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1. Environment 

The word "environment" comes from the French word "environia," which means "to surround”. 

The environment refers to anything that surrounds or affects an organism during its lifetime. The 

environment can be defined as “the sum total of living, non-living components; influences and 

events, surrounding an organism”. All organisms (from virus to man) are obligatorily dependent 

on the other organisms and environment for food, energy, water, oxygen, shelter and for other 

needs. 

1.1 Components of the environment 

The interaction and relationship between organisms and environment is extremely complicated. 

Following are the components of the environment: 

a) Abiotic: A non-living condition or thing, such as climate or habitat that influences or affects 

an ecosystem and the organisms in it. 

b) Biotic: A living thing, such as an animal or plant that influences or affects an ecosystem. 

  

Fig 1. Components of environment 

1.1.1 Abiotic Components 

a) Light - Sunlight is a source of energy. Photosynthesis is the process through which green plants 

synthesize nourishment for themselves and all other living beings. 
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b) Rainfall - All living things require water to survive. In an aqueous medium, the majority of 

biological processes take place. Water aids in the regulation of body temperature. Further, 

water bodies form the habitat for many aquatic plants and animals. 

c) Temperature - Temperature is a vital environmental component that has a significant impact 

on organism survival. Organisms can endure only a limited range of temperature and humidity. 

d) Atmosphere - The atmosphere of the earth is made up of 21% oxygen, 78% nitrogen, and 

0.038% carbon dioxide. The remaining are inert gases (0.93% Argon, Neon etc). 

e) Substratum (soil, river/sea bed) - Organisms can be either terrestrial or aquatic in nature. Soil 

covers the land and is home to a broad range of microbes, protozoa, fungi, and tiny animals 

(invertebrates). Roots of plants pierce through the soil to tap water and nutrients. Terrestrial 

animals are those that dwell on land. Aquatic plants, animals, and bacteria may exist in both 

fresh and salt water. Microbes can even be found in hot water vents beneath the sea. 

1.1.2 Biotic Components 

a) Green Plants - Prepare food for all living organisms through photosynthesis. 

b) Animals - Individuals of the same species are found in the same environment. They also coexist 

with other species. One species forms food for another. Micro-organisms and fungi decompose 

dead plants and animals releasing nutrients locked in bodies of dead organisms for reuse by 

the growing plants.  

As a result, living organisms require both abiotic and biotic components of the environment to 

survive. A delicately balanced relationship between living organisms and their environment is 

critically important for their survival. 

1.2 Salient Features 

 Environment can be defined as the surroundings or conditions in which an organism lives or 

operates. 

 Components of environment includes non-living (abiotic) and living (biotic) components. 

 Abiotic Components – Light, air, temperature, soil, etc. 

 Biotic Components – animals, plants, fungi, etc. 
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2. Ecology 

The term Ecology was first coined by a German zoologist Ernst Haeckel. It is derived from the 

Greek word ‘oikos’ meaning ‘house’, combined with the word ‘logy’ meaning the ‘science of’ or 

‘the study of ’. Ecology can be defined as the study of organisms, the environment and how the 

organisms interact with each other and their environment. 

2.1 The Earth 

The "BIG BANG" theory is the most 

commonly accepted theory of the 

universe's genesis. According to this 

theory, the universe began with a 

massive explosion that filled the 

entire space with substance (dust and 

gases). The earth broke off about 4.5 

billion years ago with an explosion. 

Our home planet is the third planet 

from the Sun and the only planet we 

know of where life exist. The name 

Earth has been around for at least 

1,000 years. Except for Earth, all of 

the planets were named after Greek 

and Roman gods and goddesses. 

Earth, on the other hand, is a Germanic 

term that simply means "ground." Despite being the fifth biggest planet in the system, Earth is the 

only planet in our solar system containing liquid water on its surface.  

2.2 Origin and Evolution of Life on Earth 

To begin with, the earth's environment were hostile to life. Methane, ammonia, carbon dioxide, 

and hydrogen were the main gases in the early atmosphere. The atmosphere was loaded with water 

vapor, but there was no free oxygen. This resulted in a decreasing atmosphere in which no life 

could survive. 

Fig 2. Facts about home planet - Earth 
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2.2.1 Biological evolution- From the simple organisms to complex organisms  

Water vapor condensed into liquid water when the earth cooled. Rains poured down, forming water 

bodies on the surface of the planet. The molecules of life were formed in the water. Bacteria, the 

oldest and most simple organism, emerged from the molecules of life. The earliest fossils of 

bacteria, the world's first living species, have been discovered in 3-5 billion-year-old rocks. 

Bacteria of various types have existed on Earth for about two billion years. Chlorophyll, a green 

pigment, was developed by one of these bacteria’s. These chlorophyll-containing bacteria utilized 

carbon dioxide and water to produce oxygen, which they then released into the atmosphere through 

photosynthesis. 

Such bacteria's continued photosynthesis gradually increased the amount of oxygen in the 

atmosphere. As a result, the atmosphere began to shift from reducing to oxidizing. At one point in 

time, the oxygen concentration in the atmosphere reached 21%. These alterations acted as a major 

catalyst for biological evolution to begin and proceed, resulting in the invasion of land by living 

organisms.  

2.3 Salient Features 

 Ecology is the study of organisms and environment; and how the organisms interact with each 

other and with their environment. 

 Earth is a Germanic term meaning “ground”; it is the only planet where life exists. 

 Methane, ammonia, carbon dioxide, and hydrogen were the main gases in the early 

atmosphere. 

 Earth’s atmosphere was filled with water vapor and no free oxygen because of which no life 

could survive. 

 Chlorophyll, a green pigment, was developed by bacteria which utilized carbon dioxide and 

water to produce oxygen, and released it into the atmosphere through photosynthesis. 

 Continued photosynthesis increased the amount of oxygen resulting in reducing to oxidizing 

atmosphere. 
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3. Principles of Ecology 

Certain basic fundamental ecological principles which describe various aspects of living organisms 

e.g. evolution and distribution of plants and animals, different components of biological 

communities, ecological succession, adaptation among species, habitat and organism, and 
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interactions and inter-relationships among the organisms and between organisms and physical 

environment, etc. 

3.1 Ecological Levels of Organizations 

a. Individual - An organism that has the capability of acting or functioning independently is 

known as an individual.  It can be an animal, bacteria, fungi or a plant. It is the basic unit of 

study.  

b. Population - It is defined as a group of freely interbreeding individuals of the same species 

present in a specific area at a given time. 

c. Community - A group of organisms consisting of several different species that live in an area 

and interact with each other. 

d. Ecosystem - A community of organisms and their physical environment interacting as an 

ecological unit. It acts as a functional unit of nature and varies from a small pond to a large 

forest or a sea. 

e. Biome - A large community unit, characterized by a major vegetation type and associated 

fauna, found in a specific climatic region. Examples include tundra, taiga, grasslands, 

savannas, deserts, tropical forests, etc.  Temperature, soil, and the amount of light and water 

help determine what life exists in a biome. No two biomes can be alike. There are more than a 

dozen ways to classify biomes. One of the simplest classification systems has only two biomes: 

terrestrial (land) and aquatic (water). 

f. Biosphere - The biosphere refers to the portion of the planet that contains living beings. The 

biosphere encompasses the majority of the Earth's surface, as well as a portion of 

the oceans and atmosphere. In other words, the biosphere encompasses the sum of all living 

organisms and their surroundings. Thus the atmosphere, lithosphere and hydrosphere are all 

included in the biosphere. 

3.2 Biosphere  

Earth is the only planet that sustains life forms and the space accommodating these life forms is 

called Biosphere. Atmosphere, Lithosphere and Hydrosphere are the three main realms of 

Biosphere. 
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3.2.1 Atmosphere 

Although atmosphere is approximately 1000kms in width, but the layer which comprises the study 

of ecosystem is only 10-15 km thick, which is known as Troposphere.  

Plants and animals undergo photosynthesis and respiration with the help of gasses of the 

Troposphere. Moreover, it is the sunlight prevalent through atmosphere, which acts as catalyzing 

energy for living things of the earth. The green plants incorporate a variety of inorganic elements 

and compounds. For example, during the process of converting solar energy into chemical energy, 

atmosphere carbon dioxide enters the living world as the basic constituent of all organic 

compounds. 

Carbon dioxide along with water is used by all plants in their photosynthetic process to produce 

organic substances such as, glucose a vital molecule in living things, and Oxygen similarly in 

respiration, the food (glucose) is broken to give the Carbon Dioxide to the environment. Carbon 

dioxide of the atmosphere is replenished not only through the process of respiration or biological 

oxidation but also through combustion of fuels and volcanic eruptions 

The oxygen is another very important constituent of atmosphere, necessary for the survival of 

ecosystem. Oxygen enters the living world through respiration which is a familiar process in both 

plants and animals including through it. The level of Oxygen depicts the health of any ecosystem 

on this planet. 

Nitrogen is also an essential component of living systems. It is required by organisms for the 

synthesis of proteins, nucleic acids, and other nitrogenous compounds. In nature, atmospheric 

nitrogen is fixed by specialized organisms. There are industrial processes to convert atmospheric 

nitrogen into fertilizers. 

3.2.2 Lithosphere 

Geologically, lithosphere refers to the combination of earth’s crust and outer mantle. It provides 

the platform and habitat to the biotic elements of the ecosystem. Lithosphere has two main 

functions with reference to the biosphere to the biosphere:  

1. It provides platform for terrestrial, transitionary and aquatic plants. 

2. It is the source of nutrients and minerals vital for the growth and survival of ecosystem.  



22 
 

3.2.3 Hydrosphere 

Water is the most important constituent of biotic elements. In fact, almost all of the organisms 

have more than half of their constituents as water. It is inevitably required for the metabolism of 

living things. Moreover, plants also require it for the distribution of nutrients throughout its body. 

Hydrosphere refers to the water bodies like Lakes, ponds, rivers, oceans etc. on the earth surface. 

The surface of planet earth is occupied by more than 71% water. On a large scale water is cycled 

through, elements is partially used for metabolic activities and is partially excreted as waste in the 

environment in various forms. 

3.3 Biome 

A biome is often referred to as a global-scale community of plants and animals and is the largest 

subdivision of the biosphere. It may contain many different kinds of smaller ecosystems. Biomes 

are typically distinguished on the basis of the characteristics of their vegetation because it makes 

up the largest portion of biomass. 

3.3.1 Biomes of India  

1. Tropical humid forests  

2. Tropical dry or deciduous forests  

3. Warm deserts and semi-deserts 

4. Coniferous forests  

5. Alpine meadows 

3.4 Community 

It is an aggregation of populations of different species living together (inter dependent) in a specific 

area. Communities in most instances are named after the dominant plant form (species). 

For example- A grassland community is dominated by grasses, though it may contain herbs, 

shrubs, and trees, along with associated insects and animals of different species. A community is 

not fixed or rigid.  

a) Major Communities: These are large sized and self-regulating, self-sustaining, and relatively 

independent unit. They depend only on the Sun’s energy from outside. Example- Tropical 

evergreen forests. 
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b) Minor Communities: These are dependent on neighboring communities and are often called 

societies. They are secondary aggregations within a major community. Example- A mat of 

lichen on a cow dung pad. 

3.5 Ecological Succession  

Ecological Succession is the progressive series of changes that leads to an establishment of a 

relatively stable climax community. 

It is characterized by increased productivity, the shift of nutrients from the reservoirs, increased 

diversity of organisms with increased niche development and a gradual increase in the complexity 

of food webs. 

3.5.1 Types of Ecological Succession  

1. Primary Succession 

2. Secondary Succession  

Primary Succession 

 Succession which occurs in areas where no living organisms ever existed is called primary 

succession. 

 The species that invade a bare area are called pioneer species. 

 The establishment of a new biotic community is generally slow as it takes natural processes 

several hundred to several thousand years to produce fertile soil on bare rock. 

 Examples of areas where primary succession occurs are newly cooled lava, bare rock, newly 

created pond or reservoir etc. 

Secondary Succession  

 Secondary succession occurs where 

vegetation was present previously but 

vegetation was destroyed due to natural or 

artificial causes such as forest fires, floods, 

droughts, sudden changes in climate, 

deforestation, overgrazing, etc. 

 Since some soil or sediment is present, secondary succession is faster than primary succession. 

Important Terms 
 
Pioneer Community: first community to 
inhabit an area 
Climax Community: last and stable 
community 
Sere: entire series of communities  
Seral stage:  community stage between 
pioneer and climax community 
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 Succession would occur faster in area existing in the middle of the large continent. This is 

because, here all propagules or seeds of plants belonging to the different series would reach 

much faster, establish and ultimately result in climax community. 

Table 3. Sere and place of occurrence 

Place of Succession where it occurs Name of Sere 

Succession in fresh water Hydrosere 

Succession in salty water Halosere 

Succession in acidic water Oxalosere 

Succession in Rocks Lithosere 

Succession in Sand Psammosere 

Succession in Dry Region Xerosere 

Succession in Moistened Region Mesosere 
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Fig 3. Successional stages involved in the succession of Hydrosere and Xerosere 

3.6 Adaptation 

Adaptation is the physical or behavioral characteristic of an organism that helps an organism to 

survive better in the surrounding environment. 

Adaptation may be: 

a) Morphological – It is a structural change which gives an organism a greater chance of survival 

in its habitat. 

b) Physiological – It is an internal body process to regulate and maintain homeostasis for an 

organism to survive in the environment in which it exists.  

c) Behavioral – This is the change that affects the behavior of an organism. 

Examples of Adaptation: 

 
HYDROSERE XEROSERE 

Pioneer Stage  Crustacean Lichen Stage 

Sub-Merged Stage Foliose Lichen Stage 

Floating Stage Moss Stage 

Reed Swamp Stage Herbaceous Stage 

Marsh Meadow Stage   Shrub Stage 

Woodland Stage 

Climax Forest Community 
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 Many desert plants have a thick cuticle on their leaf surfaces and have their stomata arranged 

in deep pits to minimize water loss through transpiration. 

 Some desert plants like Opuntia, have no leaves – they are reduced to spines, and the 

photosynthetic function is taken over by the flattened stems (few leaves mean less area is 

available for transpiration). 

 Mammals from colder climates generally have shorter ears and limbs to minimize heat loss. 

This is called Allen’s Rule.  

 We need to breathe faster when we are on high mountains. After some days, our body adjusts 

to the changed conditions on the high mountain. 

 Such small changes that take place in the body of a single organism over short periods, to 

overcome small problems due to changes in the surroundings, are called acclimatization. 

 The body compensates low oxygen availability by increasing red blood cell 

production, decreasing the binding capacity of hemoglobin and by increasing breathing 

rate. 

 A hyperthermophile is an organism that thrives in extremely hot environments — from 60°C. 

E.g. Archaebacteria flourish in hot springs and deep-sea hydrothermal vents. 

 Some species are capable of burrowing into the soil to hide and escape from the above-ground 

heat. 

3.7 Habitat and Organism 

 Habitat is the physical environment in which an organism lives (address of an organism). 

 Many habitats make up the environment. 

 A single habitat may be common for more than one organism which have similar requirements. 

 For example, a single aquatic habitat may support a fish, frog, crab, phytoplankton and many 

others. 

3.8 Species  

 Species is a group of living organisms consisting of similar individuals capable of exchanging 

genes or interbreeding considered as the basic unit of taxonomy.  

 It is the smallest unit of biological classification  

(For further details: Biodiversity; Chapter - 1) 
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3.9 Evolution  

 Evolution is the process of heritable changes in population of organisms over multiple 

generations. It happens in order to make the organism better suit to the present environment. 

 Climate change, competition, adaptability, need, changing environment etc. are the major 

forces behind evolution. 

 Evolution involves the processes of natural selection, adaptation, variation, etc. 

 Evolution leads to speciation or formation of new species.   

 A valid theory of evolution was propounded by Charles Darwin and Alfred Wallace in 1859. 

This theory has been extended in the light of progress in genetics and is known as Neo-

Darwinism.  

3.10 Salient Features 

 The main levels of organization in ecology are Individual, Population, Community, Ecosystem, 

Biome and Biosphere. 

 Biosphere is made up of the Atmosphere, Lithosphere and Hydrosphere. 

 A biome is often referred to as a global-scale community of plants and animals and is the 

largest subdivision of the biosphere. 

 Community is an aggregation of populations of different species living together (inter 

dependent) in a specific area. 

 Succession is the progressive series of changes that leads to an establishment of a relatively 

stable climax community. 

 Succession is of two types: Primary Succession and Secondary Succession. 

 Adaptation is the physical or behavioral characteristic of an organism that helps an organism 

to survive better in the surrounding environment. 

 Habitat is the physical environment in which an organism lives (address of an organism). 

 Species is a group of closely related and interbreeding living things.  

 Evolution is the process of heritable changes in population of organisms over multiple 

generations. 

 Neo-Darwinism is an altered explanation of Darwin’s theory with regards to modern synthesis 

of natural selection and Mendelian genetics. 
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4. Population Ecology 

Population ecology is the study of populations in relation to the environment. It includes 

environmental influences on population density and distribution, age structure, and population 

size. 

The population is a group of individuals of a particular species, which potentially interbreed and 

live in a well-defined geographical area, and also share or compete for similar resources. 

4.1 Characteristics of any Population 

4.1.1 Population Size 

In population genetics and ecology, population size 

(N) is defined as the number of individual organisms 

in a population. The factors that govern population 

size are: 

a) Natality (Birth Rate): The rate at which new 

individuals are born and added to a population 

under given environmental conditions is called 

natality. 

b) Mortality (Death Rate): Loss of individuals from 

a population due to death under given 

environmental conditions is called mortality. 

c) Immigration: The numbers of organisms moving into an area occupied by the population is 

called as Immigration. 

d) Emigration: The numbers of organisms moving out of the area occupied by the population is 

called as Emigration.  

 

4.1.2 Population Density 

The number of individuals per unit area at a given time is termed population density which may 

vary from time to time and place to place. 

 

Density = Population/Area 

Fig 4.1 Factors affecting population 

size 
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4.1.3 Population Dispersion 

The dispersion of a population is the pattern of spacing among individuals within the geographic 

boundaries.  

Population Dispersion is of three types: 

a) Clumped Dispersion: It is a pattern when individuals are aggregated in patches. It is the most 

frequent pattern of dispersion in a population. A clumped dispersion may be seen in plants that 

drop their seeds straight to the ground, such as oak trees or animals that live in groups /schools 

of fish or herds of elephants. 

b) Uniform Dispersion: Evenly spaced distribution, in which members of the population 

maintain a minimum distance from one another. One example of uniform dispersion comes 

from plants that secrete toxins to inhibit growth of nearby individuals, a phenomenon called 

allelopathy. 

c) Random Dispersion: It is a spacing pattern based on total unpredictability. It is the least 

common pattern of distribution. An example of random dispersion comes from dandelions and 

other plants that have wind-dispersed seeds.  

 

Fig 4.2 Types of population dispersion 

4.1.4 Demography 

The statistical study of any population, human or otherwise, is known as Demography. 
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4.1.5 Sex Ratio 

It is defined as the number of females per 1000 males in the population. Thus, a sex ratio of 1000 

implies complete parity between the two sexes. Ratios above 1000 indicate excess of females over 

males; those below 1000 indicate a deficit of females. 

Example: According to the recently released Economic Survey, India has more females as 

compared to males. The number of females per 1,000 males has increased from 991 in 2015-16 to 

1,020 in 2019-21.  

4.1.6 Age Distribution 

Age distribution refers to the proportion of individuals of different age groups in a population. 

The population may be broadly divided into three age groups:  

a) Pre-reproductive age group (0 – 14 years): Comprising of juvenile individuals or children.  

b) Reproductive age group (15 – 60 years): Consisting of individuals capable of reproduction.  

c) Post-reproductive age group (>60years): Contains aged individuals who are incapable of 

reproduction. 

4.1.7 Population Pyramids 

A population pyramid is a graphical representation of the age and sex composition of a specific 

population. The age-sex structure of a population refers to the number of females and 

males in different age groups. The male and female populations 

are represented on the horizontal axis, with the male 

population on one side and the female population on the other. 

The vertical axis is divided into equal divisions to represent 

various age groups, so that the entire population of the 

country/region is represented. The shape of the population 

pyramid reflects the characteristics of the population. 

There are three types of age distribution pyramids/ population 

pyramids: 

Fig 4.3 Expanding 

population pyramid 
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4.1.7.1 Triangular Pyramid 

It indicates expanding population with high growth rate. These have 

larger populations in lower age groups due to high birth rates. 

Examples: India (northern states except Punjab and Himachal 

Pradesh), Nigeria, Bangladesh, Mexico. 

4.1.7.2 Bell shaped Pyramid 

The age-sex pyramid is bell-shaped and tapered towards the top. 

It indicates stable population with slow growth rates.  

Examples: U.S, Australia, India (southern states except Kerala).  

4.1.7.3 Urn Shaped Pyramid 

It indicates declining population with zero growth rate. The pyramid 

has a narrow base and a tapered top showing low birth and death rates.  

Examples: Japan and other developed countries, Kerala state and 

Mizoram.  

4.2 Population Growth Models 

Population Growth Rate is the percentage variation between the 

numbers of individuals in a population at two different times. It can 

be positive due to birth and/or immigration or negative due to death 

and/or emigration. 

There are two types of population growth patterns may occur depending on specific environmental 

conditions:  

4.2.1 Exponential growth  

 In an ideal condition where there is an unlimited supply of food and resources, the population 

growth will follow an exponential order.  

 In such an environment there will be no competition to place limits on a geometric rate of 

growth.  

Fig 4.4 Constant 

population pyramid 

 

Fig 4.5 Declining 

population pyramid 
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 Initially population growth will be slow as there is a shortage of reproducing individuals that 

may be widely dispersed. 

 As population numbers increase the rate of growth similarly increases, resulting in an 

exponential (J-shaped) curve. 

 This maximal growth rate for a given 

population is known as its biotic potential. 

 Exponential growth can be seen in 

populations that are very small or in regions 

that are newly colonized by a species. 

Consider a population of size N and birth rate be 

represented as b, death rate as d, Rate of change 

of N can be given by the equation:  

dN/dt = (b-d) x N 

If, (b – d) = r, 

dN/dt = rN 

Where, r = intrinsic rate of natural increase 

This equation can be represented with a graph which has a J shaped curve. According to calculus, 

Nt=N0ert 

Where, Nt = Population density at time t 

N0 = Population density at time zero 

r = intrinsic rate of natural increase 

e = base of natural logarithms 

4.2.2 Logistic growth 

 This model defines the concept of ‘survival of the fittest’. Thus, it considers the fact that 

resources in nature are exhaustible.  

 ‘Carrying capacity’ defines the limit of the resources beyond which it cannot support any 

number of organisms.  

Fig 4.6 Population Growth Curves: 
Exponential Curve 



35 
 

 As a population approaches the carrying 

capacity, environmental resistance occurs, 

slowing the rate of growth. 

 This results in a sigmoidal (S-shaped) 

growth curve. 

 Logistic growth will eventually be seen in 

any stable population occupying a fixed 

geographic space. 

Let this carrying capacity be represented as K. 

The availability of limited resources cannot show exponential growth. As a result, the graph will 

have a lag phase, followed by an exponential phase, then a declining phase and ultimately an 

asymptote. This is known as Verhulst-Pearl Logistic Growth and is represented using the equation: 

dN/dt = rN((K-N) /K 

4.3 Biotic Interaction 

 The activities of living organisms which may cause the marked effect on the survival of others 

are called Biotic Interaction. The interactions may be intra-specific or inter-specific interaction. 

 The interaction that occurs among different individuals of the same species is called Intra-

specific Interaction.  

 The interaction among individuals of different species in a community is termed as Inter-

specific Interaction. 

 All the interactions are divided into three types, they are: 

 Positive Interaction- Member of one or both the interacting species are benefited but neither 

is harmed. Example: Mutualism and Commensalism. 

 Negative Interaction- One or both interacting species is harmed. Example: Predation, 

Parasitism, Competition and Ammensalism. 

 Neutral Interaction- Interacting species are neither benefited nor do they suffer. They may 

have the same shelter but do not have any effect on each other. Examples: Birds and squirrel 

living in the same tree. 

Fig 4.7 Population Growth Curves: 
Logistic Curve 
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Table 4. Types of Biotic Interaction 

S. No 
Type of Biotic 

Interaction 
 

1. 

Mutualism/ Symbiosis 

( +    + ) 

 This is a close association between two species in 

which both the species depends on each other for 

growth and survival. They basically benefit each other. 

 It is the obligatory relationship. 

 Example: Lichens are mutualistic relationship between 

algae and fungi 

 Mycorrhizae are associations between fungi and the 

roots of higher plants 

2. 
Commensalism 

( +    0 ) 

 In this relationship one of the species benefits while the 

other is neither harmed nor benefited. 

 Example: Sucker fish (Remora) often attaches to a 

shark by means of its sucker which is present on the 

top side of its head 

3. 

Parasitism 

( +    - ) 

 In this type of interaction, one species is harmed and 

the other is benefited. 

 The parasite gets the nourishment from the host but it 

does not kill the host. 

 Type of Parasites: 

 Ecto-parasite: lives on the body of host 

Example- Lice, leech, etc 

 Endo-parasite: lives in the body of host 

Example: Tapeworm(lives in intestine) and 

Plasmodium (lives in RBC of human) 

4. 
Predation 

( +    - ) 

 A free living organism which catches and kills another 

species for food. 
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S. No 
Type of Biotic 

Interaction 
 

 Lion, snakes and buffalo 

5. 

Ammensalism 

( -    0 ) 

 In this interaction one species is inhibited by toxic 

secretion of another species. Inhibitor species is neither 

benefited nor harmed. 

 Example, the bread mould fungi Pencillium produce 

penicillin, an antibiotic substance which inhibits the 

growth of a variety of bacteria 

6. 

Competition 

( -    - ) 

 Process in which the fitness of one species is 

significantly lower in the presence of another species. 

 This is an interaction between two populations in 

which both species are harmed to some extent. 

 Inter-specific competition: occurring between 

individuals of two different species in a habitat for the 

same resources. For example, sharks, dolphins, and 

seabirds often eat the same type of fish in ocean 

ecosystems. 

 Intra-specific competition: occurs between 

individuals of same species. An example among 

protozoa involves Paramecium aurelia and 

Paramecium caudatum competing for the same 

resources. 

 

4.4 Limiting Factors 

Limiting factors are environmental conditions that control the rate at which a process (e.g. 

population growth) can occur. 

Population growth can be determined by density-dependent or density-independent factors: 
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a) Density dependent environmental factors are influenced by the relative size of a population. 

These factors include predator numbers, availability of food and other resources and the spread 

of pathogenic diseases. 

b) Density independent environmental factors are not influenced by the relative size of a 

population. These factors include weather and climate conditions, as well as the occurrence of 

natural disasters (e.g. earthquakes). 

4.5 Salient Features 

 Population ecology is the study of populations in relation to the environment. 

 A population is defined as a group of individuals of the same species living and interbreeding 

within a given area.  

 Population size is defined as the number of individuals present in a subjectively designated 

geographic range. 

 Population size is governed by 4 factors: Natality, Mortality, Immigration and Emigration. 

 The number of individuals per unit area at a given time is termed population density which 

may vary from time to time and place to place. 

 The dispersion of a population is the pattern of spacing among individuals within the 

geographic boundaries. It is of three types: Clumped, Uniform and Random Dispersion. 

 Age distribution refers to the proportion of individuals of different age groups in a population. 

Triangular, Bell shaped and Urn shaped are the types of Population pyramids. 

 There are two types of population growth patterns may occur depending on specific 

environmental conditions: Exponential (J-shaped) and Logistic (S-shaped) Growth Curves. 

 Biotic potential is the maximum reproductive capacity of an organism under optimum 

environmental conditions. 

 The carrying capacity is the maximum number of a species that can be sustainably supported 

by the environment. 

 The activities of living organisms which may cause the marked effect on the survival of others 

are called Biotic Interaction. 

 There are two types of biotic interaction i.e. Intra-specific and Inter-specific Interaction. 

 The interaction that occurs among different individuals of the same species is called Intra-

specific Interaction. 
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 The interaction among individuals of different species in a community is termed as Inter-

specific Interaction. 

 Limiting factors are environmental conditions that control the rate at which a process (e.g. 

population growth) can occur. Population growth can be determined by density-dependent or 

density-independent factors. 
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5. Ecosystem 

An ecosystem is a structural and functional unit of the biosphere that consists of a community of 

living beings and their physical environment, which interact and exchange materials. Plants, trees, 

animals, fish, birds, microorganisms, water, soil, and people are all part of it. Ecosystems vary in 

size and composition, but they are all functional parts of nature. Everything that lives in an 

ecosystem is dependent on the other species and elements that are also part of that ecological 

community. When one portion of an ecosystem is destroyed, it affects the rest of the ecosystem. 
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When an ecosystem is healthy (i.e., sustainable), all of the elements live in harmony and are 

capable of self-reproduction. Ecosystems may vary in size from a single tree to a whole forest. 

5.1 Components of an Ecosystem 

The components of the environment and ecosystem are same (i.e., abiotic and biotic components). 

These abiotic and biotic components create and exchange materials on a constant basis. The 

interaction between them involves input, transfer and storage of energy and nutrients. However, 

as a result of these complex processes, the components of an ecosystem tend to attain a state of 

equilibrium, thereby becoming self-sustaining and controlled by limiting factors. 

 

Fig 5.1 Components of ecosystem 

1. Abiotic Components: Abiotic components are the inorganic and non-living parts of the world. 

They are the most essential factors of where an organism lives and how well it survives in its 

surroundings. Despite the fact that various factors interact, a single component might limit an 

organism's range. The abiotic component can be grouped into the following three categories: 

a. Physical factors: Sunlight, temperature, rainfall, humidity and pressure. They sustain and 

limit the growth of organisms in an ecosystem. 

b. Inorganic substances: Carbon dioxide, nitrogen, oxygen, phosphorus, sulphur, water, 

rock, soil and other minerals.  
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c. Organic compounds: Carbohydrates, protein, lipids and humic substances. They are the 

building blocks of living systems and therefore, link the abiotic and biotic compounds. 

 

2. Biotic Components: Biotic components include living organisms comprising of plants, 

animals and microbes and are classified according to their functional attributes into producers 

and consumers. 

a. Primary producers - Autotrophs (self-nourishing) 

 Primary producers are basically green plants (and certain bacteria and algae). 

 They synthesize carbohydrates from simple inorganic raw materials like carbon dioxide 

and water in the presence of sunlight by the process of photosynthesis for themselves, and 

supply indirectly to other non-producers. 

b. Consumers – Heterotrophs or phagotrophs (other nourishing) 

 Consumers are incapable of producing their own food (photosynthesis). 

 They depend on organic food derived from plants, animals or both. 

 Consumers can be divided into two broad groups namely micro and macro consumers. 

i. Macro Consumers 

 They feed on plants or animals or both and are categorized on the basis of their food 

sources. 

 Herbivores are primary consumers which feed mainly on plants e.g. cow, rabbit. 

 Secondary consumers feed on primary consumers e.g. wolves. 

 Carnivores which feed on secondary consumers are called tertiary consumers e.g. lions 

which can eat wolves. 

 Omnivores are organisms which consume both plants and animals e.g. man, monkey. 

ii. Micro consumers – Saprotrophs (decomposers or osmotrophs) 

 They are bacteria and fungi which obtain energy and nutrients by decomposing dead 

organic substances (detritus) of plant and animal origin. 

 The products of decomposition such as inorganic nutrients which are released in the 

ecosystem are reused by producers and thus recycled. 

 Earthworms and certain soil organisms (such as nematodes and arthropods) are detritus 

feeders and help in the decomposition of organic matter and are called detrivores. 
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5.2 Types of ecosystems 

Ecosystem can be classified into following categories: 

i) Natural Ecosystems: The interaction between the environment and the species that 

live in it is referred to as a natural ecosystem. It occurs naturally in nature and requires 

no human activity for its survival. Examples of natural ecosystems include ponds, 

rivers, forests, etc. It can be classified into terrestrial and aquatic ecosystem. 

 

ii) Man-made / artificial ecosystems: Artificial ecosystems are structures created by 

humans that require biotic and abiotic components to interact in order to survive. It is 

not self-sustaining and will perish if not assisted by humans. Examples of artificial 

ecosystems include aquariums, agriculture fields, zoos, etc. 

5.3 Ecosystem services 

Following are some of the services provided by an ecosystem: 

1. Provisioning services: The material benefits that people get from ecosystems for e.g. supply 

of food, water, fibers, wood and fuels. 

2. Regulating services: These are the benefits obtained from the regulation of ecosystem 

processes e.g. the regulation of air quality and soil fertility, control of floods or crop 

pollination. 

3. Supporting services: These are necessary for the production of all other ecosystem services, 

for e.g. by providing plants and animals with living spaces, allowing for diversity of species, 

and maintaining genetic diversity. 
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4. Cultural services: These are non-material benefits people gain from ecosystems, for e.g. 

educational, aesthetic and engineering inspiration, cultural identity and spiritual well-being. 

