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PREFACE 
 

Environmental Science is a discipline that encompasses the collective efforts of 

scientists, researchers, policymakers, and individuals alike, all seeking to 

comprehend the intricate web of interactions that govern our environment. 

Through the lens of this multidisciplinary field, we delve into the complexities 

of ecosystems, explore the impact of human activities, and strive to find 

sustainable solutions to safeguard the earth's natural resources for future 

generations. The purpose of this book is to shed light on the multifaceted world 

of environmental science and to underscore the vital importance of 

environmental stewardship. It aspires to serve as a beacon of knowledge, 

guiding readers through the realms of ecology, climate science, conservation 

biology, environmental policy, and much more. As we bear witness to the 

escalating threats of climate change, deforestation, pollution, and the loss of 

biodiversity, the urgency of our collective action becomes clearer than ever.  

 

This book is not just an invitation to learn but also a call to action. It implores 

us to be mindful of our ecological footprint, to rethink consumption patterns, 

and to foster a profound sense of reverence for the natural world. Let us 

embrace the spirit of innovation, as we seek novel solutions to global 

environmental issues while also preserving the wisdom of traditional practices 

that have sustained indigenous communities for millennia. As we venture 

through the pages of "Environmental Science," let us remember that our 

journey is not solitary. Together, we stand at a crossroads where our actions 

will shape the trajectory of our planet's future. We invite you, dear reader, to 

join the ranks of those who understand the urgency of environmental 

stewardship and are committed to leaving a legacy of sustainability for 

generations to come.  

 

May this book serve as a source of inspiration and enlightenment, igniting the 

flames of compassion and responsibility for the environment. By arming 

ourselves with knowledge and fostering a collective will to make a difference, 

we can harmonize human progress with the delicate symphony of nature, 

ensuring a future where the earth thrives, and all life flourishes 

 

 

Parveen Saini 
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Chapter-1 

Ecology & Environmental Science: General 

Perspectives 
 

The word "Ecology" is derived from the word "Oekologie," which was first 

used in 1866 by German scientist Ernst Haeckel. The word "Ecology" is a 

mixture of two Greek words: "Oikos," which refers to a place of residence or 

environment, and "Logus," which means knowledge acquisition or the pursuit 

of knowledge. Ecology therefore has to do with comprehending the 

environment. The building in issue serves as a biospheric habitat where many 

organisms coexist, support themselves, and go through their own life cycles 

instead of meeting the traditional definition of a residential house. Ecology is 

the study of the biosphere or ecosphere from a scientific perspective. Although 

a holistic approach is required for a thorough analysis of the biosphere, this task 

is difficult and forces academics to focus on smaller, more manageable areas.  

As a result, the ecosystem has become the basic analytical unit for the 

biosphere. According to the definitions given by Odum (1971), Misra (1978), 

and Tiwari (1992), ecology refers to the branch of science that is devoted to the 

study and analysis of ecosystems. A cohesive group of researchers with a 

shared objective of identifying the characteristics of an entire ecosystem and 

who also have a variety of skill sets and other areas of interest can perform 

ecological studies most successfully. 

 

Ecology is a multidisciplinary branch of study that emphasises supraindividual 

levels of order. It creates links between social sciences like economics, 

sociology, and politics and the natural sciences. In order to eventually improve 

human well-being, ecology contributes to the settlement of current national and 

worldwide concerns by providing key theoretical frameworks. 

 

A unit of vegetation or a place where life exists constitutes the basic element of 

the biosphere-ecosystem. Both abiotic and biotic elements are included in a 

comprehensive ecosystem, including non-living organic and inorganic matter, 

autotrophs that can synthesise organic and inorganic substances, as well as 

heterotrophs and decomposers that convert organic matter into inorganic 

chemicals.   

 

The study of organisms and populations is included in the field of ecology. The  

examination and comprehension of various processes within a system through 

mathematical or statistical interpretations and models is the primary emphasis 

of ecological research at the ecosystem level. Consequently, there is a 

difference between the disciplines of ecology and biology. The study of 
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organismal identification, classification, evolution, structure, function, and life 

history is included in the field of biology. Ecology, on the other hand, focuses 

on the analysis of functionally interrelated systems involving one or more 

species as well as the many elements of their biotic and abiotic environment.  

 

The scientific field of ecology focuses on the investigation of supraindividual 

organising systems. 

Conducting thorough research at several levels, including the organismic, 

community, and ecosystemic levels, is crucial for the effective management of 

any given ecosystem. The interdependent interactions between the abiotic and 

biotic elements of the environment are included at the ecosystem level. 

 

1.1 The term Environment. The word "surrounding" explicitly refers to the 

environment in which something lives or operates and refers to the external 

variables that have an affect on an organism's growth or development. The 

word "environment" derives from the French word "environ" or "environner," 

which means to embrace, surround, or be located around something.  

 

According to Douglas and Holland: ‘The term environment is used to 

describe, in the aggregate, all the external forces, influences and conditions, 

which affect the life, nature, behavior and the growth, development and 

maturity of living organisms.’ 

 

Environment consists of four segments as  

 Atmosphere: It is an important part of the system and comprises the gaseous 

envelope of the earth. 

 Hydrosphere: This includes the liquid water distributed over the surface of 

earth, consisting of oceans, lakes, rivers and ground water. The oceans are 

important for climatic variations. 

 Lithosphere: Land masses over the surface of earth are features of 

lithosphere. This includes mountain and ocean basin together with surface rock, 

sediments and soil. 

 Biosphere: This comprises the plant cover on land and in the ocean, and 

animals of the air, sea and land. 

 

1.2 Structure of Environment: Traditionally, the environment, either natural 

or developed is divided into three categories: 

 

a. Physical environment or abiotic environment: It includes air, 

temperature, rocks, minerals, light, soil moisture, soil texture, etc. It can be 

further divided into three categories as: 

 Solid (It represents lithosphere) 
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 Liquid (It represents hydrosphere) 

 Gases (It represents atmosphere) 

 

b. Chemical environment: includes the composition of minerals in soil, 

phosphate in water, CO2 in air, etc 

 

c. Biological environment or biotic environment: It includes plants (flora), 

animals (fauna).  It consists of organisms of same or different species, and the 

interrelated actions and reactions which individual organism directly or 

indirectly imposes on each other. 
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Chapter-2 

Ecosystem 
 

Ecosystems are frequently used as the main analytical unit in the area of 

ecology. This idea first came into existence in 1935 when well-known British 

environmentalist A.G. Tansley suggested it. He said that the phrase 

incorporates not just the organism complex but also all physical factors that 

make up what is typically referred to as the environment. In fact, it is true to 

say that Tansley was responsible for the idea and articulation of the term 

"ecosystem" in 1935. But in 1942, R.L. Lindemann was the one who gave the 

essential details and understanding of the ecology.  

 

The three main categories of ecosystems are called natural ecosystems. Urban-

industrial ecosystems and agricultural ecosystems are two distinct types of 

ecosystems. These groups can be broken even further into: Natural ecosystems 

are self-sufficient systems that mostly rely on solar energy for their electricity. 

While agro ecosystems generally run on solar energy with the help of fuel 

subsidies, urban-industrial ecosystems mostly depend on fossil fuel-based 

energy sources. Due to their anthropogenic development, the last two 

ecosystems are referred to as developed ecosystems. Due to these systems' 

innate dependence on natural ecosystems, they might be categorised as either 

parasitic or natural ecosystems. This dependence covers essential support for 

life functions as well as the acquisition of energy and materials. Natural 

systems are increasingly being affected by the intensifying influence of 

developed environments. As a result of the stress placed on natural ecosystems 

by the energy drain and decreased storage capacity brought on by developed 

ecosystems, this impact emerges as contamination and scarcity of food, water, 

and air (Tiwari, 1992). 

 

2.1 Concept of an Ecosystem 

Abiotic (non-living) and biotic (living) elements that interact within an 

ecological system make up an ecosystem. It can be difficult to tell the 

difference between living and non-living elements because of how tightly 

intertwined they are in the natural world. Between the living and non-living 

states, elements and compounds are constantly changed. Typical ecosystem 

components include: 

 

1. Photosynthetic organisms have the ability to synthesise organic compounds 

from inorganic sources 

Macroconsumers, frequently referred to as organisms incapable of synthesising 

their own food, depend on particle organic matter for nutrition. 
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The remains of dead plants and animals are referred to as non-living organic 

materials. 

Bacteria and fungus are examples of microconsumers, or saprotrophs, which 

have the capacity to convert organic materials into inorganic compounds. 

The predominant weather patterns and conditions in a particular geographic 

location over an extended period of time are referred to as the climatic regime. 

Sometimes an ecosystem will fall into neither of the aforementioned categories, 

however this mostly depends on the geographical and temporal factors at play. 

An ecosystem is a unit inside a particular area where organisms interact with 

their physical surroundings, such as in a community, an aquarium, a grassland, 

agriculture, a forest, a city, or a town. As a result, any type of vegetation or 

kitchen garden can be categorised as an ecosystem. 

 

An ecosystem is a basic operational unit that demonstrates distinctive 

characteristics relating to the flow of resources and energy. The only 

fundamental energy source that powers ecological processes is the sun. Solar 

energy can be converted by green plants into potential energy, which is then 

stored as compounds like carbohydrates, proteins, and lipids. Green plants thus 

serve as potential energy reserves throughout the environment. The process of 

feeding, in which energy is transferred from one creature to another, 

specifically from one trophic level to another, is how energy is transferred 

within an ecosystem.  

 

A sizeable part of the energy that is transferred from one trophic level to 

another is converted into heat and leaves the ecosystem as it does so. The term 

"energy flow" refers to the energy conversions that occur across ecosystems. 

The movement of materials, specifically the elements absorbed by plants for 

the synthesis of organic compounds and then transferred from one organism to 

another through feeding processes, is another significant characteristic of 

ecosystems. These substances are released during the decay of dead organisms, 

when organic chemicals are changed into inorganic forms and then used by 

plants. The flow of materials or biogeochemical cycling is the process by which 

elements are transferred from the environment to plants and other creatures and 

then returned to the environment. The movement of energy, on the other hand, 

is unidirectional. 

 

The ecosystem is said to be self-regulated when it is in a condition of balance 

where living creatures and the biotic environment engage in reciprocal 

adjustments through adaptive adaptations. This suggests that the ecosystem has 

the capacity to sustain and regulate itself on its own, a process known as 

homeostasis. However, it is crucial to recognise that both organisms and their 

environment display dynamic features. Any adjustment to the environment, 

such as an increase in pollution levels, or any change in the proportion or 
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features of organisms (such as the ratio of plants and animals or the 

introduction of new species), has the potential to upset the equilibrium of an 

ecosystem. The life-sustaining system, which includes substances like air, 

water, minerals, soil, plants, animals, and microorganisms, includes the human 

person as an essential part of it. These elements work in unison to preserve the 

ecosystem as a whole. In fact, humanity has developed the capability to change 

ecological systems that are inherently balanced for its own gain. The tendency 

of humans to hurriedly alter natural ecosystems for their own benefit, however, 

seems to pose a dangerous threat to coming generations. Therefore, it is crucial 

to prevent significantly harming natural ecosystems. The discussion that has 

come before offers clear evidence in favour of the idea that the ecosystem is a 

connected system made up of flora, fauna, and the abiotic environment that 

facilitates the movement of matter and the transfer of energy at all scales. 

 

The ecosystem acts as an open system in which heat, oxygen, carbon dioxide, 

other gases, humic compounds, and non-living elements are moved away from 

the system by water, air, or other means. Solar energy, water, nutrients, and 

atmospheric gases are also delivered into the ecosystem. The interaction 

between distinct ecosystems is characterised by interconnectedness. For 

instance, a village ecosystem's existence and effectiveness are necessary for a 

city ecosystem's viability, and vice versa. The principal supply of water for 

ecosystems like forests and grasslands is the ocean, which is reached by 

precipitation and other related processes. 

 

An ecological organisation known as a biome spans a wider extent than a single 

ecosystem. A bioregion is defined as a large geographic area with uniform 

plant cover and includes a variety of ecosystems that display similar 

characteristics. As a result, a biome can be thought of as a conceptual 

representation of several ecosystems that have similar characteristics and have 

been combined into a single ecosystem type. The macro climate, sometimes 

referred to as the regional climate, has a significant impact on how biomes are 

classified. A biome is a group of habitats that share a common set of animal 

and plant feeding patterns and comparable patterns of plant growth. The 

biosphere or ecosphere is the collective term for all ecosystems. 

 

The area of the Earth that is inhabited by living things is referred to as the 

biosphere. It is defined as a habitat in which every living thing on Earth 

interacts with the external physical environment. We live in a biospheric house 

that acts as an ecosystem, where all living things interact with the outside world 

in a coordinated manner under the control of natural laws. The mosaic structure 

of the biospheric home, which displays a strikingly high level of species 

diversity, defines it. 
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2.2 Structure and Functions of an Ecosystem 
Two essential parts make up an ecosystem. The state variable technique is used 

nowadays to examine these aspects since it makes it possible to harmonise and 

incorporate these two components. This method recognises that the movement 

of matter and energy between various system components occurs as a result of 

rate processes. 

 

System state variables or driving variables can have an impact on the rate 

processes within ecosystems. The creation of simulation models for ecosystems 

makes use of the knowledge of how these rate processes are impacted by 

variable elements, whether they be state or driving variables. 

 

The structural aspect of an ecosystem pertains to its spatial characteristics, as it 

occupies a specific volume. Within this volume, the distribution of different 

units within the ecosystem exhibits variation. The spatial distribution of 

individuals from various species contributes to the establishment of a structural 

framework within an ecosystem. This structure has developed as a result of the 

interactions between individuals and environmental forces. The structural 

aspect of an ecosystem encompasses various components, namely spatial 

structure, species structure, and abiotic factors.  

 

The arrangement of various components (including organic and inorganic 

materials, autotrophic organisms like green plants, and heterotrophic organisms 

like bacteria, fungi, protozoa, etc., which decompose complex compounds and 

release inorganic substances) within a three-dimensional spatial framework is 

referred to as spatial structure. For example, the ecosystem of a coral reef 

shows the presence of distinct horizontal zones. There are different vertical 

levels found in the forest. As a result, different plant species inside the canopy 

have a propensity to live in particular locations. varying plant species have 

varying root positions in the soil, and many of these species have multiple 

layers of root development. Each layer displays unique biological 

characteristics, such as the presence of nutrients, air, water, oil, and 

decomposition processes. 

 

Significant variety can be seen in the structure of species within a habitat, 

including the species present. The current ecological problems cannot be solved 

by merely gathering a list of species found in a particular area. The species 

makeup of the environment must be determined by a thorough analysis. The 

assessment of numerous criteria, including but not limited to density, 

abundance to frequency ratio, dominance, periodicity, fidelity, presence, 

consistency, life forms, biomass, trophic structure, and ecological pyramids, is 

a common practise nowadays when analysing species structure. Different 

settings show variation in the number of species and the relative quantity of 
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individuals within each species. The species diversity is calculated by dividing 

the number of species by the significance value, which indicates the relative 

dominance, density, and productivity of individuals within an ecosystem, 

exhibit significant variations. 

 

The non-living things that make up an ecosystem are referred to as its abiotic 

components. Physical elements, organic molecules, and inorganic substances 

are all included in the components. Nitrogen, carbon dioxide, water, and 

phosphorus are examples of inorganic compounds that are essential to 

sustaining the general wellbeing and operation of organisms. Green plants may 

synthesise their own food using inorganic substances, as can photosynthetic 

and chemosynthetic microbes. The amount of inorganic materials that are 

present in the ecosystem at any given time, including plant, animal, soil, water, 

and air components, is referred to as the standing state of matter. Various 

molecules formed from organic matter are included in the category of "organic 

compounds," including glucose, which is created by green plants during the 

process of photosynthesis. 

 

Glucose also acts as a precursor for the synthesis of other sophisticated 

chemicals. Through the process of consuming, plants produce a wide range of 

organic compounds, such as carbohydrates, proteins, vitamins, and lipids, 

which are vital nutrients for both plants and animals, including humans. 

