys, liver, and immune system of humans and 
animals consuming such water. 

9. Thermal pollution: This increases water temperature, which decreases the solubility of 
oxygen, affecting aquatic life. It can also indirectly affect water hardness as higher 
temperatures may lead to precipitation of calcium and magnesium. 

Measures to Prevent Water Pollution 

1. Proper disposal of household chemicals: Avoid flushing or draining any household 
cleaning chemicals, medications, or products that contain grease or oil. 

2. Proper chemical waste disposal: Toxic chemicals released from household activities and 
industries should be properly processed and recycled before disposal. 

3. Wastewater treatment: This involves removing pollutants from wastewater through physical, 
chemical, or biological processes. The more efficient these processes are, the cleaner the 
water becomes. 

4. Sustainable agriculture: Globally, agriculture accounts for 70% of water resource usage. It 
is essential to have climate-friendly crops, efficient irrigation that reduces water and energy 
needs, and sustainable food production. Green agriculture helps limit the chemicals that 
enter the water. 

5. Preventing air pollution: Air pollution has a direct impact on water contamination, as 25% 

of human-induced CO₂ emissions are absorbed by oceans. This causes rapid acidification of 
our oceans and threatens marine life and corals. 



 

6. Plastic waste reduction: 80% of ocean plastic comes from land sources. We need to both 
reduce global plastic use and improve plastic waste management. 

7. Water conservation: Managing water responsibly means being aware that it is a scarce 
resource and taking care of it accordingly. Water conservation helps ensure better access to 
clean water. 

8. Use of water-purifying plants: The plant known as ‘Water Hyacinth’ absorbs dissolved 
toxic substances like cadmium and mercury from water bodies, thus removing pollutants. 

9. Avoid dumping untreated waste: It is important to dispose of waste carefully and not dump 
it directly into water bodies without proper treatment. 

10. Industrial waste treatment: Industries should treat their wastes before disposing of 
chemicals and other materials into water bodies. Sewage and wastewater treatment plants 
must be established in industries to ensure safe mixing into river streams and to enable 
water recycling. 

11. Use natural fertilizers and pesticides: Using natural alternatives instead of chemical ones 
is beneficial for both plants and water. 

12. Use of chemical purification methods: Chemical processes such as coagulation, ion 
exchange methods, and reverse osmosis can greatly reduce water pollution levels. 

 

LAND POLLUTION 
 

Introduction 

 The degradation of the earth’s land surfaces, both above and below ground level, is referred 
to as land pollution.  

 Land pollution occurs when trash, compost, and other toxins are dumped on the land, 
contaminating or polluting it. It is mainly caused by human activities such as littering and 
waste washed ashore from boats, oil rigs, and sewage treatment plants. 

 The accumulation of solid and liquid waste products, which contaminate groundwater and 
soil, is the root cause. The greater the permeability of the soil, the greater the risk of land 
contamination. 

 Land pollution refers to the deterioration of the earth’s land surfaces at and below ground 
level. It is caused by the accumulation of solid and liquid waste materials that contaminate 
groundwater and soil. These waste materials are often referred to as municipal solid waste 
(MSW), which includes both hazardous and non-hazardous waste. 

Definition 

 Land pollution is the accumulation of solid or liquid waste materials in the soil to an extent 
that it adversely affects soil quality, plant growth, and overall ecosystem health. 

 Land pollution is the introduction of harmful substances or waste into the land that results in 
the disruption of natural processes and poses risks to human health, biodiversity, and the 
environment. 

 Land pollution is the reduction of soil fertility and productivity caused by the presence of 
chemicals, heavy metals, pesticides, or other contaminants in the land. 

Causes of Land Pollution 

1. Agricultural Activities – As animal production grows, it becomes decoupled from crop 
production, disrupting the nutrient cycle between plants, soil, and animals. This results in the 
widespread use of synthetic herbicides, insecticides, bactericides, and fertilizers, all of which 
contribute to pollution. 

2. Mining Activities – Mining pollutes air and water, damages biodiversity and ecosystems, 
and permanently alters natural landscapes. It harms the ecosystem by destroying habitats, 
causing soil erosion, and polluting both surface water and soil. 

 



 

3. Urbanization – Rapid urban growth prevents municipalities from offering adequate services. 
Increased air pollution from concentrated energy use and elevated lead levels from 
automobiles impact human health. 

4. Nuclear Waste – Soil contamination occurs due to radioactive waste from research facilities 
and power plants, as well as fallout from nuclear explosions. Since radioactive materials 
have long half-lives, they remain in the soil for extended periods. 

5. Litter and Waste – Improper disposal (littering and illegal dumping) causes land pollution. 
Common dumped items include asbestos waste, cars, and recyclable materials. All litter 
releases chemicals and micro-particles as it degrades. 

 

Effects of Land Pollution 

1. Climate Change – Land contamination from mining, farming, and industry allows harmful 
chemicals to enter the soil and water. These kill plants and animals, disrupt food chains, and 
cause methane release from landfills, contributing to global warming. 

2. Acid Rain – Forests at higher elevations suffer from acid rain and fog, which deplete calcium 
and release aluminum into the soil. This makes water absorption difficult for trees and 
damages their leaves. 

3. Soil Degradation – Pollutants like industrial waste, chemicals, and pesticides alter the soil's 
composition, reducing fertility, affecting agricultural productivity, and leading to food 
shortages. 

4. Water Contamination – Pollutants like fertilizers and chemicals seep into groundwater or 
runoff into rivers and lakes, making water unsafe for human and aquatic life. 

5. Harm to Wildlife – Animals depending on soil and vegetation are poisoned, disrupting food 
chains and reducing biodiversity. 

6. Human Health Issues – Exposure to heavy metals, plastics, and pesticides can cause 
respiratory issues, skin diseases, cancers, and spread diseases like cholera and dysentery. 

7. Loss of Ecosystems – Forests, wetlands, and grasslands may be degraded or destroyed, 
leading to habitat loss and disrupted ecological balance. 

8. Climate Change (Repetition) – Improper disposal of organic waste in landfills releases 
methane. Deforestation for construction increases carbon emissions. 