 

Fig. 5.2 Ecosystem Services 

5.4 Salient features 

 An ecosystem is a unit of nature, where living organisms interact among themselves and also 

with the surrounding physical environment. 

 Components of ecosystem includes: 

1. Abiotic components which are non-living parts of the world such as physical factors 

(sunlight, rainfall, etc.), inorganic substances (nitrogen, carbon dioxide, etc.) and 

organic compounds (carbohydrates, protein, etc.) 

2. Biotic components which comprise of living organisms (plants, animals, etc.); they are 

further classified into producers and consumer based on their functional attributes. 

« Consumers are further classified into macro consumers (feed on plants or animals or 

both) and micro consumers (bacteria and fungi which obtain energy and nutrients by 

decomposing dead organic substances of plant and animal origin). 
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« Earthworms and certain soil organisms (such as nematodes and arthropods) are micro 

consumers which help in the decomposition of organic matter and are called 

detrivores. 

 There are two types of ecosystems : Natural and manmade/artificial ecosystems 

 Some services provided by an ecosystems include provisioning, regulating, supporting and 

cultural services. 
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6. Terrestrial Ecosystem 

A terrestrial ecosystem is a land-based community of organisms and the interactions of biotic and 

abiotic components in a given area. Examples of terrestrial ecosystems include the tundra, 

grasslands, deserts, etc. The temperature range, average quantity of precipitation, soil type and 

amount of light received determine the kind of terrestrial ecosystem present in a given location. 
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Terrestrial ecosystems encompass roughly 140 to 150 million km2, or about 25 to 30 percent of 

the earth's total surface area. The following four ecosystems make up the terrestrial ecosystem: 

a) Forest Ecosystems 

b) Grassland Ecosystems 

c) Desert Ecosystem 

d) Tundra Ecosystem 

6.1 Forest Ecosystems 

A diverse assembly of many sorts of biotic communities makes up the forest ecosystem. The 

formation of forest communities is dependent on ideal circumstances such as temperature and 

ground moisture. The distribution of trees and their quantity in the forest vegetation is determined 

by the type of the soil, climate and local terrain. Forests cover over one-third of the Earth's surface 

area and contain roughly 70% of all carbon found in living things. They are a significant carbon 

sink and a substantial source of food and resources. Coniferous forest, temperate forest, and 

tropical forest are the three basic kinds of forest ecosystems. 

6.1.1 Coniferous forest (boreal forest) 

The boreal coniferous forest is found in cold places with considerable rainfall, strong seasonal 

climates with long winters and short summers. Evergreen plant species such as Spruce, fir and pine 

trees, as well as animals such as the lynx, wolf, bear, red fox, porcupine, squirrel and amphibians 

such as Hyla, Rana and others, characterize this region. Thin podzols define boreal forest soils, 

which are often poor. Both because rocks weather slowly in cold environments and because conifer 

needle (leaf) litter decomposes slowly and is deficient in nutrients. These soils are acidic and low 

in minerals. This is due to the passage of huge amounts of water through the soil without a 

considerable counter-upward movement of evaporation, which leaches essential soluble elements 

like calcium, nitrogen and potassium beyond the reach of roots. This procedure ensures that no 

alkaline-oriented cations come into contact with the organic acids in the litter. A boreal forest's 

productivity and community stability are lower than those of any other forest environment. 

6.1.2 Temperate deciduous forest 

Temperate forests have a mild temperature and broad-leafed deciduous trees that shed their leaves 

in the fall, remain bare in the winter and sprout new foliage in the spring. The precipitation is 
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generally consistent throughout the temperate deciduous forest. Temperate forest soils are podzolic 

and quite deep. 

6.1.3 Temperate evergreen forest 

Warm, dry summers and cold, damp winters define Mediterranean climatic zones across the world. 

Low broad leafed evergreen trees are typically seen here. Fire is a significant concern in this habitat 

and the plants' adaptations allow them to regrow swiftly after being burned. 

6.1.4 Temperate rain forests 

The temperate rain forests have distinct seasons in terms of temperature and rainfall. Rainfall is 

expected to be heavy and fog is possible. It is a more significant source of water than rainfall. In 

comparison to other temperate forests, temperate rain forests have a high biotic diversity. 

However, when compared to the tropical rainforest, the diversity of flora and animals is far lower. 

6.1.5 Tropical rain forests 

Tropical rain forests can be found near the equator. They are one of the world's most diversified 

and wealthy communities. The temperature and humidity are both high and rather consistent. The 

yearly rainfall is around 200 cm and falls evenly throughout the year. The flora is quite diverse. 

The tropical rain forests' thick vegetation remains vertically stratified, with tall trees frequently 

covered with vines, creepers, lianas, epiphytic orchids and bromeliads. The understory consists of 

trees, bushes and plants such as ferns and palms. Tropical rainforest soil is red latosol, which is 

quite thick. These soils are largely unusable for agricultural uses due to the high rate of leaching, 

but if left undisturbed, the quick cycling of nutrients within the litter layer generated by 

decomposition can compensate for the natural poverty of the soil. The absence of sunshine at 

ground level limits undergrowth in many regions. 

6.1.6 Tropical seasonal forests 

Tropical seasonal forests, often known as monsoon forests, are found in areas with high total 

annual rainfall but distinct wet and dry seasons. South East Asia, central and south America, 

northern Australia, western Africa and tropical islands of the pacific as well as India are the regions 

where this kind of forests are found. 
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6.1.7 Subtropical rain forests 

Broad-leaved evergreen 

subtropical rain forests are 

found in areas with moderate 

rainfall but little seasonal 

temperature variation. 

Epiphytes are abundant in 

this area. Subtropical forest 

animals are quite similar to 

those seen in tropical 

rainforests. 

6.2 Indian Forest Types 

From the rainforests of 

Kerala in the south to the 

alpine meadows of Ladakh in 

the north, from the deserts of 

Rajasthan in the west to the 

evergreen forests of the 

north-east, India boasts a 

broad variety of forests. The 

key criteria that affect the kind of forest are climate, soil type, topography and elevation. Forests 

differ in terms of their nature and composition, the sort of climate they flourish in and their 

connection with the environment. Forest types in India are classified by Champion and Seth into 

sixteen types. 

6.2.1 Tropical Wet evergreen forests 

The Western Ghats, the Andaman and Nicobar Islands and the northeastern area all have wet 

evergreen forests. Tall, straight evergreen trees dominate the landscape. The jackfruit, betel nut 

palm, jamun, mango and hollock are some of the most frequent trees found here. The trees in this 

forest are arranged in a tier pattern, with bushes covering the layer closest to the ground, then short 

Fig. 6 Indian forest types 
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structured trees and finally tall trees. On the trunks of the trees, beautiful ferns of various hues and 

orchids of numerous sorts thrive. 

6.2.2 Tropical Semi-evergreen forests 

The Western Ghats, the Andaman and Nicobar Islands and the Eastern Himalayas all have semi-

evergreen forests. The damp evergreen trees and moist deciduous trees coexist in such forests. The 

forest is dense and is filled with a large variety of trees of both types. 

6.2.3 Tropical Moist deciduous forests 

Except in the western and north-western parts of the country, India is covered with moist deciduous 

forests. These have tall trees with wide trunks, branching trunks and roots that anchor them to the 

earth. During the dry season, some of the taller trees lose their leaves. In the undergrowth, there is 

a layer of shorter trees and evergreen plants. Sal and teak, as well as mango, bamboo and rosewood, 

dominate these forests. 

6.2.4 Littoral and swamp 

The Andaman and Nicobar Islands as well as the Ganga and Brahmaputra delta areas have littoral 

and swamp forests. They feature soft tissue roots that allow the plant to breathe while in the water. 

6.2.5 Tropical Dry deciduous forest 

Except in the north-east, dry deciduous forests may be found across the northern section of the 

country. Madhya Pradesh, Gujarat, Andhra Pradesh, Karnataka and Tamil Nadu all have it. 

Normally, the canopy of the trees does not surpass 25 meters. The sal, a kind of acacia and bamboo 

are common trees. 

6.2.6 Tropical Thorn forests 

This kind may be found in locations with black soil in India's north, west, central and southern 

region. The trees don't get much taller than 10 meters. This area is known for spurge, caper and 

cactus. 

6.2.7 Tropical Dry evergreen forest 

The coasts of Tamil Nadu, Andhra Pradesh and Karnataka are covered in dry evergreens. There 

are mostly hard-leaved evergreen trees with aromatic blossoms as well as a few deciduous trees. 
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6.2.8 Sub-tropical Broad-leaved forests 

Broad-leaved forests can be found in the Silent Valley in the Eastern Himalayas and Western 

Ghats. There is a significant variation in the plant types between the two places. Poonspar, 

cinnamon, rhododendron and fragrant grass are common in the Silent Valley. The flora of the 

Eastern Himalayas has been severely impacted by shifting cultivation and forest fires. The majority 

of the trees in these wet forests are evergreen with a few deciduous trees. Oak, alder, chestnut, 

birch and cherry trees can be found here. Orchids, bamboo and creepers come in a wide variety in 

these forests. 

6.2.9 Sub-tropical Pine forests 

Pine woods can be found on the Shivalik Hills, Western and Central Himalayas, Khasi, Naga and 

Manipur Hills' high dry slopes. Chir, oak, rhododendron and pine are the most common trees in 

these areas with sal, amla and laburnum growing in the lower sections. 

6.2.10 Sub-tropical Dry evergreen forests 

Dry evergreen forests normally have a prolonged hot and dry season and a cold winter. It is 

characterized by evergreen trees with gleaming, glossy foliage. These forests may be found up to 

1000 meters in the Shivalik Hills and Himalayan foothills. 

6.2.11 Montane Wet temperate forests 

Montane wet temperate forests can be found in the north stretching from Nepal to Arunachal 

Pradesh and receive a minimum of 2000 mm of rainfall. The forest in the north is divided into 

three layers: the upper layer is mostly coniferous, the middle layer is deciduous trees like oak and 

the lowest layer is covered with rhododendron and champa. It may be found in areas of the Nilgiri 

Hills in Kerala's upper elevations in the south. Northern regions are thicker than those in the south. 

Rhododendrons and other ground plants can be found here. 

6.2.12 Himalayan Moist temperate Forest 

From the Western to the Eastern Himalayas, this kind may be found. Broad-leaved oak, brown 

oak, walnut, rhododendron and other trees may be found in the western portion. Rainfall is 

substantially greater in the Eastern Himalayas, therefore the vegetation is much more lush and 
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thick. There are many different types of broad-leaved trees, ferns and bamboo to choose from. 

Coniferous trees may also be found here, with certain types differing from those in the south. 

6.2.13 Himalayan Dry temperate Forest 

This kind may be found in Lahul, Kinnaur, Sikkim and other Himalayan regions. There are 

predominantly coniferous trees, along with broad-leaved trees such as the oak, maple and ash. Fir, 

juniper, deodar and chilgoza are found at higher elevations. 

6.2.14 Sub alpine forest 

Between 2900 and 3500 meters, sub alpine forests stretch from Kashmir to Arunachal Pradesh. 

Juniper, rhododendron, willow and black currant make up the majority of the flora of the Western 

Himalayas. Red fir, black juniper, birch and larch are abundant trees in the eastern regions. The 

timberline in this area is higher than in the West because of considerable rainfall and high 

humidity. Many types of Rhododendron cover the slopes in this area. 

6.2.15 Moist Alpine scrub 

The Himalayan foothills and the higher slopes near the Myanmar border are covered with moist 

alpines. It features a thick evergreen forest with low scrub, primarily rhododendron and birch. 

Patches of mosses and ferns cover the ground. Snowfall is common in this area.  

6.2.16 Dry alpine scrub 

Dry alpines may be found at elevations ranging from 3000 to 4900 meters. The black juniper, 

drooping juniper, honeysuckle and willow are the most common dwarf plants. 

 

6.3 Importance of forests 

We rely on forests directly or indirectly for everything, from the air we breathe to the food we eat 

to the paper and wood we use. Without forests most of the areas would have been deserts. 

 Forests are commonly referred to as lungs of the earth. It is mostly due to the existence of a 

diverse range of plants, which create huge amounts of oxygen due to their high density, 

allowing other organisms to breathe. 
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 Forests are home to a wide range of animal and plant species that not only contribute to Earth's 

biodiversity, but also play a crucial role in the ecosystem. 

 About 25% of all the medicines that are produced, originate from rainforest plants. Quinine, 

for example, comes from the "Cinchona Tree," which is used to cure Malaria. 

 Forests offer timber, which is used to construct houses, furniture and other structures. 

 Forests prevents soil erosion, maintains water cycle, etc. 

 Wildlife tourism generates lots of capital, which in turn increases the revenue of the 

government. 

 Forests harbor various species of living organisms which are still being discovered. Protecting 

the forests not only preserves a process of life that started billions of years ago but it also gives 

us missing clues to various riddled aspects of life. 

6.4 Deforestation 

The deliberate clearance of forested terrain is known as deforestation. Forests have been severely 

depleted as a consequence of indiscriminate tree cutting as a result of urbanization, 

industrialization, mining activities and the usage of wood for home and other reasons. 

6.4.1 Cause of deforestation 

a) Shifting cultivation: This method involves clearing a section of land, burning plants and 

mixing the ash with the soil to add nutrients. This plot of land is used to grow crops for two to 

three years, with a small output. After that, the region is abandoned and permitted to regain its 

fertility and the process is repeated on a new piece of land. This method of cultivation just 

requires a few simple instruments and does not require a high level of automation. 

b) Development project: The human population has grown significantly, as have their needs. 

Hydroelectric projects, big dams and reservoirs and the construction of railway lines and 

highways are all tremendously helpful, but they are also tied to a number of environmental 

issues. Many of these initiatives necessitate significant deforestation. 

c) Fuel Requirements: With an ever-increasing population, the need for firewood grows putting 

more pressure on the forests, resulting in higher intensity of deforestation. 

d) Raw Material Requirements: Various businesses utilize wood as a raw material to make 

paper, plywood, furniture, match sticks, boxes, crates, packing cases, etc. Drugs, scents and 

perfumes, resin, gums, waxes, turpentine, latex and rubber, alkaloids and bees wax are all raw 
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ingredients obtained from plants. This exerted tremendous pressure on forest ecosystem and 

their unrestricted exploitation for various other raw materials is the main cause of degradation 

of the forest ecosystem. 

e) Other Causes: Deforestation also results from overgrazing, agriculture, mining, urbanization, 

flood, fire, pest, diseases, defence and communication activities. 

6.4.2 Effects of deforestation 

 Closed forests (based on canopy level) have being diminished due to deforestation leading to 

increase in degraded forests. 

 Forests recycle moisture from soil into their immediate atmosphere by transpiration where it 

again precipitates as rain. 

 Deforestation results in an immediate lowering of ground water level and in long-term 

reduction of precipitation. 

 Due to deforestation, this natural reuse cycle is broken and water is lost through rapid run off. 

 Much of the mining activity in India is being carried out in forest regions. The obvious result 

is deforestation and soil erosion. 

 Underground mining has also significantly denuded forests, as timber is used for supporting 

the roofs of mine galleries. 

 A large number of abandoned mines are lying in bad shape and are under extensive gully 

erosion leading to degradation of the habitat. 

 Deforestation affects the biota and neighboring ecosystems, soil erosion, land degradation, 

alteration of ground water channels, pollution and scarce. 

6.5 Forest Fires 

Forest fires are uncontrollable flames that consume trees, animals, meadows and brushlands in 

their path. The fire spreads quickly due to the wind, resulting in substantial air pollution. Climate 

change is usually the cause of flames that last longer or are very flammable. Human-caused forest 

fires, lightning and extreme drought have also occurred. Forest fires have become a global 

problem, with many nations suffering considerable losses in terms of lives and property. 

Furthermore, forest fires emit carbon dioxide into the air, which causes lung and skin infections in 
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humans. There are three conditions that need to be present in order for a wildfire to burn: fuel, 

oxygen and a heat source. 

6.5.1 Cause of Forest Fires 

 Forest fires can be caused by many natural causes; according to the study, many major fires in 

India start mainly from human activities. At present, the incidence of forestry is continuously 

increasing in the whole world, especially in Brazil and Australia, for which climate change can 

be considered responsible. 

 In India, Forest fires is most commonly recorded during March and April, when the ground 

contains large amounts of dry wood, logs, dead leaves, stumps, hay and weeds. Under natural 

conditions, excessive heat and dryness, the friction created by rubbing of branches with each 

other is also known to start a fire. 

 In Uttarakhand, soil moisture deficiency is also being seen as an important factor. In two 

consecutive monsoon seasons (2019 and 2020), there has been a deficit of rainfall at seasonal 

averages of 18% and 20% respectively. 

 According to forest officials the maximum number of fires in India are man-made. Even a 

small spark from the butt of a cigarette or a carelessly lit matchstick fire can turn into a terrible 

forest fire. 

6.5.2 Effects of Forest Fire 

 Forest fires can impact the economy as many families and communities depend on the forest 

for food, fodder and fuel. 

 It burns down the small shrubs and grasses, leading to landslides and soil erosion. 

 Burning of forests causes smoke and poisonous gas emissions that result in significant health 

issues in humans. 

 Loss of trees can disrupt the climatic conditions and break down the carbon chain. 

 Wildfires damage the habitat of animals, causing them to wander in cities. Many die in the 

fires, unable to escape. 

 These fires destroy the vegetation, soil quality and overall flora and fauna. 
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6.6 Indian State of Forest Report, 2021 

 State of Forests Report is published by the Forest Survey of India (FSI) on a biennial basis 

since 1987. The India State of Forest Report 2021 is the 17th report in the series.  

 It has for the first time assessed forest cover in tiger reserves, tiger corridors and the Gir 

forest which houses the Asiatic lion. 

 It states that there has been an increase of 2,261 sq. km in the total forest and tree cover of the 

country in last two years. 

 Area-wise Madhya Pradesh has the largest forest cover in the country. 

 Maximum increase in forest cover witnessed in Andhra Pradesh (647 sq. km) followed by 

Telangana (632 sq. km) and Odisha (537 sq. km). 

 17 states/UTs have above 33 percent of the geographical area under forest cover. 

 Total carbon stock in country’s forest is estimated to be 7,204 million tonnes, an increase of 

79.4 million. 

 Total mangrove cover in the country is 4,992 sq. km, an increase of 17 sq. Km observed. 

6.7 Grassland Ecosystem 

The grasslands are found where rainfall is not enough to support a forest, but more than that of a 

true desert. In fact, grasslands often lie between forests and deserts. Grasslands cover about 20% 

to 40% of the world's land area, depending on how they're characterized. The quantity of 

precipitation received by the grassland environment affects its vegetation. There are two types of 

grassland ecosystems: 

6.7.1 Tropical Grasslands  

Tropical Grasslands receive 50 to 130 cm of rain annually. They also have both rainy and dry days. 

As a result, they are warm all year. Savanna is another name for tropical grasslands. These 

grasslands are characterized by dry plants and little trees. Also, the tropical grasslands contain 

quite short plants which makes it an excellent hunting ground. For instance, the African savanna 

is one of the tropical grasslands. In conclusion, the tropical grassland is a home for elephants, 

giraffes, lions, cheetahs, zebras and other spectacular species. 
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6.7.2 Temperate Grasslands 

Temperate grasslands receive rainfall of the range 25 cm and 75 cm. Furthermore, the climate in 

the temperate grasslands makes it both dormant and growing. Moreover, these grasslands suffer 

extreme climates. In the cold season, the temperature can reach up Flooded Grasslands to 0o 

Fahrenheit. While in the summer season it reaches up to 90o in some areas. The precipitation in 

these grasslands is mostly in the form of dew and snow. For instance, some vegetation that grows 

here are, cacti, sagebrush, perennial grasses, buffalo grass clovers and wild indigos, etc. 

6.8 Desert Ecosystem 

Deserts cover about one-fifth of our planet and witness extremely low rainfall over an area. The 

most defining feature of this ecosystem is the amount of precipitation it receives, which is the least 

as compared to any ecosystem. Soils often have abundant nutrients because they need only water 

to become very productive and have little or no organic matter. There are relatively few large 

mammals in deserts because most are not capable of storing sufficient water and withstanding the 

heat. There are two major types of deserts: 

6.8.1 Hot and Arid Desert 

These generally occur at low latitudes and can be found in Sahara, South-America, North America, 

Australia and Middle East. Seasons in the arid desert are generally dry and hot with few 

occurrences of rain during the winter. When it rains, it is common for the rain to evaporate before 

hitting the ground. The soil is usually either sand or coarse and rocky. Vegetation consists mainly 

of shrubs and small trees of which the leaves have evolved to retain water. Animal species being 

mostly active at night (nocturnal). 

6.8.2 Cold Desert 

There is moderately high amount of snow during the wintertime. The soil is too heavy and alkaline. 

Cold desert offers less than ideal conditions for sustaining delicate plants and animals. Most of the 

animals in the cold desert are burrowers, even the carnivores and reptiles, which even though are 

cold blooded have made their homes in the cold desert. 
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6.9 Desertification 

Desertification refers to the persistent degradation of dry land ecosystems by climatic variations 

and human activities. It occurs on all continents (except Antarctica) and affects the livelihoods of 

millions of people, including a large proportion of the poor in drylands. In arid and semiarid 

regions, the restoration of the fragile ecosystem is very slow and issues like deforestation and 

mining enhances the desertification. Desertification is a main problem faced by desert adjoining 

areas, which stretches across parts of Rajasthan, Gujarat, Punjab and Haryana.  

6.9.1 Factors leading to desertification 

There are two main factors which leads to desertification: 

a) Climatic Variations: Climate change, drought, moisture loss on a global level. 

b) Human activities: These includes overgrazing, deforestation and removal of the natural 

vegetation cover (by taking too much fuel, wood, etc.), agricultural activities in the vulnerable 

ecosystems of arid and semi-arid areas, which are thus sustained beyond their capacity. These 

activities are triggered by population growth, the impact of the market economy and poverty. 

6.9.2 Consequences of desertification 

Desertification reduces the ability of the land to support life, affecting wild species, domestic 

animals, agricultural crops and people. The reduction in plant cover that accompanies 

desertification leads to accelerated soil erosion by wind and water. 

6.10 Tundra Ecosystem 

Tundra means a “barren land” since they are found where environmental conditions are very 

severe. The ecosystem, which is devoid of trees and covered with snow for most of the year is 

called the tundra ecosystems. These types of ecosystems are mainly found in cold climates and in 

those regions with limited or scarce rainfall. Polar Regions are some examples of the tundra 

ecosystem. There are two types of tundra ecosystems - arctic and alpine. 

6.10.1 Arctic Tundra 

The arctic tundra occupies the earth’s northern hemisphere. The soil in arctic tundra is poor in 

nutrients which accounts for low amount of vegetation. There is an under-layer of soil called 

permafrost which remains completely frozen at all times, allowing little room for deep rooting 
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plants and trees. The plants that do not survive the frozen landscape are extremely resilient and 

their roots are close to the surface of the hard soil, as to intake what little water falls upon the 

ground. Most of the artic tundra’s plant life consists of shrubbery, lichen, moss and flowers. Birds 

of the tundra migrate south during the winter months, causing constant change in the animal 

population. 

6.10.2 Alpine Tundra 

The alpine tundra ecosystem exists on rocky mountaintops and is very similar to the Arctic Tundra 

except for a conspicuous lack of trees. Because tree cannot grow at this high altitude, most of the 

alpine tundra’s plant life consists of shrubbery and small leafy plants such as alpine bluegrass 

which is consumed by a variety of grazing animals such as bighorn sheep and mountain goats. 

6.11 Salient Features 

 A terrestrial ecosystem is a land-based community of organisms and the interactions of biotic 

and abiotic components in a given area. 

 Terrestrial ecosystems cover approximately 140 to 150 million km2, which is about 25 to 30 

percent of the total earth surface area. 

 Terrestrial ecosystem comprises of the four ecosystems: Forest, Grassland, Desert and Tundra. 

 A forest ecosystem is a functional unit or a system which comprises of soil, trees, insects, 

animals, birds and man as its interacting units.  

 Forest ecosystem can be classified into three major categories: coniferous forest (trees that 

grow needles instead of leaves and cones instead of flowers), temperate forest (composed of 

both broad-leaved and coniferous trees) and tropical forest (broad-leaved trees that form a 

dense upper canopy). 

 According to Champion and Seth, Indian forest types are classified into sixteen types; Tropical 

Wet evergreen forests, Tropical Semi-evergreen forests, Tropical Moist deciduous forests, 

Littoral and swamp, Tropical Dry deciduous forest, Tropical Thorn forests, Tropical Dry 

evergreen forest, Sub-tropical Broad-leaved forests, Sub-tropical Pine forests, Sub-tropical 

Dry evergreen forests, Montane Wet temperate forests, Himalayan Moist temperate Forest, 

Himalayan Dry temperate Forest, Sub alpine forest, Moist Alpine scrub, Dry alpine scrub. 
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 Forests are important because they keep up the natural balance, purify the air, prevent soil 

erosion, provide medicinal properties, provide us fuel and timber and provide raw materials 

for industries. 

 Deforestation is the purposeful clearing of forested land. Shifting cultivation, development 

project, fuel requirements, raw material requirements and other causes such as overgrazing, 

agriculture, mining, etc. are some of the causes of deforestation. 

 Loss of habitat, increased greenhouse gases, less water in the atmosphere, soil erosion and 

flooding are some of the effects of deforestation. 

 Forest fires are wildfires that spread uncontrollably, burning plants, animals, grasslands and 

brushlands that fall in their path.  

 Human activities, excessive heat and dryness, the friction created by rubbing of branches with 

each other are some of the causes of forest fires. 

 Landslides, soil erosion, change in climatic conditions, damage in the habitat of animals, 

vegetation, soil quality and overall flora and fauna are major effects of forest fires. 

 For the first time, Indian State of Forest Report (2021) assessed forest cover in tiger 

reserves, tiger corridors and the Gir forest which houses the Asiatic lion. 

 According to Indian State of Forest Report (2021), there’s an increase of 2,261 sq. km in the 

total forest and tree cover; Madhya Pradesh has the largest forest cover in the country; 17 

states/UTs have above 33 percent of the geographical area under forest cover; total carbon 

stock in country’s forest is estimated to be 7,204 million tonnes; total mangrove cover in the 

country is 4,992 sq. km. 

 Grasslands are found where rainfall is not enough to support a forest, but more than that of a 

true desert. There are two types of grassland ecosystems: Tropical Grasslands (which receive 

50 cm to 130 cm rain) and Temperate Grasslands (which receive rainfall of the range 25 cm 

and 75 cm). 

 Desert ecosystems are regions with very little rainfall. There are two major types of deserts hot 

& arid desert and cold desert. 

 Desertification refers to the persistent degradation of dry land ecosystems by climatic 

variations and human activities. Factors leading to desertification are climatic variations and 

human activities such as overgrazing, deforestation etc. 
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 Reduction in the ability of the land to support life, affecting wild species, domestic animals, 

agricultural crops and people along with soil erosion are some consequences of desertification. 

 The ecosystem, which is devoid of trees and covered with snow for most of the year is called 

the tundra ecosystems. There are two types of tundra ecosystems - arctic and alpine. 
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7. Aquatic Ecosystem 

An ecosystem in a water body is called as Aquatic Ecosystem. Aquatic Ecosystems are classified 

based on their salt content are: 

a) Freshwater Ecosystem 

b) Marine Ecosystem 

c) Estuary Ecosystem 
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7.1 Aquatic Organism 

The aquatic organisms are classified on the basis of their zone of occurrence and their ability to 

cross these zones. The organisms (both flora and fauna) in the aquatic ecosystem are unevenly 

distributed but can be classified on the basis of their life form or location into five groups. They 

are as follows: 

7.1.1 Classification of Aquatic Organism 

7.1.1.1 Neuston 

These are unattached organisms which live at the air water interface such as floating plants, etc. 

Some organisms spend most of their lives on top of the air-water interface such as water striders, 

while others spend most of their time just beneath the air-water interface and obtain most of their 

food within the water. Example: beetles and backswimmers. 

7.1.1.2 Periphyton 

These are organisms which remain attached to stems and leaves of rooted plants or substances 

emerging above the bottom mud such as sessile algae and their associated group of animals.  

7.1.1.3 Plankton 

This group includes both microscopic plants like algae (phytoplankton) and animals like 

crustaceans and protozoan’s (zooplankton) found in all aquatic ecosystems, except certain swift 

moving waters. The locomotory power of the planktons is limited so that their distribution is 

controlled, largely, by currents in the aquatic ecosystems. 

7.1.1.4 Nekton 

This group contains animals which are swimmers. The nektons are relatively large and powerful 

as they have to overcome the water currents. The animals range in size from the swimming insects 

(about 2 mm long) to the largest animals, the blue whale. 

7.1.1.5 Benthos  

The benthic organisms are those found living in the bottom of the water mass. Practically, every 

aquatic ecosystem contains well developed benthos. Clams, worms, oysters, shrimp-like 

crustaceans and mussels are all examples of benthic organisms. 
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7.1.2 Factors limiting productivity of Aquatic Habitats 

7.1.2.1 Sunlight 

It is the most important factor of productivity in aquatic ecosystem. The penetration of light and 

distribution of plant is classified into two zone i.e. Photic and Aphotic zone. 

a) Photic zone: This is the upper layer of the aquatic ecosystem up to which light penetrates and 

within which photosynthetic and respiration activity takes place. The depth of this zone 

depends on the transparency of water. 

b) Aphotic zone: It is the lower layer of aquatic ecosystem where the light penetration and plant 

growth is restricted, so only respiration activity is limited to this zone. This zone is positioned 

below the littoral and photic zone. 

7.1.2.2 Dissolved Oxygen 

Dissolved oxygen (DO) is one of the most important indicators of water quality. It is essential for 

the survival of fish and other aquatic organisms. Oxygen dissolves in surface water due to the 

aerating action of winds. Oxygen is also introduced into the water as a byproduct of aquatic plant 

photosynthesis. The colder water is, the more oxygen it can hold. As the water becomes warmer, 

less oxygen can be dissolved in the water. Many aquatic creatures die when the dissolved oxygen 

content goes below 3-5 ppm. 

7.1.2.3 Temperature 

Aquatic creatures have a narrow temperature tolerance limit because water temperatures are less 

susceptible to change. 

7.2 Freshwater Ecosystem 

Freshwater ecosystems are made up of water on land that is constantly cycling and has a low salt 

content (always less than 5 ppt). Freshwater ecosystems are divided into two categories: 

7.2.1 Lentic Ecosystem 

 They include all ecosystems with static or still water. 

 Lakes and ponds are among the most common examples of the Lentic Ecosystem. 

 Algae, crabs, shrimp, and amphibians like frogs and salamanders also live in these habitats. 

 It is also called the lacustrine ecosystem or the still water ecosystem. 
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7.2.2 Lotic Ecosystem 

 These primarily relate to fast-moving water bodies that run in one direction, such as rivers and 

streams. 

 Furthermore, these settings support a diverse range of organisms, including beetles, mayflies, 

stoneflies, and a variety of fish species, including trout, eel, and minnow. 

 It is also called the riverine ecosystem. 

7.3 Marine Ecosystem  

 Marine ecosystems are defined as bodies of water with a salt concentration equal to or greater 

than that of seawater (i.e. 35 ppt or above). 

 Marine ecosystems are the largest of the Earth's aquatic ecosystems, and they exist in salty 

waters. 

7.3.1 Coral Reefs  

 Coral reefs are built by and made up of thousands of tiny animals—coral “polyps”—that are 

related to anemones and jellyfish. 

 Polyps are shallow water organisms which have a soft body covered by a calcareous 

skeleton. The polyps extract calcium salts from sea water to form these hard skeletons. 

 The polyps live in colonies fastened to the rocky sea floor. 

 The tubular skeletons grow upwards and outwards as a cemented calcareous rocky mass, 

collectively called corals. 

 When the coral polyps die, they shed their skeleton (coral) on which new polyps grow. 

 The cycle is repeated for over millions of years leading to accumulation of layers of corals 

(shallow rock created by these depositions is called reef). 

 These layers at different stages give rise to various marine landforms. One such important 

landform is called coral reef. 

 Coral reefs over a period of time transform or evolve into coral islands (Lakshadweep). 

 The corals occur in different forms and colors, depending upon the nature of salts or 

constituents they are made of. 

 Small marine plants (algae) also deposit calcium carbonate contributing to coral growth. 
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7.3.1.1 Ideal growth conditions for Coral reefs  

 Sunlight and temperature: Corals need to grow in shallow water as sunlight is important for 

growth. Corals depend on the zooxanthellae (algae) that need sunlight to survive. 

 Clean Water: Corals need clear water as clean water lets sunlight through. They don’t thrive 

well in opaque water. Also, Sediment and plankton can cloud water, decreasing sunlight 

exposure. 

 Warm water temperature: Reef-building corals need warm water to survive. Different corals 

living in different regions can withstand various temperatures fluctuations. 

 Saltwater: Corals need saltwater and a certain balance in the ratio of salt to water to survive. 