Decomposers consume organic matter that has died after a living organism has 

passed away in order to obtain nutrition and energy. In this process, complex 

compounds are broken down into simpler inorganic substances that later act as 

a source of food for green plants. Physical variables include a wide range of 

components like light, temperature, humidity, wind, and other similar aspects 

that are crucial to the interactions between living things. 

 

The precise interdependencies between the physical constituents and the local 

environment are described by the coupling factor. A change in an ecosystem's 

physical structure causes the responses of the species living there to change 

more significantly. Therefore, in a changing ecosystem, changes in physical 

conditions cause changes in organism attributes, which could include genetic 

mutations or, conversely, cause the extinction of the species. 

 

Functional aspect: Light energy is captured and used during the process of 

photosynthesis before being passed on to organisms at higher trophic levels, 

such as herbivores, carnivores, parasites, or saprophytes. Common names for 

this phenomenon include energy flow and productivity. 2. The interchange of 

chemical molecules that takes place between the ecosystem's biotic and abiotic 

components, commonly referred to as "nutrient cycling." Biogeochemical 

cycles are the term used to describe the process. 
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Fig. 2.1 Structure of an Ecosystem 

 

2.3 Concept of Energy flow in an Ecosystem 

As was already indicated, A.G. Tansley proposed and expressed the idea of an 

ecosystem in 1935, and R.L. Lindemann elaborated on its substantive nature in 

1942. Regarding the dynamics of energy transfer among organisms at various 

trophic levels, the researcher studied a mature lake. By establishing the idea of 

trophic or feeding levels, they created the basic framework. The location of an 

organism in the trophic hierarchy and its body size were discovered to be 

correlated by the researcher.  

 

He also emphasised that the organisms' energy comes from fundamental energy 

sources, notably the sun. According to the definition of productivity given by 

the author, it is the rate at which energy is transmitted into a given trophic 

level. He became known as the first person to successfully explain the trophic-

dynamic aspect of ecology, which is the basic idea underlying ecosystems.  

 

Due to the contributions of two important individuals, Tansley, who coined the 

term, and Lindemann, who thoroughly examined ecosystems and offered 

copious empirical evidence, the term "ecosystem" has come to be widely 

recognised. These influential approaches have significantly elevated the 

prominence of the concept of ecosystems on a global scale. 

 

In the ecosystem, energy is transferred unidirectionally through the process of 

feeding. The transfer of energy throughout the environment occurs in 

accordance with the principles of chemical thermodynamics.  

 

The first law of thermodynamics states that: 

‘Energy cannot be created or destroyed but can be converted into its different 

forms’. 

 

For all ecosystems, solar energy is the main energy source. This energy cannot 

be used directly by plants; instead, it must be transformed into chemical energy, 

also known as food energy. Other creatures in the ecosystem use this energy 
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that has been converted. This energy can be converted and transmitted by the 

biotic components.  

 

Light energy can be converted by plants into potential chemical energy held in 

organic substances. It is important to note that plants only need a small amount, 

namely 1–5%, of the total light energy that reaches the Earth's surface for this 

function. Other processes, like water evaporation, are given the remaining light 

energy. Energy transfer from potential within the ecosystem occurs via food 

chains.  

 

The second law of thermodynamics states that: 

‘No process involving an energy transformation will spontaneously occur 

unless there is a degradation of the energy from a concentrated from into a 

dispersed form’. 

 

In more specific terms, it can be said that as energy transforms from one form 

to another, it passes through a process of degradation into an unusable state. 

 

The definition given makes it clear that the efficiency of energy transfer is 

never 100% since it is impossible. The discussion that follows makes 

comprehension possible. 

 

A green leaf absorbs around 50% of the incident light, with the remaining 50% 

being either reflected or transmitted. The majority of the radiant energy that is 

absorbed by leaves is transformed into heat energy and either used in the 

process of transpiration or lost to the environment. He also emphasised that the 

organisms' energy comes from fundamental energy sources, notably the sun. 

According to the definition of productivity given by the author, it is the rate at 

which energy is transmitted into a given trophic level. He became known as the 

first person to successfully explain the trophic-dynamic aspect of ecology, 

which is the basic idea underlying ecosystems.  

 

Due to the contributions of two important individuals, Tansley, who coined the 

term, and Lindemann, who thoroughly examined ecosystems and offered 

copious empirical evidence, the term "ecosystem" has come to be widely 

recognised. These well-known strategies have considerably increased the 

importance of the idea of ecosystems on a worldwide level. 

 

Through this metabolic process, energy that has been stored in complex organic 

compounds (food) is released in an active state and used by the plants for a 

variety of physiological functions. The majority of the energy expelled by 

plants during respiration is heat energy, which is not properly used by plants 

and is thus lost to the environment. The remainder of the energy produced by 
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photosynthesis is stored in plant tissues and then transmitted from one 

organism to another across trophic levels through feeding. It is crucial to 

remember that every transition between trophic levels results in a loss of 

energy. It follows that it is obvious that energy degrades into non-usable forms 

throughout the process of converting it from one form to another or using it for 

labour. In particular, a large quantity of energy is lost from the ecosystem with 

each energy transfer and a portion is lost as heat. This suggests that no 

spontaneous change can occur that will have a 100% success rate. As a result, 

the second law of thermodynamics' guiding principles are followed by the 

energy flow throughout the ecosystem. The discussion that came before it 

clearly showed that the key step in the transfer of energy includes the uptake of 

light energy by photosynthetic green plants, which produces organic materials 

with the potential to store chemical energy.  

 

Green plants use a portion of their metabolic processes and other processes for 

self-sufficiency. Through the respiration process, which involves the meal 

being broken down into simpler elements like water and carbon dioxide 

through an energy-releasing oxidation process, plants use organic materials. 

The potential chemical energy present in organic food is transformed into 

kinetic energy during respiration. Then, organisms use this kinetic energy for a 

range of metabolic and physiological processes. It is noteworthy that organisms 

do not utilise all of the energy generated during respiration. Instead, a sizable 

percentage of it is transformed into heat, which is then radiated into the 

surrounding space, causing a net loss to the ecosystem. 

 

Animals can eat the extra organic matter that is not consumed by green plants 

during respiration since it is stored as new plant tissues. The accumulation of 

biomass, or the development of new plant tissues, is the main way that green 

plants contribute to the ecosystem. Due to their capacity to transform solar 

energy into potentially useful chemical energy and hence create food, green 

plants and other chlorophyllous creatures are referred to as primary producers. 

The amount of freshly generated organic matter produced as a result of 

photosynthesis or chemosynthesis is a good indicator of the ecosystem's 

primary production. Ecosystems typically depend on primary producers to 

survive because of primary production within the ecosystem. 

 

However, when primary producers are absent, ecosystems rely on organic 

matter from other ecosystems as a source of energy. The rate at which primary 

producers convert solar radiation into potential chemical energy through the 

process of photosynthesis is referred to as gross primary productivity. The rate 

at which primary producers store or accumulate organic matter above that 

required for respiration within a given time period is measured by net primary 

productivity, also known as apparent photosynthesis or net assimilation. As the 
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supply for the next trophic level, "primary productivity" refers to the rate at 

which energy is made accessible to herbivores or heterotrophs. Community 

productivity refers to the rate at which organic matter, which remains unused 

by heterotrophs, is stored within a given ecosystem. 

 

It is clear that just a small portion of the total insolation is absorbed by plants. 

Only a small portion of the light energy absorbed (A) is used in gross primary 

production (GP) at the level of primary producers because a considerable 

amount of it is lost during the process of photosynthesis (P). At the primary 

producer level, the residual amount is referred to as net primary production 

(NP), whereas a portion of the total gross production is allotted for plant 

maintenance, also known as respiratory loss (R). The primary energy source for 

all creatures in the ecosystem is the net primary production. A fraction of the 

total food supply that is available to customers is eaten, which removes it from 

the system. 

 

Additionally, a portion of the total amount of food is consumed by the 

consumer (C), while the remainder is wasted (NU). As a result, the formula 

FR=C+NU is developed. The extra food (energy) that is not used is either kept 

in the ecosystem or moved elsewhere. When energy enters an ecosystem by a 

process other than photosynthesis, it is referred to as energy import; when 

energy leaves an ecosystem through a mechanism other than respiration, it is 

referred to as energy export. The consumer loses some of the energy they 

consume in the form of unassimilated energy in their excreta. Gross production 

at the consumer level refers to the process through which the leftover energy is 

absorbed by the body of the consumer. 

As a result, the equation C=GP+E, where C stands for total energy expenditure, 

can be further condensed to C=D+E, where D stands for the volume of food 

that has been digested. The consumer uses some of the absorbed energy (GP) 

through respiration (R) to do labour, while the remaining energy is maintained 

as net production (NP), which provides food for the trophic level below. GP is 

therefore equal to C minus E, which is likewise equal to NP plus R, as may be 

seen from this observation. A different way to state GP is as D minus E, which 

again equals NP plus R. Additionally, NP can be calculated as D minus R 

minus E or as GP minus R. 

 

The equation np = b - em, where np stands for the change in net output, b for 

the change in biomass, and em for export or emigration, describes the link 

between net production and biomass in a population. A population's variation in 

biomass is closely related to how individuals within the population develop and 

how the population reproduces as a whole. 
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A simplified illustration of the energy flow within an ecosystem in its natural 

condition is shown in Fig. 2.2. The diagram in question, which distinguishes 

between a grazing food chain and a detritus food chain, is frequently referred to 

as a "Y" shaped or 2-channel energy flow diagram. Energy is transported to 

primary consumers via two different methods, called routes 'A' and 'B'. Route 

'A' is categorised as a grazing food chain, in which primary producers, 

symbolised by green plants, are eaten by primary consumers, or herbivores. 

 

These secondary consumers, or carnivores, in turn eat these herbivores, and so 

on. Route 'B' is categorised as a detritus food chain, in which detrivores—

organisms that feed on detritus—consume detritus, which is defined as dead 

organic matter. Detrivores are thus acknowledged as the main consumers in this 

setting. Detritivores are organisms that predators eat before being eaten by 

higher carnivores. In the environment, these two types of food chains are 

frequently found together. However, detrivores play a crucial role by importing 

food (energy) from neighbouring ecosystems in places like the abyssal zone 

and caverns where green plants cannot survive due to a lack of light (Tiwari, 

1992). 

 

 
Fig. 2.2 Y-Shaped energy flow depiction 

 

 

2.4 Bio geochemical Cycles 

Within the ecosystem, cycles of materials including nitrogen, phosphorous, 

carbon, and water take place. Contrary to materials, energy does not move via 

biotic components; instead, it dissipates as entropy as it passes through them. 

As a result, the energy that moves through the ecosystem eventually degrades 

and is lost to the system as heat, rather than being recycled. Contrarily, cyclical 

processes known as bio-geochemical cycles allow materials to be transferred 

from the abiotic environment to organisms and then back again.  

 

Involvement of biotic elements, geological characteristics including rocks, 

sediments, and soil, as well as chemical processes, are all part of these cycles. 

The laws of conservation of matter, which say that matter cannot be created or 

destroyed, show that matter adheres to the same conservation principle as 

energy. Therefore, plants, which are primary producers, draw atoms of 
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numerous elements from the non-living environment, such as carbon, calcium, 

hydrogen, oxygen, nitrogen, phosphorus, and others. Through the process of 

feeding, these atoms go to various trophic levels after becoming essential parts 

of plant cells. These atoms are released during decomposition by decomposers 

after the death of creatures at each trophic level and are then returned to the 

non-living environment, where they can be used once more. As a result, the 

conservation of energy principle states that neither matter nor its destruction are 

possible. As a result, the roots of plants ingest the breakdown by products that 

are available to them in order to promote tissue growth. Plants are consumed by 

animals, and after these species die (both plants and animals), the organic 

components decompose, reintroducing abiotic materials into the ecosystem. 

Therefore, it may be said that biogeochemical cycling refers to the process by 

which the non-living elements of the environment are cycled through the living 

components and returned to the environment. Since it includes the transfer of 

essential elements and inorganic compounds required for maintaining life, this 

phenomenon is occasionally referred to as "nutrient cycling." This process, 

which involves the return of minerals to the soil after they have undergone 

decomposition, is sometimes referred to as the mineral cycle because it enables 

plants to absorb those minerals through their root systems. An inorganic ion 

that is derived from the soil and necessary for plant growth is referred to as a 

"mineral nutrient" in academic discourse. 

 

Approximately 40 elements, also known as nutrients or biogenic salts, are 

required for the growth and development of life, including both plants and 

animals. Some of these elements, such as those found in carbon, nitrogen, 

hydrogen, oxygen, phosphorus, sulphur, potassium, magnesium, and calcium, 

are known as essential or macronutrients and must be consumed in large 

amounts. All other elements are categorised as mineral elements, with the 

exception of carbon, hydrogen, and oxygen. Even in little amounts, certain 

elements like boron, chlorine, copper, iron, manganese, molybdenum, and zinc 

are necessary for the existence of organisms. These substances are essential to a 

number of key reactions connected to the processes of life. These substances 

are also known as minor or trace substances. Based on their dietary needs, 

organisms are classified as either autotrophs or heterotrophs. Heterotrophs 

require one or more organic compounds that are more reduced than carbon 

dioxide, meaning they include one or more hydrogen atoms, whereas 

autotrophs only rely on a relatively simple carbon-containing substance as their 

major supply of carbon. 

 

The human, on the other hand, need a more complex food plan. In addition to 

water and specific inorganic ions, a significant source of carbon, typically in 

the form of carbs and lipids, as well as amino acids in the form of proteins, 

different vitamins, a small amount of polyunsaturated fatty acids, and organic 
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nitrogen are necessary for maintaining nitrogen balance in the body. Through 

the process of feeding, plants take in a variety of substances from their 

environment in changing concentrations and transfer them to higher trophic 

levels. Both plants and animals have the ability to ingest different elements in 

differing amounts, and the process of element cycling happens independently in 

each group differing rates of element cycling have been observed throughout 

the year and in different seasons. 

 

It is interesting because different elements can exist in a variety of 

environmental conditions, including solids (like salts), liquids, and gases. 

However, green plants (autotrophs) synthesise these substances in the form of 

carbs, proteins, nucleoproteins, etc., and by eating, these substances enter the 

food chain. 

 

 

2.5 Types of bio-geochemical cycles  

1. Gaseous cycles: The cycles under examination involve the reservoir 

of the element, which can either be the hydrosphere (more precisely, 

the ocean) or the atmosphere. As a result, a gas phase or a water phase 

distinguishes the cycle process. Water, nitrogen, oxygen, carbon 

dioxide, sulphur, chlorine, bromine, and fluorine are among the 

aforementioned elements. 

 

2. Sedimentary Cycles: The reservoir is situated in the Earth's crust 

during these cycles. There are two main processes that bring the 

materials related to these cycles into the ecosystem: rock weathering 

and sediment decomposition. As a result, the soil and other organisms 

cycle these materials. While water is required for circulation, the 

sedimentary material circulation system lacks a gas or vapour phase. 

However, occasionally solid particles of these substances may be 

discovered in the atmosphere. Numerous elements exhibit the calcium, 

phosphorus, sodium, potassium, and magnesium sedimentary cycles. 

Iron, zinc, copper, manganese, nickel, cobalt, aluminium, boron, 

iodine, lead, selenium, molybdenum, and silicon are among the 

necessary elements regarded as being significant for many biological 

processes, according to Tiwari (1992). 
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Carbon Cycle  

 
Fig. 2.3 Carbon Cycle 

 

 

The gaseous carbon dioxide is the most significant one when it comes to 

climatic changes because it always has a warming effect and affects solar 

radiation and the earth's heat budget. Because autotrophs need this gas to 

synthesise organic molecules through the process of photosynthesis, it is of 

utmost significance. The tiny amount of carbon dioxide (0.03% UV) in the 

atmosphere or dissolved in water is the only source of carbon for autotrophs. 

