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UNIT — 1
STRUCTURE AND FUNCTIONS OF ECOSYSTEM

An ecosystem is the basic functional unit of an environment where organisms interact with each
other (living and nonliving), both necessary for the maintenance of life on earth. It includes plants,
animals, microorganisms, and all other living things along with their nonliving environment,

which includes soil, land, air, water, dust, and other parts of nature.

The study of the Ecosystem deals with how organisms living together interact with each other and
how energy flows through the chain of organisms in the Ecosystem. It also studies how an
organism lives in a relationship that is harmful or benefitted by one another to live in a sustainable

manner.

It is seen in nature that the Ecosystem can be as large or small. It depends on the number of
abiotic components available in the environment. The ecosystem in the north or south poles does
not have much flora and fauna as compared to a tropical climate like a forest due to the extreme
climate the animals are subjected to. Only organisms that are resistant to such an environment will
be able to make up the Ecosystem. Overall, it is understood that different ecosystems combined

would make up the biosphere.

Types of Ecosystem

In ecology, ecosystems are classified into different types based on the region or on the basis of the
environment like land or water. It can also be grouped based on the amount of energy the

Ecosystem consumes.

Classification in basic ecosystem are :
1. Terrestrial Ecosystem

2. Aquatic Ecosystem

All other types will fall on either of these ecosystems and hence can be subcategorized into

different types.
Terrestrial Ecosystem

These ecosystems can only be found on land. Different landforms will have different ecosystems
based on the climate, temperature, types of organisms residing, the food chain, energy flow, and

other factors. This Ecosystem has a relative scarcity of water percentage than the aquatic
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Ecosystem, and also there is better availability of sunlight as the major source of energy. Types of

terrestrial ecosystems are:

Forest Ecosystem: These ecosystems are a densely packed environment of various flora
and fauna. It has the highest number of organisms living per square km. It is important to
conserve this ecosystem as many rare species of the earth are found here. Most of the
oxygen in the world is supplied by the forests.

Desert Ecosystem: Deserts are defined as ecosystems that receive rainfall of less than
25cm indicating extreme climate. Even in harsh temperatures, there are organisms that
have resistance towards high temperatures and plants that require very little water to
survive, having modified their leaves and stem to conserve water. Camels, rattlesnakes,

and cacti are a few examples.

Mountain Ecosystem: Mountains are regions of high altitude above sea level with
scattered vegetation. It also has an extreme climate, and animals of these regions have

developed thick fur on the skin to survive the cold climate.

Grassland Ecosystem: It mainly includes shrubs, herbs, and few trees which are not as
dense as the forests. These basically include grazing animals, insectivores, herbivores. The
temperatures are not too extreme in these ecosystems. There are two main forms: The
savannas and prairies. The savannas are the tropical grasslands. It dries seasonally with
many predators and grazers. The prairies are temperate grassland, which lack large shrubs

and trees.

Aquatic Ecosystem

The aquatic ecosystem consists mainly of animals and organisms that stay in the water bodies,

such as lakes, oceans and seas. Amphibians, fish, sea creatures all come under this ecosystem.

Since water is in abundance, organisms survive using the oxygen dissolved in water. This

ecosystem is much larger than the terrestrial ecosystem as it acquires a greater part of the earth.

The two types of aquatic ecosystems are:

Marine Ecosystem: It includes all the oceans and seas and constitutes about 71% of the
earth’s surface. About 97% of the water on earth falls under this category. Sharks, whales,
dolphins, seals, walrus, and many more come under this ecosystem.

Freshwater Ecosystem: It includes all the rivers, lakes, ponds, and water bodies that are

not salted. This accounts for 0.8% of earth’s water and 0.009% of total water present on




e.g., rivers. The lentic system where the water remains stagnant, e.g., ponds and lakes. The
wetlands where the soil remains saturated for most of the time period.

Structure of the Ecosystem

The structure of an ecosystem refers to the explanation of living beings and the physical features

of the environment in which the organisms live.
Components of the Ecosystem

The ecosystem has two components associated with it mentioned below:
1. Abiotic component
2. Biotic component

Abiotic Component

This basically involves inorganic minerals, calcium, phosphorus & iron. It also includes soil,
water, land & solar radiation. It is further divided into climatic factors and edaphic factors which
include rain, light, temperature, and wind, soil, pH, minerals, and topography.

Biotic Component

The biotic component consists of all the living organisms in the ecosystem. It can be classified as
Autotrophic organisms that produce their own food and heterotrophic organisms which depend on

other organisms for food. This classification is based on nutritional requirements of the organism.

e Producers: These are the organisms in the ecosystem that generate the food and energy
with the help of sunlight, oxygen, and all other abiotic components. The main producers of

the ecosystem are the plants.

e Consumers: These are the organisms that take their nutrition from the food that is made

by the producers.

e Primary Consumers: These organisms feed directly from the producers. They are

herbivorous animals like deer, rabbit, cow, buffalo, and giraffes.

e Secondary Consumers: These organisms feed on the primary consumers for their

nutrition. These are carnivorous and omnivorous animals like crows, dogs, cats, snakes.

e Tertiary Consumers: These organisms feed on secondary consumers. These are only
carnivores where they only consume meat usually by preying on prey. Eg., lion, tiger,

cheetah

e Quaternary Consumers: These organisms feed on the tertiary consumers for their

nutrition. Eg; Eagle which consumes a snake that consumes a frog that consumes a fly




Decomposers

These organisms break down dead matter and gain their nutrition, and the decomposed material
returns back to the land, which will again be utilized by the producers to produce more food.