This is why corals don’t live in areas of estuaries. Corals cannot tolerate turbid and freshwaters. 

They also cannot tolerate excessive salinity. 

 Stable climatic conditions are conducive for the growth of corals. 

 Narrow diurnal and annual temperature ranges 

 Abundant sunlight available: The ideal depths for coral growth are 45 m to 55 m below sea 

surface, where there is abundant sunlight available. 

 Corals are highly fragile and are vulnerable to climate change and pollution and even a 

minute increase in marine pollution can be catastrophic. 

7.3.1.2 Types of coral reefs  

a) Fringing reefs 

Fringing reefs evolve and develop near the continent and remain close to the coastline. These 

reefs are separated from the coastline by small, shallow lagoons. They are the most commonly 

found reefs in the world. Fringing reefs can be seen at the New Hebrides Society islands off 

Australia and off the southern coast of Florida. 

b) Barrier reefs 

Barrier reefs are found offshore on the continental shelf. They usually run parallel to the 

coastline at some distance. A deep and wide lagoon is located between the coastline and the 

barrier reef. The 1200-mile long Great Barrier Reef off the NE coast of Australia is the world’s 

largest example of this reef type. 

c) Atolls 
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Atolls are formed on mid-oceanic ridges. They are shaped circularly or elliptically and are 

surrounded by seas on all four sides and have shallow waters in the center called a lagoon. In the 

South Pacific, most atolls occur in mid-ocean. Examples of this reef type are common in French 

Polynesia, the Caroline and Marshall Islands, Micronesia, and the Cook Islands. The Indian 

Ocean also contains numerous atoll formations. Examples are found in the Maldives and Chagos 

island groups, the Seychelles, and in the Cocos Island group. 

d) Patch reefs 

Patch reefs are small and isolated reefs usually occur between fringing reefs and barrier reefs and 

grow from the open bottom of the island or continental shelf. They rarely reach to the surface. 

These reefs are quite common in the Caribbean and Pacific Islands. 

7.3.1.3 Importance of Coral Reefs 

a) Coastal protection: Healthy reefs act as natural barriers, protecting coastal areas and 

beaches from strong ocean waves. Without coral reefs, many beaches and buildings become 

vulnerable to wave and storm damage. With more frequent storms due to climate change, these 

coastal protection services will become even more important. 

b) Example: In the tsunami of December 2004, some coastlines were protected from severe 

damage because of healthy reefs. 

c) Food: Reef fish are a source of protein for a billion people, especially for those living near 

reefs. 

d) Medicine: Coral reefs are called the medicine chests of the sea. Some creatures found on reefs 

produce compounds that have been used for human applications. 

e) Example: Coral’s unique skeletal structure has been used for making bone-grafting materials. 

f) Tourism: Healthy reefs support local and global economies. The tourism industry and 

fisheries, coral reefs generate billions and provide jobs for millions around the world. 

g) Economic Benefits: Countries with coral reef industries get most of the gross national product 

from them. A study estimated the value of coral reefs at $10 billion and direct economic 

benefits of $360 million per year. 

h) Meteorology: corals found in the North Indian Ocean had the potential to provide new insights 

into the onset and withdrawal of the Indian Monsoon until a few hundred years ago. 
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7.3.1.4 Threats to the coral ecosystem 

a) Global Warming: As the global warming increases leads to melting of glaciers and decreases 

the Salinity of Ocean as influx of River Water increases and hence threats to coral reefs are 

increasing. 

b) Coral Bleaching: Most corals have a narrow temperature tolerance. Coral bleaching when 

corals are stressed due to warmer ocean waters. Corals eject the symbiotic algae that live inside 

them when stressed. When corals lose their algae, they lose their built-in food source. 

Outbreaks of coral disease follow bleaching events as the stressed corals are susceptible to 

infection. 

c) Rising sea-surface temperature: As glaciers melt due to global warming, they cause sea 

levels to rise. Consequently, corals end up in deeper underwater, receive less sunlight 

and grow more slowly. 

d) Natural Disaster: Stronger, more frequent storms, hurricanes, cyclones can break coral 

branches and overturn coral colonies. 

e) Ocean Acidification: As the oceans absorb CO2, they become more acidic. With increased 

acidity in the water, coral may form weaker skeletons, be more vulnerable to 

disease and destruction by storms. 

f) Ozone Depletion: Corals have a natural sunscreen for protection from UV rays radiation but 

if UV rays level increases, this radiation can damage corals in shallow waters. 

g) Unsustainable fishing: Overfishing is a threat affecting around 55 percent of the world’s coral 

reefs. 

h) Water Pollution: An overabundance of nutrients in marine environments upsets the balance 

of reef ecosystems. Excess nutrients promote the growth of algae, which can kill corals by 

smothering, blocking sunlight, and promoting the growth of harmful bacteria. 

i) Habitat Destruction: Coral reefs are living structures that can take years to regenerate once 

destroyed. Many activities such as Coral mining, construction, Coral collecting, destructive 

fishing methods, unsustainable tourism affect the habitat and impact coral reefs adversely. 

7.3.1.5 Coral reefs in India 

India has four coral reef areas: 

1. Gulf of Mannar 
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2. Andaman and Nicobar Islands 

3. Lakshadweep islands 

4. The Gulf of Kutch 

7.3.1.6 Coral Bleaching  

 When corals face stress by changes in conditions such as temperature, light, or nutrients, they 

expel the symbiotic algae zooxanthellae living in their tissues, causing them to turn 

completely white. This phenomenon is called coral bleaching. 

 The pale white color is of the translucent tissues of calcium carbonate which are visible due 

to the loss of pigment producing zooxanthellae. 

 Corals can recover if the stress-caused bleaching is not severe. 

 Coral bleaching has occurred in the Caribbean, Indian, and Pacific oceans on a regular basis. 

7.3.1.7 Causes of Coral Bleaching  

a) Rise in Sea Temperature: Most coral species live in waters close to the warmest temperature 

they can tolerate i.e., a slight increase in ocean temperature can harm corals. El Nino elevates 

the sea temperature and destroys coral reefs. 

b) Ocean Acidification: Due to rise in carbon dioxide levels, oceans absorb more carbon 

dioxide. This increases the acidity of ocean water and inhibits the corals ability to create 

calcareous skeletons, which is essential for their survival. 

c) Solar radiation and ultraviolet radiation: Changes in tropical weather patterns result in 

less cloud cover and more radiations which induce coral bleaching. 

d) Infectious Diseases: Penetration of bacterium like vibrio shiloi inhibits photosynthesis of 

zooxanthellae. These bacteria become more potent with elevated sea temperatures. 

e) Chemical Pollution: Increased nutrient concentrations affect corals by promoting 

phytoplankton growth, which in turn supports increased numbers of organisms that compete 

with coral for space. 

f) Increased Sedimentation: Land clearing and coastal construction result in high rates of 

erosion and a higher density of suspended silt particles which can: 

1. Smother corals when particles settle out (sedimentation), 

2. Reducing light availability (turbidity) and 

3. Potentially reducing coral photosynthesis and growth. 
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g) Human Induced Threats: Over-fishing, pollution from agricultural and industrial runoff, 

coral mining, development of industrial areas near coral ecosystems also adversely impact 

corals. 

7.4 Estuary Ecosystem  

 An estuary is a place where a river or a stream opens  into the sea (mouth of the river). 

 It is partially enclosed coastal area of brackish water (salinity varies between 0 – 35 ppt) with 

one or more river or streams flowing into it, and with a free connection to the open sea. 

 At the estuaries, freshwater carrying fertile silt and runoff from the land mixes with the salty 

sea water. 

 Estuaries form a transition zone (ecotone) between river environments and maritime 

environments. 

 Estuaries are formed due to rise in sea level, movement of sand and sandbars, glacial processes 

and tectonic processes. 

 All the plants and animals I the estuaries are subjected to variations in salinity to which they 

are adapted (osmoregulation). 

 Estuaries are generally influenced by tidal action. They are periodically washed by sea water 

once or twice a day based on the number of tides. 

 Estuaries are usually biologically highly productive zones. 

 They also act as a filter for some dissolved constituents in river water; these precipitate in the 

zone where river water meets seawater. 

 In general, the phytoplanktons of estuaries are diatoms, dinoflagellates, green algae, blue-green 

algae. 

 Towards the sea coast of the estuaries, there are large algae and sea grass. Near the mouth of 

the rivers and deltas, there are mangrove forests. 

 Examples of estuaries are river mouths, coastal bays, tidal marshes, lagoons and deltas. 

7.4.1 Mangroves 

 Mangroves are the characteristic littoral plant formation and subtropical coastlines. 

 Mangroves are trees and bushes growing below the high water level of spring tides which 

exhibits remarkable capacity of salt water tolerance. 
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 The best locations are where abundant silt is brought down by rivers on the backshore of 

accreting sandy beaches. 

 Mangroves are highly productive ecosystems and the trees may vary in height from 8 – 20m. 

They protect the shoreline form the effect of cyclone sands tsunamis. 

 They are breeding and spawning ground for many commercially important fishes. 

 Since mangroves are located between the land and the sea, they represent the best example of 

ecotone. 

 Mangroves are shrubs or small trees that grow in coastal saline or brackish water. 

 Mangroves are salt tolerant trees, also called halophytes, and are adapted harsh coastal 

conditions. 

 Mangrove vegetation facilitates more water loss. Leaves are thick and contain salt secreting 

gland .Some block absorption of slat at their roots itself. 

 They contain a complex slat filtration system and complex root system to cope with salt water 

immersion and wave action. 

 They are adapted to the low oxygen (anoxic) conditions of waterlogged mud. 

 They produce pneumatophores (blind roots) to overcome the respiration problem in the 

anaerobic soil. 

 Mangroves occur worldwide in the tropics and subtropics, mainly between latitudes 25° N and 

25° S. 

 They require high solar radiation to filter saline water through their roots. This explains why 

mangroves confined to only tropical and subtropical coastal waters. 

7.4.1.1 Mangroves in India  

 Mangroves of Sundarbans are the largest single block of tidal halophytic mangroves of the 

world. This mangrove forest is famous for the Royal Bengal tiger and crocodiles. 
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 The mangroves of Bhitarkanika (Orissa), which is the second largest in the Indian sub-

continent, harbor 

high 

concentration of 

typical mangrove 

species and high 

genetic diversity. 

 Mangrove 

swamps occur in 

profusion in the 

intertidal mudflats 

on both side of the 

creeks in the 

Godavari-Krishna 

deltaic regions of 

Andhra Pradesh. 

 Mangroves of Pichavarm and 

Vedaranyam are degraded mainly due to the construction of aquaculture ponds and salt pans. 

7.4.1.2 Threat to Mangroves 

Mangroves are destroyed for conversion of the area for agricultural purpose, fuel, fodder and 

salinisation, mining, oil spills, aquaculture farming, use of pesticides and fertilizers and industrial 

purposes.  

 

7.5 Wetlands  

 Wetlands are defined as: "lands transitional between terrestrial and aquatic eco-systems 

where the water table is usually at or near the surface or the land is covered by shallow water". 

 Wetlands are areas where water is the primary factor controlling the environment and the 

associated plant and animal life. They occur where the water table is at or near the surface of 

the land, or where the land is covered by water. 

 Wetlands are transition zones (ecotone) between terrestrial and aquatic ecosystems. 

Fig 7.1 Mangrove map of India 
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 Example: Mangroves lake littorals (marginal areas between highest and lowest water level 

of the lakes), floodplains (areas lying adjacent to the river channels beyond the natural levees 

and periodically flooded during high discharge in the river) and other marshy or swampy 

areas. 

7.5.1 Classification of Wetlands  

There are several ways in which the wetland classification is done. According to Ramsar 

Convention, three major classes are identified:  

1. Marine/Coastal Wetlands  

2. Inland Wetlands  

3. Human-made Wetlands  

These are subdivided by the type of water: fresh / saline / brackish / alkaline; further may be 

subdivided based on whether they are permanent or temporary. 

7.5.2 Four Major Types of Wetlands  

7.5.2.1 Marshes 

These are periodically saturated or flooded with water and characterized by herbaceous (non-

woody) vegetation adapted to wet soil conditions. Marshes are further characterized as tidal 

marshes and non-tidal marshes. 

7.5.2.2 Swamps 

These are fed primarily by surface water inputs and are dominated by trees and shrubs. Swamps 

occur in either freshwater or saltwater floodplains. Some of the world's largest swamps are found 

along major rivers such as the Amazon, the Mississippi and the Congo. 

7.5.2.3 Bogs 

A Bog is a mire that accumulates peat. A Bog is dome shaped landform, is higher than the 

surrounding landscape, and obtains most of its water from rainfall. The gradual accumulation of 

decayed plant material in a bog functions as a carbon sink. The characteristic is acidic surface 

water, low in nutrients. These are the features of cold, temperate boreal climate of Northern 

Hemisphere. 
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7.5.2.4 Fen 

The difference with Bog is that a Fen is served by both groundwater and rainfall and is therefore, 

is slightly acidic, neutral or alkaline. It is relatively rich in minerals. It is located on a slope, flat 

or a depression. They are also features of cold climates such as in Western Europe. 

7.5.3 Functions of Wetland 

 

Fig 7.2 Functions and Benefits of Wetland 

 

7.5.4 Threats to Wetlands 

 Dense human population in catchment areas. 

 Rapid urbanization 

 Drainage of wetlands for agricultural and construction activities causes harm to wetlands. 

 The introduction of invasive species to wetlands damages the wetland ecosystems. 

 Pollution of wetlands due to human activities such as the dumping of factory wastes is harming the 

flora and fauna of wetland ecosystems. 

 Climate change  

 The construction of dams alters the flow of water to wetlands thus altering the healthy status of 

wetlands. 

 Weed choking is another cause of concern for wetlands. 
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 Sand and shell removal is harming the wetlands. 

 Wastes from intensive aquaculture are another threat. 

 Upstream human activities exert pressure on the downstream area in coastal backwaters. 

7.5.5 Ramsar Convention on Wetlands  

 The Convention came in to force in 1975. 

 The Convention’s mission is “the conservation and wise use of all wetlands through local and 

national actions and international cooperation, as a contribution towards achieving 

sustainable development throughout the world”  

(For further details: Environmental Ecology; Chapter - 21) 

7.6 Challenges of Aquatic Ecosystem  

7.6.1 Eutrophication 

 Lakes receive their water from surface runoff and along with its various chemical substances 

and minerals. 

 Over periods spanning millennia, ageing occurs as the lakes accumulate mineral and organic 

matter and gradually, get filled up. 

 The nutrient-enrichment of the lakes promotes the growth of algae, aquatic plants and various 

fauna. This process is known as natural eutrophication. 

 Similar nutrient enrichment of lakes at an accelerated rate is caused by human activities and 

the consequent ageing phenomenon is known as cultural eutrophication. 

 On the basis of their nutrient content, lakes are categorized as Oligotrophic (very low 

nutrients), Mesotrophic (moderate nutrients) and Eutrophic (highly nutrient rich). 

 A vast majority of lakes in India are either eutrophic or mesotrophic because of the nutrients 

derived from their surroundings or organic wastes entering them. 

7.6.1.1 Effects of Eutrophication 

 Loss of freshwater lakes: Eutrophication eventually creates detritus layer in lakes and 

produces successively shallower depth of surface water. 

 Eventually, the water body is reduced into marsh whose plant community is transformed from 

an aquatic environment to a recognizable terrestrial environment. 
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 Algal Blooms restrict the penetration of sunlight resulting in the death of aquatic plants and 

hence restricts the replenishment of oxygen. 

 New species invasion: Eutrophication may cause the ecosystem competitive by transforming 

the normal limiting nutrient to abundant level. This cause shifting in species composition of 

the ecosystem. 

 Loss of coral reefs: Occurs due to decrease in water transparency (increased turbidity). 

7.6.2 Algal Bloom 

An algal bloom or marine bloom or water bloom is a rapid increase in the population of algae in 

an aquatic system. Algal blooms may occur in freshwater as well as marine environments. 

7.6.2.1 Harmful Algal Bloom (HABs) 

 Harmful algal blooms are overgrowths of algae in water. Some produce dangerous toxins in 

fresh or marine water but even nontoxic blooms hurt the environment and local economies. 

 Most algal blooms are not harmful, but some produce toxins. These are known as Harmful 

Algal Blooms (HABs). 

 Some algal blooms when died or eaten, release neuro & hepatotoxins which can kill aquatic 

organism & pose a threat to humans. E.g. Shellfish poisoning. 

 HAB events adversely affect commercial and recreational fishing, tourism, and valued 

habitats, creating a significant impact on local economies and the livelihood of coastal 

residents. 

7.6.2.2 Causes of Algal Bloom 

1. Nutrients: Nutrients promote and support the growth of algae and cyanobacteria. 

The Eutrophication (nutrient enrichment) of waterways is considered as a major factor. 

2. Temperature: Blooms are more likely to happen in summer or fall but can occur any time 

of year. 

3. Turbidity: Turbidity is caused by the presence of suspended particles and organic matter in 

the water column. When turbidity is low, more light can penetrate through the water column. 

This creates optimal conditions for algal growth. 
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7.6.2.3 Effects of Algal Bloom 

 Produce extremely dangerous toxins that can sicken or kill people and animals. 

 There have also been complaints of respiratory distress in humans due to red tide. 

 Algal Blooms deprive aquatic organisms of Sunlight and oxygen and negatively impact a 

variety of species that live below the water surface. 

 Create Dead Zones in the water. 

 Raise treatment costs for drinking water. Hurt industries that depend on clean water. 

7.6.2.4 Mitigation 

 Multiple treatment of effluent: Simple treatment options are not effective; multiple 

treatment steps are typically needed to remove algae toxins. Using tertiary sewage treatment 

methods to remove phosphate and nitrate before discharging the effluent into rivers and lakes. 

 Nitrogen testing & modelling: N-Testing is a technique to find the optimum amount of 

fertilizer required for crop plants. It will reduce the amount of nitrogen lost to the surrounding 

area. 

 Encouraging organic farming: Reducing the overuse of fertilizers in agriculture and 

encouraging organic farming can reduce the bulk flow of runoff and can be effective for 

reducing severe algal blooms. 

 Reduction in nitrogen emission from vehicles and power plants. 

 Reducing the use of phosphates as builders in detergents. 

7.7 Salient Features 

 An ecosystem in a water body is called as Aquatic 

Ecosystem. It comprises of three ecosystem i.e. 

freshwater, marine and estuary ecosystem. 

 Neuston, Periphyton, Plankton, Nekton and Benthos 

are the different types of aquatic organism classified 

on the basis of their zone of occurrence and their 

ability to cross these zones. 

Important term 

"Dead zone" is a more common 
term for hypoxia, which refers to 
a reduced level of oxygen in the 
water. 

 

https://www.drishtiias.com/daily-updates/daily-news-analysis/important-facts-for-prelims-july-18th-2018
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 Freshwater ecosystems are made up of water on land that is constantly cycling and has a low 

salt content (always less than 5 ppt). It is divided into the two types of ecosystem: lotic 

(flowing) and lentic (standing) fresh water ecosystem. 

 Marine ecosystems are defined as bodies of water with a salt concentration equal to or greater 

than that of seawater (i.e. 35 ppt or above). 

 Coral reefs are built by and made up of thousands of tiny animals—coral “polyps”—that are 

related to anemones and jellyfish. 

 There are 4 types of coral reefs: Fringing, barrier, atolls and patch reefs. 

 When corals face stress by changes in conditions such as temperature, light, or nutrients, they 

expel the symbiotic algae zooxanthellae living in their tissues, causing them to turn completely 

white. This phenomenon is called coral bleaching. 

 Estuary is partially enclosed coastal area of brackish water (salinity varies between 0 – 35 ppt) 

with one or more river or streams flowing into it, and with a free connection to the open sea. 

 Mangroves are a group of trees and shrubs that live in the coastal intertidal zone. 

 Wetlands are defined as: "lands transitional between terrestrial and aquatic eco-systems where 

the water table is usually at or near the surface or the land is covered by shallow water". 

 Marshes, swamps, bogs and fen are the four major types of wetland. 

 The Ramsar Convention’s mission is “the conservation and wise use of all wetlands through 

local and national actions and international cooperation, as a contribution towards achieving 

sustainable development throughout the world”, 

 Eutrophication is the process in which a water body becomes overly enriched with nutrients, 

leading to plentiful growth of simple plant life. 

 An algal bloom or marine bloom or water bloom is a rapid increase in the population of algae 

in an aquatic system. 

 Harmful algal blooms (HABs) are the rapid growth of algae or cyanobacteria that can cause 

harm to people, animals, or the local ecology.  
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8. Functions of an Ecosystem 

An ecosystem is a wide, complex, and integrated dynamic system. It may be studied in the context 

of energy flow and food chains. They connect the biotic and abiotic components of an ecosystem. 

8.1 Energy Flow 

Energy is the fundamental factor that drives all metabolic processes. Energy flow is the 

unidirectional movement of energy from the producer to the top consumers. The study of trophic 

level interaction in an ecosystem provides insight into the ecosystem's energy flow. 

2022 
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8.2 Trophic level interaction 

Trophic level interaction deals with how the members of an ecosystem are connected based on 

nutritional needs. 

Table 8. Trophic levels 

Trophic levels (Trophe = nourishment) 

I Autotrophs Green plants (producers) 

II Heterotrophs Herbivore (primary consumers) 

III Heterotrophs Carnivores (secondary consumers) 

IV Heterotrophs Carnivore (tertiary consumers) 

V Heterotrophs Top carnivores (quaternary consumers) 

 

Energy flows through the trophic levels: from producers to subsequent trophic levels. This energy 

always flows from lower (producer) to higher (herbivore, carnivore etc.) trophic level. It never 

flows in the reverse direction that is from carnivores to herbivores to producers. Each trophic level 

loses some energy in the form of useless heat, hence the energy level drops from the first trophic 

level upwards.  

As a result, there are normally four or five trophic levels, and seldom more than six, as there is 

insufficient energy to support any organism beyond that. Trophic levels are numbered according 

to the steps an organism is away from the source of food or energy that is the producer. The trophic 

level interaction involves three concepts namely: 

1. Food Chain 

2. Food Web 

3. Ecological Pyramids 

8.2.1 Food Chain 

The ecosystem's organisms are linked via trophic levels or feeding mechanisms, in which one 

creature becomes food for another. A food chain is a series of organisms that feed on one another. 

Producers are at the beginning of the food chain, while top carnivores are at the end. The food 

chain is the sequence of eating and being eaten that results in the transfer of food energy. The plant 
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converts solar energy into chemical energy by photosynthesis. Plant matter is consumed by small 

herbivores, who then transform it to animal matter. Large carnivores consume these herbivores. 

8.2.1.1 Types of Food Chain 

i. Grazing food chain: The grazing food 

chain is made up of the consumers who 

start the food chain by eating the plant or 

plant portion. The food chain starts with 

green plants at the bottom, and herbivores 

are the primary consumers.  

For example, in terrestrial ecosystem, 

grass is eaten up by caterpillar, which is 

eaten by lizard and lizard is eaten by 

snake. In Aquatic ecosystem 

phytoplankton (primary producers) is 

eaten by zoo plankton which is eaten by 

fishes and fishes are eaten by pelicans. 

ii. Detritus food chain: It begins with 

microorganisms consuming the dead 

organic matter of decaying animals and plant bodies, followed by detritus-feeding creatures 

known as detrivores or decomposers, and to other predators.  

 

Fig. 8.2 Detritus food chain 

The source of energy for the first level consumers distinguishes these two food chains. The 

major source of energy in the grazing food chain is live plant biomass, whereas the primary 

source of energy in the detritus food chain is dead organic matter or detritus. Both food chains 

are interconnected. The waste materials and dead organic matter from the grazing food chain 

provide the first energy source for the detritus food chain. 

Fig. 8.1 Grazing food chain 
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8.2.2 Food Web 

A food chain is just one aspect of the food 

or energy flow across an ecosystem and it 

implies a simple, isolated relationship that 

is seldom found in ecosystems. Several 

interconnected food chains can make up an 

ecosystem. More typically, the same food 

supply is found in many food chains, 

especially at lower trophic levels. "A food 

web depicts all possible energy and 

nutrition exchanges among organisms in 

an ecosystem, whereas a food chain 

follows only one food pathway”. 

If any link in the intermediate food chain is 

eliminated, the chain's subsequent links will be severely impacted. Most organisms in an 

environment have more than one food source due to the food web and therefore it increases their 

chance of survival. For example, grasses may serve food for rabbit or grasshopper or goat or cow. 

Similarly, a herbivore may be food source for many carnivorous species. 

Also, food availability and preferences of food of the organisms may shift seasonally e.g. we eat 

watermelon in summer and peaches in the winter. Thus, there are interconnected networks of 

feeding relationships that take the form of food webs. 

8.2.3 Ecological Pyramids 

Ecological pyramids are diagrammatic representations of the stages of trophic levels. The base of 

the pyramid is the food producer, and the apex is the top carnivore. Other trophic levels of 

consumer are in the middle. The pyramid is made up of a series of horizontal bars that represent 

different trophic levels, grouped in order from primary producer through herbivore to carnivore. 

The total number of individuals at each trophic level in an ecosystem is represented by the length 

of each bar. With each step from the producer to the consumer level, the number, biomass, and 

Fig. 8.3 Food Wed 

Do you know? 

Charles Elton developed the concept of 
the ecological pyramids. These pyramids 
are also known as Eltonian pyramids. 
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energy of organisms decreases, and the diagrammatic depiction takes on a pyramid form. There 

are three types of ecological pyramids.  

1. Pyramid of numbers, 

2. Pyramid of biomass, 

3. Pyramid of energy or productivity. 

8.2.3.1 Pyramid of Numbers 

The link between the number of primary producers and different levels of consumers. It is a 

graphical depiction of the total number of individuals belonging to various species at each trophic 

level in an ecosystem. The pyramid of number may not always be upright, and may even be totally 

inverted, depending on the size and biomass of the organism. 

a) Pyramid of numbers – upright 

 In this pyramid, the number of individuals is decreased from lower level to higher trophic level. 

 This type of pyramid can be seen in grassland ecosystem. 

 The grasses occupy the lowest trophic level (base) because of their abundance. 

 The next higher trophic level is primary consumer - herbivore (example – grasshopper). 

 The individual number of grasshopper is less than that of grass. The next energy level is 

primary carnivore (example – rat). 

 The number of rats are less than 

grasshopper, because, they feed on 

grasshopper. The next higher trophic 

level is secondary carnivore (example – 

snakes). They feed on rats. 

 The next higher trophic level is the top 

carnivore. (Ex. Hawk). 

 With each higher trophic level, the 

number of individual decreases. 

b) Pyramid of numbers – inverted 

 In this pyramid, the number of individuals is increased from lower level to higher trophic level. 

Fig. 8.4 Upright pyramid of numbers 
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 A count in a forest would have a small number of large producers, for e.g. few number of big 

trees. 

 This is because the tree (primary producer) being few in number and would represent the base 

of the pyramid and the dependent herbivores (Example - Birds) in the next higher trophic level 

and it is followed by parasites in the next trophic level. Hyper parasites being at higher trophic 

level represents higher in number. 

 And the resulting pyramid is in inverted shape. A 

pyramid of numbers does not take into account the 

fact that the size of organisms being counted in 

each trophic level can vary. 

 It is very difficult to count all the organisms, in a 

pyramid of numbers and so the pyramid of number 

does not completely define the trophic structure for 

an ecosystem. 

 

 

8.2.3.2 Pyramid of Biomass  

The pyramid of biomass is used to overcome the drawbacks of the pyramid of numbers. Individuals 

at each trophic level are weighed rather than counted in this method. This results in a biomass 

pyramid, which represents the total dry weight of all organisms at each trophic level at any given 

moment. Pyramid of biomass is usually determined by collecting all organisms occupying each 

trophic level separately and measuring their dry weight. This overcomes the size difference 

problem because all kinds of organisms at a trophic level are weighed. Biomass is measured in 

g/m2. 

Fig. 8.5 Inverted pyramid of 
numbers 
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a) Upward pyramid 

For most ecosystems on land, the pyramid of 

biomass has a large base of primary producers with 

a smaller trophic level perched on top. The biomass 

of producers (autotrophs) is at the maximum. 

Primary consumers have less biomass than 

producers at the following trophic level. The 

biomass of secondary consumers i.e., the next 

higher trophic level, is lower than that of primary 

consumers. There is relatively little biomass at the 

top i.e., high trophic level.  

b) Inverted pyramid  

In contrast, in many aquatic ecosystems, the 

pyramid of biomass may assume an inverted form. 

This is because the producers are tiny 

phytoplanktons that grow and reproduce rapidly. 

Here, the pyramid of biomass has a small base, 

with the consumer biomass at any instant actually 

exceeding the producer biomass and the pyramid 

assumes inverted shape. 

8.2.3.3 Pyramid of Energy 

An energy pyramid is the best way to compare the functional roles of the trophic levels in an 

ecosystem. An energy pyramid, reflects the laws of thermodynamics, with conversion of solar 

energy to chemical energy and heat energy at each trophic level and with loss of energy being 

depicted at each transfer to another trophic level. Hence the pyramid is always upward, with a 

large energy base at the bottom. 

This can be explained with the help of an example, suppose an ecosystem receives 1000 calories 

of light energy in a given day. Most of the energy is not absorbed; some is reflected back to space; 

of the energy absorbed only a small portion is utilized by green plants, out of which the plant uses 

Fig. 8.7 Upward pyramid of Biomass 

Fig. 8.6 Upward pyramid of Biomass 
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up some for respiration and of the 1000 calories, therefore only 100 calories are stored as energy 

rich materials. 

Now suppose an animal, say a deer, eats the plant 

containing 100 Cal of food energy. The deer uses 

some of it for its own metabolism and stores only 

10 Cal as food energy. A lion that eats the deer gets 

an even smaller amount of energy. Thus usable 

energy decreases from sunlight to producer to 

herbivore to carnivore. Therefore, the energy 

pyramid will always be upright.  

Energy pyramid concept helps to explain the 

phenomenon of biological magnification-the tendency for toxic substances to increase in 

concentration progressively at higher levels of the food chain. 

8.3 Pollutants and Trophic Level  

Pollutants especially non-degradable ones move through the various trophic levels in an 

ecosystem. Non-degradable pollutants mean materials, which cannot be metabolized by the living 

organisms. Example: chlorinated hydrocarbons.  

We are concerned about these phenomena because, together they enable even small concentrations 

of chemicals in the environment to find their way into organisms in high enough dosages to cause 

problems. Movement of these pollutants involves two main processes: 

i. Bioaccumulation 

ii. Bio-magnification 

8.3.1 Bioaccumulation 

 It refers to how pollutants enter a food chain. 

 In bioaccumulation there is an increase in concentration of a pollutant from the environment 

to the first organism in a food chain. For example, pesticides such as DDT 

(Dichlorodiphenyltrichloroethane), is non-biodegradable. It gets incorporated in the food chain 

Fig. 8.8 Upward pyramid of Biomass 
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and gets deposited on the tissues of the organisms. When DDT enters aquatic bodies, it gets 

build up in the body of fishes and this is known as bioaccumulation. 

8.3.2 Bio-magnification 

 Bio-magnification refers to the tendency of 

pollutants to concentrate as they move from one 

trophic level to the next. 

 Thus in bio-magnification there is an increase in 

concentration of a pollutant from one link in a food 

chain to another.  

The pollutant must be long-lived, mobile, soluble in 

fats, and biologically active in order for bio-

magnification to occur. If a pollutant is short-lived, it 

will be broken down before it can become dangerous. 

If it is not mobile, it will remain static and will not be 

consumed by organisms. The organism will excrete 

the pollutant if it is soluble in water. Pollutants that 

dissolve in fats, however, may be retained for a long 

time.  It is traditional to measure the amount of pollutants in fatty tissues of organisms such as fish. 

In mammals, we often test the milk produced by females, since the milk has a lot of fat in it are 

often more susceptible to damage from toxins (poisons). If a pollutant is not active biologically, it 

may bio-magnify, but we really don’t worry about it much, since it probably won’t cause any 

problems. 

8.4 Salient features 

 The flow of energy from producer to top consumers is called energy flow and it is 

unidirectional. 

 Trophic level interaction deals with how the members of an ecosystem are connected based on 

nutritional needs. 

 A sequence of organisms that feed on one another, form food chain. The sequence of eaten 

and being eaten, produces transfer of food energy and it is known as food chain. 

Fig. 8.9 Bio-magnification 
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 There are two types of food chain: Grazing (source of energy is live plant biomass) and detritus 

(primary source of energy is dead organic matter or detritus). 

 A food web illustrates, all possible transfers of energy and nutrients among the organisms in 

an ecosystem. 

 The steps of trophic levels expressed in a diagrammatic way are referred as ecological 

pyramids. The ecological pyramids are of three categories: Pyramid of numbers, Pyramid of 

biomass and Pyramid of energy or productivity. 

 Pyramid of numbers deals with the relationship between the numbers of primary producers 

and consumers of different levels. These are of two types: Upright (the number of individuals 

is decreased from lower level to higher trophic level) and Inverted (the number of individuals 

is increased from lower level to higher trophic level). 