Hetrotrophs rely on autotrophs to meet a large portion of their carbon needs, 

while some species may fix carbon by taking it directly from salts dissolved in 

water. The majority of carbon dioxide in the atmosphere is produced by animal 

respiration, but small amounts are also produced by plant respiration, the 

decomposition and fermentation of organic matter, volcanic eruptions, the 

solution of sedimentary rocks and springs, and the burning of coal, oil, gas, and 

plants, among other things.  

 

Carbon dioxide, which is present in the atmosphere, is transformed by the 

process of photosynthesis into carbohydrates, which are organic substances. 

According to estimates, there are 700 billion tonnes of CO2 reserves in the 

atmosphere, and each year, terrestrial plants and phytoplankton fix 115 billion 

tonnes of carbon through photosynthesis. So, during photosynthesis, the carbon 

is turned into simple carbohydrates, some of which can then be transformed 

into polysaccharides, proteins, lipids, and other complex organic molecules that 

are stored in plant tissues. Herbivores and later carnivores consume the plants, 

while microbes at every trophic level also consume the organic materials.  

 

The organic compounds of plants are thus eaten by herbivores, who then 

resynthesize them into different forms after digestion. Carnivores repeat the 

same procedure. As a result, carbon is passed from one organism to another, 

and throughout this process, carbon atoms are constantly switching between 
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different types of molecules. A portion of the organic compounds created by 

plants and animals are oxidised during respiration, releasing CO2 back into the 

environment. Following the demise of plants and animals, the remaining 

organic materials undergo oxidation during the decomposition process, which 

releases CO2. Animals' undigested organic waste that they excrete is likewise 

oxidised during decomposition, releasing CO2. 

 

According to estimates, 115 billion tonnes of carbon are emitted annually 

through respiration (21 billion tonnes by land plants, 54 billion tonnes by 

consumers and decomposers on land, 20 billion tonnes by phytoplanktons, and 

20 billion tonnes by consumers and decomposers in aquatic environments, 

particularly oceans). We previously learned that terrestrial plants and 

phytoplanktons both contribute to the reduction of 75 billion tonnes of carbon. 

The statistics on respiration also showed that organisms release the same 

amount. As a result, autotrophs and hetrotrophs continuously remove ambient 

carbon dioxide through photosynthetic absorption and release it through 

respiration.  As such, the production of carbon dioxide from organism as 

decomposition and respiration is balanced on a net annual basis by 

photosynthetic consumption. 

 

In terms of climatic changes, gaseous carbon dioxide is extremely important 

because it consistently has a warming effect and affects solar radiation and the 

planet's heat balance. This gas is very important since autotrophs need it to 

synthesise organic molecules through the process of photosynthesis. The sole 

source of carbon for autotrophs is the little amount of carbon dioxide (0.03% 

U.V.) in the atmosphere or its dissolution in water.  

 

Through trophic interactions, heterotrophs consume autotrophs to meet a large 

percentage of their carbon requirements. In some circumstances, specific 

organisms have the capacity to directly absorb carbon from dissolved salts in 

water. Numerous processes produce the carbon dioxide that makes up the 

Earth's atmosphere.  

These include the respiration of animals as well as a modest role for plant 

respiration, the breakdown and fermentation of organic matter, volcanic 

activity, the dissolution of sedimentary rocks and springs, and the burning of 

coal, oil, and plant matter, among other things. Carbon dioxide is a gas that 

exists in the atmosphere and is transformed into carbohydrates, which are 

categorised as organic molecules, through photosynthesis. The atmospheric 

CO2 reserves are thought to be over 700 billion metric tonnes.  

 

A total of 115 billion metric tonnes of carbon are further fixed annually through 

photosynthesis by terrestrial plants (which account for 75 billion metric tonnes) 

and phytoplankton (which account for 40 billion metric tonnes). Carbon is 
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digested into simple carbohydrates during photosynthesis, some of which can 

subsequently be converted into polysaccharides, proteins, lipids, and other 

complex organic compounds that are then stored inside plant tissues. 

Herbivores first consume the plants, followed by predators. Microorganisms 

also consume the organic waste at each trophic level. Because of this, 

herbivores consume the organic compounds found in plants, and then, after 

digestion, they go through resynthesis to change these organic compounds into 

different forms. 

 

Carnivores repeatedly carry out the same action. As a result, carbon is 

transferred between organisms while carbon atoms continuously change 

between various types of molecules. A major amount of the organic compounds 

that plants and animals synthesise are subjected to oxidation during the 

respiration process, which results in the release of carbon dioxide (CO2) into 

the environment. The leftover organic matter undergoes oxidation during the 

process of decomposition when plants and animals die, which causes the 

emission of carbon dioxide (CO2). During the breakdown process, the organic 

material in animal excrement that is still undigested is subjected to oxidation, 

which causes the release of carbon dioxide (CO2). 

 

According to estimates, the process of respiration results in the annual release 

of around 115 billion tonnes of carbon. This carbon release is attributed to 

several sources, including terrestrial plants (21 billion tonnes), consumers and 

decomposers on land (54 billion tonnes), phytoplankton (20 billion tonnes), and 

consumers and decomposers in aquatic environments, including oceans (20 

billion tonnes). 

 

 It has been previously established that terrestrial plants are responsible for a 

reduction of 75 billion tonnes of carbon, while phytoplanktons contribute to a 

reduction of 40 billion tonnes. The evidence pertaining to respiration also 

indicates that organisms discharge an equivalent amount. Hence, the removal of 

atmospheric carbon dioxide occurs in a continual manner via photosynthetic 

uptake, while its reintroduction takes place through the process of respiration 

by both autotrophs and heterotrophs. Therefore, the emission of carbon dioxide 

by organisms through processes such as decomposition and respiration is 

counterbalanced by the uptake of carbon dioxide through photosynthesis on a 

yearly basis. 

 

Fossil fuels, such as coal and petroleum, are composed predominantly of 

carbon in the reduced organic state. The geological record indicates that the 

tissues of large organisms, both plants and animals, did not undergo complete 

decomposition. Consequently, these remnants have been preserved as fossilised 

carbon, forming commercially viable deposits of coal and petroleum.  
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According to estimates, the combined reserves of coal and oil are 

approximately 10,000 billion tonnes of carbon. Following the combustion of 

fossil fuels, carbon dioxide (CO2) is emitted into the Earth's atmosphere. The 

combustion of fossil fuels is accountable for the ongoing escalation of carbon 

dioxide (CO2) levels in the Earth's atmosphere. According to some estimates, 

the level of CO2 in the atmosphere today has increased by about 13% since 

1850 and could climb to 30% by the year 2000 AD. The problem known as 

thermal pollution is caused by the Earth's atmosphere's rising carbon dioxide 

(CO2) concentration. This is caused by CO2's capacity to absorb long wave 

radiation, which creates a greenhouse effect. Therefore, a rise in carbon dioxide 

(CO2) levels would cause the phenomena of global warming, which is marked 

by an increase in atmospheric temperatures. Natural processes like volcanic 

eruptions and the weathering of rocks, particularly limestone, also replenish 

carbon dioxide (CO2). Carbon makes up a percentage of the sedimentary rock 

that makes up the Earth's crust, primarily in the form of calcium and 

magnesium carbonates, specifically limestone and dolomites. It is thought that 

the early Paleozoic epoch is when these rocks were deposited. 

 

The main forms of carbon in the hydrosphere are bicarbonates (HCO3-) 

between pH 5 and 7, dissolved CO2 at pH levels above 5, and carbonates (CO3 

2-) at pH levels below 10. The amount of carbon in saltwater is approximately 

50 times more than that of the atmosphere, specifically in the form of carbonate 

and bicarbonate ions. About 35,000 billion tonnes of carbon are involved. The 

atmosphere of the Earth and bodies of water exchange carbon dioxide (CO2) in 

a reciprocal fashion. Bolin (1970) estimated that the annual turnover of carbon 

between the atmosphere and seas is in the range of 100 billion tonnes, or 

around one-seventh of the total quantity of carbon contained in the atmospheric 

pool. Diffusion, whose direction depends on the relative concentration levels in 

the two different habitats, facilitates the process of interchange.  

 

In water, carbon dioxide (CO2) dissolves and produces carbonic acid as a 

byproduct. 

CO2 + H2O↔ H2CO3 (carbonic acid) 

 

The carbonic acid is dissociated into hydrogen and bi carbonate ions as: 

H2CO3↔H
+
 +CO3

-
 (bi carbonate) 

 

The bi carbonate ion gives hydrogen and carbonate ions as : 

HCO3↔ H
+
  +CO3

-
 

 

All these reactions can be represented as: 

CO2 + H2O↔ H2CO3↔ HCO3
-
 ↔ CO3

-
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This transfer of CO2 from habitats with greater carbon concentrations to those 

with lower concentrations is made possible by the reversibility of these 

reactions. The alkaline quality of seawater and its calcium-rich makeup, which 

speeds up the process, enable this phenomena. As a result, coral reefs and rocks 

made of calcium bicarbonate are widely found in tropical oceans. According to 

empirical evidence, it is clear that the oceans are currently the largest repository 

for carbon, with the majority of it existing as the chemical compounds 

carbonate and bicarbonate ions.  

 

As a result, carbon continuously cycles between different spheres and biota, 

changing from organic to inorganic states as well as between reduced and 

oxidised forms. 

 

Sulphur Cycle 

 
Fig. 2.4 Sulphur Cycle 

 

The composition of proteins and amino acids depends heavily on sulphur, an 

essential component of organic substances. The gaseous and sedimentary 

phases of the sulphur cycle are included. Sulphur is deposited in both organic 

and inorganic forms during the sedimentary stages, where its global circulation 

is relatively less noticeable than during the gaseous phase. Sulphur is 

transferred as a salt solution to many terrestrial and aquatic environments 

through weathering and sediment decomposition processes. Most of the time, 

plants use inorganic sulphur in the form of sulphates (SO4—), however some 

species can also use organic sulphur in the form of sulphur amino acids like 

cysteine and methionine. They are categorised as bacteria that are found in 

trash food. 

 

The Earth's huge sedimentary reservoir and the atmosphere's relatively tiny 

gaseous reservoir are the two main reservoirs that make up the sulphur cycle. 
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An estimated 20 million tonnes or more of sulphur dioxide (SO2) have been 

released into the atmosphere as a result of human activity. Fossil fuels are 

burned as part of human activity, which causes a massive emission of sulphur 

dioxide (SO2) into the Earth's atmosphere. Metals are extracted by mining and 

processing procedures that cause considerable sulphur emissions into the 

environment. The only known natural source of sulphur dioxide (SO2) is 

volcanic emissions, which are thought to produce between 2 and 5 x 109 

kilogrammes of sulphur annually. In comparison, about 83 x 109 kilogrammes 

of sulphur are released into the atmosphere each year as a result of industrial 

activity. It is well recognised that sulphur dioxide (SO2) plays a crucial role in 

the incidence of acid rain. Microorganisms like bacteria and fungi aid in the 

breakdown of biologically integrated sulphur to enable mineralization. Other 

microbes, such as Aspergillus and Pneurospora, actively contribute to the 

process. Hydrogen sulphide (H2S), which is produced during decomposition by 

bacteria connected to the detritus food chain, is then oxidised to produce 

sulphate. Then, plants use this sulphate for a variety of uses. 

 

H2S + 2O2↔ SO
4--

  + 2H
+
 

 

Since bacteria like E. coli and Proteus can reduce sulphur compounds, 

including H2S, to sulphite under anaerobic conditions, where oxygen is not 

present, the bacteria that can use infrared radiation to produce carbohydrates 

can oxidise sulphur dioxide to either elemental sulphur or sulphate as follows: 

 

6CO2  + 12 H2S +  hv↔ C6H12O6  +  6H2O +12S. 

6CO2 + 12H2O + 3H2S + hv↔ C6H12O6 + 6H2O + 3SO
4-- 

+ 6H
+ 

 

This sulphate is made available to plants under aerobic conditions. Elemental 

sulphur can also oxidize to sulphates by bacteria in the presence of nitrate as : 

 

6NO3 +5S +2CaCO3↔ 3SO
4--

 + 2CaSO4 +2CO2 +3N2. 

 

Elementary sulphur can be utilized quite rapidly by bacteria to sulphate as  

2S +3O2 +2H2O↔ 2SO
4-- 

+4H. 

 

Sulphate (SO4—) can be converted by bacteria to either sulphide or elemental 

sulphur, depending on the circumstances, because these reactions are 

reversible. The availability of sulphur to plants (autotrophs) in the form of 

sulphate, which eventually enters the food chain, is made possible in large part 

by decomposers.  Escherichia coli and Aerobactor are two examples of bacteria 

that may convert sulphate into sulphur dioxide and elemental sulphur in 

anaerobic settings.  
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These sulfate-reducing heterotrophic bacteria use sulphate as a hydrogen 

acceptor. The oxidation of hydrogen sulphide (H2S) to elemental sulphur is 

facilitated by Beggiatoa species. The oxidation of elemental sulphur to sulphate 

ions (SO4--) is carried out by the bacterium Thiobacillus. Chlorobium and 

Chlorobacterium, two green sulfur-producing chemosynthetic bacteria, use 

hydrogen sulphide (H2S) to reduce carbon dioxide (CO2) and subsequently 

convert it to elemental sulphur. Chromatium is one of the purple sulphur 

bacteria that can assimilate carbon dioxide (CO2) in the presence of various 

sulphur compounds. The sulphur compounds are subsequently further oxidised 

by these bacteria, producing sulphate (as shown by reaction number 3). 

Anaerobic bacteria's metabolic operations can also produce sulphide deposits.  

 

Beggiatoa species may use H2S gas, and human activity is noticeably 

accelerating the exploitation of these sulphur reserves. As a result, sulphur 

resources are used up more quickly than they are naturally formed, which 

reduces the amount of sulphur deposits that are available for use by future 

generations. 

 

Sulphate is a primary accessible form that, like nitrate and phosphate, is 

reduced by autotrophs and incorporated into proteins, including amino acids 

like methionine and cysteine. A portion of the organic sulphur is converted into 

sulphur dioxide (SO2) during the incomplete combustion of fossil fuels and 

then released into the gaseous reservoir. 

  

Inorganic sulphur is soluble in sulphates, which causes it to precipitate and then 

change into elemental sulphur, serving as an important supply of sulphur for 

the ecosystem. Sulphur is added to the atmosphere's gaseous reservoir through 

a number of processes, including incomplete combustion of fossil fuels, 

volcanic eruptions, and gaseous emissions from ocean surface disintegration. In 

a brief oxidation process, hydrogen sulphide (H2S) transforms into sulphur 

dioxide (SO2), a volatile substance with water solubility. After reacting with 

rainwater to generate weak sulfuric acid (H2SO4), this soluble form of sulphur 

dioxide eventually returns to the Earth's surface. As was indicated earlier, there 

have been discussions on the phenomena of acid rain. Due to sulphur's 

solubility, it can act as a source of (SO4--) ions that are then taken up by plant 

roots and distributed to different trophic levels. Each trophic level's organic 

matter eventually makes its way to the soil, along with ejected waste products 

like faeces. These materials are broken down by microbes in the soil, which 

produces sulphate compounds. 

 

In conclusion, it can be said that sulphide (S-) and sulphate (SO2-) deposits are 

the main sources of sulphur on Earth, with autotrophs and heterotrophs being 

the main sources of organic sulphur. Hydrogen sulphide (H2S) gas is created 
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by the release of chemicals from both plant and animal sources as well as the 

breakdown of decomposing organic matter. After being converted into sulphate 

ions (SO4--) by bacteria, this gas can subsequently be absorbed by plants for 

their nutritional requirements. Bacterial activity may make it easier for some 

sulphates to be transformed into hydrogen sulphide (H2S), which is then 

changed into sulphate (SO4—) to aid plant absorption. 

 

Since the ecosystem does not require as much sulphur to support life as it does 

for nitrogen or phosphorus, it is not seen to be a limiting element. Due to its 

interactions with other mineral cycles and their accompanying biological and 

chemical restrictions, the sulphur cycle is extremely crucial. The process of 

sulphur precipitation taking place in the presence of iron under anaerobic 

conditions is included in the sulphur cycle in sediments. The accessibility of 

sulphur is constrained by the solubility of iron sulphide in neutral or alkaline 

water, with the amount of iron in the soil determining its availability. Similarly, 

other necessary substances like cadmium, cobalt, copper, and zinc could also 

become sequestered.  