9. Soil Erosion – Polluted, degraded land cannot retain soil, leading to erosion and 
sedimentation of water bodies, reducing arable land. 

10. Impact on Food Safety – Crops grown in polluted soil absorb harmful chemicals, becoming 
unsafe for consumption. This affects food security globally. 

 

Measures to Prevent Land Pollution 

1. Sustainable Agricultural Practices – Reducing pesticide and chemical use in farming by 
switching to bio-fertilizers, manure, and natural alternatives can minimize environmental 
harm. Supporting local eco-conscious farmers or volunteering in urban gardens also 
contributes. 

2. Reforestation – Replanting trees in areas affected by deforestation or wildfires helps bind 
soil, prevent erosion, and reduce pollution. 

3. Solid Waste Treatments – Controlled chemical treatments like neutralization reduce the 
toxicity of waste before dumping into landfills. 

4. Reduce, Reuse, Recycle – Individuals can reduce waste by reusing and recycling materials 
instead of discarding them. With increased access to recycling, this is now easier than ever. 

5. Composting – According to the United States Environmental Protection Agency, over 30% 
of household waste (food and yard waste) can be composted instead of discarded. 
Composting helps reduce landfill loads and preserves land quality. 

 

 

 

 



 

MARINE POLLUTION 

Definition 
Marine pollution is the contamination of oceans by chemicals and trash, primarily from land-
based sources. It adversely affects the environment, marine organisms, and the global 
economy. Around 80% of marine pollutants originate from land. 

Causes of Marine Pollution 

1. Direct Discharge 
Factories and urban center often discharge pollutants directly into rivers, which eventually 
carry these toxins into the oceans. Plastics form a major portion of this waste. 

2. Land Run-off 
Surface runoff from agriculture, industries, and urban areas brings silt and chemical-laden 
particles (carbon, nitrogen, phosphorus, etc.) into coastal waters. Roads and highways also 
contribute significantly. 

3. Ship Pollution 
Oil spills are the most well-known type of ship pollution, harming marine life and taking years 
to clean. Additionally, waste discharge from ballast tanks of ships is a major threat. 

4. Atmospheric Pollution 
Winds can carry debris, dust, and plastics from landfills near oceans into the water, 
increasing the pollutant load. 

5. Climate Change 

Rising ocean temperatures and increasing CO₂ levels alter marine ecosystems and affect 
fish distribution, harming communities dependent on fisheries. 

6. Deep Sea Mining 
Extracting minerals like gold, copper, cobalt, etc., from the ocean floor releases pollutants 
directly into marine ecosystems, disrupting ecological balance. 

7. Marine Accidents 
Accidental leaks, spills, or equipment corrosion alter the local marine environment and lead 
to long-term ecological damage. 

Effects of Marine Pollution 

1. Eutrophication 
Excess nitrogen and phosphorus lead to excessive algae growth, reduced oxygen levels, 
and death of aquatic species. 

2. Plastic Debris 
80% of floating ocean debris is plastic. It blocks digestive tracts, suffocates marine animals, 
and causes fatal health effects. 

3. Toxins 
Persistent toxins like DDT, PCBs, dioxins, radioactive waste, etc., linger in oceans and cause 
long-term harm to marine ecosystems. 

4. Bioaccumulation 
Heavy metals like mercury, arsenic, cadmium accumulate in marine organisms, transferring 
through the food chain, including humans. 

5. Ocean Acidification 

Increasing CO₂ levels reduce ocean pH, damaging coral reefs, shellfish, and altering 
biodiversity. 

6. Underwater Noise Pollution 
Noise from ships, sonar, and oil exploration interferes with communication, navigation, and 
mating of marine animals, especially those with poor vision. 

 
 
 
 



 

Measures to Control Marine Pollution 

1. Reduce Plastic Production & Waste 
Promote alternatives to single-use plastics. 

2. Improve Wastewater Systems 
Upgrade infrastructure to prevent untreated waste from reaching oceans. 

3. Use Eco-friendly Products 
 Reusable bags and bottles 
 Natural cleaning products 
 Sustainable seafood 
 Non-toxic health & beauty products 

4. Reduce Chemical Pollution 
Control the use of fertilizers and pesticides in agriculture to reduce run-off into oceans. 

5. Manage Oil Spills 
 Invest in response technologies 
 Enforce strict regulations 
 Improve offshore safety standards 

6. Beach & River Clean-ups 
Community-driven cleanups help reduce waste and raise awareness. 

7. Monitoring & Accountability 
Regular water quality monitoring at local, regional, and national levels is crucial for assessing 
pollution levels and enforcing corrective actions. 

 

THERMAL POLLUTION 

Definition 
Thermal pollution is the addition of excess and undesirable heat to natural water bodies, making it 
harmful to humans, animals, and aquatic life. This temperature rise disrupts aquatic ecosystems 
and leads to a decline in biological diversity by interfering with the natural activities of aquatic 
communities. 

Causes/Sources of Thermal Pollution 

1. Nuclear Power Plants 
 Discharge heated water used for cooling into nearby water bodies. 
 Release traces of radioactive materials and high heat from reactors and processing 

plants. 
2. Coal-Fired Power Plants 

 Use water from rivers/lakes to cool condenser coils, then release it back at elevated 
temperatures. 

 Decreased dissolved oxygen and sudden temperature changes cause thermal shock 
to aquatic life. 

3. Industrial Effluents 
 Industries like textile, paper, sugar, and pulp release hot cooling water with effluents. 
 Heavy organic load reduces dissolved oxygen (DO), killing aquatic organisms. 

4. Hydroelectric Power Generation 
 Alters the thermal balance of water systems by changing the water flow and retention 

time. 
 Industrial cooling processes also contribute to temperature changes. 

5. Domestic Sewage 
 Released without adequate treatment into natural water bodies. 
 Higher organic content and temperature reduce DO and may lead to anaerobic 

conditions, releasing toxic gases and killing aquatic life. 