 Pyramid of biomass shows the total weight and another suitable measures of the total amount 

of living matter. These are of two types: Upright (has a large base of primary producers with a 

smaller trophic level perched on top) and Inverted (in aquatic ecosystems, the producers are 

tiny phytoplanktons that grow and reproduce rapidly thus it is inverted). 

 Pyramid of energy shows the rate of energy flow and/or productivity at successive trophic 

levels. 

 Pollutants especially non-degradable ones move through the various trophic levels. Movement 

of these pollutants involves two main processes: Bioaccumulation (how pollutants enter a food 

chain) and Bio-magnification (the tendency of pollutants to concentrate as they move from one 

trophic level to the next). 

 

IIPA 2022 

Biogeochemical Cycles 

Chapter 9 
Short Answers 



 
 

CSM – 06: Compiled by Dr. Shyamli Singh 

 

 

This chapter contains: 
 Carbon cycle 
 Nitrogen cycle 
 Hydrological cycle 
 Phosphorous cycle 
 Sulphur cycle 

 

 

9. Biogeochemical Cycles 

Any of the natural pathways by which essential elements of living matter are circulated can be 

called as the biogeochemical cycle. The term biogeochemical is a contraction that refers to the 

consideration of the biological, geological, and chemical aspects of each cycle. Elements within 

biogeochemical cycles flow in various forms from the nonliving (abiotic) components of the 

biosphere to the living (biotic) components and back. Each biogeochemical cycle can be 

considered as having a reservoir pool, a larger (slow-moving, usually abiotic portion), and an 
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exchange (cycling) pool (a smaller but more active portion) concerned with the rapid exchange 

between the biotic and abiotic aspects of an ecosystem. Energy and nutrient circulation are the 

major functions of the ecosystem. Energy is lost as heat whereas nutrients are recycled indefinitely. 

9.1 Types of biogeochemical cycles 

Based on the pathways or reservoir, biogeochemical cycles can be divided into following two 

categories: 

a) Gaseous cycles: These involve the transportation of matter through the atmosphere. 

b) Sedimentary cycles: These cycles involve the transportation of matter through the ground to 

water; that is to say from lithosphere to the hydrosphere. 

9.2 Gaseous Cycles 

Gaseous cycle can be categorized into carbon cycle, nitrogen cycle and hydrological cycle (water 

cycle). 

9.2.1 Carbon Cycle 

Carbon is found in the atmosphere, mostly as carbon dioxide (CO2). A constant flow of carbon 

between the atmosphere and organisms is known as the carbon cycle. Photosynthesis transports 

carbon from the atmosphere to green plants and eventually to organisms. It returns to the 

atmosphere through the processes of respiration and decomposition of dead organic matter. It is 

usually a short term cycle. 

Some carbon also enters a long term cycle. It 

builds up as undecomposed organic matter in 

peaty layers of marshy soil or as insoluble 

carbonates in bottom sediments of aquatic 

systems, taking a long time to disintegrate. Such 

carbon can be buried for millions of years in deep 

waters until geological action lifts the rocks above 

sea level. When these rocks are subjected to 

erosion, carbon dioxide, carbonates, and 

bicarbonates are released into streams and rivers.  
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Fossil fuels such as coal, oil and natural gas, are 

organic substances that were buried before they 

could disintegrate and were subsequently changed into fossil fuels by time and geological 

processes. The carbon stored in them is released back into the atmosphere as carbon dioxide when 

they are burnt. 

9.2.2 Nitrogen Cycle 

All living organisms require nitrogen to make a variety of complex organic compounds such as 

amino acids which are the building blocks of proteins, and nucleic acids which include DNA and 

RNA. The ultimate store of nitrogen is nitrogen gas (N2), which exists in the atmosphere. Organic 

materials in soil and the oceans are two other main sources of nitrogen. Following are the five 

main processes that are essential for nitrogen cycle: 

a) Nitrogen fixation: This process involves conversion of gaseous nitrogen into ammonia, a form 

in which it can be used by plants. Atmospheric nitrogen can be fixed by the following three 

methods: 

1. Atmospheric fixation: Lightening, combustion and volcanic activity help in the fixation of 

nitrogen. 

2. Industrial fixation: At high temperature (400oC) and high pressure (200 atm.), molecular 

nitrogen is broken into atomic nitrogen which then combines with hydrogen to form 

ammonia. 

3. Bacterial fixation: There are two types of bacteria: 

 Symbiotic bacteria e.g. 

Rhizobium in the root nodules 

of leguminous plants. 

 Free living e.g. Nostoc, 

Azobacter and Cyanobacteria. 

These can combine atmospheric or 

dissolved nitrogen with hydrogen to 

form ammonia. 

Fig. 9.1 Carbon Cycle 
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b) Nitrification: Nitrosomonas and nitrococcus bacteria convert ammonia to nitrates or nitrites, 

respectively, in this process. 

Another soil bacteria, Nitrobacter 

has the ability to convert nitrate to nitrite. 

c) Assimilation: In this process, nitrogen fixed by plants is converted into organic molecules 

such as proteins, DNA, RNA, etc. These molecules make the plant and animal tissue. 

d) Ammonification: Urea and uric acid are nitrogenous waste products produced by living 

organisms. These waste products as well as dead remains of organisms are converted back into 

inorganic ammonia by the bacteria. This process is called ammonification. 

e) Denitrification: Denitrification is the process of converting nitrates back into gaseous 

nitrogen. Denitrifying bacteria like to live in an oxygen-free environment, thus they reside deep 

in the soil near the water table. Denitrification is reverse of nitrogen fixation. 

9.2.3 Hydrological Cycle (water cycle) 

The hydrologic cycle is the solar-energy-driven continuous circulation of water in the Earth-

atmosphere system. Major sources of water on our planet include the atmosphere, oceans, lakes, 

rivers, soils, glaciers, snowfields and groundwater. Water moves from one reservoir to another by 

the processes of evaporation, transpiration, condensation, precipitation, deposition, runoff, 

infiltration, and groundwater flow. 

 

Fig. 9.2 Nitrogen Cycle 
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Fig. 9.3 Hydrological Cycle 

9.3 Sedimentary Cycle  

The sedimentary cycle circulates phosphorus, calcium and magnesium. The element involved in 

the sedimentary cycle does not generally cycle via the atmosphere, but rather follows a basic flow 

pattern through erosion, sedimentation, mountain building, volcanic activity and biological 

movement via marine bird excreta. 

9.3.1 Phosphorus Cycle  

In aquatic ecosystems and water quality, 

phosphorus is essential. Unlike carbon and 

nitrogen which are predominantly derived from 

the atmosphere, phosphorus is abundant as a 

mineral in phosphate rocks and enters the cycle 

through erosion and mining. This nutrient is 

thought to be the primary source of excessive 

rooted and free-floating microscopic plant 

growth in lakes.  

Phosphorus is mostly stored in the earth's crust. Phosphates are the most common type of 

phosphorus found on land. Phosphates enter rivers and streams through weathering and erosion, 

where they are transported to the ocean. Phosphorus accumulates on continental shelves in the 

form of insoluble deposits in the ocean. The crustal plates rise from the sea floor after millions of 

years, exposing the phosphates on land. Weathering will eventually release them from the rock, 

and the cycle's geochemical phase will begin again. 

Fig. 9.4 Phosphorus Cycle 
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9.3.2 Sulphur Cycle  

The sulphur reservoir is in the soil and 

sediments where it is locked in organic 

(coal, oil and peat) and inorganic 

deposits (pyrite rock and sulphur rock) 

in the form of sulphates, sulphides and 

organic sulphur. Weathering of rocks, 

erosional runoff and decomposition of 

organic materials releases it, which is 

then carried in salt solution to terrestrial 

and aquatic ecosystems. The sulphur 

cycle is mostly sedimentary except two 

of its compounds hydrogen sulphide 

(H2S) and sulphur dioxide (SO2) add a gaseous component to its normal sedimentary cycle. 

Sulphur enters the atmosphere from several sources like volcanic eruptions, combustion of fossil 

fuels, from surface of ocean and from gases released by decomposition. Atmospheric hydrogen 

sulphide also gets oxidized into sulphur dioxide. After being dissolved in rainfall as weak sulphuric 

acid, atmospheric sulphur dioxide is carried back to the soil.  

Sulphur in the form of sulphates is taken up by the plants and is converted into sulphur carrying 

amino acids, which are integrated in the proteins of autotroph tissues through a number of 

metabolic processes. Then it passes through the grazing food chain. Through excretion and 

decomposition of dead organic material, sulphur bound in live organisms is transferred back to the 

soil, the bottom of ponds, lakes and seas. The bio-geochemical cycles mentioned here are just a 

handful of the many in the ecosystem. These cycles usually do not operate independently but 

interact with each other at some point or the other. 

9.4 Salient Features 

 Any of the natural pathways by which essential elements of living matter are circulated can be 

called as the biogeochemical cycle. The term biogeochemical is a contraction that refers to the 

consideration of the biological, geological, and chemical aspects of each cycle. 

Fig. 9.5 Sulphur Cycle 
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 There are two types of biogeochemical cycles: Gaseous (transportation of matter through the 

atmosphere) and sedimentary (transportation of matter through the ground to water). 

 Further gaseous cycle can be categorized into carbon cycle, nitrogen cycle and hydrological 

cycle. 

 Carbon cycle is the continuous exchange of carbon between the atmosphere and organisms. 

 Nitrogen cycle includes five process: nitrogen fixation (conversion of gaseous nitrogen into 

ammonia), nitrification (conversion of ammonia into nitrates or nitrites), assimilation (nitrogen 

fixed by plants is converted into organic molecules), ammonification (conversion of dead 

remains of organisms into inorganic ammonia) and Denitrification (conversion of nitrates back 

into gaseous nitrogen). 

 Hydrological cycle is the continuous circulation of water in the Earth-atmosphere system 

which is driven by solar energy. 

 Sedimentary cycle is categorized into two cycles: Phosphorous cycle (movement of 

phosphorus through the lithosphere, hydrosphere, and biosphere) and Sulphur cycle 

(circulation of sulfur in various forms through nature). 
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10.  Environmental Pollution and Degradation 

Pollution is any undesirable change in physical, chemical or biological characteristics of air, land, 

water or soil. Agents that bring about such an undesirable change are called as pollutants. 

10.1 Pollutants  

 Pollutants can be solid, liquid or gaseous substances present in greater concentration than in 

natural abundance and are produced due to natural or human activities. 
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 For example, smoke from industries and automobiles, chemicals from factories, radioactive 

substances from nuclear plants, sewage of houses and discarded household articles are the 

common pollutants. 

10.1.1 Classification of Pollutants 

a) According to the form in which they persist after the release into the environment 

 Primary Pollutants: These are the pollutants that are formed and emitted directly from 

particular sources. Example: plastic, DDT (Dichlorodiphenyltrichloroethane). 

 Secondary Pollutants: These are formed by interaction among the primary pollutants. 

Example: PAN (Peroxy Acetyl Nitrate) is formed by the interaction of nitrogen oxides 

and hydrocarbons. 

b) According to their existence in nature 

 Quantitative Pollutants: These occur in nature and become pollutant when their 

concentration reaches beyond a threshold level. Example: carbon dioxide, nitrogen 

dioxide. 

 Qualitative Pollutants: They do not occur in nature and are man-made. Example: 

fungicides, herbicides, DDT, etc. 

c)   According to their nature of disposal  

 Biodegradable Pollutants: Waste products, which are degraded by microbial action. 

Example: sewage waste. 

 Non-biodegradable Pollutants: Pollutants which are not decomposed by microbial 

action. Example: Plastics, glass, DDT, salts of heavy metals.  
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10.2 Types of Pollution     

 Air Pollution 

 Water Pollution 

 Noise Pollution 

 Soil Pollution 

 Thermal Pollution 

 Light Pollution 

 Radioactive Pollution 

10.3 Impacts of Pollution 

Pollution currently poses one 

of the greatest public health and human 

rights challenges, disproportionately affecting the poor and the vulnerable. 

 Pollution is not just an environmental issue, but affects the health and well-being of entire 

societies. 

 Despite the huge impacts on human health and the global economy, and the opportunity to 

apply simple and affordable solutions, pollution has been undercounted and insufficiently 

addressed in national policies and international development agendas. 

 Pollution of all kinds can have negative effects on the environment and wildlife and often 

impacts human health and well-being. 

10.4 Environment Protection Act, 1986 

The Environment Protection Act (EPA) was enacted in 1986 with the objective of providing the 

protection and improvement of the environment. 

 It empowers the Central Government to establish authorities charged with the mandate of 

preventing environmental pollution in all its forms and to tackle specific environmental 

problems that are peculiar to different parts of the country. 

 The Act is one of the most comprehensive legislations with a pretext to protection and 

improvement of the environment.        

(For further details: Environmental Ecology; Chapter - 21)                               

Fig 10. Types of Pollution 
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10.5 Salient Features 

 Pollution is any undesirable change in physical, chemical or biological characteristics of air, 

land, water or soil. 

 Pollutants are the materials or factors, which cause adverse effect on the natural quality of any 

component of the environment. 

 There are different types of pollutants i.e. air pollution, water pollution, soil pollution, thermal 

pollution, noise pollution, light pollution and radioactive pollution. 

 The Environment Protection Act (EPA) was enacted in 1986 with the objective of providing 

the protection and improvement of the environment. 
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11.  Air Pollution 

Air pollution is defined as the presence of pollutants in the atmosphere that are harmful to human 

and other living beings' health, as well as to the environment and materials. 

Gases (such as ammonia, carbon monoxide, sulphur dioxide, nitrous oxides, methane, carbon 

dioxide, and chlorofluorocarbons), particles (both organic and inorganic), and living molecules are 

all examples of air pollution. 

11.1 Primary Pollutants  

These are directly emitted into the atmosphere from the processes such as fossil fuel consumption, 

volcanic eruption, etc. Oxides of Sulphur, Oxides of Nitrogen, Oxides of Carbon, Particulate 

Matter, Methane, Ammonia, Chlorofluorocarbons, Toxic metals etc. are the major primary 

pollutants. 

11.1.1 Particulate Matter 

Particulate matter is the sum of all solid and liquid particles suspended in air many of which are 

hazardous. It includes soot, smoke, fly ash, dust of various types, pollen grains, spores, hair, fur 

etc. These particles vary greatly in size, composition, and origin.  

Based on size, particulate matter is often divided into two main groups: 

 The coarse fraction contains the larger particles with a size ranging from 2.5 to 10 µm (PM10). 

 The fine fraction contains the smaller ones with a size up to 2.5 µm (PM2.5). The particles in 

the fine fraction which are smaller than 0.1 µm are called ultrafine particles. 

Small size particles are much dangerous than the larger size particles because large size particles 

when inhaled get filtered from the nasal tract. While the smaller particles escapes the natural 

filtering and settle down deep into the lungs. 

11.1.2 Carbon Monoxide 

Carbon monoxide (CO) is a colorless, odorless gas. It results from the incomplete combustion of 

carbon-containing fuels such as natural gas, gasoline, or wood, and is emitted by a wide variety of 

combustion sources, including motor vehicles, power plants, wildfires, and incinerators. Its natural 

source is paddy fields. Carbon monoxide is dangerous because it binds to hemoglobin in the blood, 

limiting blood's ability to transport oxygen. 

https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
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11.1.3 Sulphur Oxides 

Volcanic eruption is a major natural source. Manmade sources are smelting of metallic ores (iron, 

copper, zinc, lead, nickel), burning of coal and petroleum in industries, thermal plants, motor 

vehicles and manufacture of chemicals. Garden pea is a pollution indicator for SO2.  

11.1.3.1 Effects of SO2 

 It is highly corrosive in nature and thus causes weight loss of materials, leaf injury or 

discoloration. 

 Addition of SO2 in aerosol produces London Smog or Classical Smog. 

 It is highly water soluble so it gets absorbed in the moist passage of upper respiratory tract 

where it causes long term damage.  

 SO2 also contributes as the main component of acid rain. 

11.1.4 Nitrogen Oxides 

NO and NO2 are the two major air pollutants.  They originate naturally from forest fires electric 

storms, high energy radiations and solar flares. Human activities responsible for their production 

are combustion process of industries, automobiles, incinerators and nitrogen fertilizers. Nitrogen 

oxides produced brown air or reddish brown haze and give rise to photochemical smog. They 

form peroxy acetyl nitrates (PAN) (secondary pollutant) with hydrocarbons and part of acid rain. 

They have mutagenic and carcinogenic properties in biological systems. It causes chlorosis in 

plants.  

11.1.5 Volatile Organic Compounds (VOC’s) 

Volatile organic compounds (VOCs) are emitted as gases from certain solids or liquids. VOCs 

include a variety of chemicals, some of which may have short- and long-term adverse health 

effects. Concentrations of many VOCs are consistently higher indoors (up to ten times higher) than 

outdoors. It can cause irritation in eyes, skin, nose, and throat. Long-term exposure can cause 

serious damage to the liver and other organs. 
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11.2 Secondary Air Pollutants 

These are not directly emitted into the atmosphere. The secondary pollutants formed from the 

reaction among the primary pollutants or with the other components. Tropospheric ozone and PAN 

(Peroxy Acetyl Nitrates) are the example of secondary pollutants.  

11.2.1 Tropospheric ozone 

It is formed from NOx and VOCs.  Ozone (O3) is a secondary pollutant and a key constituent 

formed in the troposphere. Photochemical and chemical reactions involving it drive many of the 

chemical processes that occur in the atmosphere by day and by night. Ozone is a powerful and 

aggressive oxidizing agent, elevated levels of which cause respiratory and cardiovascular health 

problems and leads to premature mortality. High levels of O3 (ozone) can also damage plants, 

leading to reduced agricultural crop yields and decreased forest growth. 

11.2.2 PAN (Peroxy Acetyl Nitrates) 

It is formed by the interaction of nitrogen oxides and hydrocarbons. PANs are a component 

of photochemical smog, produced in the atmosphere when oxidized volatile organic 

compounds combine with nitrogen dioxide. PANs are a secondary pollutant since they form in the 

atmosphere after the emission of primary pollutants. Sources of the pollutants required to create 

PANs include motor vehicles, tobacco smoke, and the burning of fossil fuels. PANs have many 

adverse effects in the human body such as reduced respiratory function (including emphysema and 

impaired breathing) and eye irritation. Human exposure to PANs typically occurs in urban centers 

where automobile and industrial emissions are high. 

 

11.3 Other Atmospheric Pollutants  

 Hydrogen sulfide (H2S) is produced during the processing of ores, refineries, chemical plants 

and bitumen fuels and it smells like rotten eggs. It can cause eye and throat irritation and nausea 

in humans; and problems like mottled chlorosis (deficiency of potassium in plants) and 

defoliation in plants.  

 Mercury (Hg) is produced by burning of coal and smelting. It causes infant deformity, loss of 

appetite, mouth and skin lesions, and damage of eyes; liver and nervous system.  



105 
 

 Ammonia (NH3) is produced from fertilizer, lacquer and dye industries. It causes irritation 

and inflammation of respiratory tract. 

 Lead (Pb) comes from auto mobile exhausts and it may damage liver, kidneys, reproductive 

system, causes anemia, neurological disorders, behavioral disorders, muscle paralysis, 

hypertension, etc.  

11.4 Smog 

Smog is a form of air pollution caused by tiny particles in the air. The term smog was first coined 

in 1905 by Dr. Henry Antoine Des Voeux to describe combination of smoke and fog. It is a hazy 

mixture of heavily polluted air that can form in cities due to the emissions of sulfur dioxide and 

aerosols from the burning of fossil fuels.  

11.4.1 Types of Smog 

11.4.1.1 Classical Smog 

It is also called London smog/Reducing smog/Industrial smog/Sulfurous smog as it occurred in 

1952 in London. It contains SO2 and particulate matter. It forms in areas with high water vapor 

and high levels of sulfur emissions. Sulfur particles dissolve into water droplets to form sulfuric 

acid in the atmosphere, while coal soot darkens the skies. The main constituent of London smog 

is soot and it also contains large quantities of fly ash, sulfur dioxide, sodium chloride and calcium 

sulfate particles.  

11.4.1.2 Photochemical Smog 

It is called as the Los Angeles smog/ Oxidizing smog. It contains VOC’s (Volatile Organic 

Compound), NOx, Tropospheric ozone, PAN, Aldehyde.  

 Photochemical smog is created when sunlight reacts with nitrogen oxides and at least one 

volatile organic compound (VOC) in the atmosphere. This kind of smog requires neither smoke 

nor fog. 

 Nitrogen oxides are emitted in the atmosphere from automobiles, power plants, factory 

emissions. 

 Volatile organic compounds are released in the atmosphere due to paints, gasoline, and 

cleaning solvents. 
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11.4.2 Effects of smog  

 It can cause deaths due to bronchial diseases. 

 Irritation of nose and eyes. 

 It affects the visibility and harms the environment. 

 It causes respiratory health problems such as coughing, shortening of breath, etc.  

 

11.5 Acid Rain 

Acid rain is caused by a chemical reaction that begins when compounds like sulfur dioxide and 

nitrogen oxides are released into the air. These substances can rise very high into the atmosphere, 

where they mix and react with water, oxygen, and other chemicals to form more acidic pollutants, 

known as acid rain. Example: Taj Mahal, one of the 7 wonders of the world, is largely affected by 

acid rain and Statue of Liberty which is made up of copper has also been damaged by the 

cumulative action of acid rain and oxidation for over 30 years and is, therefore, becoming green. 

11.5.1 Types of Acid Deposition 

“Acid rain” is a broad term referring to a mixture of wet and dry deposition (a form of deposition 

material) from the atmosphere. 

11.5.1.1 Wet Deposition 

 If the acid chemicals in the air are blown into areas where the weather is wet, the acids can fall 

to the ground in the form of rain, snow, fog, or mist. 

 As this acidic water flows over and through the ground, it affects a variety of plants and 

animals. 

11.5.1.2 Dry Deposition 

 In areas where the weather is dry, the acid chemicals may become incorporated into dust or 

smoke and fall to the ground through dry deposition, sticking to the ground, buildings, 

vegetation, cars, etc. 

 Dry deposited gases and particles can be washed from these surfaces by rainstorms, through 

runoff. This runoff water makes the resulting mixture more acidic. 

 About half of the acidity in the atmosphere falls back to earth through dry deposition. 
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11.5.2 Effects of Acid Rain 

 Acid rains damage standing crops and forests. 

 It has adverse impact on freshwater life, other aquatic life forms, insects etc. 

 Acid rain can cause the ocean’s pH to fall. This phenomenon is known as ‘ocean 

acidification’. Though acid rain does not have huge impacts on oceans, they significantly 

affect shallower coastal waters. 

 Excess nitrogen inputs from the atmosphere 

in the oceans promote increased growth of 

marine plants and phytoplankton which may 

result in more frequent harmful algal 

blooms and eutrophication. 

 Limestone skeleton in Corals is sensitive to 

decrease in pH levels, as calcium carbonate 

which is the core component of the 

limestone skeleton – dissolves in low 

pH/acidic solutions. 

 Some microbes in the soil cannot tolerate changes to low pH and get killed. The enzymes of 

these microbes are denatured by the acid. 

 It corrodes structures as well as buildings. Example: Acid rains have turned the Taj Mahal’s 

marble yellow. 

 Acid rain also causes the corrosion of water pipes which further results in leaching of heavy 

metals such as iron, lead and copper into drinking water. 

 Acid rain does not harm humans immediately. The sulfur dioxide creates various 

health problems. It can cause lung inflammation including asthma, bronchitis and emphysema. 

11.5.3 Acid Rain Control 

 Use of low sulphur fuel or natural gas or washed coal (chemical washing of pulverised coal) 

in thermal plants can reduce incidences of acid rain. 

 Buffering: the practice of adding a neutralizing agent to the acidified water to increase the pH. 

Usually, lime in the form of calcium oxide and calcium carbonate is used. 

 

Do You Know? 
 

“Marble cancer” refers to the gradual 
deterioration (or eating away) of a 
monument’s marble caused by acid rain. 

The suspended particulate matter, such as 
soot particles, released in the smoke from 
the Mathura Oil Refinery discolors the Taj 
Mahal’s pristine white marble, making it 
yellowish. 
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11.6 Ocean Acidification 

 Ocean acidification has been called the “evil twin of global warming” and “the other 

CO2 problem”. 

 Ocean acidification is the ongoing decrease in the pH of the Earth’s oceans, caused by the 

uptake of carbon dioxide (CO2) from the atmosphere. 

 An estimated 30–40% of the carbon dioxide from human activity released into the atmosphere 

dissolves into oceans, rivers and lakes. 

 To achieve chemical equilibrium, some of it reacts with the water to form carbonic acid. 

 Some of these extra carbonic acid molecules react with a water molecule to give a bicarbonate 

ion and a hydronium ion, thus increasing ocean acidity (H+ ion concentration). 

 Checking CO and CO2 emissions and controlling pollution are the only means to reduce ocean 

acidification. 

 

11.6.1 Effects of Ocean Acidification 

 Oceans are an important reservoir for CO2, absorbing a significant quantity of it (one-third) 

produced by anthropogenic activities and effectively buffering climate change. 

 The uptake of atmospheric carbon dioxide is occurring at a rate exceeding the natural buffering 

capacity of the oceans. 

 Increasing acidity depresses metabolic rates and immune responses in some organisms. 

 Seawater absorbs CO2 to produce carbonic acid, bicarbonate and carbonate ions. 

 However, the increase in atmospheric CO2 levels lead to a decrease in pH level, an increase in 

the concentration of carbonic acid and bicarbonate ions, causing a decrease in the concentration 

of carbonate ions. 

 The decrease in the amount of carbonate ions available makes it more difficult for marine 

calcifying organisms, such as coral (calcareous corals) and some plankton (calcareous 

plankton), to form biogenic calcium carbonate. 

 Commercial fisheries are threatened because acidification harms calcifying organisms which 

form the base of the Arctic food webs. 

 Increasing acidity accentuates coral bleaching as corals are very sensitive to changes in water 

composition. 

https://www.pmfias.com/greenhouse-effect-global-warming/
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11.7 Indoor Air Pollution  

It refers to the physical, chemical, and biological characteristics of air in the indoor environment 

within a home, building, or an institution or commercial facility. Different conditions are 

responsible for indoor air pollution in the rural areas and the urban areas. Poor ventilation due to 

faulty design of buildings leads to pollution of the confined space. In congested areas, slums and 

rural areas, the burning of firewood and biomass results 

in lot of smoke. 

11.7.1 Major Indoor Air Pollutants  

 Volatile Organic Compounds: They are mainly 

originates from solvents and chemicals. Perfumes, 

hair sprays, furniture polish, glues, air fresheners, 

moth repellents, wood preservatives, etc., are the main indoor sources. It can cause irritation 

of the eye, nose and throat. In more severe cases there may be headaches, nausea and loss of 

coordination.  

 Tobacco Smoke: It generates a wide range of harmful chemicals and is known to cause cancer. 

They cause a wide range of problems to the passive smokers from burning eyes, nose, and 

throat irritation to cancer, bronchitis, severe asthma, and a decrease in lung function.  

 Pesticides: Pesticides are used to control insects, pests, microbes, termites, and rodents. As a 

result, they are inherently toxic. Pesticides are common household products such as 

insecticides and disinfectants. Exposure to pesticides can have a variety of short-term and long-

term effects, including skin, eye, nose, and throat irritation, increased risk of cancer, and 

damage to the central nervous system. 

 Biological Pollutants: They include pollen from plants, mite, hair from pets, fungi, parasites, 

and some bacteria. Most of them are allergens and can cause asthma, hay fever, and other 

allergic diseases. 

 Formaldehyde: It is a gas that comes mainly from carpets, particle boards, and insulation 

foam. It causes irritation to the eyes and nose and may cause allergies in some people. 

 Asbestos: Asbestos is a mineral fiber. It occurs naturally in rock and soil. Because of its 

strength and heat resistance, it has been utilized in a variety of construction materials, including 

Do You Know? 
 

Air pollution kills 7 million people 
every year, 4 million of whom die 
from indoor air pollution. 
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insulation, roofing shingles, and as a fire retardant. Asbestos exposure can increase one’s risk 

of developing lung disease, mesothelioma, or asbestosis.   

 Radon: It is a gas that is emitted naturally by the soil.  It has no taste, color, or smell, making 

it very difficult to detect without specific radon testing. Due to modern houses having poor 

ventilation, it is confined inside the house causing harm to the dwellers. Long-term radon 

exposure can increase one’s risk of developing lung cancer. 

11.7.2 Prevention and Control of Indoor Air pollution  

 Use of wood and dung cakes should be replaced by cleaner fuels such as biogas, kerosene or 

electricity. 

 Improved stoves for looking like smokeless chullahs have high thermal efficiency and reduced 

emission of pollutants including smoke.  

 The house designs should incorporate a well-ventilated kitchen. The use of biogas and CNG 

(Compressed Natural Gas) need to be encouraged.  

11.8 Air Pollution Control Devices  

11.8.1 Electrostatic Precipitators (ESP) 

The emanating dust is charged with ions and 

the ionized particulate matter is collected on an 

oppositely charged surface. The particles are 

removed from the collection surface by 

occasional shaking or by rapping the surface. 

ESPs are used in boilers, furnaces, and many 

other units of thermal power plants, cement 

factories, steel plants, etc. Electrostatic 

precipitation can remove over 99 per cent 

particulate matter present in the exhaust. 

11.8.1.1 Working 

 An electrostatic precipitator has electrode wires that are maintained at several thousand volts, 

which produce a corona that releases electrons. 

Fig 11.1 Electrostatic Precipitator 
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 These electrons attach to dust particles giving them a net negative charge. The collecting plates 

are grounded (relatively positive charge) and attract the charged dust particles. 

 The velocity of air between the plates must be low enough to allow the dust to fall. 

 The particles are removed from the collection surface by occasional shaking or by rapping the 

surface. 

 ESPs are used in boilers, furnaces, and many other units of thermal power plants, cement 

factories, steel plants, etc. 

11.8.2 Scrubbers 

Scrubbers are wet collectors. They remove aerosols from a 

stream of gas either by collecting wet particles on a surface 

followed by their removal, or else the particles are wetted 

by a scrubbing liquid. The particles get trapped as they 

travel from supporting gaseous medium across the interface 

to the liquid scrubbing medium. Scrubber is more suitable 

to remove gaseous pollutant than particulates. A scrubber 

can remove gases like sulphur dioxide. 

11.8.3 Gravity Settling Chambers 

Gravity settling chambers are the oldest and 

simplest means of removing large diameter 

suspended particles from a gas. It works on the 

principle of gravity. It is effective for larger 

size particles. This is the simplest device in 

which exhaust gas velocity is slow down 

sufficiently to allow large particles to settle 

down by gravity. 

Fig 11.2 Wet Scrubbers 

Fig 11.3 Gravity Settling Chamber 
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11.8.4 Cyclone Separators 

The articles then drop out at bottom while the cleaner gas exists at 

top. In this separator, the gas is the separator forcing the particles 

against the outer wall of separator by centrifugal force. 

11.8.5 Bag House Filters 

Filters remove particulate matter from the gas stream. Bag house 

filtration system is the most common one and is made of cotton or 

synthetic fibres (for low temperatures) or glass cloth fabrics (for 

higher temperature up to 2900 C).  

11.8.6 Catalytic Converter 

 Catalytic converters, having expensive metals 

namely platinum-palladium and rhodium as the catalysts, 

are fitted into automobiles for reducing the emission of 

poisonous gases. 

 As the exhaust passes through the catalytic converter, 

unburnt hydrocarbons are converted into carbon dioxide 

and water, and carbon monoxide and nitric oxide are 

changed to carbon dioxide and nitrogen gas, respectively. 

 Motor vehicles equipped with catalytic converter should use unleaded petrol because the lead 

in the petrol inactivates the catalyst. 

 

Fig 11.4 Cyclonic 
Separator 

Fig 11.5 Bag House Filter 

Fig 11.6 Catalytic Converter 
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11.9 Initiatives of Government of India to control Air Pollution 

11.9.1 National Air Quality Monitoring Programme (NAMP)  

The Central Pollution Control Board is executing a nationwide programme of ambient air quality 

monitoring known as National Air Quality Monitoring Programme (NAMP). Central Pollution 

Control Board initiated National Ambient Air Quality Monitoring (NAAQM) programme in the 

year 1984 with 7 stations at Agra and Anpara. Subsequently the programme was renamed as 

National Air Quality Monitoring Programme (NAMP). Steadily the air quality monitoring network 

got strengthened, in year 2019 the number of stations was raised to 804 covering 344 

cities/towns/villages in 28 states and 6 Union Territories as on 31st December 2019. 