 

Fe
++ 

  +  S
--
  ↔FeS 

Fe  +   2S ↔ FeS2 (iron or ferrous sulphide or pyrite) 

 

Some FeS2 is found in sedimentary rocks overlying coal deposits. When it is 

exposed to air , ferrous sulphide oxidizes and in the presence of water produces 

ferrous sulphate and sulphuric acid as: 

 

2FeS2 + 7O2 + 2H2O↔ 2FeSO4   +   7H2SO4 

              12FeSO4  + 7O2 + 2H2O↔ 4Fe2(SO4)3   +  5Fe(OH3) 

 

The compounds so produced are harmful to aquatic organisms and the water 

becomes acidic. 

 

 Nitrogen Cycle 

The nitrogen cycle refers to the series of transformations that occur to change 

nitrogen from one chemical form to another. This conversion can be 

accomplished by both biological and non-biological mechanisms. Crucial 

processes within the nitrogen cycle encompass fixation, mineralization, 

nitrification, and denitrification. Approximately 78% of the Earth's atmosphere 

is composed of nitrogen, rendering it the most substantial reservoir of this 

element. Nitrogen has a vital role in numerous biological and ecological 

processes, rendering it indispensable for sustaining life on our planet. 

Methionine is an essential constituent of all amino acids, serving as an integral 

component in protein synthesis, and is also found in the nucleic acid bases of 

DNA and RNA.  
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Fig. 2.5 Nitrogen Cycle 

 

Within the realm of plant biology, a significant portion of the nitrogen present 

is allocated towards the synthesis of chlorophyll molecules, which serve as vital 

components for the process of photosynthesis and subsequent plant 

development. Despite the fact that the Earth's atmosphere contains a significant 

amount of nitrogen, the majority of it is not readily accessible for plant 

utilisation. Chemical processing or natural fixation, facilitated by processes 

such as bacterial conversion involving rhizobium, are imperative for the 

transformation of gaseous nitrogen into biologically accessible forms. This 

renders nitrogen an indispensable element in the realm of food production. The 

availability of reactive nitrogen, sometimes referred to as the "fixed" form of 

nitrogen, plays a crucial role in determining the agricultural productivity of a 

given land area. 

 

Process of Nitrogen Cycling 

The environment contains nitrogen in a variety of chemical forms, including 

organic nitrogen, ammonium (NH4+), nitrite (NO2-), nitrate (NO3-), and 

nitrogen gas (N2). Live organisms, humus, and the intermediary molecules 

produced by the breakdown of organic materials or the accumulation of humus 

are only a few of the different ways that organic nitrogen can exist. The 

nitrogen cycle includes a number of mechanisms that make it easier for 

nitrogen to change its chemical state. The majority of the biological activities 

that microbes are involved in, such as those that produce energy and 

accumulate the nitrogen needed for growth, depend on them.  

 

It takes processing, or "fixation," of atmospheric nitrogen for plants to use it. 

The majority of fixation operations are carried out by bacteria that exist either 

independently or in symbiotic relationships. Lightning strikes are responsible 
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for a small amount of fixation events. The enzyme nitrogenase, which is found 

in bacteria, makes it easier to create ammonia by fusing gaseous nitrogen and 

hydrogen. The bacteria then break down the ammonia to create their own 

organic compounds. Mo-nitrogenase, which is found in a wide variety of 

bacterial species and some Archaea, facilitates the main method of biological 

nitrogen fixation.  

 

The complicated two-part enzyme known as Mo-nitrogenase has numerous 

prosthetic groups, including metals. Leguminous plants, such as peas or beans, 

have root nodules that are home to certain nitrogen-fixing bacteria, such as 

Rhizobium. In this situation, an alliance of mutualism is formed between the 

organism and the plant in which the organism produces ammonia as a 

byproduct in exchange for carbohydrates. It is possible to use legumes to 

increase the nitrogen content in nutrient-poor soils. Similar symbiotic 

connections can be established by a number of other plant species. 

Approximately 30% of the total fixed nitrogen is currently produced by 

ammonia chemical plants. The process of converting atmospheric nitrogen (N2) 

into an easily accessible form for plants, and subsequently for animals and 

people, is a crucial component of the nitrogen cycle. This cycle plays a 

significant role in the distribution of this vital nutrient. There exist four distinct 

methods for the conversion of N2, which is often known as atmospheric 

nitrogen gas, into chemically reactive forms. 

 

The process through which some symbiotic bacteria, frequently found in 

connection with leguminous plants, as well as some free-living bacteria, have 

the capacity to transform atmospheric nitrogen into organic nitrogen 

compounds is referred to as "biological nitrogen fixation." The Rhizobium 

bacteria, which live in the root nodules of leguminous plants, are an example of 

mutualistic nitrogen-fixing bacteria. Azotobacter is an example of a free-living 

bacterium. The conversion of N2 and O2 into NO under the influence of 

photons, thunderstorms, and lightning is another non-biological method of 

nitrogen fixation. 

 

Through their root hairs, plants can absorb nitrate or ammonium ions from the 

soil. After being absorbed, nitrate goes through a reduction process where it is 

first changed into nitrite ions and then further reduced into ammonium ions. 

Following that, these ammonium ions are used to synthesise vital biomolecules 

like amino acids, nucleic acids, and chlorophyll. The direct reception of 

ammonium ions from the nodules by plants in a mutualistic symbiosis with 

rhizobia allows them to absorb some of the nitrogen. The intake of amino acids 

provides nitrogen to animals, fungus, and other heterotrophic organisms, The 

primordial state of nitrogen is organic in nature and occurs when a plant or 

animal dies or excretes waste. The biochemical process known as 



 

 
Text Book of Environmental Science 

31 

 

ammonification, which is facilitated by bacteria and fungi, turns the organic 

nitrogen found in decomposing matter into ammonium (NH4+). Soil-dwelling 

bacteria and other nitrifying bacteria are primarily responsible for converting 

ammonium to nitrate. Some bacteria, such as those from the Nitrosomonas 

genus, engage in the enzymatic oxidation of ammonium (NH4+) during the 

first stage of nitrification. As a result of this microbial action, ammonia is 

transformed into nitrites (NO2-). In the process of oxidising nitrites (NO2-) into 

nitrates (NO3-), other bacterial species, such as Nitrobacter, are essential.[2] 

Because accumulating nitrites have a negative impact on plant life, the 

conversion of nitrites to nitrates is crucial. 

 

The process of converting nitrates back into nitrogen gas (N2), which is 

primarily inert, is known as denitrification. This process helps the nitrogen 

cycle to be completed. Bacterial species, notably Pseudomonas and 

Clostridium, carry out the aforementioned process under anaerobic conditions. 

During respiration, nitrate is used as an alternative to oxygen as an electron 

acceptor. These bacteria, which have the ability to survive in the absence of 

oxygen, are also capable of thriving in environments with oxygen. 

 

Phosphorus Cycle  

In atmospheric conditions, phosphorus is normally absent in the gaseous state 

and is only present in extremely reducing situations where it appears as the gas 

phosphine (PH3). The solid states of red and white phosphorus are present in 

the normal ambient environment. The normal pattern includes the movement of 

sediments, dirt, and water. In streams, lakes, and other freshwater 

environments, phosphorus is typically identified as the component that inhibits 

the growth and development of organisms. As sediments and rocks slowly 

erode, phosphate is released. The majority of phosphorus is found in the 

atmosphere as fine particulate particles. 

Weathering mechanisms originating in rocks are applied to phosphate. The 

acquisitions generated from the process of rock weathering balance the small 

depletions caused by the leaching process that is assisted by precipitation in a 

land-based ecosystem. Phosphorus is absorbed (immobilised) in soil by 

adhering to the surfaces of clay particles and organic materials. Ionised 

phosphate compounds can be dissolved by plants. Herbivores get their 

phosphorus from eating plants, whereas predators get their phosphorus from 

eating herbivores. Both herbivores and carnivores produce phosphorus as a 

waste product through urination and faeces. Through the breakdown of plant or 

animal matter, phosphorus is returned to the soil, starting a cyclical process. 
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Chapter-3 

Population 
 

3.1 Population refers to the collection of members of a species that are present 

in a given location at a given time. It displays details like density, natality, 

mortality, aggregation, age and sex composition, among other things.  

 

The abiotic and biotic conditions of the environment, including man, have an 

impact on the features. Populations fluctuate as a result under various 

environmental circumstances. Population ecology is the study of populations. It 

also goes by the name autecology. With the exception of a few parthenogenetic 

and apomitic species and less freely with individuals of different populations, 

population members freely interbreed.  

 

A population in nature is made up of several biotypes. Individuals with 

comparable genetic characteristics make up a biotype. Therefore, the term 

"many biotypes" refers to numerous groupings of people, where each group 

shares a set of genetic traits. 

 

 As a result, multiple biotypes will be made up of distinct groups of genetic 

components, and different biotypes (groups of people) will develop and 

respond in different ways in terms of morphology, phenology, etc. and 

additional environmental responses brought on by various genetic components. 

Due to the fact that individuals of the same species may appear to be similar, a 

closer look reveals that the individuals actually differ due to the various 

biotypes that result in variations within the people.  

 

The study of biotypes in terms of genetic constituent of population in relation is 

known as population differentiation or population genetics or gene ecology.  

 

The basic building blocks of a species are its natural populations. Different 

environmental conditions may cause biotypes of species to differ in their 

morphological, physiological, and other traits, which results in population 

differences. The way that biotypes differ from one another depends on how 

they respond to their surroundings; as a result, the biotype is essentially an 

ecological and adaptive notion.  

 

Ecophones or ecades are terms used to describe adaptations that are not passed 

down through the generations and that differ physically and/or physiologically 

as a result of habitual situations. Because people can adapt non-genetically to 

different habitats or environmental conditions, this adaptation is also known as 

plastic adaptation or environmentally induced adaptation.  
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When biotypes are adapted as permanent units in several ecosystems, Thus 

biotypes of a species which are adapted genetically to a certain type of habitat 

or environment are known as ecotypes or ecological races. If such biotypes are 

transplanted in uniform environment, all biotypes of the same species retain 

their differences because of genetic differences. Ecotypes may be climatic, 

edaphic, climo-edaphic and biotic. If ecotypes are found along an altitudinal 

gradient than it is known as ecocline. 

 

Birth, vegetative growth, the development of sexual structures, the ability to 

reproduce, and senescence are some of the developmental stages that define an 

individual in a population. The manner in which a population's members are 

dispersed throughout space determines the population's structure. Three 

distribution patterns can be identified in a natural setting: 

 

1. Regular distribution: In this type the members are evenly dispersed. 

Under natural conditions individuals usually don’t show such pattern, however, 

intense competition between individuals may cause such distribution 

 

2. Aggregated (clumped) distribution: It is also known as contagious. In this 

type individuals are aggregated into many small groups (fig 3.1). Under natural 

conditions such distribution is much more common because: 

 

a. Dispersal is responsible to settle individuals in some areas and avoid others, 

b.  Low mortality of offspring’s and 

c. Individuals have a tendency of attraction to one another due to behavioral 

characteristic. Aggregation may be beneficial or vice-versa for population. 

 

3. Random Distribution: In this type the individuals are distributed without 

any specific pattern, i.e., they are irregular. Under natural conditions it is found 

in those species which do not have the tendency to aggregate (fig 3.1). 

 

 
 

 
Fig. 3.1.: Distribution pattern of individuals. 
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3.2 Population density is defined as the number of individuals per unit area or 

volume. It is also known as population size or crude density. The number of 

individuals per unit of certain parts of the total area is known as specific, 

ecological, economic or biotype density. The population size is variable in 

space and time. The variation is due to change in number of individuals through 

time. The number depends upon birth rate (natality) and death rate (mortality) 

associated with physical characteristics of environment, competition 

physiological malfunctioning and genetic phenomenon. 

 

Natality is the reproductive rate of population per unit time. It varies from 

population to population. It is expressed in two terms: 

 

Absolute natality: It is theoretical assessment of the production of new 

individuals limited only by physiological facts. The assessment is made on the 

basis of the maximum possible rate of production of individuals for any 

population under ideal conditions. This assessment is constant for a given 

population and is almost failure in nature because all organisms don’t produce 

equal individuals at any given time. It is also known as potential natality. 

Maximum production of individuals determined by the number of progeny 

(seeds, spores) that a plant can produce. 

 

Realized Natality or Ecological natality: It is the actual rate of production of 

individuals under existing environmental conditions. It varies with population. 

The natality criteria in plants are expressed as: 

 

a. Reproductive capacity of plants: It is a product of average seed output and 

the fraction represented by average percentage germination. It is calculated as; 

 

b. Crude birth rate: It is the number of offspring’s produced per unit 

population size per unit time. It is a quotient of the total number of offspring’s 

produced during a unit of time divided by the population size, e.g., 50 

offspring’s/ 1000 individuals. 

 

c. Specific Natality rate: It is the average number of offspring’s produced per 

unit time by the organisms of a particular age class.  

 

Mortality is the rate of death per unit time. It varies among species with age. It 

is expressed in two terms: 

 

1. Minimum mortality: also known as potential or physiological mortality. It is 

a theoretical lowest possible rate for a population under ideal conditions i.e., in 

the best circumstances individuals die of old age due to physiological factor. 
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This mortality is constant for a population and represents minimum mortality 

rate. 

 

2. Ecological or realized mortality: It is the actual rate of mortality under 

existing environmental conditions. It varies with population. The mortality rate 

is expressed as: 

 

The mortality varies among species with age. The rate of mortality of a 

particular age is known as specific mortality. It is expressed as a percentage of 

initial population dying within a given time. This mortality is also expressed in 

the form of life cycles that provides complete picture of mortality in a 

population. 

 

In a population stationary or changing, the relative abundance of individuals of 

various ages is known as age distribution. The natality and mortality rates of 

population are influenced by the age of individuals and hence the size of the 

population is determined by the age distribution pattern within a population. A 

plant is usually characterized by three distinct periods of life: 

i. Pre reproductive 

ii. Reproductive 

iii. Post reproductive 

 

The ratio of these categories in a population identifies the current reproductive 

status of a population and also predicts the expectations in future. A population 

with more individuals of first and second category (young age) grows more 

rapidly and individuals of third category (old age) tends to decline. An even 

distribution of individuals of all three categories permits the population to 

remain more or less constant. 

 

The size of population is also affected by the sex ratio (opposition of sexes) 

which varies with the age of individuals. The variations in sex ratio within a 

population are due to differences in mortality rates of male and female 

individuals. Intrinsic rate of population increase is represented by ‘r’. It is equal 

to the difference between average birth and death rates per individual. This 

value varies among species and even within a species.  

 

This value is maximum when difference between birth and death rates per 

individual is at maximum. It occurs under specific environmental, e.g., 

temperature, moisture, food, etc., don’t exerting a limiting effect, when birth 

rate (B) is maximum and death rate (D) is minimum. The ability of a 

population to increase a highest possible rate (r maximum) under specific 

unlimited environmental conditions is known as biotic potential or 

reproductive potential. It is an innate characteristic of each population. But in 
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nature r maximum doesn’t realize because the environmental conditions are not 

always favorable. The forces of detrimental environment i.e., temperature, 

moisture, food, etc., exerts a limiting effect which curtail population increase 

by causing deaths and the death rate increases.  

 

The action of detrimental factors to limit the population size is known as 

environmental resistance. Thus, actual rate of increase of a population is 

assessed by a dynamic balance between biotic potential and environmental 

resistance. Each change in environmental factors creates a new environment 

and consequently a new r value. It is density dependent when the change in 

environmental factors is caused by change in population size and it is density 

independent when the environmental factors are unaffected by change in 

population size.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2 Relationship between biotic potential and environmental resistance 

(detrimental factors). 

The impact of changed environment is continued progressively until the rate of 

population increase reaches zero, i.e., r=0. This is the largest size possible for 

population within the given area. The upper limit of population size that a given 

environment can maintain, and beyond which no increase in size can occur is 

known as carrying capacity of the environment.  