FUNCTIONS OF ECOSYSTEM
The functions of the ecosystem are as follows:
1. It regulates the essential ecological processes, supports life systems and renders
stability.
2. It is also responsible for the cycling of nutrients between biotic and abiotic
components.
3. It maintains a balance among the various trophic levels in the ecosystem.

4. 1t cycles the minerals through the biosphere.

5. The abiotic components help in the synthesis of organic components that involves

the exchange of energy.

So the functional units of an ecosystem or functional components that work together in an

ecosystem are:

e Productivity — It refers to the rate of biomass production.

e Energy flow — It is the sequential process through which energy flows from one trophic
level to another. The energy captured from the sun flows from producers to consumers and

then to decomposers and finally back to the environment.

o Decomposition — It is the process of breakdown of dead organic material. The top-soil is
the major site for decomposition.
e Nutrient cycling — In an ecosystem nutrients are consumed and recycled back in various

forms for the utilisation by various organisms.
Definition of Energy Flow
The flow of power that occurs along a food chain is called energy flow. Fuel enters the food chain
at the level of the producers in the form of solar energy. The plants convert solar energy into

chemical energy through the process of photosynthesis. This chemical energy is passed from one

trophic level to the next trophic level along a food chain or from one trophic level to another.

Energy Flow in an Ecosystem-Based on Two Laws of Thermodynamics




There is a direct relationship between energy flow and thermodynamics or it can be said that
energy flow follows the laws of thermodynamics. Here, energy flow is based on two different

laws of thermodynamics:

(i) First Law of Thermodynamics

The first law of thermodynamics states that energy can neither be created nor destroyed. Here
also, the source of energy, i.e., Solar energy, can neither be created nor destroyed. It can only be

transferred from one system to another as from one form to another form.
(i1) Second Law of Thermodynamics

In the second law, it is stated that during the transformation, a portion of the energy is dissipated

into the surroundings as heat energy.
Flow of Energy in an Ecosystem

Animals can use energy in two forms: Radiant and fixed energy. Radiant energy is the framework
of electromagnetic waves, such as light. Fixed energy is potential chemical energy tied up in

different organic substances which can be injured in order to discharge their energy content.
Trophic Level

The producers and consumers in an environment can be organized into several feeding groups,

each known as trophic level (feeding level).

Producers represent the first trophic level. Herbivores represent the second trophic level. Primary

carnivores represent the third trophic level. Top carnivores represent the last level.
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A food chain may be explained as the transmission of energy and nutrients through a sequence of
organisms through repeated processes of eating and being eaten. In the food chain, the initial link
is a green plant or producer which produces chemical energy available to consumers. For
example, marsh grass is consumed by a grasshopper, the grasshopper is consumed by a bird, and
that bird is consumed by a hawk. Thus, a food chain is developed, which can be written as

follows: Marsh grass — grasshopper — bird — hawk.

Grass Grasshopper Frog Python Eagle

Food Chain

The food chain in any ecosystem runs directly in which autotrophs are eaten by herbivores.
Herbivores are eaten by carnivores and carnivores are eaten by top carnivores. Man forms the

terrestrial links of many food chains.

Food chains are of three types:

Grazing food chain

Parasitic food chain

Saprophytic or detritus food chain

Energy Flow in Ecosystem is Unidirectional or Bidirectional

Energy flow in an ecosystem is consistently unidirectional or one way, i.e., solar radiations —
producers — herbivores — carnivores. It cannot pass in the reverse direction. There is a decrease in
the content and flow of energy with the rise in trophic level. 1-6%1-6% of solar radiation is
trapped by producers in their photosynthetic activity. The rest is dissipated as heat. From an

energy point of view, it is essential to understand.

The capability of the producers in the absorption and then conversion of solar energy into a

chemical form of energy.

The use of this build into the form of energy by the consumers.
The sum of assimilated energy in the form of food or edibles.
The loss of energy through respiration, heat, excretion.

Gross net production.




Food Web

A complex of interrelated food chains makes up a food web. The Food web maintains the stability
of the ecosystem or environment. The greater the number of alternative pathways, the more stable

is the community of living things.
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Importance of Energy Flow in Ecosystem

The energy flow in an ecosystem is very important. All organisms in an ecosystem function due to
the energy they get from the energy flow. The very functioning of the ecosystem is dependent on
the process of flow of energy (starting with solar radiation) and the cycling of materials. The
ecosystem maintains itself and has stability through the process of energy flow. The more the

levels in the food chains, the lesser is the energy available at the top.

This explains why the top carnivores such as big cats, tigers and large whales are the first to
become endangered species when their ecosystems are under pressure from human beings. Thus,
the importance of energy flow for the sustenance of an ecosystem is obvious. Without energy

flow, an ecosystem will not be operational.
Summary

Sun is the ultimate source of energy. An ecosystem is a functional unit with energy flowing
among abiotic components very effectively. Energy flow in an ecosystem is always unidirectional.
Energy in an ecosystem is never destroyed but is converted from one form to another.
Only 10%10% of energy is passed to the successive trophic level. The sun’s energy is available to

the organisms at higher trophic levels since the sun is the only natural source of energy provided




at higher trophic levels. If any of the links in a food chain or food web (interconnected food
chains) is removed, efficient energy flow will not occur.
ECOLOGICAL PYRAMID

An ecological pyramid is a graphical representation of the relationship between the different
living organisms at different trophic levels. It was given by G.Evylen Hutchinson and Raymond

Lindeman.