 
 
 



 

Effects of Thermal Pollution 

1. Reduction in Dissolved Oxygen 
 Warmer water holds less oxygen, which is critical for aquatic life survival. 

2. Increase in Toxicity 
 Higher temperatures increase the toxicity of substances. 
 A 10°C rise doubles potassium cyanide toxicity; an 8°C rise triples the toxicity of o-

xylene. 
3. Disruption of Biological Activity 

 Affects respiration, metabolism, digestion, and overall development. 
 Can destabilize the entire aquatic ecosystem. 

4. Interference in Reproduction 
 Fish reproduction, including nest building, spawning, and hatching, is temperature-

sensitive. 
 Thermal imbalance delays or inhibits these activities. 

5. Direct Mortality 
 Fish and microorganisms may die suddenly due to heat shock, exhaustion, or failure 

of respiratory and nervous systems. 
6. Food Shortages for Fish 

 Alters the abundance and timing of phytoplankton and other lower organisms, 
creating mismatches in the food chain. 

Control Measures for Thermal Pollution 

1. Cooling Towers 
 Devices that transfer heat from water to air by evaporation. 
 Two Types: 

 Wet Cooling Tower: Hot water sprayed over baffles; cool air removes heat. 
 Dry Cooling Tower: Hot water circulates in pipes; air blown over pipes to cool 

water. 
2. Cooling Ponds 

 Shallow, open water bodies where hot water is stored and cooled naturally before 
reuse or discharge. 

 Promotes heat dissipation through surface exposure. 
3. Spray Ponds 

 Water from condensers sprayed into ponds through nozzles as fine droplets. 
 Droplets lose heat to the atmosphere quickly, aiding in efficient cooling. 

4. Artificial Lakes 
 Man-made reservoirs created for cooling water systems. 
 Hot water enters from one side and cool water is withdrawn from another, allowing 

gradual cooling and minimal ecological disruptio



 

          NOISE POLLUTION 

Definition 

Noise pollution refers to unwanted or excessive sound that can have harmful effects on 
human health, wildlife, and the overall environmental quality. It is more than just a 
nuisance—it can lead to serious physiological and psychological problems. 

Noise pollution is commonly generated inside many industrial facilities and workplaces, 
but it also comes from highway traffic, railway movement, airplane traffic, and outdoor 
construction activities. 

The disturbance produced in the environment due to undesirable, loud, and harsh sounds 
above the level of 120 dB is called noise pollution.  

    What is Sound? 

Sound waves are vibrations of air molecules carried from a noise source to the ear. Sound 
is typically described in terms of its: 

 Loudness which is measured in logarithmic units called decibels (dB). 
 Pitch (frequency) of the wave. 

The normal human ear can detect sounds that range between 0 dB (hearing threshold) 
and about 140 dB, with sounds between 120 dB and 140 dB causing pain. 

The rate at which sound energy is transmitted is called sound intensity. 

Causes of noise pollution 

1. Industrialisation 
Industrialisation has led to an increase in noise pollution as the use of heavy machinery 
such as generators, mills, and large exhaust fans has become common. These machines 
generate unwanted and continuous noise, especially in factories and manufacturing 
plants. 

2. Vehicles 
The increased number of vehicles on roads is a major contributor to noise pollution. The 
sound of engines, honking, and braking from cars, buses, and trucks creates constant traffic 
noise, particularly in urban areas. 

3. Events 
Social and public events such as weddings, political rallies, and religious gatherings 
often use loudspeakers to play music or deliver speeches. These result in excessive noise 
that disturbs the surrounding neighbourhood. 

      4.   Construction Sites 
Mining activities, road works, and construction of buildings generate loud noises from 
drills, bulldozers, and heavy machinery. These are continuous sources of noise, especially 
in developing and urbanizing areas. 
 

5. Aircraft Noise 
Noise from aircraft is a major source of noise pollution, particularly near airports. The law 
prescribes noise limits for different zones (industrial, commercial, residential) based on 
aircraft movements. However, jet engines and low-flying planes still cause serious 
disturbance to nearby residents. 
 



 

6. Internal Building Noise 
Noise within buildings from plumbing, boilers, generators, air conditioners, and fans can be 
both audible and annoying. Poor insulation can allow sound from amplified music, loud 
voices, footfalls, and neighbouring activities to travel between rooms or flats. 
External noise from traffic, emergency vehicles, garbage collection, and other city activities 
can also disturb urban residents especially when windows are open. 
 

7. Household Equipment 
Certain household appliances such as vacuum cleaners, mixers, grinders, and blenders are 
common noise sources in homes. Although their individual contribution is not very large, 
when used frequently or simultaneously, they can add to daily noise levels. 
 

       8. Festivals and Firecrackers 
Indian festivals such as Diwali, Holi, and wedding celebrations involve bursting of 
firecrackers. This is a serious health hazard, as it causes both air pollution and noise 
pollution. The loud explosions can lead to temporary or permanent hearing loss, particularly 
in children, elderly people, and animals. 

 

Effects of Noise Pollution 

1. Hypertension: Hypertension is a direct effect of noise pollution. Prolonged exposure to loud 
noise can elevate blood pressure levels and keep them high for extended durations, 
contributing to serious cardiovascular strain. 

2. Hearing Loss: Constant exposure of the human ear to loud noises beyond the tolerable 
range can damage the eardrums, resulting in partial or permanent hearing loss. 
 

3. Sleeping Disorders: Noise pollution severely disrupts sleep cycles, resulting in fatigue, 
irritability, and low energy levels throughout the day. Lack of proper sleep also affects 
cognitive performance and emotional balance. 
 

4. Cardiovascular Issues: Loud noise can cause heart-related problems such as high blood 
pressure, increased stress levels, and cardiovascular diseases. People already suffering 
from heart ailments may experience sudden worsening of symptoms. 

5. Interference in Communication: Noise interferes with speech and verbal communication. 
When both noise and speech occur together, one may drown out the other, making 
communication ineffective or inaudible. 

6. Effect on Performance: Noise can affect a person’s alertness, concentration, and work 
efficiency. Activities that require vigilance, information processing, or analytical thinking may 
be hampered by high noise levels. 