 

It is an expression of the environmental resistance of the habitat to the growth 

of a population. When the population exceeds the carrying capacity, it 

decreases in size. When population stops below carrying capacity it again 

increases in size because of the changed environmental factors that reduces the 

growth rate and when population is stable r becomes zero. The carrying 

capacity is represented by ‘k’. As such the populations occurring under natural 

conditions are self limiting populations. It is ‘S’ shaped curve known as 

sigmoid growth curve or logistic curve (Fig 3.2 see Curve B0 in a graphic 
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representation. Due to change in r value the population tends to fluctuate above 

and below the level of carrying capacity (Tiwari, 1992). 
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Chapter-4 

Community 
 

4.1 The existence of particular assemblage of different species was observed 

for the first time by Edward Forbes, a Professor at London’s College in 1844. 

He observed eight distinct regions of marine animals in the Aegean Sea, each 

characterized by specific association of species according to depth.  

 

Later, Karl Mobius, a German biologist while working on oyster beds observed 

that the oyster beds do not consists of oysters only but other macro and 

microorganisms are also associated with oysters. He proposed the term 

‘biocoenosis’ (Greek roots meaning life with something common) in 1880 

which we use as biotic community today. 

 

According to Mobius’ Biocoenosis is a group of individual organisms of a 

number of species in a particular locality, were these organisms live together 

with a particular set of environmental conditions and exert mutual dependence 

upon one another’. Since Mobius, the term has been used frequently by 

ecologists with diversified definitions. Considering the idea of the most of the 

authors the biotic community is defined here as ‘a group of one or more 

populations living together in time and space through the combined actions of 

various environmental factors’. 

 

Communities are of two types: 

1. Major community: are those which are self sustaining unit except the input 

of solar energy from the outside. Such communities are characterized by 

compact organization and occupy sufficient area, e.g., forest. 

2. Minor community: are not self sustained and are dependent on 

neighboring aggregations. These communities are secondary aggregations 

within the major communities and are not independent units. A community is 

open when it provides enough space for the growth and development of 

migrants.  

 

A close community leaves no space for migrants. Communities are usually 

named after dominant or predominant species, e.g., Pine community or the 

habitat depending on which is the most conspicuous and stable feature, e.g., 

mud flat community. Geographical names are also used. E.g., tropical forests, 

temperate grasslands, etc,.  

 

A group of communities of a zone or geographic unit in which plants have 

similar growth forms is known as biome. Biomes are named after characteristic 

form of vegetation, e.g., lotic biomes (rivers or streams), tundra biome, 
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grassland biome, desert biome, etc. A community is characterized by definite 

structure, trophic organization and metabolic patterns. The processes like 

energy flow and exchange of materials provide the community as a functional 

unit. Like a cell, tissue, organism or species population, a community also 

grows, adjusts and performs functions and represents a higher level; of 

integration than the individual organisms that make it up. Thus, community has 

a structure with unique functions such as dependence, trophic organization, 

dominance, succession, etc, in addition to the characteristics of a population 

such as density, age, sex ratio, natality, mortality, etc. 

 

A natural community consists of various life forms which occupy different 

strata or layers for best ecological adjustment. Members of the community have 

the ability to live under the conditions of the habitat. They compete and adjust 

for their resource and demands available locally.  

 

Such a nature of community gives rise interactions among members. In a 

typical forest community, tall tress, scrubs, herbs, thallophytes, ferns, etc, grow 

together were tall trees and scrubs provide support for climbers and cast shade 

for shade loving forms. Thus, forest floor is dependent on tall trees because 

they provide shade and moist conditions for the ground vegetation. 

Competition for light, shoot and root, space and absorption of water and salt 

from soil may occur in a close community. When tall trees and scrubs from 

such a community are removed, the shade loving forms, epiphytes, climbers 

and other dependent plants are disappeared, and this may alter the abiotic 

environment of the area. 

 

The term phytosociology (plant sociology) is usually used to study the structure 

of plant community. For a detailed study and in order to understand the 

structure two sets of characters are considered.  

 

Trophic Organization: The food originally manufactured by plants (primary 

producers) is also utilized by animals (secondary producers) and decomposers. 

This behavior of living organisms in a community gives rise to trophic structure 

(trophic=food). Biotic components (plants and animals) in a community differ 

in their feeding habits. The transfer of food from organisms through feeding 

habits in any linear sequence of species is known as food chain.  

 

The feeding co action between many species, i.e., who eats whom in the 

community when represented diagrammatically gives a complicated web, 

known as food web.  

 

1.Predator food chain: It starts with living plants and completes with 

decomposers. It consists of five steps or links. 
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2. Parasitic food chain: Usually does not exceed five steps. If it is increased in 

length, the predator individuals become less numerous but progressively larger 

e.g., grass grasshopper  frog  snake hawk decomposers. In 

contrast, the parasitic food chain starts with less numerous and larger organisms 

towards more numerous and smaller organisms. E.g., Tree bird lice, 

bugs. A single tree acts a source of food for a number of birds and each bird 

acts a host to many parasites (lice, bugs, etc.) 

 

Detrivore food chain: It starts with dead organic materials (detritus). Here 

primary producers are detrivores, e.g., bacteria, fungi feeding on dead organic 

matter, insects feeding on decaying leaves in the soil etc. 

 

 In nature the above discussed two food chains do not operate separately 

because a single organism (plant and /or animal) becomes food of several 

organisms, e.g., mouse is eaten not only by cat and snake but also by hawk; 

deer is eaten by bear, wolf, lion, man etc, or single organisms feeds on several 

organisms, e.g., small fish feeds on rotifers, insects larvae and many other 

planktonic species; lion feeds on rabbit, deer, fox cat man etc. Omnivores feed 

on both plant and animal. Thus, there exists feeding relations among organisms 

in the community and these relationships do not permit the organisms to 

operate in a separate, simple linear fashion, and hence, a number of food chains 

inter connect to form a complicated network known as food web. Thus, the 

abstraction of ‘who eats whom’ in the community is called as food web which 

consists of a series of interlocking food chains . 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1  Food web  

 

4.2 Ecological Pyramids 

Organisms with similar feeding habits are grouped together known as trophic 

level or nutritional level. Primary producers form the lowest level or base of the 

level (P), primary consumers or herbivores are placed at the second level; (C1) 
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because they feed on primary producers, carnivores or secondary consumers are 

placed at the third level (C2), top carnivores are at the fourth trophic level (C3)* 

and decomposers form the fifth   trophic level. The feeding behavior of the 

organism in the community allows it to derive food from different trophic 

levels, e.g., omnivores feed on both plants and animals and thus, operate in the 

community at more than one trophic level. There are some organisms which 

change from one trophic level to other in their different life phases, e.g., 

tadpoles are herbivores (second trophic level) and adult frogs are carnivores 

(third trophic level). Decomposers derive their food from the excreta and dead 

remains of all organisms from all trophic levels. Thus, trophic levels are 

abstractions rather than distinct natural entities. 

 

 

 

 

 

 

 

Fig. 4.2.  Pyramids of number (excluding decomposers) A. Upright pyramid 

with three consumer levels. B. Inverted pyramid with two consumer levels. 

(Based on the data used in the example; see text P=Producers, C1-

C3=consumers 

 

Various trophic levels have certain relationships in the community and are 

expressed organisms, biomass (weight of bio material) or energy. The graphical 

representation of these relationships is known as ecological pyramid.  

When the number of individuals in a trophic level is converted to total biomass 

or to the energy available at that level and produced graphical pyramidal 

structure known as, respectively, pyramid of biomass and pyramid of energy. 

As such, ecological pyramids are of three types 1. Pyramid of number 2. 

Pyramid of biomass and 3. Pyramid of energy. 

 

1. Pyramid of numbers: When pyramid of trophic level is described in terms 

of numbers of organisms known as pyramid of numbers. This is constructed by 

counting the number of individuals in each trophic level as a set of horizontal 

bars stacked upon one another with primary producers at the bottom (base) at 

top carnivores at the top (apex). This structure may appear either upright or 

inverted pyramid. The pyramid of numbers gives a view of the relative 

abundance of numbers of the organisms comprising each trophic level. It 

provides equal importance to all organisms comprising each trophic level. It 

provides equal importance to all organisms irrespective of size or weight i.e., 

equal importance is given to different sized  organisms as mouse (small 
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herbivore) and elephant (large herbivore) which are functionally not equivalent, 

and thus the pyramid of numbers is of little value.  

 

2. Pyramid of Biomass: When the number of individuals in each trophic level 

is replaced by the total biomass or weight of individuals at that trophic level, a 

pyramid like relationship is appeared and such structures are known as pyramid 

of biomass.  

 

 

 

 

 

 

 

Fig. 4.3.  Pyramid of Biomass (Terrestrial). Upright pyramid with three 

consumer levels, P=producer; C1-C3=Consumers 

 

 

 

 

 

 

Fig. 4.4.  Pyramid of biomass (aquatic). Inverted pyramid with three consumer 

levels P=producer; C1-C3=Consumers 

 

3. Pyramid of energy or productivity: In this pyramid each level is described 

in terms of productivity or the amount of energy that passes through the level in 

a given period of time. The pyramid appears upright because some energy is 

lost as it moves from one level to the other. This indicates that the organic 

matter produced per unit time, and the amount of energy represented by it 

becomes less at each successive level. (Tiwari, 1992). 

 

 

 

 

 

 

 

 

Fig. 4.5.  Pyramid of energy. It is always upright 
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Fig. 4.6  Pyramid of energy (Silver springs, Florida; After H.T Odum, 1957). 

 

Note that the decomposers are shown in the pyramid as a tall bar resting on the 

first trophic level extending to the top of the pyramid. 
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Chapter-5 

Succession 
 

5.1 Ecological succession is the ‘phenomenon or process by which a 

community progressively changes itself from one form to another until a stable 

community is formed’. It refers to more or less predictable and orderly changes 

in the composition or structure of an ecological community. Succession may be 

initiated either by formation of new, unoccupied habitat (e.g., a lava flow or a 

severe landslide) or by some form of disturbance (e.g. fire, severe windthrow, 

logging) of an existing community.  

 

Clements theory of succession/Mechanisms of succession 

F.E. Clement (1916) developed a descriptive theory of succession and 

advanced it as a general ecological concept. According to Clement, succession 

is a process involving several phases.  

 

1. Nudation: Succession begins with the development of a bare site, called 

Nudation (disturbance). 

2. Migration: It refers to arrival of propagules. 

3. Ecesis: It involves establishment and initial growth of vegetation. 

4. Competition: As vegetation became well established, grew, and spread, 

various species began to compete for space, light and nutrients. This phase is 

called competition. 

5. Reaction: During this phase autogenic changes affect the habitat resulting 

in replacement of one plant community by another. 

6. Stabilization: Reaction phase leads to development of a climax community. 

 

Types of succession 

 

Primary and Secondary succession 

If the development begins on an area that has not been previously occupied by 

a community, such as a newly exposed rock or sand surface, a lava flow, 

glacial tills, or a newly formed lake, the process is known as primary 

succession.  

If the community development is proceeding in an area from which a 

community was removed it is called secondary succession. Secondary 

succession is usually more rapid as the colonizing area is rich in leftover soil, 

organic matter and seeds of the previous vegetation, whereas in primary 

succession the soil itself must be formed, and seeds and other living things 

must come from outside the area. 

 

 

http://en.wikipedia.org/wiki/Community_(ecology)
http://en.wikipedia.org/wiki/Lava_flow
http://en.wikipedia.org/wiki/Landslide
http://en.wikipedia.org/wiki/Disturbance
http://en.wikipedia.org/wiki/Fire
http://en.wikipedia.org/wiki/Windthrow
http://en.wikipedia.org/wiki/Logging
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Autogenic and allogenic succession 

Autogenic succession can be brought by changes in the soil caused by the 

organisms there. These changes include accumulation of organic matter in litter 

or humic layer, alteration of soil nutrients, change in pH of soil by plants 

growing there.  

 
Allogenic succession is caused by external environmental influences and not 

by the vegetation. For example soil changes due to erosion, leaching or the 

deposition of silt and clays can alter the nutrient content and water relationships 

in the ecosystems.  

 

The climax concept 

According to classical ecological theory, succession stops when the sere has 

arrived at an equilibrium or steady state with the physical and biotic 

environment. Barring major disturbances, it will persist indefinitely. This end 

point of succession is called climax. 

 

Climax community 

The final or stable community in a sere is the climax community. It is self-

perpetuating and in equilibrium with the physical habitat. There is no net 

annual accumulation of organic matter in a climax community mostly. The 

annual production and use of energy is balanced in such a community. 

 

5.2 Types of climax 

 

Climatic Climax 

If there is only a single climax and the development of climax community is 

controlled by the climate of the region, it is termed as climatic climax. For 

example, development of Maple-beech climax community over moist soil. 

Climatic climax is theoretical and develops where physical conditions of the 

substrate are not so extreme as to modify the effects of the prevailing regional 

climate. 

 

Edaphic Climax 

When there are more than one climax communities in the region, modified by 

local conditions of the substrate such as soil moisture, soil nutrients, 

topography, slope exposure, fire, and animal activity, it is called edaphic 

climax. Succession ends in an edaphic climax where topography, soil, water, 

fire, or other disturbances are such that a climatic climax cannot develop. 

 

Disclimax 

http://en.wikipedia.org/wiki/Autogenic_succession
http://en.wikipedia.org/wiki/Allogenic_succession
http://en.wikipedia.org/wiki/Ecological_theory
http://en.wikipedia.org/wiki/Disturbance
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When a stable community, which is not the climatic or edaphic climax for the 

given site, is maintained by man or his domestic animals, it is designated as 

Disclimax (disturbance climax) or anthropogenic subclimax (man-generated). 

For example, overgrazing by stock may produce a desert community of bushes 

and cacti where the local climate actually would allow grassland to maintain 

itself. 

 

Subclimax 

The prolonged stage in succession just preceding the climatic climax is 

subclimax. 

 

Preclimax and Postclimax 

In certain areas different climax communities develop under similar climatic 

conditions. If the community has life forms lower than those in the expected 

climatic climax, it is called preclimax; a community that has life forms higher 

than those in the expected climatic climax is postclimax. Preclimax strips 

develop in less moist and hotter areas, whereas Postclimax strands develop in 

more moist and cooler areas than that of surrounding climate. 
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Chapter 6 

Biodiversity 
 

Biodiversity refers to the extent of variation in living forms present within a 

certain ecosystem, biome, or the entirety of a planet's ecosystems. A higher 

level of biodiversity is indicative of enhanced ecological well-being. The 

concept of "biological diversity" was initially introduced by Raymond F. 

Dasmann, in 1968.  

 

The term "biological diversity" or "biodiversity" can be subject to several 

interpretations. Biodiversity is commonly defined by biologists as the 

comprehensive collection of genes, animals, and ecosystems within a given 

geographical area. Biological diversity has conventionally been classified into 

three distinct categories, namely species diversity, ecosystem diversity, and 

genetic diversity. 

 

The concept of species diversity refers to the variety and abundance of different 

species within a given ecological community or ecosystem. It encompasses 

both the The aforementioned amount of biodiversity is widely observed and 

quantified by an index that encompasses both the species richness and their 

respective abundance within a given area.  

 

Ecosystem diversity refers to the variety of different ecosystems present in a 

given area or region. It encompasses the range of ecological communities, The 

concept of diversity at a complex level pertains to the multitude of habitats 

within ecosystems. Ecosystem diversity encompasses the range of ecosystems 

within a given biosphere, encompassing the diversity of organisms and 

ecological processes that manifest across various physical environments. 

 

The concept of genetic diversity refers to the variation in genetic characteristics 

within a population or species. It encompasses the range of different alleles, 

The term "genetic diversity" pertains to the collective set of genetic traits 

present within the genetic composition of a given species. It signifies the 

presence of genetic diversity within a given species. 

 

6.1 The biogeographical classification of India refers to the systematic 

categorization of India's diverse ecosystems and biotic communities based on 

their geographic distribution and ecological characteristics. 