11.9.1.1 Parameters monitored under NAMP 

To check air quality of the country, Central Pollution Control Board initiated National Air Quality 

Monitoring Programme (NAMP) under which three air pollutants viz., Sulfur Dioxide (SO2), 

Nitrogen Dioxide (NO2) and Particulate Matter size equal to or less than 10 micron (PM10), have 

been monitored regularly at all the locations. Other parameters like PM2.5 (Particulate Matter 

having an aerodynamic diameter less than or equal to 2.5 µm), Carbon monoxide (CO), Ammonia 

(NH3), Lead (Pb), Ozone (O3), Benzene (C6H6), Benzo(a)pyrene (BaP), Arsenic (As) and Nickel 

(Ni) are being monitored at selected locations and are slowly being added to the monitoring 

network under NAMP. The monitoring of meteorological parameters such as wind speed and 

direction, relative humidity and temperature were also integrated with the monitoring of air quality 

and are monitored at selected locations. The monitoring of regular parameters is carried out for 24 

hours (4-hourly sampling for gaseous pollutants and 8-hourly sampling for particulate matter) with 

a frequency of twice a week, to have 104 observations in a year. 

11.9.2 National Ambient Air Quality Standards (NAAQS) 

NAAQS set by CPCB (Central Pollution Control Board) applies nationwide. CPCB draws this 

power from the 1981 Air (Pollution Prevention and Control) Act. The first ambient air quality 

standards were developed in 1982 pursuant to the Air Act. Later, in 1994 and 1998, these standards 

were revised. The latest revision to the NAAQS was done in 2009 and this is the latest version 

being followed. The 2009 standards further lowered the maximum permissible limits for pollutants 

and made the standards uniform across the nation. Previously, industrial zones had less stringent 
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standards as compared to residential areas. The compliance of the NAAQS is monitored under the 

National Air Quality Monitoring Programme (NAMP). NAMP is implemented by the CPCB. 

11.9.2.1 Objectives of air quality standards 

 To indicate the levels of air quality necessary with an adequate margin of safety to protect the 

public health, vegetation and property; 

 To assist in establishing priorities for abatement and control of pollutant level; 

 To provide uniform yardstick for assessing air quality at national level. 

11.9.3 National Air Quality Index 

On April 6, 2015, India had launched its first ever National Air Quality Index (NAQI) and 

acknowledged the problem of its incessantly rising air pollution. This index was launched by Prime 

Minister Narendra Modi in New Delhi, starting with 10 cities in the first phase. The cities include 

Delhi, Agra, Kanpur, Faridabad, Lucknow, Varanasi, Ahmedabad, Chennai, Bangalore and 

Hyderabad. NAQI is tool that uses numbers to simplify air quality data by classifying pollution 

levels into 6 categories—good, satisfactory, moderate, poor, very poor and severe, and denotes a 

color code on the basis of how harmful the pollution in a specific area is. Each of the pollutants—

PM2.5, PM10, NO2, CO and Ozone—are assigned an air quality index (AQI) and thereafter an 

overall AQI is given daily indicating the value of the worst pollutant value for that area. This 

makes it easier for people to know how bad the pollution in their area is and which places they 

should avoid on that day. 

11.9.4 National Clean Air Programme  

The MoEF&CC launched National Clean Air Programme (NCAP) as a long-term, time-bound, 

national level strategy to tackle the air pollution problem across the country in a comprehensive 

manner with targets to achieve 20% to 30% reduction in Particulate Matter concentrations by 2024 

keeping 2017 as the base year for the comparison of concentration. It is India's flagship program 

for better air quality in 122 cities. The plan includes 102 non-attainment cities, across 23 states 

and Union territories, which were identified by the Central Pollution Control Board (CPCB) on 

the basis of their ambient air quality data between 2011 and 2015. 

Non-attainment cities: These are those that have fallen short of the National Ambient Air 

Quality Standards (NAAQS) for over five years. 
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11.10 Bharat Stage Emission Standards  

The Bharat Stage (BS) is emission standards instituted by the Government of India to regulate the 

output of air pollutants from motor vehicles. The Environment Ministry is responsible for deciding 

the fuel standard in the country. The Central Pollution Control Board implements these standards. 

The BS regulations are based on the European emission standards. Companies can come up with 

new vehicles with BS VI fuel standards even before the 

April 2020 deadline. But after the deadline, vehicles that 

do not comply with BS VI standards will not be 

registered. With the implementation of new norms, 

pollution levels are expected to come down significantly 

as the particulate matter (PM) will decrease. About one-

third of the air pollution is caused by cars and motor 

vehicles. 

11.10.1 BS-VI Emission Norms  

In order to comply with BS-VI norms, the vehicle manufacturers need to move to the new 

technology to make vehicles compliant with the BS VI standards. The switch to BS-VI vehicles 

was to happen in 2022 but looking at the poor air condition, the move was advanced by four years. 

The standards covers two and four-wheelers and commercial vehicles. At present, BS IV and BS 

III fuels are available across India. Due to their use, hazardous pollutants in the air are increasing 

leading to health ailments like Asthma, Bronchitis, heart diseases and even cancer. 

11.10.2 Advantages of BS-VI fuel Over BS-IV Fuel 

In BS-VI fuel, the volume of PM 2.5 ranges from 20 to 40 micrograms per cubic metre whereas 

in BS-IV fuel it is up to 120 micrograms per cubic metre. BS-VI fuel will bring down sulphur 

content by 5 times from the current BS-IV levels. It has 10 ppm of sulphur as against 50 ppm in 

BS-IV. 2/4 Sulphur in the fuel contributes to fine particulate matter emissions. High sulphur 

content in the fuel also leads to corrosion and wear of the automobile engine. With BS-VI fuel, for 

every one kilometer, a car will emit 80% less particulate matter and nearly 70% less nitrogen oxide. 

Air pollutants in BS-VI fuel are much less as compared to BS-IV fuel. BS-VI norms also seek to 

 Do You Know? 
 

World Health Organization 
(WHO) has released Air Quality 
Database 2022, which shows that 
Almost the entire global 
population (99%) breathes air that 
exceeds WHO’s air quality 

limits. 
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reduce the level of certain harmful hydrocarbons in the emissions that are produced due to 

incomplete combustion of fuel. 

11.11 Salient Features 

 Air pollution is defined as the presence of pollutants in the atmosphere that are harmful to 

human and other living beings' health, as well as to the environment and materials. 

 Primary Pollutants are directly emitted into the atmosphere from the processes such as fossil 

fuel consumption, volcanic eruption, etc. Example of primary pollutants: particulate matter, 

carbon monoxide, sulfur oxides, nitrogen oxides and volatile organic compounds. 

 Secondary pollutants are not directly emitted into the atmosphere because they are formed by 

reacting with other pollutant. Example: tropospheric ozone and PAN. 

 Smog is a condition of fog having soot or smoke in it. It is of two types: photochemical smog 

and classical smog.  

 Acid rain, or acid deposition, is a broad term that includes any form of precipitation that 

contains acidic components, such as sulfuric acid or nitric acid. Wet deposition and dry 

deposition are the two types of acid deposition. 

 Ocean acidification is the ongoing decrease in the pH of the Earth’s oceans, caused by the 

uptake of carbon dioxide (CO2) from the atmosphere. 

 Indoor Air Pollution refers to the physical, chemical, and biological characteristics of air in the 

indoor environment within a home, building, or an institution or commercial facility. 

 Electrostatic precipitators, wet scrubbers, gravity settling chambers, cyclonic separators, bag 

house and catalytic converter are the majorly used control device for controlling air pollution. 

 The Bharat Stage (BS) is emission standards instituted by the Government of India to regulate 

the output of air pollutants from motor vehicles. 
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12.  Ozone Depletion 

Ozone is a natural gas made up of three oxygen atoms 

linked together in a non-linear form. Ozone's chemical 

symbol is O3. It is found in two different layers of the 

atmosphere. The troposphere's ozone is "bad" because 

it pollutes the air and contributes to the formation of 

smog, which is not good to breathe. The "good" ozone 

in the stratosphere preserves life on Earth by absorbing 

some of the sun's harmful Ultra Violet (UV) radiation. 

The ozone layer is critical because the ozone 

molecule's structure and chemical characteristics allow 

it to absorb UV radiation efficiently, thus acting as a 

sun-screen. 

Ozone layer depletion is the thinning of the ozone layer 

present in the upper atmosphere. When chlorine and bromine atoms in the atmosphere come into 

contact with ozone molecules, they destroy them. One molecule of chlorine may destroy 100,000 

ozone molecules. It is destroyed faster than it is made. 

12.1 Cause of Ozone Layer Depletion 

When exposed to intense UV radiation, certain chemicals emit chlorine and bromine, which leads 

to ozone layer depletion. Such compounds are known as Ozone Depleting Substances (ODS). 

Chlorofluorocarbons (CFCs), carbon tetrachloride (CCI4), hydrochlorofluorocarbons (HFCs) and 

methyl chloroform (C2H3Cl3) are all ozone-depleting substances that contain chlorine. Whereas, 

halons, methyl bromide (CH3Br) and hydrobromofluorocarbons (HBFCs) are ozone-depleting 

compounds that contain bromine. The most common ozone-depleting substance is 

chlorofluorocarbons. It is only when the chlorine atom reacts with some other molecule, it does 

not react with ozone. 

Following is the list of some main ozone-depleting substances and the sources from where they 

are released: 

 

Fig 12. Ozone layer depletion 
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Table 12: Ozone Depleting Substance (ODS) and their source 

Ozone Depleting Substances (ODS) Source 

Chlorofluorocarbon (CFCs) 
Refrigerators, air-conditioners, solvents, dry-cleaning 

agents, etc. 

Carbon tetrachloride (CCI4) Fire extinguishers, solvents 

Hydrochlorofluorocarbons (HFCs) fire extinguishers, air-conditioners, solvents 

Methyl chloroform (C2H3Cl3) Adhesives, aerosols 

Halons Fire-extinguishers 

Methyl bromide (CH3Br) Pesticides 

Hydrobromofluorocarbons (HBFCs)  Fire-extinguishers 

 

12.2 Effects of Ozone Layer Depletion 

Increased penetration of solar UV-B radiation (290-315nm) to the earth's surface is caused by a 

decrease in total-column ozone. The most energetic component of sunlight reaching the earth's 

surface is UV-B radiation. It has profound effects on human health, animals, plants, micro-

organisms, materials and on air quality. 

12.2.1 Effects of human and animal health 

Increased incidence and morbidity from eye diseases, skin cancer, and infectious are all potential 

hazards. UV radiation has been demonstrated to harm the cornea and lens of the eye in 

experimental systems. According to animal experiments, UV radiation reduces the immune 

response to skin cancers, infectious agents, and other antigens and can lead to unresponsiveness to 

repeated exposures. UV-B radiation is the primary risk factor for the development of 

nonmelanoma skin cancer (NMSC) in sensitive (light-skinned) populations. 

12.2.2 Effects on terrestrial plants 

UV-B radiation affects plants' psychological and developmental processes. The response to UV-

B varies greatly between species and cultivars of the same species. This will entail the use of more 

UV-B tolerant cultivars and the development of new ones in agriculture. This is anticipated to 

result in changes in the composition of species in forests and grasslands, with consequences for 
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biodiversity in various ecosystems. UV-B's indirect impacts, such as changes in plant structure, 

biomass allocation to different parts of the plant, developmental phase timing, and second 

metabolism, may be as significant as or more important than the harmful effects of UV-B. 

12.2.3 Effects on aquatic ecosystems 

Solar UV-B radiation has been proven to affect phytoplankton's orientation mechanisms and 

motility, resulting in lower survival rates for these organisms. UV-B radiation from the sun has 

been discovered to damage fish, shrimp, crabs, amphibians, and other species during their early 

developing phases. Reduced reproductive capacity and impaired larval development are the most 

serious consequences.  

12.2.4 Effects on bio-geochemical cycles 

Increases in solar UV radiation may have an impact on terrestrial and aquatic biogeochemical 

cycles, changing both the sources and sinks of greenhouse and chemically important trace gases. 

These possible alterations would lead to biosphere-atmosphere feedbacks, which would promote 

the buildup of these gases in the atmosphere.  

12.2.5 Effects on air quality 

Higher photo dissociation rates of important trace gases that control the chemical reactivity of the 

troposphere arise from a reduction in stratospheric ozone and a concurrent increase in UV-B 

radiation penetrating to the lower atmosphere. This can boost both the generation and destruction 

of ozone (O3) and related oxidants like hydrogen peroxide (H2O2), both of which are known to 

affect human health, terrestrial plants, and outdoor objects. Changes in hydroxyl radical (HO) 

concentrations in the atmosphere may affect the atmospheric lifetimes of climatically important 

gases like methane (CH4) and CFC substitutes. Increased tropospheric reactivity could lead to 

more particles, such as cloud condensation nuclei, being produced from the oxidation and 

subsequent nucleation of sulphur, both antropogenic and natural (e.g. carbonyl sulphide and 

dimethylsulphide). 

12.2.6 Effects on materials 

Solar UV radiation is harmful to synthetic polymers, naturally occurring biopolymers, and some 

other commercially important materials. The application of these materials, particularly, plastics, 
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in situations which demand routine exposure to sunlight is only possible through the use of light-

stabilizers and / or surface treatment to protect them from sunlight. As a result of the partial ozone 

depletion, any increase in solar UV-B concentration may accelerate the photo-gradation rates of 

these materials, decreasing their outdoor life. 

12.3 Montreal Protocol 

The Montreal Protocol on substances that deplete the ozone layer, which was adopted in 1987, 

mandates the phase-out of ozone depleting substances, which are chemicals often used in 

refrigeration, air conditioning, foam manufacturing, aerosol production, and fire extinguishing. 

The Montreal Protocol mandates that the production and consumption of ozone-depleting 

compounds such as chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and methyl 

chloroform (first generation ODS) be phased out by 2000 (2005 for methyl chloroform), with the 

focus shifting to HCFCs thereafter (second generation ODS). Despite its unprecedented success, 

the accord has failed to address the threat associated with these emissions: global warming. 

Hydro fluorocarbons (HFCs), which are both existing ODSs and industry substitutes, have a 

significant global warming potential (GWP) - in some cases more than 10,000 times that of carbon 

dioxide (CO2), the most common greenhouse gas released by human activities. An environmental 

hazard may only be considered averted if these gases are collected, destroyed, or recycled in a 

controlled, responsible way.  

(For further details: Climate Change; Chapter 7) 

12.4 Salient Features 

 Ozone layer depletion is the thinning of the ozone layer present in the upper atmosphere. This 

happens when the chlorine and bromine atoms in the atmosphere come in contact with ozone 

and destroy the ozone molecules. 

 Some compounds release chlorine and bromine on exposure to high ultraviolet light, which 

then contributes to ozone layer depletion. Such compounds are known as Ozone Depleting 

Substances (ODS). These are the major cause of ozone layer depletion. 

 The ozone-depleting substances that contain chlorine include chlorofluorocarbon (CFCs), 

carbon tetrachloride (CCI4), hydrochlorofluorocarbons (HFCs), and methyl chloroform 
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(C2H3Cl3). Whereas, the ozone-depleting substances that contain bromine are halons, methyl 

bromide (CH3Br), and hydrobromofluorocarbons (HBFCs). 

 Ozone layer depletion have various effects such as skin cancer, changes in plant forms, reduced 

survival rates of organisms, changes in the atmospheric lifetimes of climatically important 

gases, etc. 

 The Montreal Protocol was adopted in 1987 to legally enforce the phase-out of the production 

and use of ozone depleting substances such as chemicals often used in refrigeration, air-

conditioning, etc. 
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for use. Natural sources of water pollution include soil erosion, mineral leaching from rocks (due 

to natural solubility and solubility caused by acid rain) and organic matter decomposition. All life 

forms that rely on water, whether directly or indirectly, suffer from pollution. Water contamination 

can have long-term effects. 

13.1 Types of water pollutants 

Water pollutants can be classified as follows: 

13.1.1 Physical water pollutants 

Physical factors such as temperature changes or even bigger particles can create a number of 

negative impacts. E.g. Excessive sediment load, resulting mostly from excessive land usage 

particles, plastic bags, and bottles. 

13.1.2 Chemical water pollutants 

These are atoms or molecules that have been released into natural water bodies, frequently as a 

result of human activity. E.g. Mercury emitted by mining, certain nitrogen compounds used in 

agriculture, chlorinated organic molecules released from sewage or water treatment plants and 

different acids emitted by various manufacturing processes. 

13.1.3 Radioactive substances 

The majority of radioactivity comes from agricultural practices like tobacco production, where 

radioactive contamination of phosphate fertilizer is frequent. 

13.1.4 Pathogens 

Pathogens from untreated sewage or surface runoff from extensive livestock grazing are common 

pathogenic microorganisms. They are major sources of sickness and mortality in developing 

countries, where population density, water shortages and insufficient sewage treatment combine 

to generate widespread parasite and bacterial illnesses. 

13.2 Indicators of water quality 

Following are the key water quality indicators: 
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13.2.1 Dissolved oxygen (DO) 

The amount of DO in water is reduced when organic and inorganic wastes are present. Water 

having a DO of less than 8.0 mg/L may be contaminated. Highly contaminated water has a DO 

content of less than 4.0 mg/L . The quantity of DO in water is crucial for the survival of aquatic 

organisms. A variety of variables influence the quantity of DO in water, including surface 

turbulence, photosynthesis activity, oxygen (O2) consumption by organisms, and organic matter 

decomposition. The higher the amount of waste, the faster it decomposes and consumes oxygen, 

lowering the DO level of water. 

13.2.2 Biological Oxygen Demand (BOD) 

Water pollution by organic wastes is measured in terms of BOD. The quantity of dissolved oxygen 

required by bacteria to decompose organic wastes in water is BOD. It is expressed in milligrams 

of oxygen per liter of water. The greater the BOD, the lower the DO concentration of the water, 

because BOD is just for biodegradable materials. As a result, it is not a reliable way of determining 

the amount of pollution in water. 

13.2.3 Chemical oxygen demand (COD) 

This is a significantly better mode for measuring water pollution load. It is the oxygen equivalent 

of the oxidation demand of total organic matter in water (both biodegradable and non-

biodegradable). 

13.2.4 Total Oxygen Demand (TOD) 

As the name implies, this metric defines the overall oxygen demand of the water sample. TOD 

works on the same principle as COD, which is that all organic compounds must be fully oxidized 

in order to determine the oxygen demand required. However, using thermal oxidation at 1,200oC 

guarantees complete oxidation of all organic compounds and no chloride disturbances where the 

dichromate method is detectable.  

13.2.5 Total Organic Carbon (TOC) 

The measurement of organic (carbon-based) contaminants in a water system is referred to as total 

organic carbon. Organizations and labs use TOC as an analytical tool to assess whether a solution 
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is acceptable for their procedures. Water will naturally include some organic compounds unless it 

is ultrapure; understanding how much is key. 

13.3 Source of water pollution 

Pollution enters the water through following two sources: 

13.3.1 Point Source 

Point source pollution occurs when pollutants are discharged from a single area, such as a drain 

pipe carrying industrial effluents dumped directly into a water body. 

13.3.2 Non- point source 

Non-point sources are pollutants discharged from diffused sources or across a greater region, such 

as runoff from agricultural fields, grazing lands, construction sites, abandoned mines and pits and 

roads and streets. 

a. Urban land use: Rainfall runoff as storm water in our urban areas is frequently polluted with 

car oil, dust, animal faeces and soil. More toxicants and chemicals are commonly found in 

sediment run-off from construction sites and industrial areas. 

b. Agricultural land use: Pesticides, fertilizers, animal dung and dirt washed into streams during 

rainfall run-off are examples of non-point sources of pollution. Fertilizers include nitrogen, 

phosphorous and potassium, which are essential plant nutrients. These may leach into water 

bodies. 

c. Forestry land use: Removal of streamside vegetation, road building and usage, wood 

harvesting and mechanical preparation for tree planting are all sources of nonpoint source 

(NPS) pollution linked with forestry activities. On forested lands, road construction and road 

use are the primary drivers of NPS pollution, accounting for up to 90% of total sediment from 

forestry operations. An excessive amount of sediment in a water body can decrease aquatic 

organisms' capacity to effectively survive, forage and spawn, in addition to other water quality 

impacts. By reducing the stream bank shading that regulates water temperature and eliminating 

vegetation that stabilizes the stream banks, tree harvesting near a stream can impair water 

quality. These changes have the potential to impact aquatic life by limiting food, shade, and 

shelter, as well as decreasing areas suitable for species that are sensitive to higher temperatures. 
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d. Thermal pollution: The temperature of the cooling water in power plants is raised by waste 

heat from boilers and other heating activities. The temperature of the receiving water may rise 

10o to 15o Celsius over the ambient temperature when hot water is discharged. This is thermal 

pollution. Increased water temperature reduces dissolved oxygen in the water, which has a 

negative impact on aquatic life. 

e. Groundwater pollution: The ground water in many parts of India is endangered by seepage 

from industrial and municipal wastes and effluents, sewage channels, and agricultural runoff. 

f. Marine pollution: Oceans are the ultimate sink of all natural and manmade pollutants. 

Pollution is discharged into the sea through rivers. Coastal cities' sewage and garbage are also 

discharged into the sea. Navigational discharges of oil, grease, detergents, sewage, garbage 

and radioactive wastes, off-shore oil mining and oil spills are some of the other forms of ocean 

pollution. 

13.4 Effects of water pollution 
Following are the major effects of water pollution: 

13.4.1 Effects on aquatic ecosystem 

 Polluted water lowers the amount of dissolved oxygen (DO) in the water, which eliminates 

sensitive organisms including plankton, mollusks, and fish etc. 

 Biocides, polychlorinated biphenyls (PCBs) and heavy metals directly eliminates sensitive 

aquatic organisms. 

 When hot water from industry is discharged into water bodies, it decreases the DO 

concentration. 

13.4.2 Effects on human health 

 Polluted water is a source of water-borne diseases such as jaundice, cholera, typhoid, and 

amoebiasis because it includes pathogens such as virus, bacteria, parasitic protozoa, and 

worms. 

 Bacterial activity converts mercury compounds in waste water into extremely toxic methyl 

mercury, which can induce numbness in the limbs, lips and tongue, deafness, blurred eyesight 

and mental instability. 
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 Water polluted with cadmium can induce itai itai disease (a painful disease of the bones and 

joints) as well as liver and lung cancer. 

 Lead compounds induce anemia, headaches, muscular weakness, and a blue line around the 

gums. 

13.4.3 Effects of ground water pollution 
 Excess nitrate in drinking water is harmful to human health and can even be lethal to newborns. 

 Excess fluoride in drinking water causes neuromuscular disorders, gastrointestinal problems, 

teeth deformity, bone hardening and stiff and painful joints (skeletal fluorosis). 

 Overuse of ground water can lead to arsenic leaching from soil and rock sources and 

contaminate groundwater. Black foot disease is caused by prolonged exposure to arsenic. 

Diarrhea, peripheral neuritis, hyperkeratosis and lung and skin cancer are among side effects. 

 

13.5 Control measures of water pollution 

 Use of Riparian buffers (Interfaces between a flowing body of water and land created near the 

waterways, farms, roads, etc. in an attempt to filter pollution). 

 Treatment of sewage water and the industrial effluents should be done before releasing it into 

water bodies. 

 Hot water should be cooled before release from the power plants. 

 Excess nitrate in drinking water reacts with hemoglobin to form non-functional 

methemoglobin and impairs oxygen transport. This condition is called 

methemoglobinemia or blue baby syndrome. 

 High concentration of fluoride ions is present in drinking water in 13 states of India. 

The maximum level of fluoride, which the human body can tolerate is 1.5 parts per 

million (mg/1 of water). Long term ingestion of fluoride ions causes fluorosis. 

 Arsenic contamination is a serious problem (in tube well dug areas) in the Ganges 

Delta, West Bengal causing serious arsenic poisoning to large numbers of people. A 

2007 study found that over 137 million people in more than 70 countries are probably 

affected by arsenic poisoning of drinking water. 
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 Domestic cleaning in tanks, streams and rivers, which supply drinking water should be 

prohibited. 

 Excessive use of fertilizers and pesticides should be avoided. 

 Organic farming and efficient use of animal residues as fertilizers. 

 Water hyacinth (an aquatic weed) can purify water by taking some toxic materials and a 

number of heavy metals from water. 

 Oil spills in water can be cleaned with the help of bregoli – a by-product of paper industry 

resembling saw dust, oil zapper, micro-organisms. 

13.6 Oil Spills 

 Oil spills is one of the most dangerous of all water pollutants. Oil spills from tankers at sea or 

leaks from underground storage tanks on land are very difficult to control as oil tends to spread 

very fast, affecting a large area in a very short time.  

 On land, crude is transported through pipelines or tankers which can get damaged and spew 

out crude oil over the land, thereby contaminating it. Since crude oil is lighter than water, it 

floats of the surface and poses the threat of swift-spreading fire. 

 Oil spills at sea decrease the oxygen level in the water and cause harm to the organisms. They 

are also a source of air and ground pollution. 

13.7 Salient Features 

 Water pollution is the addition/presence of undesirable substances to/in water which degrades 

the quality of water and makes it unfit for use. 

 There are four types of water pollutants: physical pollutants (physical factors such as 

temperature change or much larger particles), chemical pollutants (atoms and molecules), 

radioactive substances (uranium, thorium) and pathogens (pathogenic microbes from untreated 

sewage or surface runoff from intensive livestock grazing). 

 Indicators of water quality include: dissolved oxygen (amount of oxygen present in water), 

biological oxygen demand (quantity of dissolved oxygen required by bacteria to decompose 

organic wastes in water), chemical oxygen demand (amount of oxygen required to chemically 

oxidize the organic material and inorganic nutrients), total oxygen demand (overall oxygen 
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demand of the water sample) and total organic carbon (measurement of organic contaminants 

in a water system). 

 Source of water pollution includes: point source (when pollutants are discharged from a single 

area) and non-point source (discharged from diffused sources or across a greater region). 

 Groundwater pollution occurs when man-made products and chemicals get into the 

groundwater and make it unsafe for use. 

 Marine pollution is a combination of chemicals and waste, most of which comes from land 

sources and is washed or blown into the ocean. 

 Water pollution has various effects on aquatic ecosystem, human health and ground water 

which leads to various diseases in animals, fish, humans, etc. 

 In order to control water pollution, various methods like use of riparian buffers, treatment of 

sewage water, etc. should be considered. 

 Oil spill is the leakage of petroleum onto the surface of a large body of water. 
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14.  Noise Pollution 

Noise pollution is defined as the presence of unwanted or excessive noise that adversely affects 

the quality of people, wildlife, and the environment. Normal humans can hear sounds in the range 

of 0 dB to 140 dB. WHO believes that 45 dB is the ideal sound threshold for a city. Anything 

above the 120 dB threshold is excessive and painful. Hertz (Hz) measures the frequency of sound 

waves, and the human ear can hear sounds from 20 Hz to 20,000 Hz. 

14.1 Properties of Sound 

14.1.1 Loudness  

 It is the intensity or strength of sound perceived by the individual. It is measured in decibels 

(dB). 

 The sound you hear is about 10 dB.  

 The maximum sound that a person can hear without discomfort is approximately 80 dB. 

 If it exceeds 80 dB, the sound becomes unpleasant noise. 

 WHO has set a safe noise level of 45 dB for the city. 

 Bombay, New Delhi, Kolkata and Chennai usually record over 90dB. 

14.1.2 Frequency 

 It is defined as the number of vibrations per 

second and is expressed in hertz (Hz). 

 The human audible range is 20-20,000Hz.  

 Below 20Hz is called infrasound, and above 

20,000Hz is called ultrasound. 

14.2 Sources of Noise Pollution  

Noise pollution is becoming an increasingly big 

problem. All human activity contributes to noise 

pollution at different extent. There are many causes of 

noise pollution i.e. indoors and outdoors. 

 

Do You Know? 
 

UNEP recently released a report 
titled ‘Annual Frontiers Report 
2022’ mentioning the name of 

Moradabad (city of Uttar Pradesh) 
being the 2nd noisiest city in India 
(with range between 29 – 114dB) 
among the five listed cities of India.  
The first was Dhaka, Bangladesh 
at a maximum value of 119dB. 

https://www.drishtiias.com/daily-updates/daily-news-analysis/annual-frontiers-report-2022
https://www.drishtiias.com/daily-updates/daily-news-analysis/annual-frontiers-report-2022
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14.2.1 Indoor Pollution 

This includes noise from radios, televisions, generators, air coolers, electric fans, air conditioners, 

various appliances and family conflicts. Noise pollution is more in the city due to the high 

concentration of population and industry and by the means of transportation. Like other pollutants, 

noise is a by-product of industrialization and urbanization. 

14.2.2 Outdoor Pollution  

This includes indiscriminate use of activities such as speakers, industrial activities, automobiles, 

railroads, planes, and markets, religious, social and cultural events, sports and political rallies. In 

rural areas, agricultural machinery and pump units are the main causes of noise pollution. The use 

of fireworks contributes to noise pollution at parties, weddings and many other occasions. 

Table 14. Permissible Noise Level Standards in India 

Zone 
Permissible noise level 

standards in the daytime (dB) 

Permissible noise level 

standards in the nighttime 

(dB) 

Industrial Zone 75 70 

Commercial Zone 65 55 

Residential Zone 55 45 

Silent Zone 50 40 

 

14.3 Effects of Noise Pollution 

14.3.1 Effect on Humans 

 High blood pressure 

 Loss of hearing  

 May affect the sleep cycles 

 Impair cognitive functions 

 Irritability 

 High stress 
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14.3.2 Effects on Animals 

 It can increase the risk of death by altering prey-predator behavior (avoidance or detection). 

 It may interfere with navigation. 

 It affects the reproductive behavior of animals. 

 Risk of hearing loss 

 Unusual animal behavior – some studies indicate that certain species of whales beached 

themselves after exposure to sonar. 

14.4 Prevention and Control of Noise Pollution  

 Road traffic noise can be reduced by improving vehicle design and performing proper 

maintenance. 

 Noise reduction measures include creating noise hills, noise barriers, well-maintained roads, 

and smooth road surfaces. 

 Locomotive modifications, continuously welded tracks, the use of electric locomotives, or 

the use of quieter vehicles reduce the noise emitted by trains. 

 Aircraft noise can be reduced by proper isolation and the introduction of noise regulations for 

aircraft takeoff and landing. 

 Industrial noise can be reduced by soundproofing equipment. 

 Do not allow power tools, very loud music or industrial trucks, public events with speakers, 

etc. at night. Use of horns, alarm systems, cooling units, etc. should be restricted. The use of 

fireworks, which are noisy and cause air pollution, should be restricted. 

 A green belt of trees is an efficient noise absorber. 

14.5 Salient Features 

 Noise pollution is defined as the presence of unwanted or excessive noise that adversely 

affects the quality of people, wildlife, and the environment. 

 Loudness is the intensity or strength of sound perceived by the individual. It is measured in 

decibels (dB). 

 It is defined as the number of vibrations per second and is expressed in hertz (Hz). 

 There are two sources of noise pollution i.e. indoor and outdoor noise pollution.  
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15.  Soil Pollution 

Soil is a thin layer of organic and inorganic materials that cover the Earth’s rocky surface. Soil 

pollution is described as the “addition of substances to the soil, which adversely affect physical, 

chemical and biological properties of soil and reduces its productivity”. It is the accumulation of 

persistent toxic compounds, chemicals, salts, radioactive materials or disease-causing agents in the 

soil that have negative impacts on plant growth, human and animal health. Any factor that degrades 

the quality, texture, or mineral content of the soil, or disturbs the biological balance of the soil's 

organisms, is referred to as a soil pollutant. 

15.1 Cause of soil pollution 

Following are the various causes of soil pollution: 

a) Farming: Pesticides, fertilizers and other chemicals alter the soil's composition, making it 

more susceptible to erosion by water and air. 

b) Mining and quarrying: The majority of mining waste is left on site in the form of spoil heaps. 

These spoil heaps may include a wide variety of harmful or dangerous substances, which then 

leach into the soil as a result of rainfall and negatively impact vegetation. 

c) Disposal of household waste: Much of our household waste is either burnt (perhaps causing 

air pollution) or buried in landfills (maybe causing future problems due to waste leaching). 

d) Factory waste: Heavy industry frequently creates large amounts of unwanted chemicals, 

which, if allowed to come into contact with the soil, can result in significant pollution. 

e) Road Traffic: Vehicles are a major source of pollution in the soil near roadways, especially 

when they operate on old leaded petrol. 

f) Accidental oil spills: Oil leaks can occur during chemical storage and transportation. 

Chemicals in petrol degrade soil quality and make it unfit for agriculture. 

g) Acid Rain: Acid rain occurs when pollutants in the air combine with rain and fall back to the 

earth. Polluted water has the potential to dissolve important nutrients in soil and alter the 

structure of the soil. 

h) Radioactive wastes: Mining and nuclear power plants release radioactive elements into the 

water, which eventually enter the land. 
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15.2 Effects of soil pollution 

Effects of soil pollution can be studied under the following heads: 

a) On human health 

 Health risks are associated with the consumption of crops and plants cultivated on polluted 

soil. 

 Long-term exposure to contaminated soil alters the body's genetic make-up, perhaps 

resulting in congenital illness and chronic disease. 