7. Physiological Effects: Noise impacts blood vessels, especially smaller ones called pre-
capillaries, by causing them to constrict. This reduces blood flow to areas such as the toes, 
fingers, skin, and abdominal organs. 
Conversely, blood vessels feeding the brain dilate in response to noise, which often results in 
headaches and mental fatigue. 

7. Stress: Noise pollution is a major contributor to stress, causing symptoms like headaches, 
irritability, sleep disturbances, digestive issues, and mental fatigue. Long-term exposure can 
also lead to psychological disorders. 

8. Effect on Unborn Babies and Children: The foetus is not fully protected from noise. 
Prolonged exposure may affect fetal development, such as reducing birth weight. Children 
are especially vulnerable—noise may interfere with their reading ability, speech 
development, language learning, and overall cognitive growth. 

 



 

 

Control Measures of Noise Pollution 

1. Plant more trees: Trees are natural noise absorbents. According to studies, dense 
vegetation can reduce noise by 5 to 10 decibels (dB) in areas surrounding them. 

2. Ban honking in sensitive zones: Honking in public places such as educational 
institutions, hospitals, and libraries should be strictly prohibited as it causes unnecessary 
disturbance to people in these areas. 

3. Install soundproof system: Commercial, hospital, and industrial buildings should be 
equipped with adequate soundproofing systems to reduce indoor and outdoor noise 
transmission. 

4. Control musical instrument volume: The sound levels of musical instruments and audio 
systems should be kept within permissible limits to avoid loud, disruptive noise in public or 
residential areas. 

5. Maintain dense tree cover: Planting and maintaining a thick tree cover acts as a buffer 
and is highly effective in reducing environmental noise. 

6. Avoid use of explosives in sensitive zones: The use of explosives in forest areas, 
mountainous regions, and mining zones should be minimized or banned as they generate 
extreme sound levels that disturb both people and wildlife. 

7. Turn off unused appliances: Home and office appliances such as televisions, gaming 
consoles, computers, etc., should be turned off when not in use to reduce unnecessary 
noise and stress on the ears. 

8. Minimize noise exposure at home: Close the door of rooms where washing machines or 
dishwashers are operating, or use them when no one is present. This helps in reducing 
overlapping exposure to loud household noise. 

 

NUCLEAR POLLUTION (RADIOACTIVE POLLUTION) 

Definition 
Nuclear pollution, also known as radioactive contamination, refers to the presence or 
deposition of radioactive materials in solids, liquids, gases, or on surfaces where their 
presence is unintended or undesirable. Some naturally occurring elements have unstable 
atomic nuclei, which decay and emit alpha, beta, and gamma rays, and free neutrons—all 
forms of ionizing radiation. These emissions are extremely hazardous to human health and 
the environment. 

The level of danger posed by radioactive contamination depends on: 

 The concentration of radioactive particles 
 The type and energy of radiation 
 The duration and proximity of exposure to humans, animals, and plants 

Radioactive contamination can damage living cells, tissues, DNA, and can lead to long-term 
environmental and genetic impacts. 

  Causes of Nuclear Pollution 
 

1. Nuclear Waste Disposal 
Nuclear power plants generate waste that remains radioactive for millions of years. Some 
of this waste is dumped into oceans (e.g., the Pacific Ocean), or stored underground. Such  
disposal risks contaminating groundwater, soil, and the food chain. 
 

      2.   Nuclear Accidents 
Catastrophic events at nuclear power plants (e.g., Chernobyl, Fukushima) release massive 
radioactive emissions, affecting people and ecosystems for decades. 
  
 



 

      3.   Nuclear Weapons 
Testing and use of nuclear weapons (e.g., Hiroshima and Nagasaki) release radiation into 
the atmosphere. When this radiation settles, it contaminates soil, water, plants, and 
animals. 
 

      4.   Medical Facilities 
Hospitals use radioactive isotopes for diagnosis and therapy. Mishandling or improper 
disposal can lead to localized contamination. 
 

      5.   Industrial and Research Facilities 
Institutions working with radioactive substances may release contaminants into the 
environment if safety protocols are not strictly followed. 
 

      6.   Mining and Extraction Activities 
The extraction of uranium and other radioactive ores can release radioactive dust and 
waste into surrounding environments. 
 

     7.    Use of Radioisotopes in Manufacturing 
Radioisotopes are used in detectors, gauges, and other industrial applications. If improperly 
managed, they can contaminate waterways and soil. 
 

     8.    Radioactive Spills 
Accidents involving ships or submarines carrying radioactive materials can cause spillage 
into the oceans, rivers, and coral reefs, severely harming marine life. 

 

Effects of Nuclear Pollution 
 

1. Human Health Hazards 
Exposure to radiation can cause: 

 Cancer (especially leukemia) 

 Anaemia 

 Skin lesions, burns 

 Cardiovascular diseases 

 Genetic disorders 

 Premature aging and death 
 

2. Infertility of Soil 
Radiation disrupts the nutrient composition of soil, rendering it sterile and toxic. Crops 
grown in such soil are unsafe for consumption. 
 

      3.   Cell Damage and Mutation 
Radiation damages or mutates cells, leading to irreversible tissue and organ destruction. 
 

      4.   Skin Burns and Lesions 
Exposure can cause acute burns, red patches, and potentially skin cancer. 
 

      5.   Impact on Plant Life 
Radiation affects plant growth and reproduction by damaging chromosomes and  
 

      6.   Impact on Marine Life 
Radioisotopes released into oceans affect fish tissues and bones, contaminate seaweed, 
and accumulate in shellfish, entering the human food chain. 

 

 

 

 
 
 



 

Control Measures of Nuclear Pollution 
 

1. Separate Waste Streams 
Radioactive waste must not be mixed with non-radioactive waste. 
 

2. Limit Material Use 
Order and use radioactive substances in minimal, required quantities only. 
 

3. Minimize Waste Generation 
Develop and adopt processes that reduce the production of radioactive waste. 
 

4. Use Neutralizing Reagents 
Use chemicals that can reduce the toxicity and volume of radioactive waste before 
disposal. 
 

5. Proper Waste Storage 
Radioactive waste should be stored in sealed concrete containers. If storage isn’t viable, 
radiation may be diluted under controlled conditions. 
 