 

From a geographical standpoint, it can be observed that there exist three 

distinct zones. Namely,  

 



 

 
Text Book of Environmental Science 

48 

 

1. The Trans Himalaya Mountain  

2. The Indo-Gangetic plain is a vast alluvial plain located in South Asia. 

3. Peninsula 

The Wildlife Institute of India classified the regions, each with its distinct flora 

and fauna, into 10 biogeographic zones . 

1. The Trans Himalayan region refers to the area located beyond the Himalayan 

mountain range. 

2. Himalayan  

3. Desert 

4. Semi-arid 

5. The Western Ghats is a mountain range located in western India.  

6. The Deccan Peninsula is a geographical region located in southern India. 

7. The Gangetic Plains refer to a vast region in South Asia that encompasses 

the fertile plains surrounding the Ganges River.  

8. Coasts 

9. North-East 

10. Islands. 

 

6.2 The Biodiversity of India 

India is recognised as one of the leading countries in terms of biodiversity 

richness, ranking within the top 10 or 15 nations. This distinction is attributed 

to the extensive array of plant and animal species present in India, many of 

which is exclusive to the region and cannot be found elsewhere. There is a total 

of 350 distinct mammalian species. There are a total of 1,224 avian species. 

There are a total of 408 reptile species identified. Additionally, the plant 

kingdom comprises 45,000 species, with the majority being angiosperms. The 

region has notably elevated levels of species variety, particularly in the case of 

ferns (1022 species) and orchids (1082 species).  

 

There are around 50,000 documented species of insects, which encompasses a 

subset of 13,000 species specifically classified as butterflies and moths. 

Approximately 18% of plant species in India exhibit endemism, meaning they 

are exclusively confined to the geographical boundaries of the country and do 

not occur naturally anywhere else in the world. 

 

6.3 Biodiversity Hotspots 

According to estimates, over 50,000 endemic plants, accounting for 

approximately 20% of the total global plant population, are believed to be 

concentrated in mere 18 specific regions known as "hot spots" across the globe. 

Nations characterised by a substantial concentration of these areas of high 

biodiversity are commonly referred to as "mega diversity nations." 
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The phenomenon sometimes referred to as "hot spots" The woods of North-

East India and the Western Ghats region in India are recognised as some of the 

most biodiverse locations in the world. The Andaman and Nicobar Islands 

exhibit a remarkable abundance of diverse animal species, including a wide 

array of avian fauna that have undergone evolutionary processes. The Andaman 

and Nicobar Islands exhibit a rich biodiversity, with a notable abundance of 

2200 species of flowering plants and 120 species of ferns. The Northeast region 

of India harbours a significant proportion of terrestrial animal genera, 

specifically 85, which accounts for around 63% of the total genera found in the 

country. The region known as the Northeast States is home to a total of 1,500 

plant species that are considered endemic, meaning they are exclusively found 

inside this particular geographical area. 

 

A significant fraction of amphibian and reptile species, particularly snakes, 

exhibit a concentrated distribution within the Western Ghats region. This 

region is also characterised by the presence of over 1,500 plant species that are 

indigenous to this specific habitat. The Indian waters are encompassed by coral 

reefs, which are found in the vicinity of the Andaman and Nicobar Islands, 

Lakshadweep Islands, as well as the Gulf regions of Gujarat and Tamil Nadu.  

One of the significant benefits of biodiversity to humans is its positive impact 

on agriculture. Human beings rely on other organisms for sustenance. 

Cultivated crops, such as potato, banana, and coffee, frequently originate from 

a limited number of genetic lineages. The enhancement of crop species during 

the past 250 years has been ascribed to the integration of genes from wild kinds 

and species into cultivated types. 

 

Biodiversity offers a wide array of valuable pharmaceuticals and 

medicinal compounds.  A considerable percentage of pharmaceutical 

substances are obtained, either directly or indirectly, from biological origins.  

 

Approximately half of the pharmaceutical compounds available in the United 

States market are sourced from plants, animals, and micro-organisms. 

Moreover, a significant proportion of the global population, around 80%, relies 

on natural medicines for their main healthcare needs. A minuscule proportion 

of wild species has been examined in terms of their potential medicinal 

properties. 

 

The aesthetic, leisure, and cultural value 

The biodiversity present on our planet plays a crucial role in offering aesthetic 

and cultural advantages.  Millions of individuals worldwide derive pleasure 

from engaging in various leisure activities, including animal observation, 

hiking, fishing, hunting, bird watching, and other similar pursuits. For several 

individuals, observing and appreciating the inherent splendour of the natural 
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world not only provides aesthetic and recreational enjoyment, but also holds 

theological importance. 

 

Ecological services refer to the benefits that ecosystems provide to humans and 

the environment. These services include processes such as nutrient cycling, 

water Biodiversity has a crucial role in supporting numerous ecological 

services, which may not always be clearly discernible. Biodiversity has a 

significant role in various ecological processes, such as soil formation and the 

provision of fertile soils, water purification, nutrient cycling, solar energy 

absorption, and bio-geochemical cycling management.  

 

6.4  Factors Endangering Biodiversity 

Numerous species undergo elimination and subsequent replacement by 

alternative species as an integral component of evolutionary processes. The 

decline in global biodiversity has become more evident in recent times, 

primarily as a result of human activities that have negatively affected 

ecosystems and unsustainable ecological practises, hence hastening the 

extinction of numerous species. According to Sigmar Gabriel, the German 

Federal Environment Minister in 2007, it was estimated that a significant 

proportion, specifically up to 30%, of the global species population would face 

extinction by the year 2050. Approximately 12.5% of the identified plant 

species are currently facing the risk of extinction. The current era is witnessing 

a far higher rate of species loss compared to any other period in human history, 

characterised by extinctions transpiring at rates that surpass background 

extinction rates by many orders of magnitude. 

 

6.5 The primary risks to wildlife can be classified into the following 

categories: 

The phenomenon of habitat loss is characterised by a gradual reduction in the 

availability of natural animal habitat regions over time. Furthermore, the 

remaining habitat has frequently undergone degradation, resulting in a 

significant departure from the original natural wild areas that once existed. 

Climate change has the potential to result in significant loss of wildlife species 

due to the specialised habitat requirements of numerous plants and animals. 

Even a minor decrease or increase in the average precipitation will result in 

significant fluctuations in seasonal patterns. Hibernating animals, reptiles, 

amphibians, and insects experience negative impacts and disruptions. Plants 

and wildlife exhibit a heightened sensitivity to alterations in moisture levels, 

rendering them susceptible to adverse effects resulting from such fluctuations. 

Pesticides and toxic chemicals: Pesticides are intentionally applied to create an 

environment that is detrimental to specific plants, insects, and rodents. 

Consequently, it is not unexpected that other plants and creatures are also 

intentionally affected. Furthermore, numerous chemical contaminants, 
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including but not limited to PCBs, mercury, petroleum by-products, solvents, 

and antifreeze, exhibit toxicity towards wildlife. 

Unregulated hunting and poaching pose significant threats to wildlife. 

Furthermore, the issue at hand is exacerbated by the mismanagement of the 

forest department and the actions of forest guards. Natural phenomena 

encompass a range of impactful events, including floods, earthquakes, 

volcanoes, lightning, and forest fires. Pollution entails the discharge of 

pollutants into the environment, which are then consumed by a diverse range of 

creatures. The excessive utilisation of resources has led to the depletion of 

natural populations, causing significant declines in their numbers, as observed 

in instances such as over-fishing. 

 

6.6 Conservation of Biodiversity 

The field of conservation is currently undergoing a transformation with the 

implementation of strategic plans aimed at safeguarding biodiversity. The 

conservation ethic promotes the responsible management of natural resources 

with the aim of ensuring the long-term preservation of biodiversity.  The 

diverse array of conservation strategies employed to safeguard biodiversity 

encompass a range of approaches  

 
Fig. 6.1  Methods for In Situ Conservation 

 

The preservation of species inside their natural habitats, known as in-situ 

conservation, is widely regarded as the most suitable approach for safeguarding 

biodiversity.  

 

Biosphere reserves are designated areas that aim to conserve biodiversity and 

promote sustainable development. Biosphere reserves encompass land and 

coastal habitats, serving as spaces that facilitate the harmonisation of 

biodiversity protection and its sustainable utilisation. The inception of 

Biosphere Reserves can be traced back to the "Biosphere Conference" 

convened by UNESCO in 1968. The biosphere reserve comprises three primary 

components. The initial segment is referred to as the core zone. This area is 
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subject to stringent protection measures aimed at preserving and safeguarding 

its biological diversity. The primary objective is to mitigate the potential 

adverse effects of human activities on various species of flora and fauna, 

ensuring their safety and well-being. The subsequent segment is referred to as a 

buffer zone. The peripheral zones encompassing the core areas serve as 

designated areas for conducting environmental research, engaging in 

recreational activities, and promoting tourism. The final segment is commonly 

referred to as a transition zone. 

 

A transition zone refers to a geographical area where local populations actively 

participate in the management of resources, such as agriculture, fishing, and 

other non-governmental operations. The operational mechanisms of these three 

zones are contingent upon the specific requirements of the biosphere reserve in 

which they are situated. 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.2  Zones that comprise a Biosphere Reserve. 
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Chapter 7 

Pollution and its Management 
 

The act of introducing hazardous substances or contaminants into a natural 

environment, which causes the ecosystem, which includes both physical 

systems and biological species, to be disrupted, disordered, damaged, or 

uncomfortable, is referred to as pollution. Pollutants, which include a variety of 

pollution-related components, can take the form of exogenous materials or 

energies or originate from the natural world.  

 

7.1 The Categorization of Pollutants 

 

a. Primary pollutants are substances that are released directly from their source 

and keep their original chemical makeup, not changing much over time. Fumes, 

dust particles, sulphur dioxide, hydrocarbons, and other similar compounds are 

used as examples. 

 

b. As a result of interactions with primary pollutants, a class of pollutants 

known as secondary pollutants is created through chemical reactions involving 

some elements that are already in the atmosphere. Peroxyacetyl Nitrate (PAN) 

is one example of a chemical. 

 

From an ecological perspective, contaminants can be categorised into two 

types. 

 

Biodegradable pollutants are those that can be effectively decomposed and 

recycled. For instance, sewage from a residence may be treated mechanically or 

through natural decomposition in a sewage treatment facility. 

 

Non-biodegradable pollutants are substances that neither break down quickly 

into harmless components nor degrade slowly in the environment.  

 

On the basis of their natural occurrence: 

 

Quantitative Pollutants: Quantitative pollutants are substances that naturally 

occur in the environment but are only considered pollutants when certain 

human activities cause an increase in their concentration. There are numerous 

human activities that are to blame for the increase in atmospheric carbon 

dioxide levels. 
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Qualitative Pollutants: Pollutants of a qualitative nature are substances that 

are not naturally present in the environment but are instead brought in by 

human activity.  

 

7.1 Air Pollution 

The New Latin word "atmosphaera," which combines the Greek terms "atmos" 

for vapour and "sphaira" for sphere, is where the word "atmosphere" was first 

used in the 17th century. A layer of gases that has the capacity to enclose a 

substantial quantity of material is referred to as an atmosphere. Because of the 

body's gravitational pull, this gaseous layer is held in place. The eleven gases 

that make up the majority of the lower atmosphere on Earth in terms of volume 

are listed in the following table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7.1, presents a compilation of the eleven gases that are most prevalent in 

terms of volume inside the Earth's lower atmosphere 

 

The Earth's atmosphere is made up of several separate layers that rise higher 

from the surface. The troposphere, which contains the planetary boundary 

layer, the stratosphere, which contains the ozone layer, the mesosphere, which 

houses the ionosphere, the thermosphere, the exosphere, and the magnetosphere 

are among these layers. The rate at which temperature varies as altitude rises is 

characteristically expressed by the distinct lapse rate that each stratum presents. 

While the stratosphere, the next atmospheric layer, shows an increase in 

temperature with vertical displacement, the troposphere's temperature gradient 

Gas Name Chemical Formula Percent Volume 

Nitrogen N2 78.08% 

Oxygen O2 20.95% 

*Water H2O 0 to 4% 

Argon Ar 0.93% 

*Carbon Dioxide CO2 0.0360% 

Neon Ne 0.0018% 

Helium He 0.0005% 

*Methane CH4 0.00017% 

Hydrogen H2 0.00005% 

*Nitrous Oxide N2O 0.00003% 

*Ozone O3 0.000004% 
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shows a drop as height rises. The atmosphere's density diminishes with 

increasing distance from Earth.  

 

1.Troposphere 

The troposphere, which is located between 10 and 15 km above the Earth's 

surface, is the part of the atmosphere that is closest to the planet's surface. 75% 

of the atmosphere's entire composition is found in the atmosphere itself. In 

comparison to the poles, the troposphere's width is more extensive near the 

equator. It is noted that both temperature and pressure fall as one ascends in the 

troposphere. 

 

Tropopause: Located at the uppermost region of the troposphere, the 

tropopause is a boundary characterised by a stable minimum temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.1 Structure (Layers) of Atmosphere 

 

The greenhouse effect is the result of the Earth's surface absorbing solar 

radiation, which is then followed by a considerable amount of this energy being 

sent back into space. The presence of water vapour and carbon dioxide in the 

troposphere effectively acts as a greenhouse gas, preventing heat radiation from 

escaping and maintaining the Earth's warmth as a result. The "greenhouse 

effect" is a term used to describe the phenomena of heat retention. 

 

2.Stratosphere 

Directly above the troposphere is the stratosphere, which has a depth of around 

35 km. Between 15 and 50 kilometres above the surface of the Earth, the 
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phenomenon's vertical extent is present. There is a rather constant temperature 

gradient that relates to altitude in the lower stratosphere. The temperature does, 

however, trend upward as one moves into the higher stratosphere because 

ozone molecules are more efficient in absorbing solar radiation. It's interesting 

to note that temperature variation with altitude occurs in the opposite way from 

the troposphere. 

 

3.Mesosphere 

The mesosphere, which sits directly above the stratosphere, is located between 

50 and 80 km above the planet's surface. Low temperatures that normally drop 

as height rises are characteristic of this area. Even if the density of the air has 

significantly decreased in the mesosphere, it still remains large enough to slow 

meteors' entry into the atmosphere. Due to the combustion that occurs as a 

result, these meteors emit brilliant streaks known as blazing trails that can be 

seen in the night sky.. 

 

4.Thermosphere 

The thermosphere includes the area between the farthest limits of space and an 

altitude of about 80 km above the surface of the Earth. The sparse molecular 

structure of the thermosphere causes it to absorb a substantial quantity of solar 

energy, resulting in high temperatures that could approach thousands of 

degrees. However, the thermosphere would cause us to feel cold since there is a 

very small chance that these few molecules will come into touch with our skin 

and transmit enough energy to cause us to feel heat. 

 

7.2 Causes of Air Pollution 

 

Air Pollution 

Anthropogenic 

(Man made) 

Deforestation 

Wars 

Industrialization, 
increaser in number of 

automobiles 

Increase in human 
population 

Natural  

Aeroallergens 

Volcanic eruptions 

Forest fires, storms, 
etc  
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7.3 Sources of Air Pollution 

 
 

Sulphur oxides (SOx), notably sulphur dioxide (SO2), a chemical molecule 

with the formula SO2, are one famous example of a group of chemicals that are 

considered major primary pollutants. In addition to several industrial processes, 

volcanic activity produces sulphur dioxide (SO2). Sulphur dioxide is produced 

during combustion because coal and petroleum both contain sulphur 

compounds. The following oxidation of sulphur dioxide (SO2) culminates in 

the creation of sulfuric acid (H2SO4), which subsequently contributes to the 

phenomena of acid rain. This oxidation is often aided by a catalyst like nitrogen 

dioxide (NO2). Concerns are raised about how using fossil fuels as energy 

sources will affect the environment. 