It can be observed that these pyramids are in the shape of actual pyramids with the base being the
broadest, which is covered by the lowest trophic level, i.e., producers. The next level is occupied
by the next trophic level, i.e., the primary consumers and so on.

All the calculations for construction of these types of ecological pyramids must take into account
all the organisms in a particular trophic level because a sample space of a few numbers or a few

species will end up giving a huge level of errors.

Types of Ecological Pyramid

Three types of ecological pyramid exist. They are as follows:

Pyramid of Numbers

Pyramid of numbers

In this type of ecological pyramid, the number of organisms in each trophic level is considered as
a level in the pyramid. The pyramid of numbers is usually upright except for some situations like

that of the detritus food chain, where many organisms feed on one dead plant or animal.

Pyramid of Biomass

Pyramid of Biomass
Zooplanktons
phytoplanktons
Pyramid of biomass in oceans

Pyramid of Biomass

In this particular type of ecological pyramid, each level takes into account the amount

of biomass produced by each trophic level. The pyramid of biomass is also upright except for that
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observed in oceans where large numbers of zooplanktons depend on a relatively smaller number

of phytoplanktons.

Pyramid of Energy

Pyramid of Energy

Secondary consumers

Primary consumers

Producers

Pyramid of energy

Pyramid of energy is the only type of ecological pyramid, which is always upright as the energy
flow in a food chain is always unidirectional. Also, with every increasing trophic level, some

energy is lost into the environment.

Importance of Ecological Pyramid

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

1. They show the feeding of different organisms in different ecosystems.
2. It shows the efficiency of energy transfer.
3. The condition of the ecosystem can be monitored, and any further damage can be

prevented.

Limitations of the Ecological Pyramid

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

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

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

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

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

NITROGEN CYCLE

Nitrogen Cycle Definition: The nitrogen cycle can be defined as one of the biogeochemical
cycles that converts the unusable inert nitrogen existing in the atmosphere into a more usable form

of nitrogen for living organisms.
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What is the Nitrogen cycle?

The nitrogen cycle is a biogeochemical process in which nitrogen, in various forms, is circulated
from the atmosphere to the living organisms and later back to the atmosphere. Living organisms
require nitrogen for the synthesis of nucleic acid and proteins. The atmosphere contains almost
78% of nitrogen present in an inert form (N2). This nitrogen cannot be used by living organisms
unless it is converted to ammonia, nitrates, and other usable compounds of nitrogen.

The nitrogen cycle is a cyclic process where the nitrogen travels from inorganic form in the
atmosphere and to the organic way in the living organisms. The nitrogen cycle contains several
steps, such as Nitrogen fixation, assimilation, ammonification, nitrification, and denitrification.
This cycle is essential in maintaining a proper ecological balance and is present in both marine

and terrestrial ecosystems

Nitrogen Cycle Steps
Nitrogen Fixation

The first step involves the fixation (conversion) of atmospheric inert nitrogen into a usable form
of nitrogen. Here, the N2 form of nitrogen is converted into NH3 (Ammonia). This process is
carried out by symbiotic bacteria present in the soil called Diazotrophs. These are bacteria,
primarily known for its nitrogen fixation in nature. E.g., Rhizobium. There are three ways
nitrogen fixation can take place.

1. Atmospheric Nitrogen Fixation: The inert nitrogen present in the atmosphere is
converted to nitrous oxide by the help of lightning due to the high-temperature present
during lightning. The nitrogen is broken down into nitrogen atoms which react with
oxygen to form nitrous oxide, nitrogen peroxide, and nitric oxide. These compounds later
dissolve in the rain to form dilute nitric acid. When the dilute nitric acid reaches the earth's

surface, it reacts with the alkalies present to form nitrates that plants can easily absorb.




2. Biological Nitrogen Fixation: There exist nitrogen-fixing bacteria and blue-green algae
that convert nitrogen present in the atmosphere into nitrates. There are two types of
nitrogen-fixing bacteria:

o Free-living bacteria: E.g., Azotobacter, and Clostridium.
o Symbiotic bacteria: E.g., Rhizobium that is present in root nodules of individual
leguminous plants like nostoc and Anabaena.
3. Industrial Nitrogen Fixation: It is a human-made alternative where the atmospheric

nitrogen is converted into ammonia by Haber's process and later into nitrates in various fertilizers.

Ammonification

The dead remains of plants, and animals are buried in the soil. They decay and create ammonia,
carbon dioxide, and water, with the help of fungi like actinomyces. This process of formation of
ammonia is called ammonification. Already ammonia exists in the soil with the help of nitrogen-

fixing bacteria. Ammonification increases the concentration of ammonia in the ground.

Nitrification

The process in which the ammonia is converted into nitrites and later into nitrates is called
Nitrification. This process takes place in two steps:
1. Conversion of ammonia into nitrites: This takes place by the action of Nitrosomonas
bacteria. They oxidize the ammonia present in the soil and convert them to nitrites.