6. Labeling and Record-Keeping 
All radioactive materials must be clearly labeled, including 

 Permit number 
 Date 
 Isotope name 
 Radioactivity levels 

7. Occupational Safety 
Exposure to radiation at workplaces must remain below prescribed dose limits. 

8. Medical Safety Measures 

 Use X-rays only when medically necessary. 
 Avoid unnecessary routine X-rays. 
 Operate high-quality X-ray machines handled by trained technicians. 

9. Warning Signage 
Clear signage must indicate the presence of radioactive materials to prevent unintentional 
exposure. 
 

10. Use Alternative Energy 
Promote and invest in renewable energy sources (e.g., solar, wind, hydro) to reduce 
dependence on nuclear energy. 
 

11. Nuclear Disarmament 
Global initiatives to disarm and eliminate nuclear weapons help minimize the risk of 
radioactive exposure. 
 

12. Safe Site Planning 
Nuclear sites should be constructed with natural disasters (e.g., earthquakes, tsunamis) in 
mind. Avoid locating plants in disaster-prone zones. 

 

 

 



 

SOLID WASTE MANAGEMENT 
 

Definition 

Solid Waste Management refers to the collection, transportation, processing, and disposal of 
solid waste in an environmentally and economically sustainable manner. With rapid urbanization 
and industrialization, managing waste has become a major environmental and public health 
concern.  

Improper handling of solid waste can lead to severe environmental pollution, health hazards, 
and economic losses.  

Types of solid waste 

Category Examples 

Urban Waste Household garbage, commercial waste, street litter, construction 
debris 

Industrial Waste 
 

Metal scraps, chemical residues, ash, plastic, rubber,  

Biomedical Waste 
 

Hospital waste, syringes, bandages, expired medicines 

E-Waste 
 

Discarded electronic devices like mobiles, computers, and 
batteries 

Hazardous Waste 
 

Flammable, toxic, corrosive, or reactive industrial waste 

Agricultural Waste 
 

Crop residue, pesticide containers, and animal waste 

 

Urban wastes 
 
Definiton 

 
Urban waste is generated by households, commercial establishments, public areas, and 
municipal services. It includes biodegradable and non-biodegradable components. 
 
Causes of Urban Waste 

1. Overpopulation and Urban Migration 
More people mean more consumption and more waste generation. 

2. Changing Lifestyle & Consumerism 
Increased use of packaged goods, plastic, and disposable items. 

3. Inefficient Municipal Systems 
Poor waste collection, lack of segregation and improper disposal. 

4. Construction and Demolition Activities 
Uncontrolled debris, bricks, tiles, and cement waste. 

5. Public Events & Markets 
High volumes of food waste, packaging materials, and street litter. 

Effects of Urban Waste 

1. Environmental pollution (air, soil, water contamination) 
2. Blocked drains and urban flooding due to clogged waste 
3. Unhygienic living conditions and vector-borne diseases. 
4. Overburdened landfills and municipal budgets 

 
 
 



 

Control measures for urban waste 

1. Source Segregation 
Separate dry and wet waste at the household and institutional levels. 

2. Composting and Biogas Production 
Use organic waste to produce manure and energy. 

3. Recycling and Reuse 
Encourage collection centers for paper, plastic, glass, and metals. 

4. Waste-to-Energy Plants 
Convert non-recyclable dry waste into electricity or fuel. 

5. Awareness Campaigns 
Educate citizens on waste reduction and proper disposal. 

6. Strengthen Municipal Infrastructure 
Invest in better collection vehicles, bins, and landfill sites. 

7. Public-Private Partnerships (PPP) 
Involve private sector in waste collection and recycling 

Industrial wastes 
 
Definiton 

Industrial waste is the by-product of manufacturing and processing activities. It can be 
hazardous or non-hazardous, depending on the material used. 

Causes of Industrial Waste 

1. Outdated Production Technology 
Inefficient methods lead to higher waste generation. 

2. Mass Production with Poor Planning 
Excess raw material use results in excess scrap. 

3. Chemical Usage & Toxic By-products 
Leads to hazardous residues and sludge. 

4. Improper Disposal & Storage 
Leakage, spills, and open dumping of waste. 

5. Negligence and Weak Regulations 
Lack of enforcement encourages irresponsible disposal. 

Effects of Industrial Waste 

1. Contamination of groundwater and surface water 
2. Toxicity in soil, rendering it infertile 
3. Air pollution from chemical vapors and particulates 
4. Bioaccumulation of heavy metals in humans and animals 
5. Health impacts like cancer, respiratory illness, and skin diseases 
6. Industrial accidents, fires, and chemical leaks 

Control measures for industrial waste 

1. Cleaner Production Technology 
Reduce waste at source through modern, eco-friendly processes. 

2. Treatment Facilities  
Set up Effluent Treatment Plants (ETPs) for liquid and solid waste. 

3. Strict Legal Compliance 
Follow rules under the Environment Protection Act and Hazardous Waste Rules. 

4. Hazardous Waste Disposal Sites 
Special containment zones for toxic and reactive wastes. 

 



 

5. Regular Waste Audits and Monitoring 
Evaluate waste generation patterns and improve efficiency. 

6. Incentives for Waste Reduction 
Tax benefits and recognition for eco-friendly industries. 

DISASTER MANAGEMENT 
 

Definition 
 
Disaster management refers to the organization, planning, and application of measures 
preparing for, responding to, and recovering from natural or man-made disasters. Its 
objective is to minimize the impact of disasters on human life, infrastructure, economy, and 
the environment. 

 

1. Floods 

Definition 
A flood is an overflow of water that submerges land which is usually dry. It is one of the most 
common and widespread natural disasters worldwide. 