 Chronic exposure to heavy metals, petroleum, solvent and agricultural chemicals can be 

carcinogenic. 

b) On plant growth 

 Contamination of the soil has an impact on the ecological system's equilibrium. 

 Plants are generally unable to adjust to changes in soil chemistry. 

 The number of soil microorganisms are decreasing. 

 Soil pollution reduces soil fertility, making it unsuitable for agriculture and local plants to 

thrive. 

c) On soil fertility 

 Pollution-related chemicals in the soil are harmful and can reduce soil fertility, lowering 

soil output. 

 Agriculture on polluted soil creates nutrient-deficient fruits and vegetables. These can be 

hazardous and cause major health concerns if consumed. 

d) On soil structure 

 Soil pollution can cause the death of numerous soil organisms, such as earthworms, causing 

changes in the soil structure. 

15.3 Control measures of soil pollution 

 Following are the examples of forestry and agriculture methods that can help to reduce soil 

erosion: 

o Planting trees on barren slopes, contour cultivation and strip cropping instead of 

shifting cultivation. 

o Terracing and diversion channel construction may be conducted. 
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o In the long run, reducing deforestation and replacing animal waste for artificial manures 

helps to prevent soil erosion. 

 Proper dumping of unwanted materials: Excess waste from humans and animals creates a 

disposal issue. The most often used approach is open dumping. Solid waste disposal is now 

done by controlled tipping. 

 Production of natural fertilizers: Toxic chemical pesticides should be replaced by bio-

pesticides. Synthetic chemical fertilizers should be replaced with organic fertilizers. 

 Proper hygienic condition: People should be educated on hygienic practices. 

 Public awareness: Informal and formal public awareness programs should be imparted to 

educate people on health hazards by environmental education. 

 Recycling and reuse of wastes: Wastes such as paper, plastics, metals, glassware, organics, 

petroleum products, and industrial effluents, among others, should be recycled and utilised 

to reduce soil pollution. Integrated waste treatment technologies, for example, should be 

used. 

 Ban on toxic chemicals: Chemicals and pesticides such as DDT 

(Dichlorodiphenyltrichloroethane), BHC (Benzene Hexachloride), and others should be 

banned. 

15.4 Biofertilizer 

Biofertilizers are compounds that fertilise the soil by using microorganisms. These fertilisers, 

unlike chemical fertilisers, are not hazardous to crops or other plants. They are extracted from 

animal wastes and mixed with microbial mixes. In India's Fertilizer Control Order (FCO), 1985, 

five biofertilizers were included: Rhizobium, Azotobacter, Azospirillum, Phosphate solubilizing 

bacteria, and mycorrhiza. Traditional biofertilizers include Rhizobium, Azotobacter, 

Azospirillum, and blue green algae (BGA). Leguminous crops, such as pulses, benefit from 

Rhizobium inoculants. Wheat, maize, mustard, cotton, potato, and other vegetable crops can all 

benefit from Azotobacter. Blue green algae like Nostoc, Anabaena, Tolypothrix, and Aulosira 

absorb nitrogen from the air and are utilised as paddy crop inoculants. Phosphate-solubilizing 

bacteria like Pantoea agglomerans strain P5 and Pseudomonas putida strain P13 may solubilize 

phosphate from inorganic sources and make it usable. 
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15.5 Biopesticides 

Biopesticides are animals or plants that are purposefully used to kill pests. Bioherbicides and 

bioinsecticides are the two types. Bioherbicides are pesticides that kill plants. Animals (including 

insects) that kill other insects are known as bioinsecticides. 

15.6 Salient Features 

 Soil pollution is defined as the addition of substances to the soil, which adversely affect 

physical, chemical and biological properties of soil and reduces its productivity. 

 Farming, mining and quarrying, manufacturing wastes, and radioactive wastes are all sources 

of soil pollution. 

 Soil pollution has a variety of consequences, including health risks, damage to the ecological 

system, and a reduction in soil fertility. 

 With proper disposal of waste, public awareness, ban on toxic chemicals, etc. soil pollution 

can be controlled. 

 Biofertilizers are the substances which make use of microorganisms to fertile the soil. 

Rhizobium, Azotobacter, Azospirillum and blue green algae (BGA) have been traditionally 

used as biofertilizers. 

 Animals or plants used wilfully to destroy pests are called Biopesticides. These are of two 

types: bioherbicides (pesticides destroying herbs) and bioinsecticide (animals that kill other 

insects). 
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16.  Thermal Pollution 

The rise or reduction in temperature of a natural aquatic environment induced by human 

intervention is known as thermal pollution. Due to the increasing call of globalization everywhere, 

this has become an increasing and current pollution. Thermal pollution is generated by dumping 

hot water from factories and power plants, or by removing trees and vegetation that shade streams, 

allowing sunlight to raise the temperature of these waters, and then releasing cold water to cool 

them down. Thermal pollution, like other types of water pollution, is widespread, impacting 

numerous lakes and a large number of streams and rivers across the world. 

16.1 Source of thermal pollution 

Following are the source of thermal pollution: 

16.1.1 Water as a cooling agent in industrial facilities 

The largest sources of thermal pollution are production and manufacturing plants. These plants 

collect water from a nearby source to keep machines cool, then release it at higher temperatures 

back to the source. The water temperature rises dramatically when heated water returns to the river 

or ocean. 

When oxygen levels in the water are adjusted, it can affect the quality and longevity of life in 

underwater organisms. This process can also wipe out streamside vegetation, which relies on 

constant oxygen and temperature levels to survive. 

By altering natural environments, industries are essentially assisting in the reduction of the quality 

of life for these marine-based living forms, which might lead to habitat destruction if their 

operations are not monitored and careful. 

16.1.2 Deforestation  

Trees and plants block direct sunlight from reaching lakes, ponds, and rivers. When forests are cut 

down, these water bodies are exposed to direct sunlight, absorbing more heat and boosting their 

temperature. Deforestation is also the primary cause of increased greenhouse gas concentrations 

in the atmosphere, resulting in global warming. 
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16.1.3 Soil erosion 

Another major cause of thermal pollution is soil erosion. Water bodies rise as a result of constant 

soil erosion, exposing them to more sunlight. The high temperature may cause anaerobic 

conditions in aquatic biomes, which could be lethal. 

16.1.4 Runoff from Paved Surfaces 

Runoff from paved surfaces such as roads and parking lots can warm surface waters. During the 

summer, the pavement becomes quite hot, resulting in heated runoffs into sewer systems and water 

bodies. 

16.1.5 Natural Causes 

Warm lava can be triggered by natural processes such as volcanoes, geothermal vents, and hot 

springs beneath the oceans and seas, raising the temperature of water bodies. Lightning can also 

cause large amounts of heat to be released into the oceans. This indicates that the water source's 

overall temperature will rise, having major environmental consequences. 

16.1.6 Retention Ponds 

Retention ponds can be another source of thermal shock because the water bodies that are relatively 

small and shallow can absorb quite a bit of heat energy from the sun. 

When the water is pumped directly into a river, lake, or bay, the temperature rises dramatically. 

It's similar to pouring hot water into a bathtub full of water, which causes the temperature to rise 

a few degrees. 

16.1.7 Domestic Sewage 

Domestic sewage is frequently dumped untreated into rivers, lakes, canals, and streams. The 

temperature of municipal sewage is usually higher than the temperature of receiving water. 

The dissolved oxygen (DO) in the receiving water drops as the temperature rises, while the demand 

for oxygen rises, resulting in anaerobic conditions. 
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16.2 Effects of thermal pollution 

Following are the effects of thermal pollution: 

16.2.1 Decrease in DO (Dissolved Oxygen) Levels 

The warm temperature lowers the amount of dissolved oxygen (DO) in the water. Warm water has 

a lower oxygen content than cold water. Reduced DO can cause suffocation in plants and animals 

like fish, amphibians, and copepods, resulting in anaerobic conditions. 

Warmer water allows algae to develop on the water's surface, and increasing algae can reduce 

oxygen levels in the water over time. 

16.2.2 Increase in Toxins 

With the constant flow of high-temperature discharge from industries, the amount of pollutants 

being regurgitated into natural bodies of water has increased dramatically. These toxins could 

comprise chemicals or radiation that have a negative impact on the surrounding ecology and make 

people susceptible to diseases. 

16.2.3 Loss of Biodiversity 

A reduction in biological activity in the water could result in considerable biodiversity loss. 

Changes in the environment may drive certain species of organisms to relocate, whereas warmer 

seas may cause a considerable number of species to migrate in. 

Organisms that can easily adapt to the warmer temperatures may have an edge over organisms that 

aren't adapted to them. 

16.2.4 Ecological Impact 

Fish, insects, plants, and amphibians can all perish as a result of a severe heat shock. Hotter water 

may be beneficial to some species, but it could be fatal to others. The amount of activity increases 

as the water temperature drops, while the level of activity reduces as the temperature rises. 

Small temperature fluctuations, such as 1o Celsius, can induce considerable changes in organism 

metabolism and other negative cellular biology effects in many aquatic organisms. 
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16.2.5 Affects Reproductive Systems 

Increased temperatures can cause a significant halt in the reproduction of marine wildlife (although 

this is not true, reproduction can still occur amongst fish – but the likelihood of abnormalities in 

newborns is significantly higher). Excessive heat might cause immature eggs to be released or 

prevent particular eggs from developing normally. 

16.2.6 Increases Metabolic Rate 

Thermal pollution increases the metabolic rate of organisms by boosting enzyme activity, causing 

them to eat more food than they would if their environment had not altered. It affects the food 

chain's stability and changes the species composition's balance. 

16.2.7 Migration 

Warm water can also induce certain types of organisms to relocate to a more favorable 

environment that meets their survival needs. As a result, those species that rely on them for their 

daily food may suffer as their food chain is disrupted. 

16.3 Measures to control thermal pollution 

 Instead of discharging heated water into lakes and streams, power plants and factories can 

transport it through cooling towers or cooling ponds, where it is cooled by evaporation before 

being discharged. 

 Power plants, on the other hand, can be designed or retrofitted to be more efficient and generate 

less waste heat in the first place. 

 Cogeneration is a technique in which excess thermal energy from electricity generation is 

utilized in another manufacturing process that requires it. Where homes or other buildings are 

located near industrial plants, waste hot water can be used for heating – which is a common 

arrangement in Scandinavian towns and cities and is being proposed for usage in China. 

 The solution to preventing thermal pollution caused by devegetation is simple: Do not 

devegetate and leave strips of trees and plants along streams and shorelines. 

 All efforts to control erosion also have the effect of keeping water clearer and thus, cooler. 
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16.4 Salient Features 

 Thermal pollution in the rise or reduction in temperature of a natural aquatic environment 

induced by human intervention. 

 Water as a cooling agent in industrial facilities, deforestation, soil erosion, runoff from paved 

surfaces etc. are some of the sources of thermal pollution. 

 Decrease in DO levels, increase in toxins, loss of biodiversity, migration, etc. are some of the 

effects of thermal pollution. 

 Some measures to control thermal pollution includes cogeneration, transportation of heated 

water through cooling towers before discharging it in lakes, redesigning or retrofitting of power 

plants to be more efficient,  etc. 
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17.  Radioactive Pollution 

Radioactivity is a phenomenon of emission of alpha, beta and gamma rays due to the 

disintegration of atomic nuclei of some elements. Radioactive pollution is the pollution caused 

on account of release of radioactive substances or radiations in the environment.  

17.1 Types of Radiations  

17.1.1 Non-ionizing radiation 

There is enough energy to move or vibrate an atom in the molecule, but not enough to remove an 

electron from the atom. Radio waves, visible light, and microwaves are examples of this type of 

radiation. 

17.1.2 Ionizing radiation 

Ionizing radiation has so much energy it can knock electrons out of atoms, a process known as 

ionization. Ionizing radiation can affect the atoms in living things, so it poses a health risk by 

damaging tissue and DNA in genes. Radioactive decay is the emission of energy in the form 

of ionizing radiation. 

17.2 Types of Radioactive Particles  

17.2.1 Alpha particles (α) 

These particles are positively charged and are made up of two protons and two neutrons from the 

atom’s nucleus. Alpha particles come from the decay of the heaviest radioactive elements, such 

as uranium, radium and polonium. The health effects of exposure to alpha particles are highly 

dependent on how the individual is exposed. External exposure is not a major issue, as alpha 

particles lack the energy to penetrate even the outer layers of the skin. However, they can be very 

harmful inside the body. When alpha rays enter the body through inhalation, ingestion, or cuts, 

alpha particles can damage sensitive living tissue. 

17.2.2 Beta particles (β) 

Beta particles are small, fast-moving particles with a negative charge released from the nucleus 

during radioactive decay. These particles are emitted from certain unstable atoms such as hydrogen 

3 (tritium), carbon-14, and strontium-90. Beta particles are more penetrating than alpha particles, 
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but are less damaging to living tissue and DNA (Deoxyribonucleic acid) because the ionizations 

they produce are more widely spaced. 

17.2.3 Gamma rays (γ) 

Gamma rays are packets of weightless energy called photons. Unlike alpha and beta particles, 

which have both energy and mass, gamma rays are pure energy. Gamma rays are similar to visible 

light, but have much higher energy. Gamma rays can pass completely through the human body; as 

they pass through, they can cause ionizations that damage tissue and DNA. 

17.3 Sources of Radioactive Pollution  

17.3.1 Natural sources 

It includes cosmic rays from space and terrestrial radiation from radio-nuclides present in earth’s 

crust. 

17.3.2 Man-made sources 

 Accidents in nuclear power plants and nuclear waste 

 Nuclear weapon testing and explosion 

 Uranium mining and mining of other radioactive material  

 Radiation therapy and direct exposures to radiation for diagnostic purposes 

17.4 Effects of Radioactive Pollution 

 Radiation alters and destroys cells in living organisms. 

 It damages the soil and plants by leaving soil infertile and unfit for the crops for several years 

 It can cause genetic mutations in living organisms, and in their descendants 

17.5 Control of Radioactive Pollution 

 Leakage of radioactive materials from nuclear reactors, industries and laboratories using them 

should be totally stopped 

 Radioactive wastes disposal must be safe. They should be transformed into harmless form or 

stored in safe places so that they can decay in a harmless manner. Radioactive wastes only with 

very low radiation should be discharged into sewerage 
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 Preventive measures should be taken so that natural radiation level does not rise above the 

permissible limits. 

 Safety measures should be taken against accidents in nuclear power plants. 

17.6 Salient Features 

 Radioactive pollution is the pollution caused on account of release of radioactive substances 

or radiations in the environment. 

 There are two types of radiations i.e. Non-ionizing radiations and Ionizing radiations. 

 Non-ionizing radiations are the electromagnetic waves of longer wavelength from near 

ultraviolet rays to radio waves. 

 Ionizing radiations are the electromagnetic radiations having high energy, such as short 

wavelength ultra violet radiations, x-rays and gamma rays. 

 Alpha particles, beta particles and gamma rays are the different type of radioactive particles 

with different penetration power. 
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18.  Waste Management 

According to the Environment Protection Act, 1990, waste is defined as any substance which 

constitutes a scrap material, or an effluent or other unwanted surplus substance arising from 

application of any process. 

Waste management is a collective activity involving segregation, collection, transportation, re-

processing, recycling, and disposal of different types of wastes.  

18.1 Solid Waste Management    

Solid waste refers to undesirable or unusable solid materials produced by human activities in 

residential, industrial, or commercial areas. It can be classified in three ways, according to its origin 

(household, industrial, commercial, construction, or institutional); contents (organic material, 

glass, metal, plastic paper, etc); and hazard potential (toxic, non-toxin, flammable, radioactive, 

infectious etc.). 

18.1.1 Municipal Waste 

Household waste, Construction and Demolition (C&D), sanitation residue, and waste from streets, 

primarily from residential and business complexes, make up this category. According to the 

Ministry of Environment, Forest and Climate Change (MoEF&CC), it includes solid or semi-solid 

commercial and residential waste generated in municipal or notified regions, excluding industrial 

hazardous wastes but containing treated bio-medical wastes. Municipal solid waste (MSW) (also 

called trash) consists of everyday items such as product packaging, yard trimmings, furniture, 

clothing, bottles and cans, food, newspapers, appliances, electronics and batteries. 

18.1.2 Hazardous Waste 

Hazardous waste is defined as wastes of industrial, institutional and consumer origin that are 

potentially dangerous either immediately or over a period of time to human beings and the 

environment.  This is due to their physical, chemical and biological ore radioactive characteristics 

such as ignitibility, corrosivity, reactivity and toxicity. Hazardous wastes can originate from 

various sources such as household, local areas, urban, industry, agriculture, construction activity, 

hospitals and laboratories, power plants and other sources. Examples of hazardous waste are 

container of solvents, pesticides, insecticides, paints, batteries, kerosene, etc. 
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18.1.3 Industrial Waste  

It is produced by industrial activity which includes any material that is rendered useless during a 

manufacturing process such as that of factories, mills and mining operations. Examples: chemical 

solvents, paints, sandpaper products industrial by-products, metals and radioactive metals. 

18.1.4 Biomedical Waste  

According to Bio-medical Waste (Management and Handling) Rules of India "Any waste which 

is generated during the diagnosis, treatment or immunization of human beings or animals or in 

research activities pertaining thereto or in the production or testing of biological. 

18.1.4.1 Category of Biomedical waste (BMW) 

Table 18. Categories of Biomedical waste with treatment and disposal methods 

Color of 
Segregation 

Category of waste Description of waste Treatment or 
Disposal Method 

 

 

 

 

Yellow 

 

Human anatomical 
waste 

(Category No.1) 

Tissues, organs and body 
parts of the humans 

 

Incineration or Plasma 
Pyrolysis or deep 

burial Animal waste 

(Category No.2) 

Animal blood, body fluid, 
body parts, etc 

Microbiological and 
biotechnical waste 

(Category No.3) 

Waste from lab culture, 
specimen of live organism, 

human and animal cell 
culture 

Autoclaving, 
microwaving and 

Incineration 

Soiled waste 

(Category No.6) 

Body fluid containing 
cotton, dressing, plaster 
cost, bedding and other 

contaminated with blood 

Incineration, 
Autoclaving, 

Microwaving or 
shredding 

 

Red 

Infectious 

Or 

Contaminated 
waste 

(Category No.7) 

Wastes generated from 
disposable items such as 

tubing, bottles, intravenous 
tubes and sets, catheters, 

urine bags 

Autoclaving or micro-
waving/ hydroclaving/ 

chemical treatment/ 
shredding 

 Sharp waste Needles, syringes, scalpels, 
blades, glass, etc. that may 
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Color of 
Segregation Category of waste Description of waste 

Treatment or 
Disposal Method 

White 

 

(Category No.4) cause puncture and cuts. 
This includes both used 

and unused sharps 

Autoclaving, 
Microwaving, 

Shredding or chemical 
treatment 

 

Black 

 

Discarded medicine 
Or 

Cytotoxic waste 

(Category No.5) 

Wastes comprising of 
outdated, contaminated and 

discarded medicines 

Incineration, 
destruction and 

disposal in secured 
landfill 

Incineration ash 

(Category No.9) 

Ash from incineration of 
any bio-medical waste 

Disposal into 
municipal landfill 

No bags required 

Liquid waste 

(Category No. 8) 

Waste generated from 
laboratory & washing, 

cleaning   , house-keeping 
and disinfecting activities 

Disinfection by 
chemical treatment 
and discharge into 

drains. 

Chemical waste 

(Category No. 10) 

Chemicals used in 
production of biomedicals, 

chemicals used in 
disinfection, as insecticides 

etc. 

Chemical treatment 
and discharge into 

drains for liquids and 
secured landfill for 

solids 

 

*Note: Category No. 8 (Liquid waste) and Category No. 10 (Chemical waste) do not require 

container/bags. 

18.1.4.2 Label for BMW containers/bags 

 

 

 

 
Fig 18.1 Biohazard Symbol Fig 18.2 Cytotoxic Hazard 

Symbol 
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18.1.5 Disposal Method of Solid Waste  

18.1.5.1 Pyrolysis 

It is defined as the thermal degradation of waste in the absence of air to produce char, pyrolysis 

oil and syngas. Example- conversion of wood to charcoal is the process of Destructive Distillation 

of waste in the absence of oxygen.  

18.1.5.2 Gasification 

It is the process in which partial combustion of MSW (Municipal Solid Waste)  is carried out in 

the presence of oxygen, but in lesser amount than that is required for complete combustion, to 

generate a combustible gas (fuel gas) rich in carbon monoxide and hydrogen. 

18.1.5.3 Incineration 

It is a controlled combustion process that produces gases and residue including non-combustible 

material by burning solid wastes in the presence of excess air (oxygen) at high temperatures of 

about 1000o C and above. The recyclable materials are separated in these plants, while the rest is 

burned. Garbage burning is a dirty procedure that produces poisonous ash and pollutes the air and 

water. Currently, incineration is reserved as a last resort and is mostly utilized to treat infectious 

garbage. 

18.1.5.4 Composting 

It is a biological process in which biodegradable solid wastes are allowed to degrade in the 

presence of fungi and bacteria that convert the degradable waste to organic matter. The 

decomposed matter generated from the process contains a high amount of carbon and nitrogen in 

it and can be further used as the organic manure in the agricultural practices. It increases the soil’s 

water holding capacity and makes the soil easier to cultivate. It helps the soil to retain more plant 

nutrients. 

18.1.5.5 Landfills 

Landfill is a pit that is dug in the ground. Every day, the waste is dumped and the pit is covered 

with soil to prevent flies and rats from breeding. When the landfill is full, the ground is covered 

with a thick layer of mud, and that area can be developed as a parking lot or park. In landfills, all 

forms of rubbish are dumped, and when water seeps through, it becomes contaminated, polluting 
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the surrounding region. Leaching is the term for the contamination of groundwater and soil caused 

by landfills. Example- The national capital Delhi is home to three of the biggest landfills namely 

Ghazipur, Okhla and Bhalswa. 

18.1.5.6 Sanitary Landfills 

Sanitary landfills are more hygienic and are constructed in a systematic manner to solve the 

problem of leaching. These are constructed on impermeable soil and lined with impermeable 

materials such as plastics and clay. Constructing a sanitary landfill is very expensive. Example - 

one of the biggest ones is in California and is about 500 feet deep. 

18.1.6 Fly Ash 

Fly ash is the finely divided residue that results from the combustion of pulverized coal and is 

transported from the combustion chamber by exhaust gases. The ash content of low-grade coal 

utilized in thermal power generation ranges from 30 to 45%. The ash content of the high-grade 

imported coal is only 10-15%. Fly ash includes substantial amounts of silicon dioxide (SiO2), 

aluminium oxide (Al2O3), ferric oxide (Fe2O3) and calcium oxide (CaO). It looks similar to 

Portland cement. Portland cement is a binding material in the form of a finely ground powder, 

that is made by burning and grinding a mixture of limestone and clay. 

18.1.6.1 Use of Fly Ash 

18.1.6.1.1 Cement manufacturing 

As fly ash includes significant amounts of silica, alumina, and lime, it can be used to partially 

substitute Portland cement. As a result, fly ash concrete is tougher and long lasting than typical 

Portland cement concrete. Moreover it is less susceptible to chemical attack and hence suitable for 

coastal atmosphere. 

18.1.6.1.2 Filling of low lying area 

The fly ash especially bottom ash can be suitably utilized for filling low lying areas over which 

future construction could be carried out. It can be also used for reclamation of sea like Paradeep, 

Puri, Balasore, Astaranga, Gopalpur etc. 
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18.1.6.1.3 Construction of road and embankment 

Fly ash is a light weight material. Therefore it undergoes lesser settlement and hence can be used 

for embankment construction over weak substrate such as alluvial clay or silt where excessive 

weight could cause failure. Due to its low compressibility it can also be used for road construction 

as a sub grade material. 

18.1.6.1.4 Fly ash brick 

Fly ash can be used for manufacturing of bricks used for building construction. These bricks are 

light in weight and stronger than common burnt clay bricks available in our area. 

18.1.6.1.5 Ash pond dyke raising 

The ash produced in power plants are disposed off in ash pond in slurry form. Due to land 

constraints, the dykes of ash pond are raised in stages. The ash from ash pond is generally used for 

raising this dyke which in turn saves the borrow material. 

18.1.6.1.6 Agriculture 

Since fly ash contains micronutrients like phosphorus, potassium and calcium, improves water 

holding capacity and soil aeration, it can be suitably used in agriculture sector to improve crop 

yield Fly ash can also reclaim saline alkali soil resulting in saving of gypsum. 

18.1.6.2 Effect of fly ash on environment 

 Presence of heavy metals which are minute and toxic in nature, can accumulate in the 

respiratory tract, and cause gradual poisoning. 

 Radiation: For an equal amount of electricity generated, fly ash contains a 100 times more 

radiation than nuclear waste. 

 The breaching of ash dykes and consequent ash spills occur frequently in India, polluting a 

large number of water bodies. 

 Ash sludge from coal power plants in the Rann of Kutch has led to the destruction of 

mangroves, drastic reduction in crop yields and pollution of groundwater. 
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18.1.6.3 Initiatives taken by Government of India  

 To facilitate 100% ash utilization by all coal based thermal power plants, a web 

portal for monitoring of fly ash generation and utilization data of Thermal Power Plants 

and a mobile based application titled “ASHTRACK” has been launched by the 

Government.  Ash-park, for promoting fly ash-based product manufacturing units, has been 

developed and awareness programme for utilization of fly ash and its products have been 

conducted. 

 National Thermal Power Corporation (NTPC) has developed an infrastructure to transport 

fly ash from power plants in bulk to cement plants at a cheaper cost. NTPC intends to transform 

the fly ash it produces into a revenue-generating by-product. It has developed geopolymer 

and nano aggregates from residual fly ash for use in the construction of roads and houses is 

a manifestation of this. 

18.2 E- waste 

E-waste or electronic waste team means discarded electrical or electronic devices or equipments. 

Whenever an electronic or electrical component or device reaches the end of its useful life, is 

damaged, or is no longer used by people due to technological advances, it is classified as e-waste.  

E-waste is particularly dangerous due to toxic chemicals that naturally seep out of the metal inside 

when buried. 

18.2.1 Method of Disposing E-waste  

18.2.1.1 Landfill 

This is the most common methodology of e-waste disposal. 

18.2.1.2 Incineration 

This is a controlled way of disposing off the e-waste. This e-waste disposal method is quite 

beneficial as the waste volume is reduced extremely much and the energy obtained is also utilized 

separately. However, it also has disadvantages of emitting harmful gases in the environment. 

18.2.1.3 Acid bath 

Acid bath involves soaking of the electronic circuits in the powerful sulphuric, hydrochloric or 

nitric acid solutions that free the metals from the electronic pathways. The recovered metal is used 
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in the manufacturing of other products while the hazardous acid waste finds its ways in the local 

water sources. 

18.2.1.4 Recycling of e-waste 

Mobile phones, monitors, CPUs (Central Processing Units), floppy drives, laptops, keyboards, 

cables and connecting wires can be re-utilized with the help of the recycling process. It involves 

dismantling of the electronic device, separation of the parts having hazardous substances like CRT 

(Cathode Ray Tube), printed circuit boards  etc. and then recovery of the precious metals like 

copper, gold or lead can be done with the help of the efficient a powerful e-waste recycler.  

18.2.1.5 Reuse of electronic devices 

This is the most desirable e-waste recycling process where with slight modifications the mobile 

phones, computers, laptops, printers can be reused or given as second hand product to the other 

person.  

18.2.2 Effects of E waste  

a) On air  

While dismantling, shredding, or melting the materials, it releases dust particles or toxins, such as 

dioxins, into the environment that cause air pollution and damage respiratory health. 

Chronic diseases and cancers are at a higher risk to occur when burning e-waste because it also 

releases fine particles, which can travel thousands of miles, creating numerous negative health 

risks to humans and animals. 

b) On water 

Water is contaminated by e-waste via landfills that are not properly designed to contain e-waste 

and due to improper recycling and subsequent disposal of e-waste. Heavy metals from e-waste 

cause toxification of surface water. Ground water is polluted by e-waste as heavy metals and other 

persistent chemicals leach from landfills and illegal dump sites into ground water tables. 

 

c) On soil 

Soil is contaminated by e-waste through direct contact with contaminants from e-waste or the 

byproducts of e-waste recycling and disposal and indirectly through irrigation through 
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contaminated water. Contaminated soils have adverse impact on microbes and plants and the 

pollutants pass to higher animals and humans along the food chain. 

18.3 Plastic Waste 

Plastic waste is ‘the accumulation of plastic objects (e.g.: plastic bottles and much more) in the 

Earth’s environment that adversely affects wildlife, wildlife habitat, and humans.’ 

18.3.1 Types of Plastic Waste 

18.3.1.1 Microplastics 

These are small plastic pieces of less than five millimeters in size. Microplastic includes micro 

beads (solid plastic particles of less than one millimeter in their largest dimension) that are used 

in cosmetics and personal care products, industrial scrubbers which are used for aggressive blast 

cleaning, microfibers used in textiles and virgin resin pellets used in plastic manufacturing 

processes. 

Apart from cosmetics and personal care products most of the microplastics result from 

the breakdown of larger pieces of plastic that were not recycled and break up due to exposure to 

the sun or physical wear. 

18.3.1.2 Single-use plastic 

It is a disposable material that can be used only once before it is either thrown away or recycled, 

like plastic bags, water bottles, soda bottles, straws, plastic plates, cups, most food packaging and 

coffee stirrers are sources of single use plastic. 

18.3.2 Impacts of Plastic Waste 

18.3.2.1 Economic losses 

Plastic waste along shoreline has a negative impact on tourism revenue (creates an aesthetic 

issue).For example, the Andaman and Nicobar Islands, are under the plastic threat and facing the 

aesthetic issue because of the international dumping of plastic waste at the island. 

18.3.2.2 Implications for animals 

Plastic wastes have profoundly affected animals in aquatic, marine, and terrestrial ecosystems. 

Plastic ingestion upsets or fills up the digestive systems of the animals thus contributing to their 
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death due to intestinal blockage or starvation. Marine animals can also be trapped in plastic 

waste where they are exposed to predators or starve to death. 

18.3.2.3 Implications for human health 

The chemicals leached from the plastics contain compounds, like polybrominated diphenyl ether 

(anti-androgen), bisphenol A (mimics the natural female hormone estrogen) and phthalates (also 

known as anti-androgens), impact human health leading to various hormonal and genetic disorders. 

18.3.2.4 Land pollution 

Plastics leach hazardous chemicals on land, resulting in the destruction and decline in quality of 

the earth’s land surfaces in term of use, landscape and ability to support life forms. 

18.3.2.5 Air pollution 

Plastic burning releases poisonous chemicals into the atmosphere impacting general well-being 

and causing respiratory disorders in living beings. 

18.3.2.6 Groundwater pollution 

Whenever plastics are dumped in landfills, the hazardous chemicals present in them seep 

underground when it rains. The leaching chemicals and toxic elements infiltrate into the aquifers 

and water table, indirectly affecting groundwater quality. 

18.3.2.7 Water pollution 

Many lakes and oceans have reported alarming cases of plastic debris floating on water surfaces, 

affecting a great number of aquatic creatures. It leads to dreadful consequences to marine creatures 

that swallow the toxic chemicals.  

18.3.2.8 Interference with the food chain 

Studies determine that the chemicals affect the biological and reproduction process resulting in 

reduced numbers of offspring thus disrupting the food chain. 

18.3.2.9 Poor drainage 

Drainage system clogged with plastic bags, films, and other plastic items, causes flooding. 
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18.3.2.10 Impact on habitats 

Seafloor plastic waste sheets could act like a blanket, inhibiting gas exchange and leading to anoxia 

or hypoxia (low oxygen levels) in the aquatic system, which in turn can adversely affect the marine 

life. 

18.4 Salient Features 

 Waste management is a collective activity involving segregation, collection, transportation, re-

processing, recycling, and disposal of different types of wastes.  

 Solid waste refers to undesirable or unusable solid materials produced by human activities in 

residential, industrial, or commercial areas. 

 Municipal waste, hazardous waste, industrial waste and biomedical waste are the various types 

of Solid waste. 

 Fly ash is the finely divided residue that results from the combustion of pulverized coal and is 

transported from the combustion chamber by exhaust gases. 

 E-waste or electronic waste team means discarded electrical or electronic devices or 

equipments. 

 Plastic waste is the accumulation of plastic objects in the Earth’s environment that adversely 

affects wildlife, wildlife habitat, and humans 

 

 

 

 

 

 

 

 

 

 



 

IIPA 2022 

Renewable Energy 

Chapter 19  
Short Answers 

CSM – 06: Compiled by Dr. Shyamli Singh 

 

 

This chapter contains: 
 Types of renewable energy 
 Non-renewable energy 
 Waste to energy 

 

 

2022 

  



163 
 

19.  Renewable Energy 

Non-renewable energy use has caused more damage on the environment than any other human 

activity. The use of fossil fuels to create electricity has resulted in excessive levels of hazardous 

gases in the atmosphere. As a result, there are several environmental and health issues that exist 

today. Therefore, alternative energy sources have become increasingly vital and relevant. 