The reaction is as follows:

2. Conversion of nitrites to nitrates: This takes place by the action of Nitrobacter species,
which convert the nitrates in the soil into nitrates.

The reaction is as follows:

Assimilation

In this process, the formed nitrates in the soil get absorbed by the plants through their root system.
The plants contain nitrates that are consumed by the consumers and then later process through the
food chain and enters the food web. Assimilation is the absorption of nitrates and other nitrogen

compounds. The nitrogen compounds are essential for the formation of crucial biomolecules.

Denitrification

The plants do not absorb some Nitrates. They are converted into atmospheric nitrogen with the

help of pseudomonas and clostridium. This process is the last step where the nitrogen compounds




The Nitrogen Cycle in the Marine Ecosystem

The marine ecosystem also has a similar manner of nitrogen cycle. The nitrogen from the
atmosphere gets absorbed in the water, and nitrogen-containing compounds sediment as rocks on
the ocean floor. Many species cannot break the strong bond between the nitrogen. But few
bacteria can oxidize the nitrogen molecule and convert it into ammonia. The phytoplankton plants
can absorb the ammonia. Some bacteria can consume the ammonia and release nitrites. The
nitrites are then converted to nitrates that can later be used by another microorganism in the
marine ecosystem. This process of converting ammonia into nitrates is called Nitrification. Larger
organisms like the whale, fish, etc. get their supply of nitrogen by consuming phytoplankton.
When the fish die eventually, they sediment to the ocean floor. They are decomposed by the
bacteria present and release ammonia which is again converted to nitrates by Nitrification, and the

cycle continues.

Importance of the Nitrogen Cycle

1. Chlorophyll is an essential pigment for the process of photosynthesis. The nitrogen cycle
helps the plants to manufacture chlorophyll from the compound of nitrogen.

2. It is essential for the survival of plants as plants need nitrates to survive and grow.

3. During the process of formation of ammonia, the dead and decayed organic matter is
decomposed by bacteria. This process helps the environment to be cleaned up from
organic matter and also provides essential nutrients required by the soil.

4. Nitrogen compounds enrich the soil and make it fertile and suitable for growing plants.

5. Nitrogen is a necessary element in the cells and tissues of living organisms. It forms
proteins and nucleic acid, which form the essential elements of life. Without nitrogen
compounds, life could not exist.

6. Combustion of fuels and fertilizers also contains nitrogen that increases the percentage of
nitrogen in the atmosphere.

7. Eutrophication is the accumulation of nitrogen in water bodies when the nitrogen from the

fertilizers in the soil is washed away.

Important Points on Nitrogen Cycle

o Nitrogen is present in the atmosphere in abundance, but cannot be used by the plants and
other organisms directly from the atmosphere.
o Nitrogen is fixed in three ways which are atmospheric, industrial, and biological means.

The atmospheric nitrogen is converted into ammonia.




« Nitrogen-fixing bacteria like Azotobacter and Rhizobium play a vital role in the formation
of nitrogen compounds.

o Dead and rotten plants are decomposed by fungi like actinomyces and ammonia, carbon
dioxide and water is released. This process is called ammonification.

« Nitrosomonas convert ammonia into nitrites and later to nitrates by Nitrobacter bacteria by
the process of Nitrification.

e Plants absorb the nitrates, and nitrogen is used to form important cell organelles and
biomolecules. The process of absorption of nitrogen compounds from the plants is called
assimilation.

e The nitrates present in the soil are converted into free nitrogen by pseudomonas bacteria.
This process is called denitrification.

e The cycle repeats, and the nitrogen percentage in the atmosphere remains stable.

e Nitrogen cycle also exists in the marine ecosystem where the phytoplankton plants and
other bacteria convert the nitrogen into nitrogen compounds.

e This cycle is a critical biogeochemical cycle in nature that is necessary for life processes

CARBON CYCLE
Carbon cycle represents the movement of carbon in elemental and combined states on earth.
Diamond and graphite are the elemental forms of carbon and in a combined state, it is found as

carbonates in minerals and as carbon dioxide gas in the atmosphere.

Carbon Cycle Definition

Carbon cycle can be defined as the process where carbon compounds are interchanged among the

biosphere, geosphere, pedosphere, hydrosphere, and atmosphere of the earth.
Carbon Cycle Steps
Following are the main steps that are involved in the process of the carbon cycle:

o Carbon present in the atmosphere is absorbed by plants for photosynthesis.

e These plants are then consumed by animals, and carbon gets bio accumulated into their
bodies.

e When the plants and animals die and they are decomposed, carbon is released back into
the atmosphere.

e Some of the carbon that’s not released back to the atmosphere eventually becomes fossil

fuels.




o These fossil fuels are then used for man-made activities, which pumps more carbon back

to the atmosphere.
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The carbon cycle diagram below explains well the flow of carbon along different paths -
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Carbon Cycle on Land

Carbon in the atmosphere is present in the form of carbon dioxide. Carbon enters the atmosphere
through natural processes like respiration and industrial applications like burning fossil fuels. The
process of photosynthesis involves the absorption of CO; by plants to produce carbohydrates. The
equation is as follows:

CO2 + H20 + energy — CH20 +0O>

Carbon compounds are passed along the food chain from the producers to consumers. The
majority of the carbon exists in the body in the form of carbon dioxide through respiration. The
role of decomposers is to eat the dead organism and return the carbon from their body back into

the atmosphere. The equation for this process is:

CH20 +O; —»CO2 + H20

Oceanic Carbon Cycle

This is essentially a carbon cycle but within the sea. Ecologically, oceans absorb more carbon
than it gives out. Hence, it’s called a “carbon sink.” Marine animals convert carbon to carbonate
and this forms the raw building materials required to make hard shells, almost like the ones found

in clams and oysters.