Causes 

 Heavy rainfall beyond drainage capacity 
 Sudden melting of snow and glaciers 
 Dam failure or overflow 
 Deforestation and poor land use 
 Urbanization and poor drainage systems 
 Cyclones and tsunamis 

Effects 

 Loss of human lives and livestock 
 Destruction of property and infrastructure 
 Waterborne diseases such as cholera, dysentery 
 Disruption of transportation and communication 
 Soil erosion and destruction of crops 
 Economic losses and displacement 

Preventive Measures 

 Construction of dams, levees, and embankments 
 Flood forecasting and early warning systems 
 Improved drainage systems in urban areas 
 Afforestation and watershed management 
 Proper zoning and land use planning 

Remedial Measures 

 Immediate evacuation of affected people 
 Emergency relief (food, water, shelter, healthcare) 
 Rescue operations using boats and helicopters 
 Disinfection of water sources to prevent diseases 
 Reconstruction and rehabilitation efforts 
 Financial compensation and insurance support 

 
 
 



 

 
 

2. Earthquakes 

Definition 
An earthquake is the sudden shaking of the ground caused by the movement of tectonic plates 
beneath the Earth’s surface. 

Causes 

 Movement of tectonic plates along fault lines 
 Volcanic eruptions 
 Collapse of underground caves 
 Nuclear explosions (man-made cause) 

Effects 

 Massive loss of life and injuries 
 Destruction of buildings, roads, and bridges 
 Fire outbreaks due to gas line ruptures 
 Landslides and tsunamis (secondary disasters) 
 Disruption of essential services (electricity, water) 
 Emotional trauma and economic setback 

Preventive Measures 

 Earthquake-resistant construction techniques 
 Strict building codes and regulations in seismic zones 
 Public awareness and mock drills 
 Seismic hazard mapping and land use planning 

Remedial Measures 

 Deployment of search and rescue teams 
 Emergency medical assistance and trauma counseling 
 Restoration of communication and transport 
 Rebuilding of homes and infrastructure 
 Government aid and international support 

3. Cyclones 

Definition 
A cyclone is a large scale air mass that rotates around a strong center of low atmospheric 
pressure, bringing high winds and heavy rainfall. 

Causes 

 Warm ocean waters and moisture-laden air 
 Coriolis force (due to Earth's rotation) 
 Atmospheric disturbances and pressure differences 

Effects 

 Strong winds damaging homes and infrastructure 
 Heavy rainfall causing floods and waterlogging. 
 Storm surges inundating coastal areas. 
 Destruction of crops and loss of livestock. 
 Disruption of electricity and transport. 



 

 Economic loss and displacement of communities. 

Preventive Measures 

 Early warning systems using satellite technology 
 Construction of cyclone shelters and embankments 
 Public education and emergency preparedness 
 Proper drainage and storm water management 

Remedial Measures 

 Evacuation of coastal populations before landfall 
 Provision of emergency supplies and shelters 
 Restoration of power and communication lines 
 Medical care and mental health support 
 Long-term rebuilding and livelihood assistance 

4. Landslides 

Definition 
A landslide is the sudden downward movement of rock, earth, or debris on a slope due to 
gravity, often triggered by rain, earthquakes, or human activity. 

Causes 

 Intense rainfall or snowmelt 
 Earthquakes and volcanic activity 
 Deforestation and mining activities 
 Poor construction and land use 
 Overloading of slopes 

Effects 

 Burial of people and property under debris 
 Disruption of roads, railways, and pipelines 
 River blockage and creation of artificial lakes 
 Loss of agricultural land 
 Environmental degradation 

Preventive Measures 

 Retaining walls and proper drainage on slopes 
 Reforestation and vegetation cover on hills 
 Hazard zoning and controlled land use 
 Monitoring of slope movement 

Remedial Measures 

 Immediate search and rescue operations 
 Rehabilitation of displaced persons 
 Slope stabilization and reengineering 
 Awareness programs in hilly regions 

 Restoration of services and infrastructure. 

 

 

 

 



 

 

UNSTAINABLE TO SUSTAINABLE DEVELOPMENT 
 

Sustainable development 

Definition 
Sustainable development is development that meets the needs of the present, without 
compromising the ability of future generations to meet their own needs. 
It balances environmental, social, and economic needs, ensuring long-term development that 
protects the planet and promotes human well-being. 

Unsustainable development 

Definition 
Unsustainable development occurs when present progress is made at the expense of future 
generations. It often leads to resource overuse, environmental degradation, and increased 
social inequality. 

Objectives of Sustainable Development 

1. Prosperity 
2. Peace 
3. The well-being of the people 
4. Partnerships 
5. Preservation of the planet 

 

Unsustainable to Sustainable Development Transition 
 

Unsustainable Development Characteristics 

1. Resource Depletion – Overexploitation of forests, minerals, and water. 
2. Environmental Degradation – Pollution, deforestation, soil erosion, biodiversity loss. 
3. Social Inequity – Disparities in access to services and opportunities. 
4. Economic Instability – Focus on short-term gains. 
5. Climate Change – Increased emissions and extreme events. 

Transition to Sustainable Development 

1. Resource Efficiency – Renewable energy, waste reduction. 
2. Environmental Protection – Ecosystem restoration, sustainable land use. 
3. Social Inclusion – Equity in access to services and opportunities. 
4. Economic Diversification – Green industries, innovation. 
5. Climate Action – Mitigation and adaptation. 
6. Community Empowerment – Local participation in development. 
7. Global Cooperation – Addressing global issues like poverty and climate change



 

URBAN PROBLEMS RELATED TO ENERGY 

1. High Energy Consumption – Dense population and infrastructure. 
2. Dependence on Fossil Fuels – Coal, oil, and gas reliance. 
3. Air Pollution – Emissions from transportation and industries. 
4. Greenhouse Gas Emissions – Urban areas as major emitters. 
5. Heat Island Effect – Increased urban temperature. 
6. Energy Inefficiency – Outdated buildings and systems. 
7. Transportation Challenges – Congestion, pollution. 
8. Energy Poverty – Inability of low-income groups to afford energy. 
9. Infrastructure Vulnerability – Affected by disasters and cyberattacks. 
10. Waste Management – Energy-intensive disposal systems. 