 

When combustion occurs at high temperatures, nitrogen oxides (NOx), 

especially nitrogen dioxide, are emitted. A brown hazy dome or a plume that 

extends downwind from metropolitan areas can be used to identify the 

phenomenon under study. Chemically, nitrogen dioxide is identified by the 

formula NO2. One of the several nitrogen oxides is what this substance is 

categorised as. The aforementioned gas has a reddish-brown colour and is 

dangerous, along with having a distinct, strong stench. It is widely 

acknowledged that nitrogen dioxide (NO2) is a serious air pollutant. 

 

The gas carbon monoxide (CO) is non-irritating, colourless, and odourless, but 

it has a high level of toxicity. The substance in question is a byproduct of 

incomplete fuel combustion, including but not limited to incomplete fuel 

combustion of natural gas, coal, and wood. The exhaust from moving vehicles 

is mostly responsible for carbon monoxide emissions. 

 

Carbon dioxide (CO2) is a colourless, odourless, and non-toxic greenhouse gas. 

This condition is frequently connected to ocean acidification. Through a variety 

of processes, including respiration, the making of cement, and combustion 

processes, this gas is released into the atmosphere. 

Sources of Air Pollution 

Point/Stationary: If pollutant is 
added at a particular point in 
atmosphere. eg. Pollutants 
released from stack (chimney) 
of industry.  

Line/Mobile: If pollutant is 
continuously released into 
atmosphere over long 
distance. eg. Automobile 
pollution 
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Carbon dioxide (CO2) is a greenhouse gas that is colourless, odourless, and 

non-toxic. It is commonly linked to the phenomenon of ocean acidification. 

This gas is released into the atmosphere through several activities, including 

combustion processes, cement manufacturing, and respiration. 

 

In outdoor areas, volatile organic compounds (VOCs) represent a sizable class 

of air contaminants. It is common practise in this field to divide chemicals into 

two separate categories: methane (CH4) and non-methane volatile organic 

compounds (NMVOCs). Methane is a very powerful greenhouse gas that 

considerably worsens global warming. In addition, hydrocarbon volatile 

organic compounds (VOCs) contribute to ozone formation and prolong the 

half-life of methane in the atmosphere, exhibiting remarkable greenhouse gas 

qualities. However, the effect of these chemicals can change depending on the 

local air quality circumstances at the time. Benzene, toluene, and xylene are 

among the molecules that have been classified as potentially cancer-causing 

substances in the group of non-methane volatile organic compounds 

(NMVOCs).  

 

Small solid or liquid particles that are suspended in a gas medium are referred 

to as particulate matter, also known as particulates or small particles. On the 

other hand, the term "aerosol" refers to the mixture of gas and particles. Both 

artificial and natural factors can contribute to the formation of particulate 

matter. The environment contains certain naturally occurring particles that 

come from a variety of sources, including volcanic eruptions, dust storms, fires 

in grasslands and forests, live plants, and sea spray. Aerosols are produced in 

significant quantities as a result of human activities such the burning of fossil 

fuels for transportation, energy production, and industrial processes.  

 

Particulate matter created by the reaction between gaseous primary pollutants 

and other chemicals present in photochemical haze is referred to as secondary 

pollution. The term "smog" derives from smog, a type of atmospheric pollution 

that is marked by a mix of smoke and fog. The widespread burning of coal in a 

certain area results in the phenomena known as classic smog, which is marked 

by the mixture of smoke and sulphur dioxide. Instead of coming from coal 

burning, modern smog mostly comes from industrial and vehicular emissions. 

When these emissions are subjected to the sun's UV radiation, chemical 

reactions occur in the atmosphere. Due to the generation of secondary 

pollutants and their subsequent interaction with the primary emissions, 

photochemical haze is created. 

 

A well-known example of synergistic effects is photochemical smog, which is 

created when air contaminants are mixed together. It is important to note that 

the combination of smoke and fog is referred to as "smog". With the help of the 
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sun's ultraviolet rays, nitrogen oxides and hydrocarbons react in the 

atmosphere, creating ozone, a variety of complex organic gases, Peroxyacetyl 

nitrate (PAN), and particulates that are commonly referred to as photochemical 

smog. Peroxyacetyl nitrate (PAN) + Ozone from Nitrogen oxides and unburned 

hydrocarbons can be used to illustrate this reaction. 

 

The mixing of air pollutants leads to the formation of photochemical smog, 

which is a widely recognised illustration of synergistic effects. It is worth 

noting that the term "smog" is employed to describe the amalgamation of 

smoke and fog. The reaction between nitrogen oxides and hydrocarbons in the 

atmosphere, facilitated by ultraviolet radiation from the sun, results in the 

formation of ozone, a range of intricate organic gases, and compounds 

including Peroxyacetyl nitrate (PAN), as well as particulates commonly 

referred to as photochemical smog. This reaction can be represented as follows: 

Nitrogen oxides + unburned hydrocarbons → Peroxyacetyl Nitrate (PAN) + 

Ozone. 

 

7.4  The Impact of Air Pollution on Human Health 

 The symptoms experienced include respiratory distress, sneezing, 

coughing, and exacerbation of pre-existing respiratory and heart 

ailments. 

 Plants can experience chlorosis, which is characterised by the loss of 

chlorophyll due to exposure to sulphur dioxide (SO2). 

 Abnormal leaf abscission, resulting from the impact of nitrogen 

dioxide (NO2). 

 Necrosis, the process of tissue death resulting from ozone exposure, 

 Epinasty, which refers to the downward curving of a leaf. 

 

7.5 Air Pollution Control 

Air pollution control equipment is commonly classified into two categories: 

a. Control mechanisms for large particulate matter  

b. Control mechanisms for small particulate matter 

 

 The control equipment employed for the collection of coarse 

particulates include the utilisation of a Gravity Settling Chamber and a 

Cyclone Separator. 

 The control equipment employed for the collection of tiny particulates 

include bag filters, electrostatic precipitators, and wet collectors, 

sometimes known as scrubbers. 

 The control equipment employed for the collection of gaseous 

pollutants include absorption, adsorption, and combustion techniques. 
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7.6 Water Pollution 

The phrase "water contamination" describes the occurrence of foreign 

compounds in water at concentrations that could be harmful to the health of 

living things if consumed.  

 

When dangerous materials or toxins are introduced into water sources like 

lakes, rivers, seas, and groundwater, this is referred to as water pollution. The 

introduction of pollutants into water bodies—directly or indirectly—without 

adequate treatment to get rid of harmful elements results in water pollution. 

 

Wastewater is a phrase used to describe water whose quality has been adversely 

affected by human activity. This liquid waste may vary in content and may 

contain a wide range of hazardous contaminants. In its current usage, the phrase 

refers to municipal wastewater, which includes a wide variety of pollutants 

created by the admixture of wastewaters from numerous sources. 

 

A more precise definition of sewage is a subset of the broader category of 

wastewater that is distinguished by the presence of faeces or pee. The word 

"sewage" refers to any liquid waste products with domestic, municipal, or 

industrial origin that are normally released through a conduit or sewer system. 

Water has several observable and measurable physical features that can be 

measured. Temperature, colour, turbidity, aroma, taste, and clarity are a few of 

them. Temperature refers to the degree of hotness or coldness of the water, 

while colour refers to the hue or shade of the water.  

 

Turbidity refers to the presence of suspended particles in the water, which can 

affect its clarity.  

 

Odour and taste are subjective qualities that can vary depending on the 

presence of certain substances in the water 

 

The parameters of interest in this study include total suspended solids, 

turbidity, colour, taste and odour, and temperature. 

 

A. Chemical Characteristics The chemical characteristics of the water include 

the following parameters:  

1. Total Dissolved Solids: This refers to the concentration of inorganic and 

organic substances that are dissolved in the water. It is an important indicator of 

water quality and can affect taste, odour, and overall suitability for various 

uses.  

2. Alkalinity: Alkalinity measures the water's capacity to neutralise acids. It is 

primarily determined by the presence of bicarbonate, carbonate, and hydroxide 
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ions. Alkalinity is important for maintaining pH stability and buffering against 

changes in acidity.  

3. Metals: The presence of metals in water can have both natural and 

anthropogenic origins. Common metals of concern include lead, copper, 

arsenic, and mercury. These metals can have detrimental effects on human 

health and the environment, and their concentrations need to 

 

B. Biological Characteristics 

Pathogens, including bacteria, viruses, helminths, and protozoa, 

 

7.7 Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD), and 

Chemical Oxygen Demand (COD). 

Dissolved oxygen (DO) levels in domestic sewage are typically characterised 

by a relatively low concentration of oxygen. Over time, aerobic bacteria will 

undergo biochemical oxidation of the organic stuff found in waste, so 

consuming the dissolved oxygen present in the wastewater. Consequently, the 

quantity of dissolved oxygen will gradually drop until it reaches a point of 

complete depletion. During this phase, the sewage will reach a state of stability, 

leading to the initiation of anaerobic bacterial activity on the waste.  

 

Biochemical Oxygen Demand (BOD) refers to the quantity of oxygen that 

aerobic bacteria necessitate for the biochemical oxidation of organic substances 

found in waste materials. The concentration is denoted in milligrams per litre 

(mg/L). The biochemical oxygen demand (BOD) of wastewater can be 

determined using the following calculation method: 

 

Biochemical Oxygen Demand (BOD) is a commonly used parameter to 

measure the amount of dissolved oxygen consumed by microorganisms in 

wastewater. The phenomenon of diminished dissolved oxygen (DO) levels in 

X. The dilution factor refers to the ratio of the volume of a solute to the volume 

of the solvent in a solution. 

 

The calculation of DO depletion involves subtracting the DO value before 

incubation from the DO value after incubation. 

 

The dilution factor can be calculated by dividing the volume of the undiluted 

sample (in millilitres) by the volume of the BOD bottle. 

 

Chemical Oxygen Demand (COD) involves the utilisation of chemical oxidants 

rather than aerobic bacteria for the purpose of oxidising organic materials. 
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Point sources refer to specific locations or objects that emit or release 

substances or energy into the environment. These sources are characterised by 

their distinct 

 

The term "point source" pertains to the introduction of pollutants into a body of 

water from a distinct and identifiable origin, such as a specific pipe or ditch. 

 

Non-point sources 

Non-point source (NPS) pollution is characterised by the dispersion of 

contaminants that does not stem from a singular, identifiable source. NPS 

pollution frequently arises from the aggregation of minute quantities of 

pollutants collected across an expansive geographical region. One prevalent 

illustration involves the process of nitrogen compound leaching from 

agriculturally fertilised fields. Instances of nonpoint source (NPS) pollution 

include the discharge of nutrients through storm water resulting from the "sheet 

flow" phenomenon occurring over agricultural fields or forests. 

 

7.8 Sources of Water Pollution 

• Domestic sewage  

• Industrial sewage  

• Agricultural runoff 

• Leachates from solid waste disposal facilities 

 

7.9 Control of  Water Pollution through Sewage Treatment Plants (STPs) 

Sewage treatment, which includes both effluents coming from runoff and those 

originating from home sources, is the systematic process used to remove 

contaminants contained in wastewater and household sewage. In order to 

remove pollutants of a physical, chemical, and biological nature, the process 

includes a variety of physical, chemical, and biological methods. This 

technique' main goal is to produce a fluid waste stream that is ecologically 

friendly, also known as treated effluent. It also seeks to create treated sludge, a 

solid waste that may be disposed of or reused, usually as fertiliser for farms. 

 

Primary, secondary, and tertiary treatment are the three distinct steps that make 

up the sewage treatment plant (STP) process. 

 

Sewage is temporarily contained in a serene basin as part of the first treatment, 

often known as mechanical treatment. This makes it possible to separate oil, 

grease, and other lighter substances from heavier materials, which rise to the 

surface, and sink at the bottom of the basin. The remaining liquid can be 

released or subjected to further processing once the settled solid particles and 

the dispersed particles have been separated. 
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A method known as secondary treatment, or "biological treatment," is used to 

get rid of dissolved and suspended biological components. Commonly, 

autochthonous microorganisms found in the water and living in a controlled 

environment are used in the secondary treatment procedure. To successfully 

remove microorganisms from the treated water prior to discharge or tertiary 

treatment, it may occasionally be essential to execute a separation method 

during secondary treatment. 

 

Chemical treatment, often known as tertiary treatment, is a procedure used in 

wastewater treatment systems. Before being released into a stream, river, bay, 

lagoon, wetland, or used for irrigation on a golf course, greenway, or park, the 

water is subjected to chemical or physical disinfection techniques, such as 

lagoons and microfiltration. If the water fulfils the necessary standards for 

cleanliness, it can also be used for agricultural purposes or to recharge 

groundwater. 

 

Fig. 7.2 Flow diagram showing the waste water treatment 

 

7.10 Noise pollution refers to the presence of excessive and undesired noise 

that affects the normal functioning or equilibrium of human or animal 

existence.  

The primary origin of outdoor noise on a global scale is predominantly:  

 Construction and transportation systems, specifically examining the 

impact of noise generated by motor vehicles, aircraft, and rail 

operations.  

 The presence of inadequate urban planning can potentially lead to the 

occurrence of noise pollution.  

 The presence of industrial and residential structures might contribute 

to the occurrence of noise pollution within residential areas. 
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7.11 The Impact of Noise 

• The negative effects include irritability and hostility, hypertension, increased 

stress, tinnitus, hearing loss, irregular sleep patterns, and several other negative 

outcomes.  

• Noise-induced hearing loss may occur as a result of prolonged noise 

exposure. The presence of noise can have negative effects on animals, thereby 

increasing the risk of mortality. High levels of noise have the potential to 

contribute to the development of cardiovascular effects.  

• The loss of habitable ecosystems brought on by areas with high levels of noise 

pollution may have an impact on the decrease of species, especially those that 

are already in risk of extinction.  

 

7.12 Noise Measurement 

The decibel (dB) scale is commonly used to measure noise intensity. The 

decibel scale is a logarithmic scale, and each increment of 10 dB increases 

noise level by a factor of ten. 

 

7.13 Noise Pollution Control 

• To lessen the level of noise at the receiving end, it is advised to use ear 

protection tools like ear muffs, ear plugs, and similar tools. 

• In the initial step, improvements to the design and construction of machinery 

are put into place, and old, noisy machines are swapped out for newer, quieter 

ones. 

• To ensure the proper maintenance of machine parts, the regular and specified 

intervals for lubrication, oiling, and other maintenance practises should be 

observed. 

• Loud machinery can be operated in soundproof chambers that have been 

specially designed for the purpose. 

• The execution of afforestation efforts has the ability to contribute to the 

reduction of noise pollution. • The installation of silencers has the potential to 

reduce vehicular noise levels. 

 

7.14 Thermal pollution refers to the alteration or degradation of water quality 

caused by any process that results in a change in the surrounding water 

temperature. 

 

7.15  Causal Factors 

The use of water as a cooling agent by industrial facilities and power plants is a 

common component leading to thermal pollution. The ecosystem's composition 

is impacted when hot water that has been used as a coolant is released into the 

surrounding environment. This happens because less oxygen is available. The 

sudden rise in water temperature that happens when a power plant is first put 

into service or is shut down for maintenance or other reasons is referred to as 
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the "thermal shock" phenomena. Fish and other animals that have evolved to 

live in particular temperature ranges may perish as a result of this rapid rise in 

temperature. 

 

7.16 Impacts  

• The degradation in biodiversity; • The tendency for dissolved oxygen 

concentration in water to decrease as temperature rises.  

• High temperatures limit the oxygen's ability to diffuse into deeper waters, 

which exacerbates the emergence of anaerobic conditions.  

• Since rapid plant growth rates shorten plant lifespan and encourage species 

overpopulation, elevated water temperature has a significant effect on primary 

producers. The presence of an algae bloom may cause oxygen levels to 

drop.Even small temperature changes of one to two degrees Celsius can have a 

significant impact on organism metabolism and have a variety of negative 

effects on cellular biology. 