Renewable energy is generated from natural resources that are replenished on a regular basis. This 

includes sunshine, wind, water, and different types of biomass. This energy never runs out and is 

always replenished. They are a viable source of clean, inexhaustible energy that emits less 

pollution and is locally available. 

When compared to nonrenewable energy, the usage of renewable energy significantly reduces 

pollution. The majority of renewable energy sources are non-polluting and deemed clean. 

However, while being a renewable resource, biomass is a major cause of indoor pollution. 

19.1 Types of Renewable Energy 

Renewable energy can be classified into following heads: 

19.1.1 Solar Energy 

India is one of the few nations in the world where the days are naturally long and sunny. We can 

generate power from the sun in two ways:  

a) Photovoltaic Electricity: To create electricity, photovoltaic cells collect direct sunlight and 

convert it to electricity. Solar panels are mounted on an aluminium framework. Photovoltaic 

(PV) cells have at least two semiconductor layers, one positive charge and the other negative 

charge. Photons are reflected, passed directly through, or absorbed by a PV cell when it is 

exposed to sunlight. When the negative layer of a photovoltaic cell absorbs enough photons, 

electrons are emitted from the negative semiconductor material. A voltage difference is created 

when these released electrons travel to the positive layer. The electrons travel across the circuit 

when the two layers are connected to an external load, creating electricity. Inverters convert 

the power generated, which is Direct Current (DC), to Alternate Current (AC). 

b) Solar-Thermal Electricity: It uses a mirrored solar collector that reflects sunlight onto a 

receiver, which then heats a liquid. This heated up liquid is used to manufacture steam that 

produces electricity. It converts concentrated sunlight into high-temperature heat. The heat is 
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subsequently transferred to a standard generator, which generates electricity. Solar collectors 

capture and concentrate sunlight in order to heat a fluid, which generates electricity. The 

collectors come in a variety of shapes and sizes. The parabolic troughs are the most common. 

Parabolic trough power plants use a curved, mirrored trough that reflects direct solar radiation 

onto a glass tube carrying a fluid, which is then heated by the concentrated solar radiation and 

used to rotate the turbine to create energy. Synthetic oil, molten salt, and pressurized steam are 

all common fluids. Inverters convert the electricity generated, which is Direct Current (DC), 

to Alternate Current (AC). 

19.1.1.1 International Solar Alliance (ISA) 

The International Solar Alliance (ISA) is a member-driven, action-oriented collaborative platform 

that aims to accelerate the deployment of solar energy technology as a method of increasing energy 

access, guaranteeing energy security, and accelerating energy transition in its member nations. 

The ISA was designed as a collaborative initiative between India and France to mobilize efforts to 

combat climate change by deploying solar energy solutions. It was conceived on the sidelines of 

the United Nations Framework Convention on Climate Change (UNFCCC) 21st Conference of 

Parties (COP21) in Paris in 2015. The ISA Framework Agreement now has 106 countries as 

signatories. 

The International Solar Alliance is formally known as the International Agency for Solar Policy 

and Application (IASPA). The new term “Surya Putra” was coined by Prime Minister for those 

nations that lay between the Tropics of Cancer and Capricorn and have been invited to join the 

alliance. These countries are often known as “Sunshine Countries”. ISA is headquartered in 

Gurugram, India. 

19.1.2 Wind Energy 

Wind energy is the kinetic energy associated with atmospheric air movement. Wind turbines 

convert wind energy into mechanical power, which is then converted to electric power and used 

to generate electricity. 80% of the world's installed wind energy capacity is held by five countries: 

Germany, the United States, Denmark, Spain, and India. 
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19.1.2.1 Wind farm  

A wind farm is a collection of wind turbines in one area that produce electricity. A wind farm can 

be located onshore and offshore. 

a) Onshore wind farms: Operate on land, where the wind is the most powerful. Onshore wind 

farm turbines are less costly, easier to install, maintain, and operate than offshore turbines. 

b) Offshore wind farms: Wind farms are being built to generate power in large bodies of water. 

For the same nominal power, offshore wind farms are more costly than onshore wind farms. 

19.1.2.2 Working of wind turbines  

The kinetic energy in the wind is converted into mechanical energy by wind turbines. This 

mechanical energy can be used for specific tasks (such as grinding grain or pumping water), or it 

can be converted to electricity using a generator. Most turbines have three blades that are 

aerodynamically built. The wind's energy spins two or three propeller-like blades around a rotor 

attached to the main shaft, spinning a generator to generate power. To capture the most energy, 

wind turbines are mounted on a tower. They may take advantage of faster and less turbulent wind 

at 100 feet (30 meters) or higher above land.  

Three main variables determine how much electricity a turbine can produce:  

1. Wind speed: Winds that are stronger produce more energy. Wind turbines produce energy at 

a rate of 4 to 25 meters per second. 

2. Blade radius: The larger the radius of blades, the more the energy produced. Four times more 

power can be obtained by doubling the blade radius. 

3. Air density: A rotor is lifted more by heavier air. Altitude, temperature, and pressure all affect 

air density. Because of the lower air pressure and lighter air at high altitudes, turbines are less 

productive. Rotors spin faster and more effectively near sea level because of the dense, heavy 

air.  

19.1.2.3 Two types of wind turbines 

a) Horizontal axis turbine: Two or three blades spin upwind of the tower in a horizontal-axis 

arrangement. The blades of a horizontal axis machine rotate on an axis parallel to the ground. 
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b) Vertical-axis turbine:  Vertical blades spin in and out of the wind in vertical-axis turbines. 

The blades of a vertical axis turbine rotate on an axis perpendicular to the ground. This drag-

type turbine spins slowly yet produces a lot of torque. It can grind grain, pump water, and 

perform a variety of other duties, but its slow rotating speeds make it unsuitable for generating 

energy. In comparison to horizontal axis turbines, vertical-axis turbines do not take advantage 

of increasing wind speeds at higher heights (100 feet and above). 

19.1.3 Small – Hydro Power 

Any hydropower project with an installed capacity of less than 25 MW is classified as small hydro. 

It is generally run-of-river, with a small dam or barrage, usually just a weir and little or no water 

storage. As a result, run-of-river installations have less of an impact on the local ecosystem than 

large-scale hydro projects. Small hydropower plants can provide independent electricity to isolated 

rural locations. India and China are the largest players in the Small Hydro Power industry, with 

the most projects installed. 

19.1.4 Large Hydro 

When water flows downward from a higher level to a lower level, hydraulic power is harnessed, 

which is then utilized to turn the turbine, turning the kinetic energy of water into mechanical energy 

to drive the generator. Although hydropower is the cheapest and cleanest form of electricity, there 

are several environmental and social difficulties involved with large dams, as seen by projects such 

as Tehri, Narmada, and others. These issues do not exist in small hydropower. 

19.1.4.1 Types of hydro power stations  

There are three types of hydropower facilities: impoundment, diversion, and pumped storage. 

Some hydropower plants use dams and some do not. 

1. Impoundment: An impoundment facility is the most common type of hydroelectric power 

plant. A dam is used to store river water in a reservoir at an impoundment facility, which is 

usually a large hydropower system. Water released from the reservoir spins a turbine, which 

then activates a generator, which generates power. 

2. Diversion: A diversion, also known as a run-of-river facility, directs a portion of a river via a 

canal or penstock before flowing through a turbine, spinning it and activating a generator to 

generate electricity. It may not require the use of a dam. 
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3. Pumped storage: It works similar to a battery, storing electricity generated by alternative 

energy sources such as solar, wind, and nuclear for later use. Pumped storage facilities store 

energy by pumping water from a lower reservoir to an upper reservoir when demand for 

electricity is low. During times of high demand for power, the water is released into the lower 

reservoir, where it turns a turbine, which generates electricity. 

19.1.5 Bio Power 

Biomass is a renewable energy source made up of carbon-based waste from human and natural 

activity. It comes from a variety of sources, including timber industry by-products, agricultural 

crops, grassy and woody plants, agricultural or forestry residues, oil-rich algae, and the organic 

component of municipal and industrial wastes. For heating and energy generation, biomass is an 

excellent substitute for traditional fossil fuels.  

Biomass combustion emits about the same amount of carbon dioxide as fossil fuel burning. Fossil 

fuels, on the other hand, emit carbon dioxide collected by photosynthesis during its early years. 

Biomass, on the other hand, emits carbon dioxide that is mainly balanced by the carbon dioxide it 

absorbs throughout its growth (depending how much energy was used to grow, harvest, and 

process the fuel). As a result, biomass does not add carbon dioxide to the atmosphere because it 

absorbs the same amount of carbon during its growth as it releases when burned.  

Gasification, combustion, and pyrolysis are chemical processes that convert biomass to useful 

products, with combustion being the most common. Each of the methods listed provides a calorific 

end product as well as a variety of by-products. The processing approach is selected based on the 

nature and origin of the feed stocks, their physiochemical condition, and the range of fuel products 

that can be made from them. 

19.1.5.1 Anaerobic Digestion/Biomethanation  

Biomethanation, also known as methanogenesis, is a scientific process in which anaerobic 

microbes degrade biodegradable waste in an anaerobic environment, producing methane-rich 

biogas and effluent. Hydrolysis, acidogenosis, and methanogenesis are the three functions that take 

place sequentially.  
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19.1.5.2 Combustion/Incineration  

Waste is immediately burned at high temperatures (about 800°C) in the presence of excess air 

(oxygen), liberating heat energy, inert gases, and ash. Combustion transfers 65–80 percent of the 

organic matter's heat content to hot air, steam, and hot water. The steam generated can then be 

used to generate electricity in steam turbines.  

19.1.5.3 Pyrolysis/Gasification  

Pyrolysis is the thermally induced chemical decomposition of organic matter. The organic material 

is heated in the absence of air until the molecules thermally break down, resulting in a gas made 

up of smaller molecules (known collectively as syngas). Gasification can also happen when 

organic matter is partially burned in the presence of a limited amount of oxygen or air. Producer 

gas is the result of this process. Carbon monoxide (25%), hydrogen and hydrocarbons (15%), 

carbon dioxide and nitrogen (60%) are the most common gases produced during pyrolysis. The 

syngas or producing gas must then be 'cleaned'. The gas is then used to generate power in internal 

combustion (IC) engine generating sets or turbines. 

19.2 Non-renewable energy 

Coal, crude oil, natural gas and uranium are examples of non-renewable energy sources. Non-

renewable energy, unlike renewable energy, requires human intervention to make it usable. Carbon 

is the primary component of fossil fuels. Fossil fuels are thought to have developed around 300 

million years ago, when the earth's geography was very different. 

19.3 Waste to Energy 

Due to urbanization, industrialization, and changes in life patterns, there is an increasing amount 

of waste in today's era, which is hazardous to the environment. In the recent past, technological 

advancements have helped in the reduction of waste quantity for safe disposal and the generation 

of electricity from it. Waste-to-energy offers the ability to divert waste from landfills while also 

producing clean electricity without emitting damaging greenhouse gases. This decreases the 

amount of waste that needs to be disposed of while also generating electricity. Apart from 

incineration and biomethanation, pyrolysis and gasification are emerging technologies. Gazipur 

waste-to-energy plant is among one of the waste-to-energy plants in India which utilizes 1400-

1500 metric tonnes of municipal solid waste on daily basis. 
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19.4 Salient Features 

 Renewable energy is created from natural resources that are replenished on a regular basis. 

This includes sunshine, wind, water, and different types of biomass. 

 Solar energy (energy generated from sun), wind energy (energy generated from wind), small 

hydro power (project with an installed capacity of less than 25 MW, it is generally run-of-

river), large hydro power (energy generated from water) and bio power (energy from firewood, 

animal dung, biodegradable waste and crop residues, when it is burnt) are all types of 

renewable energy. 

 In solar energy, we can generate power in two ways: Photovoltaic Electricity (uses 

photovoltaic cells) and Solar-Thermal Electricity (uses a solar collector). 

 International Solar Alliance (ISA) was designed as a collaborative initiative between India and 

France to mobilize efforts to combat climate change by deploying solar energy solutions. 

 A wind farm can be located onshore (operate on land) and offshore (operate on large bodies of 

water). 

 Wind speed, blade radius and air density determine how much electricity can be produced by 

a turbine. 

 There are two types of wind turbines: Horizontal axis-turbine (blades spin upwind of the tower 

in a horizontal-axis) and Vertical axis turbine (Vertical blades spin in and out of the wind in 

vertical-axis). 

 There are three types of hydropower facilities: Impoundment (uses a dam to store river water 

in a reservoir), Diversion (run-of-river facility, channels a portion of a river through a canal) 

and pumped storage (stores energy by pumping water from a lower reservoir to an upper 

reservoir). 

 In Biomethanation, anaerobic microbes degrade biodegradable waste in an anaerobic 

environment, producing methane-rich biogas and effluent. 

 Gasification (organic matter is partially burned in the presence of a limited amount of oxygen), 

combustion (burning of waste at high temperatures in the presence of excess air) and pyrolysis 

(thermally induced chemical decomposition of organic matter) are chemical processes that 

convert biomass to useful products. 

 Coal, crude oil, natural gas and uranium are examples of non-renewable energy sources. 

They requires human intervention to make it usable. 
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 Waste-to-energy is the process of generating energy in the form of electricity from primary 

treatment of waste. 
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20.  Environmental Impact Assessment (EIA) 

Environmental Impact Assessment (EIA) is one of the tools available to planners in order to 

achieve the objective of balancing development with environmental concerns. EIA integrates 

environmental issues into development activities from the start of the feasibility report preparation 
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process. As a result, environmental concerns and mitigation strategies may be integrated into 

project development. EIA can often prevent future liability or costly project design changes. 

The goal of EIA is to anticipate any environmental issues that may occur as a result of a planned 

development and address them during the planning and designing stage of the project. By 

identifying the important impacts/issues and proposing mitigation strategies, the 

EIA/Environmental Management Plan (EMP) should assist planners and government authorities 

in the decision-making process. EIA is a planning tool that is widely recognized as an important 

part of sound decision-making.  

To avoid indiscriminate exploitation of natural resources and promote environmental concerns in 

development projects, the Ministry of Environment and Forests (MoE&F) has taken several policy 

measures and established environmental and pollution control legislation. The Notification on 

Environmental Impact Assessment (EIA) of Developmental Projects, issued in 1994 under the 

terms of the Environment (Protection) Act, 1986, is one such endeavor. 

Box 1: 

 In addition to EIA, the Government of India issued a number of other notifications pertaining 

to environmental impact assessment under the Environment (Protection) Act 1986. These 

are limited to specific geographical areas. They are:  

 Prohibiting the establishment of industries other than tourism-related enterprises within a 1 

km radius of the high tide mark from Revdanda Creek to Devgarh Point (near Shrivardhan), 

as well as a 1 km radius along the banks of Rajpuri Creek in the Murud Janjira region of 

Maharashtra's Raigarh district (1989). 

 Restricting location of industries, mining operations and regulating other activities in Doon 

Valley (1989). 

 Regulating activities in the coastal stretches of the country by classifying them as coastal 

regulation zone and prohibiting certain activities (1991). 

 Restricting location of industries and regulating other activities in Dahanu Taluka in 

Maharashtra (1991). 

 Restricting certain activities in specified areas of Aravalli Range in the Gurgaon district of 

Haryana and Alwar district of Rajasthan (1992). 
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 Regulating industrial and other activities, which could lead to pollution and congestion in 

an area north west of Numaligarh in Assam (1996). 

20.1 EIA Process 

The EIA process includes following 9 phases: 

20.1.1 Screening 

 Screening is carried out to determine if a project requires environmental clearance in 

accordance with statutory notifications. Screening criteria are based upon: 

o Scales of investment, 

o Type of development, 

o Location of development 

 A Project requires statutory environmental clearance only if the provisions of EIA notification 

and/or one or more statutory notification mentioned in Box 1 cover it. 

20.1.2 Scoping 

 Scoping is a process of detailing the terms of reference of EIA. It must be completed by the 

consultant in collaboration with the project proponent and if necessary, with the assistance of 

the Impact Assessment Agency. 

 The Ministry of Environment and Forests has issued sector-specific guidelines 

(Comprehensive terms of reference) outlining the major topics that must be addressed in EIA 

studies. 

 Quantifiable impacts are evaluated based on magnitude, prevalence, frequency and duration, 

whereas non-quantifiable consequences (such as aesthetic or recreational value) are often 

examined using socio-economic criteria.  

 Following the identification of places where the project might have a substantial impact, the 

baseline state of these regions should be monitored. Then, based on the development and 

operation of the proposed project, the expected changes in these should be forecasted. 
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20.1.3 Baseline data collection 

The baseline data provides the current state of the environment in the study area. The identified 

parameters should be monitored using site-specific primary data and supplemented by secondary 

data if available. 

20.1.4 Impact prediction 

 Impact prediction is a method of mapping the environmental effects of the project's essential 

aspects and its alternatives. Environmental impact can never be predicted with 100% certainty, 

which is all the more reason to evaluate all possible aspects and take all reasonable efforts to 

reduce the level of uncertainty.  

The following impacts of the project should be assessed:  

20.1.4.1 Air 

 Total emissions from point, line and area sources cause changes in ambient levels and ground 

level concentrations. 

 Effects on soils, materials, vegetation and human health.  

20.1.4.2 Noise 

 Noise generated by equipment and vehicle movement causes changes in ambient levels. 

 Effect on fauna and human health. 

20.1.4.3 Water 

 Availability to competing users. 

 Changes in quality 

 Sediment transport 

 Ingress of saline water  

 

20.1.4.4 Land 

 Changes in land use and drainage pattern 

 Changes in land quality including effects of waste disposal 
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 Changes in shoreline/riverbank and their stability  

20.1.4.5 Biological 

 Deforestation/tree-cutting and shrinkage of animal habitat. 

 Impact on fauna and flora (including aquatic species if any) due to contaminants/pollutants. 

 Impact on rare and endangered species, endemic species and migratory path/route of animals.  

20.1.4.6 Impact on breeding and nesting grounds  

20.1.4.6.1 Socio-Economic 

 Impact on the local community including demographic changes.  

20.1.4.6.2 Impact on economic status 

 Impact on human health 

 Impact of increased traffic 

20.1.5 Assessment of Alternatives, Delineation of Mitigation Measures and Environmental 
Impact Assessment Report 

 Alternatives should be identified and environmental attributes should be compared for each 

project. Both, project location and process technology should be considered as alternatives. 

Alternatives should also consider the lack of a project. Alternatives should then be ranked in 

order to choose the best environmental option with the greatest economic benefit to the entire 

community. 

 Following the evaluation of options, a mitigation strategy for the chosen option should be 

developed, which should be supported by an Environmental Management Plan (EMP) to assist 

the proponent toward environmental improvements. The EMP is an important component of 

monitoring clearance conditions, hence monitor information should be included. 

 An EIA report should give the decision-maker clear information on the various environmental 

scenarios that could occur without the project, with the project and with project alternatives. 

The EIA report should explicitly reflect any uncertainties. 
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20.1.6 Public Hearing 

 Requires a law that following the completion of an EIA study, the public must be informed 

and consulted on a proposed development. 

 Any one likely to be affected by the proposed project is entitled to have access to the Executive 

Summary of the EIA. The affected persons may include: 

o Bonafide local residents, 

o Local associations, 

o Environmental groups: active in the area 

o Any other person located at the project site / sites of displacement  

 They will be given the chance to make oral or written recommendations to the State Pollution 

Control Board. 

20.1.7 Environment Management Plan 

Environment Management Plan should include: 

 Delineation of mitigation and compensation measures for all the identified significant impacts. 

 Delineation of unmitigated impacts. 

 Physical planning for mitigation and compensation systems, including work programme, 

time schedules and locations. 

 Delineation of financial plan for implementing the mitigation measures in the form of 

budgetary estimates and demonstration of its inclusion in the project budget estimates. 

20.1.8 Decision Making 

 Decision making process involve consultation between the project proponent (assisted by a 

consultant) and the impact assessment authority (assisted by an expert group if necessary). 

 The decision on environmental clearance is arrived through a number of steps including 

evaluation of EIA and EMP. 

20.1.9 Monitoring the Clearance Conditions 

Both the construction and operating phases of a project should be monitored. This is done not only 

to ensure that commitments are fulfilled, but also to see if the projections made in the EIA reports 

were accurate or not. Corrective action should be taken if the impacts surpass the projected levels. 
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Monitoring will allow the regulatory body to assess the accuracy of projections and the terms under 

which the Environmental Management Plan will be implemented (EMP). 

20.2 Components of EIA 

 The time-scale of the data delivered is the difference between Comprehensive EIA and Rapid 

EIA. Rapid EIA is designed to accelerate the appraisal process. While both forms of EIAs 

require the inclusion/coverage of all key environmental impacts and their mitigation, Rapid 

EIA accomplishes this by collecting data from only one season (other than monsoon) to shorten 

the time required, whereas comprehensive EIA collects data from all four seasons. 

 Rapid EIA is appropriate if the quality of decision-making is not compromised. Rapid EIA 

submissions will reveal whether or not a thorough EIA is required. 

 As a result, it is evident that submitting a properly prepared Comprehensive EIA as soon as 

possible would be the most efficient method. The EIA report should include all or some of the 

following components, depending on the nature, location, and scale of the project. 

20.2.1 Air Environment 

 Identifying the impact zone (using a screening model) and establishing a monitoring network. 

 Monitoring the existing status of ambient air quality within the impacted region (7-10 km from 

the periphery) of the proposed project site. 

 Monitoring the site-specific meteorological data, viz. wind speed and direction, humidity, 

ambient temperature and environmental lapse rate. 

 Estimation of quantities of air emissions including fugitive emissions from the proposed 

project. 

 Identification, quantification and evaluation of other potential emissions (including those of 

vehicular traffic) within the impact zone and estimation of cumulative of all the 

emissions/impacts. 

 Prediction of changes in the ambient air quality due to point, line and areas source emissions 

through appropriate air quality models. 

 Evaluation of the adequacy of the proposed pollution control devices to meet gaseous emission 

and ambient air quality standards. 

 Delineation of mitigation measures at source, path ways and receptor. 
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20.2.2 Noise Environment 

 Monitoring the present status of noise levels within the impact zone, and prediction of future 

noise levels resulting from the proposed project and related activities including increase in 

vehicular movement. 

 Identification of impacts due to any anticipated rise in noise levels on the surrounding 

environment. 

 Recommendations on mitigation measures for noise pollution. 

20.2.3 Water Environment 

 Study of existing ground and surface water resources with respect to quantity and quality 

within the impact zone of the proposed project. 

 Prediction of impacts on water resources due to the proposed water use/pumping on account 

of the project. 

 Quantification and characterization of waste water including toxic organic, from the proposed 

activity. 

 Evaluation of the proposed pollution prevention and wastewater treatment system and 

suggestions on modification, if required. 

 Prediction of impacts of effluent discharge on the quality of the receiving water body using 

appropriate mathematical/simulation models. 

 Assessment of the feasibility of water recycling and reuse and delineation of detailed plan in 

this regard. 

20.2.4 Biological Environment 

 Survey of flora and fauna clearly delineating season and duration. 

 Assessment of flora and fauna present within the impact zone of the project. 

 Assessment of potential damage to terrestrial and aquatic flora and fauna due to discharge of 

effluents and gaseous emissions from the project. 

 Assessment of damage to terrestrial flora and fauna due to air pollution, and land use and 

landscape changes. 

 Assessment of damage to aquatic and marine flora and fauna (including commercial fishing) 

due to physical disturbances and alterations. 
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 Prediction of biological stresses within the impact zone of the proposed project. 

 Delineation of mitigation measures to prevent and / or reduce the damage. 

20.2.5 Land Environment 

 Studies on soil characteristics, existing land use and topography, landscape and drainage 

patterns within the impact zone. 

 Estimation on impacts of project on land use, landscape, topography, drainage and hydrology. 

 Identification on potential utility of treated effluent in land application and subsequent impacts. 

 Estimation and Characterization of solid wastes and delineation of management options for 

minimization of waste and environmentally compatible disposal. 

20.2.6 Socio-economic and Health Environment 

 Collection of demographic and related socio-economic data. 

 Collection of epidemiological data, including studies on prominent endemic diseases (e.g. 

fluorosis, malaria, fileria, malnutrition) and morbidity rates among the population within the 

impact zone. 

 Projection of anticipated changes in the socio-economic and health due to the project and 

related activities including traffic congestion and delineation of measures to minimise adverse 

impacts. 

 Assessment of impact on significant historical, cultural and archaeological sites/places in the 

area. 

 Assessment of economic benefits arising out of the project. 

 Assessment of rehabilitation requirements with special emphasis on scheduled areas, if any. 

20.2.7 Risk Assessment 

 Hazard identification taking recourse to hazard indices, inventory analysis, dam break 

probability, Natural Hazard Probability etc. 

 Maximum Credible Accident (MCA) analysis to identify potential hazardous scenarios. 

 Consequence analysis of failures and accidents resulting in fire, explosion, hazardous releases 

and dam breaks etc. 

 Hazard & Operability (HAZOP) studies. 
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 Assessment of risk on the basis of the above evaluations. 

 Preparation of an onsite and offsite (project affected area) Disaster Management Plan. 

20.2.8 Environment Management Plan 

 Delineation of mitigation measures including prevention and control for each environmental 

component and rehabilitation and resettlement plan. 

 Delineation of monitoring scheme for compliance of conditions. 

 Delineation of implementation plan including scheduling and resource allocation. 

20.3 EIA Notification, 2006 

Environment Impact Assessment Notification of 2006 has decentralized the environmental 

clearance projects by categorizing the developmental projects in two categories, i.e., Category A 

and Category B.  

‘Category A’ projects are appraised at national level by Impact Assessment Agency (IAA) and the 

Expert Appraisal Committee (EAC) and Category B projects are apprised at state level.  

State Level Environment Impact Assessment Authority (SEIAA) and State Level Expert Appraisal 

Committee (SEAC) are constituted to provide clearance to Category B process.  

After 2006 Amendment the EIA cycle comprises of four stages: 

 Screening 

 Scoping 

 Public hearing 

 Appraisal  

Category A projects require mandatory environmental clearance and thus we do not undergo the 

screening process.  

Category B projects undergoes screening process and they are classified into two types: 

 Category B1 projects (Mandatory requires EIA). 

 Category B2 projects (Do not require EIA).  
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Thus, Category A projects and Category B1 projects undergo the complete EIA process whereas 

Category B2 projects are excluded from complete EIA process. 

20.4 Environmental Impact Assessment in the Indian System – Drawbacks and 
Recommendations 

20.4.1 Drawbacks 

20.4.1.1 Applicability 

There are several projects with significant environmental impacts that are exempted from the 

notification either because they are not listed in schedule1, or their investments are less than what 

is provided for in the notification. 

20.4.1.2 Composition of expert committees and standards 

 It is being found that the team formed for conducting EIA studies is lacking the expertise in 

various fields such as environmentalists, wild life experts, Anthropologists and Social 

Scientists (to study the social impact of the project). 

 There is a lack of exhaustive ecological and socio-economic indicators for impact assessment.  

20.4.1.3 Public hearing 

 Public comments are not taken into account at the early stage, which often leads to conflict at 

the later stage of project clearance. 

 A number of projects with significant environmental and social impacts have been excluded 

from the mandatory public hearing process. 

 The documents which the public are entitled to are seldom available on time. 

 The data collectors do not pay respect to the indigenous knowledge of local people. 

20.4.1.4 Quality 

 One of the biggest concerns with the environmental clearance process is related to the quality 

of EIA report that are being carried out. The reports are generally incomplete and provided 

with false data. 

 EIA reports ignore several aspects while carrying out assessments and significant information 

is found omitted. 
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 Many EIA report are based on single season data and are not adequate to determine whether 

environmental clearance should be granted. All this makes the entire exercise contrary to its 

very intent. 

 As things stand today, it is the responsibility of the project proponent to commission the 

preparation of the EIA for its project. The EIA is actually funded by an agency or individual 

whose primary interest is to procure clearance for the project proposed. There is little chance 

that the final assessment presented is unbiased, even if the consultant may provide an unbiased 

assessment that is critical of the proposed project. Sometimes it is found that a consultancy 

which is working in the project area has no specialization in the concerned subject. For example 

for the preparation of EIA report of the proposed oil exploration in coast of Orissa by the 

reliance group has been given to the life science Department of Berhampur University which 

has no expertise on the study of turtles and its life cycle. 

 The EIA document in itself is so bulky and technical, which makes it very difficult to decipher 

so as to aid in the decision making process. 

 There are so many cases of fraudulent EIA studies where erroneous data has been used, same 

facts used for two totally different places etc. This is due to the lack of a centralized baseline 

data bank, where such data can be crosschecked. 

 There is no accreditation of EIA consultants, therefore any such consultant with a track record 

of fraudulent cases cannot be held liable for discrepancies. It is hard to imagine any consultant 

after being paid lakh of rupees, preparing a report for the project proponents, indicating that 

the project is not viable. 

 In nearly every case, the consultants try to interpret and tailor the information looking for ways 

and means to provide their clients with a report that gives them their money’s worth.  

 

20.4.1.5 Monitoring, compliance and institutional arrangements 

 Often, and more so for strategic industries such as nuclear energy projected, the EMPs are kept 

confidential for political and administrative reason. 

 Details regarding the effectiveness and implementation of mitigation measures are often not 

provided. 



183 
 

 Emergency preparedness plans are not discussed in sufficient details and the information not 

disseminated to the communities. 

20.4.2 Recommendations 

 Independent EIA Authority 

 Sector wide EIA needed 

 Creation of an information desk 

 Creation of a centralized baseline data bank 

 Dissemination of all information related to projects from notification to clearance to local 

communities and general public 

20.4.2.1 Applicability 

All those projects where there is likely to be a significant alternation of ecosystems need to go 

through the process of environmental clearance, without exception. 

No industrial developmental activity should be permitted in ecologically sensitive areas.  

20.4.2.2 Public hearing 

Public hearings should be applicable to all hitherto exempt categories of projects which have 

environmental impacts.  

20.4.2.3 Quality 

 The focus of EIA needs to shift from utilization and exploitation of natural resources to 

conservation of natural resources. 

 At present EIA reports are extremely weak when it comes to assessment of biological diversity 

of a project area and the consequent impacts on it. This gap needs to be plugged through a 

specific guidelines and through necessary amendments. 

 The checklist needs to include impacts on agricultural biodiversity, biodiversity related 

traditional knowledge and live hoods. 

 All EIA reports should clearly state the adverse impacts that a proposed projects will have. 

This should be a separate chapter and not hidden within technical details. 
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 The sub components or subsidiary reports of EIA reports (e.g. Assessments of Biodiversity 

impacts done by a sub consultant) should be made publicly accessible as standalone reports 

with the EIA. This should be available on the websites of the MOEF. 

 EIAs should be based on full studies carried out over at least one year. Single season data on 

environmental parameters like biodiversity, as is being done for several rapid assessments is 

not adequate to gain understanding of the full impact of the proposed project. 

 It is critical that the preparation of an EIA is completely independent of the project proponent. 

One option for this could be the creation of a central fund for the EIAs which contains fees 

deposited by project proponents while seeking that an EIA be done for their proposed project. 

 State and central governments should maintain a list of credible, independent and competent 

agencies that can carry out EIAs. Similarly the EIA consultant those are making false reports 

should be black listed. 

 A national level accreditation to environment consultancy should be adopted. 

20.4.2.4 Grant of clearance 

 The notification needs to make it clear that the provision for site clearance does not imply any 

commitment on the part of the impact Assessment agency to grant full environmental 

clearance. 

 The prior informed consent of local communities and urban wards or residents association 

needs to be made mandatory before the grant of environmental clearance. The consent should 

be from the full general body. 

 The language used for specifying conditions of clearance must be clear and specific. 

20.4.2.5 Composition of expert committees 

 The present executive committees should be replaced by expert’s people from various 

stakeholder groups, who are reputed in environmental and other relevant fields. 

 The process of selection of those committees should be open and transparent. The minutes, 

decisions and advice by these committee should be open to public.  

20.4.2.6 Monitoring, compliance and institutional arrangements 

 The EIA notification needs to build within it an automatic withdrawal of clearance if the 

conditions of clearance are being violated, and introduce more stringent punishment for non- 
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compliance. At present the EIA notification limits itself to the stage when environmental 

clearance is granted. 

 The MOEF should set up more regional offices with advisory Expert committees, each with 

smaller areas of jurisdiction, to effectively monitor the compliance of clearance conditions. 

 A robust monitoring mechanism should be established by the state department to address 

compliance of both sets of clearance conditions together and to take punitive action against the 

project proponent in case of noncompliance. 

 Local communities should be brought in to the formal monitoring and reporting process of the 

compliance of conditions presently done by the regional offices of the MOEF.  

20.4.2.7 Redressal 

 The composition of the NGT needs to be changed to include more judicials from the field of 

environment. 

 Citizen should be able to access the authority for redressal of all violation of the EIA 

notification as well as issues relating to non-compliance.  