 

WATER  MANAGEMENT (CONSERVATION) 
 

Water Conservation Methods 

1. Reduce Water Waste – Fix leaks, use low-flow fixtures. 
2. Efficient Irrigation – Drip systems, native landscaping. 
3. Rainwater Harvesting – For gardening, flushing, etc. 
4. Greywater Recycling – Reuse household wastewater. 
5. Water-Efficient Appliances – Energy star-rated devices. 
6. Educational Campaigns – Public awareness initiatives. 
7. Water-Efficient Landscaping – Xeriscaping, mulching. 
8. Smart Water Management – Leak detectors, smart meters. 
9. Policy and Regulation – Local and national incentives. 
10. Community Engagement – Collective water-saving efforts. 

 

RAINWATER  HARVESTING 
 
Definition 
Rainwater harvesting is the collection and storage of rainwater from rooftops, roads, and 
open spaces for later use. 
 

Objectives 

1. Water conservation 
2. Water security during scarcity 
3. Flood and erosion mitigation 
4. Groundwater recharge 
5. Drought resilience 
6. Cost savings 
7. Environmental benefits 
8. Community empowerment 
9. Climate resilience 
10. Contribution to sustainable development 

Methods of Rainwater Harvesting 

1. Rooftop Harvesting – Gutters and storage tanks 
2. Surface Runoff Harvesting – Channels and infiltration 
3. Rainwater Ponds – Natural depressions for storage 
4. In-Ground Storage – Underground cisterns 
5. Rain Gardens – Aesthetic infiltration systems 



 

 

6. Permeable Paving – Allows infiltration 
7. Fog and Dew Collection – Condensation methods 
8. Green Roof Systems – Retain water on rooftops 

 

WATERSHED MANAGEMENT 

Definition 
Watershed management involves planning and implementing land and water use practices to 
protect and improve the quality of natural resources within a watershed. 

Importance 

 Prevents pollution from runoff 
 Controls land degradation 
 Ensures sustainable water quality and availability 

Methods 

1. Land Use Management – Agro forestry, zoning, reforestation. 
2. Water Conservation – Harvesting, efficient irrigation. 
3. Erosion and Sediment Control – Terracing, contour farming. 
4. Water Quality Management – Monitoring and pollution control. 
5. Floodplain Management – Mapping, zoning, and flood control structures. 

 

 
  



 

UNIT 4: Social Issues, Legislation, and Practical Applications 

 
  OVERVIEW OF ENVIRONMENTAL LEGISLATION IN INDIA 

India is one of the few countries where environmental protection is embedded in the Constitution 
and backed by an evolving legal framework. Over the decades, environmental challenges such as 
water pollution, air pollution, deforestation, hazardous waste, and industrial disasters have forced 
governments to enact specific laws to protect and preserve the environment. 

The main environmental laws in India include 

 The Water (Prevention and Control of Pollution) Act, 1974 
 The Air (Prevention and Control of Pollution) Act, 1981 
 The Environment (Protection) Act, 1986 

These laws aim to monitor, regulate, prevent, and penalize activities that harm the environment, 
while promoting sustainable development. 

Key Objectives of Environmental Legislation 

 To prevent and control pollution (air, water, soil, etc.) 

 To protect biodiversity, forests, and wildlife 

 To ensure the proper use of natural resources 

 To hold polluters accountable 

 To promote sustainable and eco-friendly development 

Role of Judiciary in Environmental Protection 

The Indian Judiciary, especially the Supreme Court and High Courts, has played a proactive 
role in environmental protection, often stepping in when the executive or legislature has failed. 

Public Interest Litigation (PIL) 

 Citizens can file PILs for environmental issues. 

 These allow courts to take suo motu (on their own) actions. 

 Example: M.C. Mehta v. Union of India – landmark case on pollution and Ganga river 
cleaning. 

Constitutional Provisions Related to Environment 

 Article 48-A (Directive Principles): 
“The State shall endeavour to protect and improve the environment and to safeguard the 
forests and wildlife of the country.” 

 Article 51-A(g) (Fundamental Duties): 
“It shall be the duty of every citizen to protect and improve the natural environment including 
forests, lakes, rivers and wildlife, and to have compassion for living creatures.” 

 
 

 Overview of key environmental legislation and the judiciary's role in environmental 
protection,  

 The Water (Prevention and Control of Pollution) Act of 1974, 

 The Environment (Protection) Act of 1986, and  

 The Air (Prevention and Control of Pollution) Act of 1981. 
 
 
 
 
 
 



 

Landmark Contributions 

 Interpreted Article 21 (Right to Life) to include Right to a Healthy Environment. 
 Issued strict guidelines for polluting industries, vehicle emissions, noise pollution, etc. 
 Introduced “Polluter Pays” and “Precautionary Principles” in Indian environmental 

jurisprudence. 

Environmental Courts 

 Encouraged creation of National Green Tribunal (NGT) in 2010 to deal with environmental 
disputes. 

 

THE WATER (PREVENTION AND CONTROL OF POLLUTION) ACT, 1974  

 Enacted in 1974, it was the first comprehensive environmental law in India. 
 The Act was passed to tackle the issue of growing water pollution from industrial 

discharge, domestic sewage, and agricultural runoff. 
 It was also a response to India’s commitment to the 1972 United Nations Conference on 

the Human Environment (Stockholm Conference). 

 Objectives 

 To prevent and control the pollution of water sources such as rivers, lakes, streams, and 
groundwater. 

 To maintain or restore the "wholesomeness of water" – meaning that water should be 
suitable for human consumption, agriculture, and aquatic life. 

 To establish Pollution Control Boards at the Central and State levels to manage water 
quality. 

 Key Provisions 

1. Establishment of Central and State Pollution Control Boards (CPCB & SPCBs) 
 CPCB sets national standards and coordinates with states. 
 SPCBs implement policies at the state level, issue permissions, monitor water bodies, 

and take enforcement actions. 
2. Consent Mechanism 

 Industries must obtain: 

 Consent to Establish (CTE): Before starting operations. 

 Consent to Operate (CTO): Before discharging effluents into water bodies. 
 These permissions are only granted if the unit complies with prescribed pollution 

control norms. 
3. Sampling and Inspection Powers 

 Pollution Control Boards can inspect premises, take water samples, and analyze 
pollutants. 