When organisms with carbonate shells die, their body decomposes, leaving their hard shells.
These accumulate on the seafloor and are eventually broken down by the waves and compacted
under enormous pressure, forming limestone.

When these limestone rocks are exposed to air, they get weathered and the carbon is released back
into the atmosphere as carbon dioxide.

Importance of Carbon Cycle

Even though CO: is found in small traces within the atmosphere, it plays an important role in
balancing the energy and traps the long-wave radiations from the sun. Therefore, it acts like a
blanket over the planet. If the carbon cycle is disturbed it'll end in serious consequences like
climatic changes and heating .

Carbon is an integral component of every life form on earth. From proteins and lipids to even our
DNA. Furthermore, all known life on earth is predicated on carbon. Hence, the carbon cycle,
alongside the organic process and oxygen cycle, plays an important role within the existence of
life on earth.

Key Points on Carbon Cycle

e Carbon cycle leads to the movement of carbon between the earth’s biosphere, geosphere,
hydrosphere and atmosphere.

e Carbon is an important element of life.

o Carbon dioxide in the atmosphere is taken up by the green plants and other photosynthetic
organisms and is converted into organic molecules that travel through the food chain.
Carbon atoms are then released as CO2 when organisms respire.

e The formation of fossil fuels and sedimentary rocks lead to the process of carbon cycle for
very long periods.

e The carbon cycle is related to the supply of other compounds also.

PHOSPHORUS CYCLE

Definition

The phosphorus cycle is a biogeochemical cycle that deals with the movement of phosphorus in
the form of different compounds through the Earth’s various systems like the biosphere,

hydrosphere, and lithosphere.

e Phosphorus is an important element for all living beings as it is the raw material for the
nucleotides as well as acts as a mineral for growth.

e Unlike other biogeochemical cycles, the atmosphere doesn’t act as a reservoir for phosphorus
in the phosphorus cycle as most of the phosphorus compounds involved in the cycle are in the

solid form.




The phosphorus cycle is composed of various chemical, biological and microbiological
processes, all of which occur over a long period of time.

The cycle consists of processes like weathering that take hundreds of years to complete; thus,
the phosphorus cycle is considered one of the slowest biogeochemical cycles.

Phosphorus is also one of the scarcest elements found in nature which makes it one of the
limiting agents.

Phosphorus compounds move through the biosphere, both terrestrial and oceanic, to maintain
a balance in its concentration.

However, much of the phosphorus compounds are present in the lithosphere, where they are
present in rocks and sedimentary deposits.

Because phosphorus is a highly reactive compound, it is mostly found in a combined state
with other elements. Thus, acid-producing microorganisms are important to form soluble
phosphate from the insoluble compounds.

The concentration of phosphorus in different reservoirs changes throughout time with the
phosphorus in the soil running off to oceans and the phosphorus in the ocean, resulting in
sediments.

The phosphorus cycle is considered a closed system with the phosphorus transfer between the
biosphere and soil is much larger than the gains and losses across the entire system.
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The Phosphorus cycle

Phosphorus Cycle on land and phosphorus cycle in a wetland

Steps Involved

The mechanism of the phosphorus cycle is not as clearly understood as other biogeochemical

cycles. However, it is known that the phosphorus cycle is a slow process, consisting of the

following steps:

1. Weathering

Rocks are one of the primary sources and reservoirs of phosphorus, where they remain
combined with other elements.

The phosphorus in the soil then reaches the soil by the action of rain or by acid produced by

different microorganisms:.




Different microorganisms like Actinomycetes, Pseudomonas, Bacillus, Aspergillus,
Penicillium, etc. are involved in the solubilization of phosphorus in the soil so that it is
available to plants and other animals.

Besides, rain also causes solubilization of inorganic phosphorus so that it is transported to the
oceans.

Natural processes like volcanic activity and asteroid activity also aid in the release of
phosphorus into the soil.

2. Phosphorus intake by plants

The available phosphorus in the soil is then taken up by different living beings like plants and
microorganisms.

The amount of phosphorus available to plants in the soil is very less, and thus, fertilizers
containing phosphorus are to be added to improve plant growth and soil fertility.

The aquatic plants in oceans also absorb phosphorus from the lower layers of aquatic
sediments.

However, some phosphorus salt might not dissolve properly in water, and thus the availability
of phosphorus in water might also be limited.

Plants can either take up phosphorus directly from the soil, or the phosphorus can be made

available to plants by different symbiotic microorganisms.

Movement of phosphorus in the food chain

The phosphorus absorbed by the plants is used to form different organic compounds in the
producers.

The organic compounds then move through the food chain as consumers feed on producers,
resulting in the movement of phosphorus from one form of life to another.

The organic form of phosphorus also undergoes changes as it moves through the consumers.
The phosphorus transferred to the consumers is used for the formation of biomolecules like

the nucleotides and connective tissues like bones.