20.4.2.8 Capacity building 

NGOs, civil society groups and local communities need to build their capacities to use the EIA 

notification towards better decision making on projects that can impact their local environments 

and live hoods. Capacities can be built to proactively and effectively use the notification rather 

than respond in a manner that is seen as negative or unproductive. 

20.5 PARIVESH (Pro-Active and Responsive facilitation by Interactive, Virtuous and 
Environmental Single-window Hub) 

PARIVESH is a Single-Window Integrated Environmental Management System. Single 

registration and sign-in for all types of clearances (e.g., Environment, Forest, Wildlife, and CRZ), 

unique-ID for all types of clearances required for a specific project, and a single Window interface 

for the proponent to submit applications for all types of clearances (i.e. Environment, Forests, 

Wildlife and CRZ clearances) are some of the key features. 
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20.6 Salient Features 

 The goal of EIA is to anticipate any environmental issues that may occur as a result of a planned 

development and address them during the planning and designing stage of the project. 

 The EIA process includes 9 phases: screening, scoping, baseline data collection, impact 

prediction, assessment of alternatives, delineation of mitigation measures and environmental 

impact assessment report, public hearing, environmental management plan, decision making 

and monitoring of the clearance conditions. 

 The EIA report should include all or some of the following components, depending on the 

nature, location, and scale of the project: Air environment, noise environment, water 

environment, biological environment, land environment, socio-economic and health 

environment, risk assessment and environment management plan. 

 Environment Impact Assessment Notification of 2006 has decentralized the environmental 

clearance projects by categorizing the developmental projects in two categories, i.e., Category 

A (projects are appraised at national level) and Category B (projects are appraised at state 

level). 

 Certain drawbacks have been identified and recommendations have been made for better 

implementation of EIA in the Indian system. Which includes applicability of EIA, composition 

of expert committees and standards, public hearing, quality of EIA, monitoring, compliance 

and institutional arrangements. 

 PARIVESH (Pro-Active and Responsive facilitation by Interactive, Virtuous and 

Environmental Single-window Hub) is a Single-Window Integrated Environmental 

Management System. 
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21.  Environmental Acts, Policies and other Conventions 

21.1 The Water (Prevention and Control of Pollution) Act, 1974 

 The Water (Prevention and Control of Pollution) Act was enacted in 1974 to provide for the 

prevention and control of water pollution, and for the maintaining or restoring of 

wholesomeness of water in the country. 

 Amended in 1988 

 The Water (Prevention and Control of Pollution) Cess Act was enacted in 1977, to provide for 

the levy and collection of a cess on water consumed by persons operating and carrying on 

certain types of industrial activities. 

 The Act vests regulatory authority in State Pollution Control Boards to establish and enforce 

effluent standards for factories. 

 A Central Pollution Control Board performs the same functions for Union Territories and 

formulates policies and coordinates activities of different State Boards. 

 The Act grants power to SPCB and CPCB to test equipment and to take the sample for the 

purpose of analysis. 

 Prior to its amendment in 1988, enforcement under the Act was achieved through criminal 

prosecutions initiated by the Boards. 

 The 1988 amendment act empowered SPCB and CPCB to close a defaulting industrial plant. 

21.2 Forest Act, 1980 

The Forest (Conservation) Act of 1980 (FCA, 1980) is an act by the Parliament of India which 

ensures conservation of forest and its resources. 

It was enacted by the Parliament of India in order to control the ongoing deforestation of the forests 

of India. It came into force on October 25, 1980 containing five sections. 

21.2.1 Objectives of the Forest Conservation Act, 1980 

The aim of the Forest is to preserve the forest ecosystem of India by fulfilling the following 

objectives: 
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1. Protect the forest along with its flora, fauna and other diverse ecological components while 

preserving the integrity and territory of the forests. 

2. Arrest the loss of forest biodiversity 

3. Prevent forest lands being converted into agricultural, grazing or for any other commercial 

purposes and intentions. 

21.2.2 Features of the Forest Conservation Act, 1980 

The Forest Conservation Act of 1980 comes with the following features: 

1. The Act restricts the state government and other authorities to take decisions first without 

permission from the central government. 

2. The Forest Conservation Act gives complete authority to the Central government to carry out 

the objectives of the act. 

3.  The Act levies penalties in case of violations of the provisions of FCA. 

4. The Forest Conservation Act will have an advisory committee which will help the Central 

government with regard to forest conservation. 

21.3 Air (Prevention and Control of Pollution) Act, 1981 

This is the Act that provide for the prevention, control and abatement of air pollution, for the 

establishment, with a view to carrying out this purposes, of Boards, for conferring on and assigning 

to such Boards powers and functions relating thereto and for matters connect therewith. 

21.3.1 Objectives 

 To provide for the prevention, control and abatement of air pollution. 

 To provide for the establishment of central and State Boards with a view to implement the Act. 

 To confer on the Boards the powers to implement the provisions of the Act and assign to the 

Boards functions relating to pollution. 

 The Air (Prevention and Control of Pollution) Act, 1981 extends to the whole of India. 
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21.3.2 Functions of the Central Board 

 The main functions of the Central Board shall be to      improve the quality of air and to prevent, 

control or abate air pollution in the country. These are: 

 To advise the Central Government on any matter concerning the improvement of the quality 

of air and the prevention, control or abatement of air pollution.  

 To plan and cause to be executed a nation-wide programme for the prevention, control or 

abatement of air pollution. 

 To co-ordinate the activities of the State and resolve disputes among them. 

 To provide technical assistance and guidance to the State Boards, carry out and sponsor 

investigations and research relating to problems of air pollution and prevention, control or 

abatement of air pollution. 

21.3.3 Functions of the State Board 

 The function of any State Board may be specified that are as follows-  

 To plan a comprehensive programme for the prevention, control or abatement of air pollution 

and to secure the execution thereof. 

 To advise the State Government on any matter concerning the prevention, control or abatement 

of air pollution. 

 To collect and disseminate information relating to air pollution. 

 To collaborate with the Central Board in organizing the training of persons engaged or to be 

engaged in programmes relating to prevention, control or abatement of air pollution and to 

organize mass-education programme relating thereto. 

 To inspect air pollution control areas at such intervals as it may think necessary, assess the 

quality of air therein and take steps for the prevention, control or abatement of air pollution in 

such areas.  

21.4 The Environment (Protection) Act, 1986 

The Environment (Protection) Act was enacted in the United Nations Conference on Human 

Environment (UNCHE), in Stockholm in June 1972. It consists of 26 sections. Section 2 provides 
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the definition of environment, environmental pollutants and environmental pollution. Section 3-6 

deals with general powers of central to take measures to protect the environment. Section 7-21 

deals with prevention, control and abatement of environmental pollution. 

 The Environment (Protection) Act, 1986 authorizes the central government to protect and 

improve environmental quality, control and reduce pollution from all sources, and prohibit or 

restrict the setting and /or operation of any industrial facility on environmental grounds.  

 It empowers the Central Government to establish authorities charged with the mandate of 

preventing environmental pollution in all its forms and to tackle specific environmental 

problems that are peculiar to different parts of the country.  

 The Act was last amended in 1991. 

 The Environment (Protection) Rules lay down procedures for setting standards of emission or 

discharge of environmental pollutants. 

21.4.1 Objectives 

 An Act to provide for the protection and improvement of environment and for matters 

connected therewith. 

 It extends to the whole of India.  

21.5 National Forest Policy, 1988 

 Maintenance of environmental stability through preservation and restoration of ecological 

balance. 

 Conservation of natural heritage of country by preserving remaining forests. 

 Checking soil erosion and extension of sand dunes. 

 Increasing forest cover by afforestation. 

 Afforestation and development of wastelands. 

 Meeting basic requirements of people (fuel, timber, food) and encouraging wood substitutes. 

 Efficient utilization of forest produce 

 Conservation of biological diversity, a network of national parks, sanctuaries, biosphere 

reserves and other protected areas should be extended and properly managed. 
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21.5.1 Joint Forest Management (JFM)  

It is an approach and program initiated in the context of the National Forest Policy, 1988 wherein 

state forest departments support local dwelling communities to protect and manage the forests and 

share the costs and benefits from the forests with them. 

Under Green Highways (Plantation, Transplantation, Beautification and Maintenance) Policy-

2015, Ministry of Road Transport and Highways has decided all existing National Highways and 

40000 km of additional roads in the next few years as Green Highways. 1% of the total project 

cost of all highways’ projects will be kept aside for the highway plantation and its maintenance. 

21.6 Public Liability Insurance Act, 1991 

 Public Liability insurance policy covers a policyholder from claims from third parties for death 

or injury or property damage caused by hazardous substances handled in a factory. 

 The Act came into being in the aftermath of the Bhopal Gas Tragedy. 

 This law requires all enterprises that own or have control over handling of any hazardous 

substance, to subscribe to a “public liability insurance policy cover” whereby they are insured 

against the claims from third parties for death or injury or property damage caused by 

hazardous substances handled in their enterprise. 

 The compensation payable under this Act is also irrespective of the company’s neglect. The 

victims who are exposed to hazardous substance used by an industry may file a claim with the 

Collector within 5 years of the accident. 

 On receipt of an application, the Collector, after giving notice to the owner and after giving the 

parties an opportunity of being heard, will hold an inquiry into the claim and may make an 

award determining the amount of relief which appears to him to be just. 

21.7 The Noise Pollution (Regulation and Control) Rules, 2000  

The Environmental Protection Act of 1986 or other legislation had no direct provision for "noise 

pollution". Increasing levels of ambient noise in public places from various sources such as 

industrial activities, generator sets, speakers, and car horns have a harmful effect on human health. 

It was the need of the hour to come with a law which would regulate and control noise producing 

sounds with the objective of maintaining the ambient air quality standards in respect of noise. 
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Therefore, the Central Government framed ‘The Noise Pollution (Regulation and Control) Rules, 

2000’. These rules have been laid down by the government to reduce environmental noise 

pollution. The government has set certain standards, such as the ambient air quality standards. The 

permissible levels of noise are different for different areas, such as industrial, commercial, 

residential areas and silence zones (area within the vicinity of hospitals, educational institutions or 

courts). 

21.8 The Energy Conservation Act, 2001 

The Energy Conservation Act, 2001 was enacted to provide for efficient use of energy and its 

conservation and for matters connected therewith. This act provides for the establishment and 

incorporation of the Bureau of Energy Efficiency (BEE).  

 Our country has a vast potential for energy saving.  

 It is estimated that measures for energy conservation and improving energy efficiency have the 

potential for creating an equivalent capacity of a minimum of 25000 MW.  

 The Government of India enacted the Energy Conservation Act for redeeming this potential, 

and it came into force with effect from 1st March 2002. 

 The Act provides the legal framework, institutional arrangement and a regulatory 

mechanism at the Central and State level to embark upon the energy efficiency drive in the 

country.  

21.9 Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest 

Rights) Act, 2006 

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006, 

has been enacted to recognize and vest the forest rights and occupation of forest land in forest 

dwelling Scheduled Tribes and other traditional forest dwellers, who have been residing in such 

forests for generations, but whose rights could not be recorded. This Act not only recognizes the 

rights to hold and live in the forest land under the individual or common occupation for habitation 

or for self-cultivation for livelihood, but also grants several other rights to ensure their control over 

forest resources which, inter-alia, include right of ownership, access to collect, use and dispose of 

minor forest produce, community rights, habitat rights for primitive tribal groups and pre-

agricultural communities, right to protect, regenerate or conserve or manage any community forest 
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resource which they have been traditionally protecting and conserving for sustainable use. The Act 

also provides for diversion of forest land for public utility facilities managed by the Government, 

such as schools, dispensaries, fair price shops, electricity and telecommunication lines, water 

tanks, etc. with the recommendation of Gram Sabhas. 

 The act recognize and vest the forest rights and occupation in Forest land in forest Dwelling 

Scheduled Tribes (FDST) and Other Traditional Forest Dwellers (OTFD)who have been 

residing in such forests for generations. 

 The act also establishes the responsibilities and authority for sustainable use, conservation of 

biodiversity and maintenance of ecological balance of FDST and OTFD. 

 It strengthens the conservation regime of the forests while ensuring livelihood and food 

security of the FDST and OTFD. 

 It seeks to rectify colonial injustice to the FDST and OTFD who are integral to the very survival 

and sustainability of the forest ecosystem. 

The act identifies four types of rights: 

a) Title rights 

It gives FDST and OTFD the right to ownership to land farmed by tribal or forest dwellers 

subject to a maximum of 4 hectares. Ownership is only for land that is actually being cultivated 

by the concerned family and no new lands will be granted. 

b) Use rights 

The rights of the dwellers extend to extracting Minor Forest Produce, grazing areas, to 

pastoralist routes, etc. 

c) Relief and development rights 

To rehabilitation in case of illegal eviction or forced displacement and to basic amenities, 

subject to restrictions for forest protection. 

d) Forest management rights 

It includes the right to protect, regenerate or conserve or manage any community forest. 
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21.10 Solid Waste Management Rules 2016 

 These rules replace the Municipal Solid Wastes (Management and Handling) Rules, 2000, are 

now applicable beyond municipal areas and have included urban agglomerations, census 

towns, notified industrial townships etc. 

 They focus on segregation of waste at source, responsibility on the manufacturer to dispose of 

sanitary and packaging wastes, user fees for collection, disposal and processing from the bulk 

generator. 

 It has also been advised that the bio-degradable waste should be processed, treated and 

disposed of through composting or bio-methanation within the premises as far as possible and 

the residual waste shall be given to the waste collectors or agency as directed by the local 

authority. 

 The rules promote the use of compost, conversion of waste into energy, revision of parameters 

for landfills location and capacity. 

 The government has also constituted a Central Monitoring Committee under the chairmanship 

of Secretary, MoEF&CC to monitor the overall implementation of the rules. 

 The Rules for the Safe Treatment of Legacy Waste prescribe bio-remediation and bio-mining 

in all open dumpsites and existing operational dumpsites in India. 

 Apart from this, Article 51 A (g) of the Constitution of India makes it a fundamental duty of 

every citizen of India to protect and improve the natural environment including forests, lakes, 

rivers, and wildlife, and to have compassion for living creatures. 

21.11 Hazardous and Other Wastes (Management and Transboundary Movement) 

Amendment Rules, 2019 

MoEF&CC has amended the Hazardous and Other Wastes (Management and Transboundary 

Movement) Rules, 2016. Salient features of the amended rules include: 

 Solid Plastic Waste has been prohibited from import into the country including in Special 

Economic Zones (SEZ) and by Export Oriented Units (EOU). 

 Exporters of silk waste have now been given exemption from requiring permission from the 

MoEF&CC. 
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 Electric and electronic assemblies and components manufactured in and exported from India, 

if found defective can now be imported back into the country, within a year of export, without 

obtaining permission from MoEF&CC. 

 Industries which do not require consent under Water (Prevention and Control of Pollution) Act 

1974 and Air (Prevention and Control of Pollution) Act 1981, are now exempted from 

requiring authorization under the Hazardous and Other Wastes (Management and 

Transboundary Movement) Rules 2016, provided that hazardous and other wastes generated 

by such industries are handed over to the authorized actual users, waste collectors or disposal 

facilities. 

21.12 Construction and Demolition Waste Management Rules, 2016  

 Prescribes duties of waste generator like segregating construction and demolition waste and 

depositing it at collection center. 

 It also provides duties of service providers and contractors. 

 It prescribes timeframe for implementation of the rules. 

21.13 Bio-Medical Waste Management Rules, 2016  

 Bio-Medical Waste Management Rules 2016 is an improvement to 1998 rules. 

 New Rules are measures taken in the spirit of Clean India Mission. 

 The ambit of the rules has been expanded to include vaccination camps, blood donation camps, 

surgical camps or any other healthcare activity. 

 Phase-out the use of chlorinated plastic bags, gloves and blood bags within two years; 

 Pre-treatment of the laboratory waste, microbiological waste, blood samples and blood bags 

through sterilization on-site. 

 Provide training to all its health care workers and immunize all health workers regularly; 

 Establish a Bar-Code System for bags or containers containing bio-medical waste for disposal. 

 Inclusion of emissions limits for Dioxin and furans. 

 State Government to provide land for setting up common bio-medical waste treatment and 

disposal facility. 

 No occupier shall establish on-site treatment and disposal facility, if a service of is available at 

a distance of seventy-five kilometer. 
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 Operator of a common bio-medical waste treatment and disposal facility to ensure the timely 

collection of bio-medical waste from the HCFs. 

21.14 E-Waste (Management) Rules, 2016 

 The Ministry of Environment, Forest and Climate Change notified the E-Waste Management 

Rules, 2016 in supersession of the e-waste (Management & Handling) Rules, 2011. 

 Making the norms stringent, the new E-waste rules included Compact Fluorescent Lamp (CFL) 

and other mercury-containing lamps, as well as other such equipment. 

 For the first time, the rules brought the producers under Extended Producer Responsibility 

(EPR), along with targets. Producers have been made responsible for the collection of E-waste 

and for its exchange. 

 Various producers can have a separate Producer Responsibility Organization (PRO) and 

ensure the collection of E-waste, as well as its disposal in an environmentally sound manner. 

 Deposit Refund Scheme has been introduced as an additional economic instrument wherein 

the producer charges an additional amount as a deposit at the time of sale of the electrical and 

electronic equipment and returns it to the consumer along with interest when the end-of-life 

electrical and electronic equipment is returned. 

 The role of State Governments has been also introduced to ensure the safety, health, and skill 

development of the workers involved in dismantling and recycling operations. 

 A provision of penalty for violation of rules has also been introduced. 

 Urban Local Bodies has been assigned the duty to collect and channelized the orphan products 

to authorized dismantlers or recyclers. 

21.14.1 E-waste (Management) Amendment Rules, 2018 

 The e-waste collection target under EPR has been revised and is being applied from October 

1, 2017. 

 The phase-wise collection targets for e-waste in weight is 10% of the quantity of waste 

generation as indicated in the EPR Plan during 2017-18, with a 10% increase every year until 

2023. The target from 2023 onwards shall be 70% of the quantity of waste generation as 

indicated in the EPR Plan. 
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 The quantity of e-waste collected by producers from October 1, 2016 to September 30, 

2017 shall be accounted for in the revised EPR targets until March 2018. 

 Separate e-waste collection targets have been drafted for new producers, i.e. those 

producers whose number of years of sales operation is less than the average lives of their 

products. 

 Producer Responsibility Organizations (PROs) shall apply to the Central Pollution Control 

board (CPCB) for registration to undertake activities prescribed in the Rules. 

 Under the Reduction of Hazardous Substances (RoHS) provisions, the cost for sampling and 

testing shall be borne by the government for conducting the RoHS test. If the product does not 

comply with RoHS provisions, then the cost of the test will be borne by the producers. 

21.15 Plastic Waste Management Rules, 2016 

 It mandates the generators of plastic waste to take steps to minimize generation of plastic 

waste, prevent littering of plastic waste, and ensure segregated storage of waste at source 

among other measures. 

 The rules also mandate the responsibilities of local bodies, gram panchayats, waste 

generators, retailers and street vendors to manage plastic waste. 

21.15.1 Provisions under New Rules  

21.15.1.1 Classification of Plastics 

 Category 1: Rigid plastic packaging will be included under this category. 

 Category 2: Flexible plastic packaging of single layer or multilayer (more than one layer 

with different types of plastic), plastic sheets and covers made of plastic sheet, carry bags, 

plastic sachet or pouches will be included under this category. 

 Category 3: Multi-layered plastic packaging (at least one layer of plastic and at least one 

layer of material other than plastic) will be included under this category. 

 Category 4: Plastic sheet or like used for packaging as well as carry bags made 

of compostable plastics fall under this category. 

https://www.drishtiias.com/daily-updates/daily-news-analysis/ban-on-single-use-plastic-1
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21.15.1.2 Plastic Packaging 

Reuse of rigid plastic packaging material has been mandated in the guidelines to reduce the use 

of fresh plastic material for packaging. 

The enforceable prescription of minimum level of recycling of plastic packaging waste 

collected under EPR along with use of recycled plastic content will further reduce plastic 

consumption and support recycling of plastic packaging waste. 

21.15.1.3 Extended Producer Responsibility Certificates 

In a significant first, the guidelines allow for sale and purchase of surplus extended producer 

responsibility certificates. These will set-up a market mechanism for plastic waste management. 

21.15.1.4 Centralized Online Portal 

The government has also called for establishing a centralized online portal by Central Pollution 

Control Board (CPCB) for the registration as well as filing of annual returns by producers, 

importers and brand-owners, plastic waste processors of plastic packaging waste by 31st March, 

2022. 

It would act as the single point data repository with respect to orders and guidelines related to 

implementation of EPR for plastic packaging under Plastic Waste Management Rule, 2016. 

21.15.1.5 Environmental Compensation 

Environmental compensation will be levied based upon polluter pays principle, with respect 

to non-fulfillment of EPR targets by producers, importers and brand owners, for the purpose 

of protecting and improving the quality of the environment and preventing, controlling and 

abating environment pollution. 

The Polluter Pays Principle imposes liability on a person who pollutes the environment to 

compensate for the damage caused and return the environment to its original state regardless 

of the intent. 

21.15.1.6 Committee to Recommend Measures 

A committee constituted by the CPCB under the chairmanship of CPCB chairman will 

recommend measures to the environment ministry for effective implementation of EPR, 

including amendments to Extended Producer Responsibility (EPR) guidelines. 

https://www.drishtiias.com/daily-updates/daily-news-analysis/non-transparent-pollution-control-boards
https://www.drishtiias.com/daily-updates/daily-news-analysis/non-transparent-pollution-control-boards
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21.15.2 EPR Portal Annual Report 

State Pollution Control Boards (SPCBs) or Pollution Control Committees (PCCs) have been 

responsible for submitting an annual report to the CPCB via the EPR portal about its fulfillment 

by producers, importers, brand owners, and plastic waste processors in the state/Union Territory. 

21.16 Wetland Conservation and Management Rules, 2017  

The Wetlands (Conservation and Management) Rules of 2017 govern wetlands. The 2010 version 

of the Rules provided for a Central Wetland Regulatory Authority, but new Rules of 2017 replaced 

it with state-level bodies and created a National Wetland Committee, which functions in 

an advisory role. 

Backwaters, lagoons, creeks, and estuaries were all eliminated from the definition of "wetlands" 

in the current laws. The procedure of identifying wetlands has been transferred to the states under 

the 2017 regulations. 

21.16.1 Constitution of State Wetland Authority 

It has provisions for setting up of a State Wetland Authority (SWA) in every state and Union 

Territory to be regulated by the Environment Minister of the respective state. It is to include a 

range of government officials. Hydrology, socioeconomics, landscape planning, fisheries, and 

wetland ecology each have one expert. They will determine the ‘wise use principle’ that shall 

govern the management of wetlands. “Wise use” can be defined as the principles of sustainable 

use that are compatible with conservation.  As a result, power has been decentralized. The SWA 

must: 

 Develop a comprehensive list of activities to be regulated and permitted within notified 

wetlands and their zone of influence. 

 Make recommendations for further restricted activities in some wetlands. 

 Develop wetlands management plans 

 Recommend measures for wetland conservation and for raising awareness among its 

stakeholders and local communities with respect to the importance of wetlands. 
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 Establishment of the National Wetland Committee: The NWC will take the position of the 

Central Wetlands Regulatory Authority and will be led by the secretary to MoEF&CC. 

21.16.2 National Wetland Committee (NWC) 

National Wetland Committee will be set up for: 

 Monitoring the implementation of rules 

 Advising the federal government on appropriate wetlands conservation and management 

policies and action programs.  

 Recommending designation of Wetlands of International importance under the Ramsar 

Convention. 

 Advice collaboration with international agencies on issues related to wetlands. 

 It is compulsory for all the state authorities to prepare a list of all the wetlands. Based on this, 

a digital inventory for wetlands will be created and updated every 10 years. 

 The rules prohibit the discharge of unwanted waste from villages, towns, cities, industries, etc., 

and solid waste dumping into the wetlands. Conversion of wetland area for non-wetland 

purposes, construction of a permanent structure on notified wetlands is banned. 

21.17 The Ozone Depleting Substances (Regulation and Control) Rules, 2000  

The Ozone Depleting Substances (Regulation and Control) Rules have been laid down for the 

regulation of production and consumption of ozone depleting substances. The main objective of 

this rule is protection of the Ozone layer. The rule restricts unauthorized sale, purchase, import, 

export and use of ozone depleting substance. 

‘Ozone Depleting Substances’ (ODS) are the products which lead to the depletion of ozone layer. 

Example: CFC (Chlorofluorocarbon). 

21.18 The National Green Tribunal  

 Established on 18th October, 2010 under the National Green Tribunal Act 2010. 

 Established for effective and expeditious disposal of cases relating to environmental protection 

and conservation of forests and other natural resources. 
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 New Delhi is the Principal Place of Sitting of the Tribunal and Bhopal, Pune, Kolkata and 

Chennai shall be the other four places of sitting of the Tribunal. 

 The Tribunal is not bound by the procedure laid down under the Code of Civil Procedure, 

1908, but shall be guided by principles of natural justice. 

 NGT is mandated to make disposal of applications or appeals finally within 6 months of filing 

of the same. 

 With the establishment of the NGT, India became the third country in the world to set up a 

specialized environmental tribunal, only after Australia and New Zealand, and the first 

developing country to do so. 

21.19 Ramsar Convention  

 The Ramsar Convention on Wetlands is an international treaty for “the conservation and 

sustainable use of wetlands”. It is also known as the Convention on Wetlands. 

 It is named after the city of Ramsar in Iran where it was signed on 2nd of February 1971. 

 The 2nd of February each year is World Wetlands Day. 

 The number of parties to the convention (COP) is171. 

 At the centre of the Ramsar philosophy is the “wise use” of wetlands. 

 As of May 2022, there are 49 Ramsar Sites in India. 

21.20 Montreux Record 

 Montreux Record under the Convention is a register of wetland sites on the list of Wetland of 

International Importance where changes in ecological character have occurred, are occurring, 

or are likely to occur as a result of technological developments, pollution or other human 

interference.  

 It is maintained as part of the Ramsar List. 

 The Montreux Record was established by recommendations of the Conference of the 

Contracting Parties (1990). 

 Sites may be added to and remove from the Record only with the approval of the Contracting 

Parties in which they lie.  
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21.21 Vienna Convention for the Protection of Ozone Layer (1985) 

The convention was adopted on 22nd March, 1985 by the conference of The Vienna Convention 

for the Protection of the Ozone Layer is a Multilateral Environmental Agreement. 

The Vienna Convention for the Protection of the Ozone Layer is a multilateral environmental 

agreement signed in 1985 that provided frameworks for international reductions in the production 

of chlorofluorocarbons due to their contribution to the destruction of the ozone layer, resulting in 

an increased threat of skin cancer 

It is under The Vienna convention of 1985 was the starting point of the global cooperation for 

protection of ozone layer. Later, adoption of Montreal protocol on substances that deplete ozone 

layer on 1987, the amendment in Montreal protocol in London (1990) and Vienna (1995). 

21.22 Montreal Protocol, 1989 

It seeks to cut the production and consumption of ozone depleting substances (ODS) in order to 

protect the earth’s fragile ozone layer. It also aims at phase out HCFCs by 2030. It came into force 

in 1989 and has been ratified by 197 parties making it universally ratified protocol in UN history. 

It is also highly successful international arrangement, as it has phased-out more than 95% of the 

ODS so far as per its main mandate in less than 30 years of its existence. 

21.23 Kigali Amendment 

 The Kigali Amendment is the 8th amendment to the Montreal Protocol. 

 It happened during the 28th Meeting of Parties when the 197 member countries signed the 

agreement to amend the Montreal Protocol. 

 It is so named because it happened in Kigali, the capital of Rwanda in October 2016. 

 According to the terms of the Amendment, the signing countries are expected to decrease the 

manufacture and usage of hydrofluorocarbons (HFCs) by about 80-85% from their baselines 

until 2045. 

 This will curb global warming (by arresting global average temperature rise to 0.5 degrees 

Celsius) by the year 2100. 
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 The Kigali Amendment to the Montreal Protocol on Substances that Deplete the Ozone Layer 

entered into force on 1st January 2019, following ratification by the required number of 

countries. 

 The agreement aims to phase down HFCs by reducing its manufacture and consumption. 

 HFCs are used as replacements for chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons 

(HCFCs) since they (HFCs) do not have any impact on the depletion of the ozone layer. 

 However, HFCs are powerful greenhouse gases. 

 The Montreal Protocol is made even more potent in the fight against greenhouse gases with 

the Kigali Amendment. 

21.24 Basel Convention 

The Basel Convention aims to protect the environment by bringing measures to control and 

regulate hazardous and other waste disposals. The negotiations for the convention were started in 

the late 1980s under the auspices of the United Nations Environment Programme (UNEP). 

 It came into force in 1992. 

 The Basel Convention secretariat is situated in Geneva, Switzerland. 

 It applies Prior Consent Approval procedure to regulate the transboundary movement of the 

hazardous and other wastes. 

 Non-parties cannot transport hazardous waste to and from each other unless specially agreed. 

Basel Convention states such transportation, illegal. 

 The member nations to the convention are required to have domestic legislation for both 

prevention and the punishment of the illegal trafficking of such hazardous wastes. 

 It ensures that the member nations control the generation, storage, transportation, treatment, 

reuse, recycling, recovery and final disposal of hazardous wastes. 

 Conference of Parties (COP) is a primary organ of the Basel Convention and is responsible to 

make decisions about the operations of the convention. It meets biennially. 

Basel Convention defines waste as something that needs to be disposed of by the provisions of the 

national law. Basel Convention wastes: 

 Biomedical and healthcare wastes 
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 Used oils 

 Used lead acid batteries 

 Persistent Organic Pollutant wastes (POPs wastes) 

 Chemicals and pesticides that persist for many years in the environment. 

 Polychlorinated Biphenyls (PCBs), compounds used in industry as heat exchange fluids, 

in electric transformers and capacitors, and as additives in paint, carbonless copy paper, 

sealants and plastics. 

 Thousands of chemical wastes generated by industries and other consumers 

21.25 Rotterdam Convention of 1998 

Rotterdam Convention is a name for the Convention that was adopted by the Conference of 

Plenipotentiaries (COP) in 1998 in Rotterdam (Netherlands) that aims to promote shared 

responsibilities in relation to the international trade of hazardous chemicals. The secretariat of the 

convention is in Geneva, Switzerland. 

21.25.1 Objectives of the Rotterdam Convention 

1. The parties of the Rotterdam Convention to ensure shared responsibilities and cooperative 

efforts while trading certain hazardous chemicals internationally. 

2. To promote shared responsibility in the international trade of such hazardous chemicals which 

can harm humans and its environment. 

3. To exchange information about the characteristics of the chemicals that the parties to the 

convention trade so as to contribute to the environmentally sound use of such hazardous 

chemicals. 

The Convention creates legally binding obligations for the implementation of the Prior Informed 

Consent (PIC) procedure. It built on the voluntary PIC procedure, initiated by United Nations 

Environment Programme (UNEP) and Food and Agriculture Organization (FAO) in 1989 and 

ceased on 24 February 2006. 
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21.25.2 Rotterdam Convention – Conference of Parties (RC – COP) 

 RC COP 9 – It was the ninth meeting of the conference of parties to the Rotterdam Convention 

that met in April-May 2019 in Geneva, Switzerland. 

 RC COP 10 – It will be the 10th meeting of COP that is scheduled to meet in July 2021 in 

Geneva. The RC COP 10 will take place along with the Stockholm Convention (COP 10) and 

Basel Convention (COP 15). The three conventions together are termed as BRS Convention 

as they share the same secretariat but enjoy the legal independence of their work. The theme 

of the Rotterdam convention COP 10 is “Global Agreements for a Healthy Planet: Sound 

management of chemicals and waste”. 

 

21.26 Stockholm Convention 

The Stockholm Convention: is a global treaty to protect human health and the environment 

from persistent organic pollutants (POPs). POPs are chemicals that remain intact in the 

environment for long periods, become widely distributed geographically, accumulate in the fatty 

tissue of living organisms and are toxic to humans and wildlife. 

The objectives of the Stockholm Convention are: 

 Support the transition to safer alternatives 

 Target additional POPs for action 

 Cleanup old stockpiles and equipment containing POPs 

 Work together for a POPs-free future 

The Global Environmental Facility (GEF) is the designated interim financial mechanism for the 

Stockholm Convention. 

21.27 Geneva Protocol 

This is the protocol for the Prohibition of the use in War of Asphyxiating, Poisonous or other 

Gases, and of Bacteriological Methods of Warfare (Geneva protocol). It is a treaty prohibiting the 

use of chemical and biological weapons in international armed conflicts. 

https://byjus.com/free-ias-prep/stockholm-convention-on-persistent-organic-pollutants/
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It prohibits the use of "asphyxiating, poisonous or other gases, and of all analogous liquids, 

materials or devices" and "bacteriological methods of warfare". Specific treaties like the 1972 

biological Weapon Convention (BWC) and the 1993 Chemical Weapons Convention (CWC) also 

covers it in exhaustive details. 

 

 

 