 They can issue directions to stop, limit, or regulate water pollution from industries. 
4. Prohibition on Disposal of Pollutants 

 No person or industry is allowed to discharge pollutants into any stream, well, or 
sewer without prior consent of the SPCB. 

5. Penalties 
 For violation, the responsible person can be punished with: 

 Imprisonment up to 3 months 

 Fine up to ₹10,000 

 Continuing offences lead to additional ₹5,000 per day 

 
 
 



 

Significance 

 Paved the way for institutional mechanisms for pollution control. 
 Provided legal recognition to the need for clean water and monitoring of industrial 

effluents. 
 Helped raise public awareness about the need for water conservation and cleanliness. 

 

The Air (Prevention and Control of Pollution) Act, 1981 
  
Background 

 Inspired by the Stockholm Conference (1972) and increasing cases of respiratory and 
environmental diseases due to poor air quality. 

 It recognized the need for a separate law to regulate air pollution caused by vehicles, 
factories, thermal power plants, and domestic activities. 

Objectives 

 To prevent, control, and abate air pollution. 
 To ensure clean air for health and ecological balance. 
 To empower the Pollution Control Boards to implement and monitor air quality norms. 

Key Provisions 

1. Definition of Air Pollutant 
 Any substance (solid, liquid, or gas, including noise) present in the atmosphere in 

quantities that may harm living beings or the environment. 
2. Declaration of Air Pollution Control Areas 

 State Governments can declare any area as an “air pollution control area”. 
 In these areas, special permissions are required for any industrial activity or vehicle 

emission. 
3. Powers of the Boards 

 To plan and execute air pollution control programs. 
 To set emission standards for industries, vehicles, and power plants. 
 To monitor ambient air quality using scientific methods. 

4. Prohibition of Polluting Activities 
 Industrial operations in control areas without proper consent are strictly prohibited. 
 Open burning, emissions beyond limits, and failure to use control devices are 

punishable. 
5. Penalties 

 Fine up to ₹10,000 or imprisonment up to 3 months. 
 Additional fines for continuing violations. 

Significance 

 First legislation focused solely on air quality management. 
 Made noise pollution a form of air pollution (under the 1987 amendment). 
 Enabled scientific monitoring and accountability of vehicular and industrial emissions. 

The Environment (Protection) Act, 1986 Background 

 Enacted after the Bhopal Gas Tragedy (1984) that caused thousands of deaths due to a 
gas leak from Union Carbide India Ltd. 

 Revealed the urgent need for a law that could deal with hazardous substances and 
industrial disasters. 

 Designed to fill gaps left by the Water and Air Acts. 



 

Objectives 

 To provide a general framework for environmental protection in India. 
 To empower the central government to take swift action in case of environmental 

emergencies. 
 To act as an umbrella legislation under which other environmental laws operate. 

Key Provisions 

1. Definition of Environment 
 Includes air, water, land, and the interaction between living beings and natural 

resources. 
2. Powers of the Central Government: 

 To lay down environmental quality standards. 
 To restrict industrial locations. 
 To regulate hazardous substances. 
 To coordinate actions between states and scientific bodies. 

3. Environmental Clearance: 
 Projects such as dams, factories, highways must obtain Environmental Clearance 

(EC) after an Environmental Impact Assessment (EIA). 
 Public hearings are mandatory in some cases. 

4. Handling Hazardous Substances 
 Rules for storage, labelling, transportation, and disposal of hazardous chemicals and 

waste. 
5. Penalties 

 Up to 5 years of imprisonment and/or fine up to ₹1 lakh. 
 Continued violations may lead to plant closure and more severe penalties. 

Significance 

 Acts as a comprehensive law for environmental governance. 
 Empowers the central government to take preventive and remedial actions. 
 Serves as the legal base for modern rules like EIA Notification, Solid Waste Rules, and 

Hazardous Waste Rules. 

Judiciary’s Role in Environmental Protection 
 

Introduction 

The Indian Judiciary, particularly the Supreme Court and High Courts, has been a strong 
defender of environmental rights. Through Public Interest Litigations (PILs), the courts 
have expanded the meaning of Right to Life (Article 21) to include the right to a clean and 
healthy environment. 

Judicial Principles Developed 

1. Polluter Pays Principle 
 Whoever damages the environment is legally responsible for compensating and 

restoring it. 
2. Precautionary Principle 

 If an activity poses a potential threat to the environment or human health, 
precautionary measures must be taken even if full scientific proof is lacking. 

3. Sustainable Development 
 Development must meet present needs without compromising the ability of 

future generations to meet their own needs. 

 
 
 



 

Landmark Judgments 

1. MC Mehta v. Union of India (Ganga Pollution Case) 
 Ordered closure of polluting tanneries along the Ganga River. 
 Banned unleaded petrol and enforced cleaner fuels in Delhi. 

2. Vellore Citizens Welfare Forum v. Union of India (1996) 
 Recognized and enforced the Polluter Pays and Precautionary Principles. 

3. Subhash Kumar v. State of Bihar (1991) 
 Declared the Right to Pollution-Free Water and Air as part of Article 21. 

4. T.N. Godavarman v. Union of India: 
 Supreme Court restricted deforestation and promoted forest conservation. 

5. Establishment of the National Green Tribunal (NGT) 
 A special tribunal created in 2010 for fast-track disposal of environmental 

cases. 
 Has jurisdiction over cases related to water, air, forests, biodiversity, and waste. 

Significance 

 Courts have been instrumental in interpreting environmental laws. 
 Act as watchdogs to ensure compliance and enforcement of existing environmental 

legislation. 
 Helped integrate ethics, accountability, and justice into environmental governance. 

 
Conclusion 

India’s environmental laws—The Water Act (1974), Air Act (1981), and Environment 
Protection Act (1986)—form a strong legal structure for pollution control and ecological 
preservation. These laws empower the government to set standards, enforce compliance, 
penalize violators, and safeguard natural resources. The judiciary, through its activism, 
ensures that environmental laws are not only implemented but also interpreted in a way that 
benefits both people and the planet. 

Understanding these laws is essential for students and future professionals to promote 
sustainable business practices, support green initiatives, and contribute to 
environmental conservation in society. 
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