Return of phosphorus to the ecosystem

The phosphorus present in living beings can be transferred back to the reservoir in the
lithosphere by the action of decomposing microorganisms on the dead plants and animals.

In this step, the organic forms of phosphorus are converted into their inorganic forms by the
process of mineralization.

Different decomposing or saprophytic microorganisms like fungi and bacteria are involved in
this step to balance the concentration of phosphorus in the ecosystem.

The phosphorus in the soil is also transported to the ocean during rainfall or by the running
off of soil to the water bodies.

The phosphorus in the ocean undergoes deposition, forming layers of sediments that will lead
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Example

Along with the primary phosphorus cycle, there are different parallel systems that are indirectly

involved in the transport of phosphorus through different reservoirs, to maintain a balance. There

are different reservoirs in different ecosystems, all of which can absorb, the release of transport

phosphorus from one form to another.

1. Lithosphere

e The largest phosphorus reservoir on the Earth is the minerals in the lithosphere, which is
dominated by the oceanic and freshwater sediments.

e The initial source of phosphorus on Earth is obtained via chemical weathering and soil
formation processes.

e These compounds are either formed from natural processes like volcanoes and earthquakes,
which increases the phosphorus content on the land.

o Besides, during the cycling process, the phosphorus returns back to the land as the
phosphorus-rich soil runoffs reach the oceans.

e These soil particles form layers of sediments underneath the water which eventually forms
mineralized rocks.

2. Biosphere

o The terrestrial biosphere and the ocean phosphorus reservoir also play an essential role in the
phosphorus cycle.

e Most of the phosphorus is not available to living beings as it is present in an insoluble form.

e The biosphere, however, acts as a sink where the excess phosphorus can be stored. Living
organisms take up phosphorus to form different biomolecules that are imperative for their
growth and functioning.

e The microorganisms found in the biosphere also play an essential role where they help in the
solubilization of inorganic phosphorus to make it available to the producers.

e The biosphere acts as a middle man in the recycling of phosphorus back to the lithosphere.

Significance

The phosphorus cycle is essential to balance the concentration of phosphorus on the Earth’s
surface so as to create a hospitable environment on the planet.

Phosphorus is one of the important elements for all living beings, and its movement through
different systems helps to understand different biological factors and factors that influence
them.

The phosphorus cycle is also tied to the availability of other elements and compounds like

nitrogen and sulfur as phosphorus exists in a combined form with other elements in nature.




e The phosphorus cycle enables the flow of energy in the form of ATP through the food chain.
The phosphorus compounds carry chemical energy trapped from producers to consumers to
decomposers.

e The decomposition or mineralization of phosphorus is one of the processes involved in the
natural waste removal system.

e The phosphorus cycle is responsible for increasing the availability of phosphorus in the soil
for plant growth and soil fertility.

e Understanding the mechanism of the phosphorus cycle helps to understand the physiology of
different microorganisms involved in the process.

Human Impacts on the Phosphorus Cycle

e The use of artificial fertilizers in the soil affects the phosphorus levels in the soil, which in
turn affects the overall phosphorus cycle.

e The most important anthropogenic change to the phosphorus cycle is a massive transfer from
the vast and unavailable reserve pool to biologically available forms on land.

e The mining of phosphate-rich rocks also changes the availability of phosphorus in different
ecosystems.

e The increase in the concentration of phosphorus in the oceans as a result of soil runoffs
causes an increase in the formation of algal blooms, which then decreases the oxygen

availability of the ocean.

OZONE DEPLETION

Ozone Layer Depletion

“Ozone layer depletion is the gradual thinning of the earth’s ozone layer in the upper

atmosphere caused due to the release of chemical compounds containing gaseous bromine or
chlorine from industries or other human activities.”
What is Ozone Layer Depletion?

Ozone layer depletion is the thinning of the ozone layer present in the upper atmosphere. This
happens when the chlorine and bromine atoms in the atmosphere come in contact with ozone and
destroy the ozone molecules. One chlorine can destroy 100,000 molecules of ozone. It is

destroyed more quickly than it is created.

Some compounds release chlorine and bromine on exposure to high ultraviolet light, which then
contributes to the ozone layer depletion. Such compounds are known as Ozone Depleting
Substances (ODS).




The ozone-depleting substances that contain chlorine include chlorofluorocarbon, carbon
tetrachloride, hydrochlorofluorocarbons, and methyl chloroform. Whereas, the ozone-depleting

substances that contain bromine are halons, methyl bromide, and hydro bromofluorocarbons.

Chlorofluorocarbons are the most abundant ozone-depleting substance. It is only when the

chlorine atom reacts with some other molecule, it does not react with ozone.

Montreal Protocol was proposed in 1987 to stop the use, production and import of ozone-
depleting substances and minimise their concentration in the atmosphere to protect the ozone
layer of the earth.

Causes of Ozone Layer Depletion

The ozone layer depletion is a major concern and is associated with a number of factors. The main
causes responsible for the depletion of the ozone layer are listed below:

Chlorofluorocarbons

Chlorofluorocarbons or CFCs are the main cause of ozone layer depletion. These are released by

solvents, spray aerosols, refrigerators, air-conditioners, etc.