• In some circumstances, the effect of warm water is negligible and may even 

improve the performance of 

 

7.17  Soil Contamination/Soil Pollution Soil contamination, sometimes 

referred to as soil pollution, is a significant environmental issue that arises 

from the introduction of harmful substances into the soil. This type of 

contamination frequently results from the failure of underground storage tanks, 

the use of pesticides, the leaking of oil and fuel, the improper disposal of waste 

from landfills, the direct release of industrial waste into the soil, and the 

infiltration of polluted surface water into deeper layers. Petroleum 

hydrocarbons, solvents, pesticides, as well as lead and a number of other heavy 

metals, are the compounds that are most frequently implicated. The frequency 

of this phenomenon is correlated with industrialization levels and chemical 

usage levels. 

 

7.18 Causes 

The following elements frequently contribute to soil pollution: 

 

• The frequency of underground storage tank failure 

• The use of fertilisers, fungicides, and insecticides  

• The process by which contaminated surface water sinks into deeper strata of 

the Earth's subsurface.  

• The practise of improperly discarding oil and fuel.  

• The direct dumping of industrial trash into the ground or the leaching of waste 

materials from landfills. The use of biosolids, also known as treated sewage 

sludge, as a fertiliser for land has caused much debate in the agricultural 

industry. In compared to other types of soil, it frequently shows a higher 
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presence of contaminants, such as organisms, pesticides, and heavy metals, 

because of its sewage treatment origin.  

7.19 Impact  

Human health is directly impacted by the presence of toxins or pollutants in 

soil, either through direct contact with the soil or through inhalation of 

chemicals that have become airborne. Even more dangers can arise from soil 

contamination seeping into aquifers of groundwater that are used for human 

use. It's important to keep in mind that this contamination might happen in 

places that would seem far from any obvious pollution sources above ground. 

 

Depending on the precise type of pollutant, the exposure route, and the 

vulnerability of the affected population, the health effects arising from 

exposure to soil contamination vary significantly. Chromium, lead, and other 

metals, petroleum, solvents, as well as a variety of pesticide and herbicide 

formulations have all been linked to persistent carcinogenicity, congenital 

issues, and the emergence of other chronic health conditions. It has also been 

acknowledged that the existence of anthropogenic, or human-induced, 

accumulations of naturally occurring substances, including nitrate and 

ammonia coming from livestock manure in agricultural activities, poses a risk 

to the health of soil and groundwater.  

 

Leukaemia has been reported to occur more frequently in those who have been 

exposed to benzene over an extended period of time at concentrations that are 

considered safe. High rates of kidney damage, including some cases that are 

irreversible, have been linked to both mercury and cyclodienes. Polychlorinated 

biphenyls (PCBs) and cyclodienes have a known relationship with liver injury. 

Organophosphate and carbamate injection has the potential to start a chain of 

physiological events that eventually lead to the development of neuromuscular 

blockade. Numerous chlorinated solvents have been discovered to cause 

changes in the central nervous system, the liver, and the kidneys, which have 

depressive consequences.  

 

7.20 Soil Pollution Control 

Remediation. The procedure entails excavating dirt, which is then transferred to 

a specified disposal site that is safely away from busy paths to reduce the risk 

of exposing vulnerable ecological systems or humans. This method can also be 

used to remove pollutant-filled bay muds from the dredging process. 

The polluted site's soil aeration process, which has the potential to produce air 

pollution, 

 

Thermal remediation is the application of heat to elevate subsurface 

temperatures to a level that effectively causes chemical pollutants present in the 

soil to transition into a vapour state, facilitating their subsequent extraction.  
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Bioremediation refers to the process in which specific organic compounds are 

digested by microorganisms. The process involves the utilisation of an active 

electromechanical system to extract groundwater or soil vapour, followed by 

the removal of pollutants from the extracted substance. 

 

Phytoremediation, a technique involving the use of plants (such as willow), for 

the purpose of extracting heavy metals. 

 

7.21 The term "marine pollution" describes the unfavourable effects—or 

potentially unfavourable effects—that may result from the discharge of 

chemicals, particles, industrial, agricultural, and residential waste, noise, or an 

overabundance of invasive species into the ocean. A large portion of marine 

pollution comes from land sources. Nonpoint sources, like agricultural runoff 

and wind-blown litter, are a common cause of pollution. 

 

7.22 Primary sources  

 The practise of discharging waste products into the oceans directly.  

 Rainfall, specifically the release of water into bodies of water as a 

result of precipitation.  

 Pollutants' emissions into the atmosphere. 

 The method by which industrial waste and urban sewage discharges 

introduce pollutants into rivers and the ocean is referred to as direct 

discharge. These discharges could contain toxic and hazardous 

pollutants, which could be dangerous for the environment and for 

people's health. 

 Land runoff refers to the process through which water from the land 

surface, including agricultural areas, urban areas, and construction 

sites, flows over the ground and carries with it sediment and particles 

that include carbon, nitrogen, phosphorus, and various minerals. The 

presence of this water, which is abundant in nutrients, can lead to the 

flourishing of fleshy algae and phytoplankton in coastal regions. These 

flourishing populations, referred to as algal blooms, possess the 

capacity to create hypoxic conditions by depleting the available 

oxygen. 

 Ship pollution is a complex problem, and ships have the ability to 

poison rivers, lakes, and oceans in a variety of ways. Oil spills can 

have disastrous and severe repercussions. Due to their harmful nature, 

polycyclic aromatic hydrocarbons (PAHs), which are found in crude 

oil, represent a serious threat to marine life. Furthermore, since PAHs 

linger in sediment and the marine environment for a long time, 

remediating them is a difficult undertaking.  
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 Ports, rivers, and the oceans could become polluted as a result of bulk 

carrier cargo residue releases. Despite the fact that both international 

and national legislation expressly restrict such actions, naval boats 

frequently participate in the deliberate act of discharging unlawful 

waste products. Ballast water in port locations is taken in and then 

released, and this process contributes significantly to the introduction 

of alien marine organisms.  

 

7.23 Control 

It is essential for people to lessen their individual pollution contributions in 

order to effectively control marine pollution. The accomplishment of this goal 

requires both social and political will, as well as a profound shift in 

consciousness that promotes a greater societal reverence for the environment 

and a decreased propensity towards its exploitation. The implementation of 

laws and active participation of foreign governments are required at the 

operational level. Due to its transboundary nature, regulating marine pollution 

presents substantial difficulties that make the creation and use of efficient 

regulatory measures difficult. 

 

7.24 Radioactive pollution refers to human action, notably the dumping of 

nuclear waste, that results in the discharge of high-energy particles or 

radioactive materials into the atmosphere, bodies of water, or terrestrial 

habitats. Nuclear processes, notably nuclear fission, which is widely used in 

nuclear reactors, nuclear weaponry, and other nuclear fuel cycles, generally 

produce radioactive waste as a byproduct. 

 

Nuclear waste's radioactivity decays more slowly over time. This necessitates 

keeping the waste effectively separated from living things until a point at which 

it poses no threat to their health. Depending on the radioactivity level displayed 

by the trash, this period's length could range from a few days to several months 

or even years. 

 

"Fallout" is the term used to describe the occurrence of radioactive pollution 

spreading across the earth's atmosphere. When the United States, Britain, and 

the Soviet Union began conducting atmospheric nuclear testing during World 

War II, the prevalence of atmospheric nuclear pollution became apparent. The 

use of nuclear weapons by the United States of America against Japan's 

Hiroshima and Nagasaki in 1945 during the Second World War is a famous 

example of fallout. 

 

Approximately 225,000 people died as a result of the nuclear bomb attack over 

the course of five years. These fatalities were mostly attributed to the long-term 
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effects of radiation exposure brought on by the explosion of the bomb, which 

resulted in the development of cancer and other related health issues. 

Nuclear power plants are facilities that generate electricity through the process 

of nuclear fission.  

 

The subject of discussion pertains to nuclear weapons.  

 Transportation  

 The management and handling of nuclear waste  

 Uranium mining is the process of extracting uranium from the Earth's 

crust.  

 

7.25 The Impact of Radioactive Pollution on Human Health: 

Radioactive particles have the capacity to produce ions when they come into 

contact with biological substances. Proteins, membranes, and nucleic acids are 

thereafter gradually and consistently degraded as a result of the radicalization 

process that these ions go through. Long-term exposure to radioactive radiation 

can harm DNA cells and increase the risk of developing cancer, passing on 

genetic defects to future generations, and other serious consequences.. 

 

Short-range effects and long-range effects are the two basic categories into 

which radioactive pollution effects can be divided. Throughout the first part of 

the 20th century, the initial effects became noticeable. Workers in uranium 

mines are at risk for health problems like cancer and skin burns. These 

phenomena are brought on by the radioactive substance's emissions. Radiation 

sensitivity varies greatly across different species. There are particular 

environmental settings under which oak trees can grow, whereas pine trees are 

unable to withstand comparable conditions. High-altitude plants have 

polyploidy, which is typified by the existence of numerous chromosomal sets. 

It assists in reducing radiation exposure.  

 

There is a significant concentration of harmful background radiation in the 

southern part of our country. There is a substantial concentration of harmful 

background radiations in the southern part of our country, mostly in the coastal 

areas. Rapid cell division makes them equally vulnerable to damage. Skin, 

intestine, gonad, and bone marrow cells are included in the aforementioned 

parts. A slower pace of cell division makes the cells less vulnerable to damage. 

Cells from the skeletal, muscular, and neurological systems are included in the 

composition.  

 

The immediate effects, often known as short-range effects, start to show 

themselves within a few days. Alopecia, onycholysis, subcutaneous bleeding, 

changes in cellular count and metabolism, and changes in cellular composition 
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are among the symptoms. The long-term effects, also known as the delayed 

effects, take longer to show than a few days. The long-term effects, also known 

as the delayed effects, take longer to show than a few days. This condition 

normally lasts between a few months and several years. These substances cause 

genetic mutations, ageing, and the development of neoplastic growths. Genetic 

differences exist within the human species. All living things are impacted by 

radiation. Radioactive chemicals can build up in some animals and then be 

transferred via the food chain. Iron, strontium, and zinc make up the makeup. 

 

7.26 Mitigation  
• Radiation exposure within a defined area.  

• Due to the potential dangers posed by radiation, it is essential to render 

radioactive waste harmless or to safely bury it within the deep strata of the 

lithosphere so that natural decay processes can take place.   

 

7.27 The Concept of Solid Waste and Its Management 

Solid waste includes a variety of items that are wasted and come from 

commercial, industrial, mining, and agricultural activities as well as community 

projects. It can be solid, liquid, semi-solid, or contain gases. This includes 

trash, refuse, and sludge from air pollution control facilities, water supply 

treatment plants, and wastewater treatment facilities. It's crucial to understand 

that solid waste does not include any of the solid or dissolved materials found 

in household sewage. 

 

Solid wastes are more precisely described as objects that have been discarded, 

dumped, or thought to be worthless. A wide variety of materials can be 

considered solid wastes, including those that are solid, liquid, semi-solid, or 

containerized gaseous. 

 

Various types of solid waste can be identified, including but not limited to 

scrap metal, paints, furniture, toys, residential refuse (often referred to as 

garbage), discarded appliances and automobiles, uncontaminated used oil, 

building and demolition debris, as well as asbestos. 

 

7.28 Solid Waste Management The systematic and planned handling and 

disposal of solid waste products is referred to as "solid waste management." It 

includes a number of processes, including gathering, moving, treating, and 

discarding. 

 

The complete process of gathering, moving, processing, discarding, managing, 

and keeping track of waste products is known as waste management. The term 

frequently refers to substances produced by human activity, and it is frequently 

pursued with the intention of reducing their negative effects on aesthetics, the 
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environment, or human health. There are differences in waste management 

practises between developed and developing countries, urban and rural 

locations, as well as the residential and industrial sectors. Local government 

organisations are often responsible for managing non-hazardous garbage in 

residential and institutional settings within metropolitan areas.  

 

Solid waste management can be categorised into three main classifications, 

namely: 

 Acquisition 

 Management of waste by segregation, containment, and  

 Treatment at the point of origin. 

 

Solid Waste collecting: The three fundamental methods of solid waste 

collecting are: 

The practise of placing garbage containers on the sidewalk for later pickup by 

trash haulers or the designated entity in charge of waste management is known 

as curbside collection. 

 

Community Collection: Waste storage bins are strategically positioned 

throughout a community to serve as designated locations for households and 

waste collection providers to dump the generated waste. 

 

People who use the block collection technique send their trash to a waste 

collector, who then empties it into waste collection vans. 

 

The many procedures involved in the correct management of waste from its 

generation through its placement in storage containers for subsequent collection 

are covered by waste handling and separation, which is a component of waste 

management. Transporting loaded containers to the appropriate collecting 

location is also included in the handling concept. In order to manage and 

contain solid waste at its source, it is essential to separate the various waste 

parts. 

 

There are two main procedures included in the concept of transfer and transit. 

The first step is moving the trash from a smaller pickup vehicle to larger 

transport machinery. 

 

The trash is subsequently conveyed, typically over considerable distances, to a 

designated facility for either processing or disposal. 

 

Disposal: Various methods of disposal can be employed, such as: 
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a. Incineration: An approach to disposing of waste called incineration includes 

burning solid organic waste, which transforms the waste into residue and 

gaseous byproducts. In the management of solid waste and solid residue from 

waste water management, this method shows its usefulness. By using this 

technique, solid waste volumes can be efficiently reduced to 20% to 30% of 

their initial volume. Incineration and other waste treatment methods that work 

at high temperatures are referred to as "thermal treatment" on occasion. Waste 

materials are thermally treated in incinerators, which produce a variety of 

byproducts, such as heat, gas, steam, and ash. 

 

Different scales of incineration are used for both domestic and commercial 

activities. This system's objective is to make it easier to properly manage and 

get rid of solid, liquid, and gaseous waste. It is generally seen as a viable 

practise to dispose some types of hazardous waste, such as biological medical 

waste. In the field of waste management, incineration is a contentious practise, 

largely because of worries about the release of gaseous pollutants. 

 

b. Waste is buried in landfills as part of the disposal process, which is still 

widely used in the majority of countries. Landfills were typically located in 

abandoned or unused quarries, mining voids, or borrow pits. When constructed 

properly and kept up with, a landfill has the potential to be a safe and 

economical way to dispose of waste. Older landfills that are poorly constructed 

or managed can have a number of detrimental effects on the environment, such 

as the wind-blown spread of rubbish, the attraction of vermin, and the creation 

of liquid leachate. Gas from landfills, mainly made up of methane and carbon 

dioxide, is a common by-product. Anaerobic breakdown of organic waste 

produces this gas.  

 

Leachate is efficiently contained by design elements used in modern sanitary 

landfills, such as the use of clay or plastic liner materials. The deposited waste 

is often compacted to increase its density and stability, and then covered to 

fight against the attraction of pests like mice and rats. In order to extract the 

landfill gas, landfills frequently include landfill gas extraction equipment. By 

using perforated pipelines, it is possible to recover gas from the landfill, which 

is then burned in gas engines or flared for energy production. 

 

Composting involves the bacterial degradation of organic components found in 

solid waste, leading to the production of humus or compost. 

 

Pyrolysis is the process of heating solid waste to high temperatures in the 

absence of oxygen, which causes organic contents such as carbon monoxide 

(CO), carbon dioxide (CO2), methane (CH4), and other molecules to thermally 

decompose into liquid and gaseous fractions. 
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The concepts of waste management 

Different waste management strategies using diverse conceptual frameworks 

are seen in different nations or regions. Several frequently used and widely 

applicable ideas include: 

 

The three Rs—reduce, reuse, and recycle—as well as other rubbish 

minimization strategies are all included in the waste hierarchy. These 

guidelines act as a grading system for waste management approaches, placing 

them in order of level of desirability. The bulk of waste minimization strategies 

still use the waste hierarchy as their guiding premise. The waste hierarchy's 

main goal is to maximise product utilisation, guaranteeing the extraction of the 

greatest practical benefits, while simultaneously decreasing waste creation, 

encouraging resource recovery. 

 

The Polluter Pays idea is a fundamental idea that assigns responsibility to the 

party responsible for pollution to bear the costs associated with the 

environmental damage created. In the context of waste management, the term 

typically pertains to the obligation of a waste producer to bear the cost of 

proper trash disposal. 

 

 

 

 

 

 

 

 

 

 

 