The molecules of chlorofluorocarbons in the stratosphere are broken down by the ultraviolet

radiations and release chlorine atoms. These atoms react with ozone and destroy it.
Unregulated Rocket Launches

Researches say that the unregulated launching of rockets result in much more depletion of ozone
layer than the CFCs do. If not controlled, this might result in a huge loss of the ozone layer by the
year 2050.

Nitrogenous Compounds

The nitrogenous compounds such as NO2, NO, N2O are highly responsible for the depletion of the

ozone layer.
Natural Causes

The ozone layer has been found to be depleted by certain natural processes such as Sun-spots and

stratospheric winds. But it does not cause more than 1-2% of the ozone layer depletion.

The volcanic eruptions are also responsible for the depletion of the ozone layer.

Ozone Depleting Substances (ODS)

“Ozone depleting substances are the substances such as chlorofluorocarbons, halons, carbon

tetrachloride, nhydrofluorocarbons, etc. that are responsible jor the depletion of ozone layer.”




Following is the list of some main ozone-depleting substances and the sources from where they

are released:

Ozone-Depleting Substances Sources

Chlorofluorocarbons (CFCs) Refrigerators, air-conditioners, solvents, dry-cleaning agents, etc.
Halons Fire-extinguishers

Carbon tetrachloride Fire extinguishers, solvents

Methyl chloroform Adhesives, aerosols

Hydrofluorocarbons fire extinguishers, air-conditioners, solvents

Effects Of Ozone Layer Depletion

The depletion of the ozone layer has harmful effects on the environment. Let us see the major
effects of ozone layer depletion on man and environment.

Effects on Human Health

The humans will be directly exposed to the harmful ultraviolet radiations of the sun due to the
depletion of the ozone layer. This might result in serious health issues among humans, such as

skin diseases, cancer, sunburns, cataract, quick ageing and weak immune system.
Effects on Animals

Direct exposure to ultraviolet radiations leads to skin and eye cancer in animals.
Effects on the Environment

Strong ultraviolet rays may lead to minimal growth, flowering and photosynthesis in plants. The

forests also have to bear the harmful effects of the ultraviolet rays.
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Effects on Marine Life

Planktons are greatly affected by the exposure to harmful ultraviolet rays. These are higher in the
aquatic food chain. If the planktons are destroyed, the organisms present in the food chain are also
affected.

Solutions to Ozone Layer Depletion

The depletion of the ozone layer is a serious issue and various programmes have been launched by
the government of various countries to prevent it. However, steps should be taken at the
individual level as well to prevent the depletion of the ozone layer.

Following are some points that would help in preventing this problem at a global level:
Avoid Using ODS

Reduce the use of ozone depleting substances. E.g. avoid the use of CFCs in refrigerators and air

conditioners, replacing the halon based fire extinguishers, etc.
Minimise the Use of Vehicles

The vehicles emit a large amount of greenhouse gases that lead to global warming as well as

ozone depletion. Therefore, the use of vehicles should be minimised as much as possible.
Use Eco-friendly Cleaning Products

Most of the cleaning products have chlorine and bromine releasing chemicals that find a way into
the atmosphere and affect the ozone layer. These should be substituted with natural products to

protect the environment.
Use of Nitrous Oxide should be Prohibited

The government should take actions and prohibit the use of harmful nitrous oxide that is adversely
affecting the ozone layer. People should be made aware of the harmful effects of nitrous oxide and

the products emitting the gas so that its use is minimised at the individual level as well.

GLOBAL WARMING

Global warming is the phenomenon of a gradual increase in the temperature near the earth’s
surface. This phenomenon has been observed over the past one or two centuries. This change has
disturbed the climatic pattern of the earth. However, the concept of global warming is quite
controversial but the scientists have provided relevant data in support of the fact that the

temperature of the earth is rising constantly.
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There are several causes of global warming, which have a negative effect on humans, plants and
animals. These causes may be natural or might be the outcome of human activities. In order to
curb the issues, it is very important to understand the negative impacts of global warming.

Causes of Global Warming

Following are the major causes of global warming:

Man-made Causes of Global Warming

Deforestation

Plants are the main source of oxygen. They take in carbon dioxide and release oxygen thereby
maintaining environmental balance. Forests are being depleted for many domestic and
commercial purposes. This has led to an environmental imbalance, thereby giving rise to global

warming.
Use of Vehicles

The use of vehicles, even for a very short distance results in various gaseous emissions. Vehicles
burn fossil fuels which emit a large amount of carbon dioxide and other toxins into the

atmosphere resulting in a temperature increase.
Chlorofluorocarbon

With the excessive use of air conditioners and refrigerators, humans have been adding CFCs into
the environment which affects the atmospheric ozone layer. The ozone layer protects the earth
surface from the harmful ultraviolet rays emitted by the sun. The CFCs has led to ozone layer

depletion making way for the ultraviolet rays, thereby increasing the temperature of the earth.
Industrial Development

With the advent of industrialization, the temperature of the earth has been increasing rapidly. The

harmful emissions from the factories add to the increasing temperature of the earth.

In 2013, the Intergovernmental Panel for Climate Change reported that the increase in the global
temperature between 1880 and 2012 has been 0.9 degrees Celsius. The increase is 1.1 degrees

Celsius when compared to the pre-industrial mean temperature.
Agriculture

Various farming activities produce carbon dioxide and methane gas. These add to the greenhouse

gases in the atmosphere and increase the temperature of the earth.
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Overpopulation
Increase in population means more people breathing. This leads to an increase in the level of
carbon dioxide, the primary gas causing global warming, in the atmosphere.

Natural Causes of Global Warming

Volcanoes

Volcanoes are one of the largest natural contributors to global warming. The ash and smoke
emitted during volcanic eruptions goes out into the atmosphere and affects the climate.

Water Vapour

Water vapour is a kind of greenhouse gas. Due to the increase in the earth’s temperature more
water gets evaporated from the water bodies and stays in the atmosphere adding to global

warming.
Melting Permafrost

Permafrost is there where glaciers are present. It is a frozen soil that has environmental gases
trapped in it for several years. As the permafrost melts, it releases the gases back into the

atmosphere increasing the earth’s temperature.
Forest Blazes

Forest blazes or forest fires emit a large amount of carbon-containing smoke. These gases are

released into the atmosphere and increase the earth’s temperature resulting in global warming.

Effects of Global Warming

Following are the major effects of global warming:

Rise in Temperature

Global warming has led to an incredible increase in earth’s temperature. Since 1880, the earth’s
temperature has increased by ~1 degrees. This has resulted in an increase in the melting of
glaciers, which have led to an increase in the sea level. This could have devastating effects on

coastal regions.

Threats to the Ecosystem




Global warming has affected the coral reefs that can lead to a loss of plant and animal lives.
Increase in global temperatures has made the fragility of coral reefs even worse.

Climate Change

Global warming has led to a change in climatic conditions. There are droughts at some places and
floods at some. This climatic imbalance is the result of global warming.

Spread of Diseases

Global warming leads to a change in the patterns of heat and humidity. This has led to the
movement of mosquitoes that carry and spread diseases.

High Mortality Rates

Due to an increase in floods, tsunamis and other natural calamities, the average death toll usually

increases. Also, such events can bring about the spread of diseases that can hamper human life.

Loss of Natural Habitat

A global shift in the climate leads to the loss of habitats of several plants and animals. In this case,
the animals need to migrate from their natural habitat and many of them even become extinct.

This is yet another major impact of global warming on biodiversity.

Higher Temperatures: The average temperature on the Earth has increased by 1.5 degrees
Celsius (2.7 degrees Fahrenheit) since 1900, and many scientists predict that this trend will

continue due to global warming.

Rising Sea Level: Sea levels along the United States coastline are projected to rise between 10

and 12 inches by 2050, which could destroy islands and coastal cities.

Extreme Weather Events: Global warming has been linked to an increase in extreme weather

events, such as floods, tornadoes, and hurricanes, which can cause deaths, famine, and disease.

Plant and Animal Extinction: Rising global temperatures can cause parts of the planet to

become uninhabitable for many native plant and animal species.

Ocean Acidification: Because of escalating carbon dioxide emissions, oceans are becoming more

acidic and harmful to marine life.
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Dirtier Air: Hotter temperatures lead to more smog, which can trigger respiratory problems and

aggravate existing health conditions.

Disappearing Polar Ice: When the water frozen in polar sea ice melts into the oceans, it can have

a huge impact on rising sea levels and speed up the heating of Earth’s atmosphere.

How to stop Global Warming:

e Use Renewable Energy: Using solar power, wind power, or other alternative
energy sources can reduce your carbon footprint (and may lower your electricity bill).

e Recycle: Ensure that all waste materials, including paper, plastics, aluminum, and glass,
are sent to your local recycling center or composted whenever possible.

e Use Less Power: Turn off lights and unplug appliances when they're not in use.

e Opt for Sustainable Transportation: Walk, bike, carpool, invest in an electric vehicle, or

switch your daily commute to public transportation instead of driving a vehicle solo

GREENHOUSE EFFECT
The greenhouse effect is the process through which heat is trapped near Earth's surface by
substances known as 'greenhouse gases.' Imagine these gases as a cozy blanket enveloping our
planet, helping to maintain a warmer temperature than it would have otherwise. Greenhouse gases
consist of carbon dioxide, methane, ozone, nitrous oxide, chlorofluorocarbons, and water vapor.
Water vapor, which reacts to temperature changes, is referred to as a 'feedback’, because it

amplifies the effect of forces that initially caused the warming.

Scientists have determined that carbon dioxide plays a crucial role in maintaining the
stability of Earth's atmosphere. If carbon dioxide were removed, the terrestrial greenhouse effect
would collapse, and Earth's surface temperature would drop significantly, by approximately 33°C
(59°F).

Greenhouse gases are part of Earth's atmosphere. This is why Earth is often called the
'Goldilocks' planet — its conditions are just right, not too hot or too cold, allowing life to thrive.
Part of what makes Earth so amenable is its natural greenhouse effect, which maintains an average
temperature of 15 °C (59 °F) . However, in the last century, human activities, primarily from
burning fossil fuels that have led to the release of carbon dioxide and other greenhouse gases into
the atmosphere, have disrupted Earth's energy balance. This has led to an increase in carbon
dioxide in the atmosphere and ocean. The level of carbon dioxide in Earth’s atmosphere has been
rising consistently for decades and traps extra heat near Earth's surface, causing temperatures to

rise.
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The greenhouse effect is a natural process that warms the Earth's surface. When the Sun's
energy reaches the Earth's atmosphere, some of it is reflected back to space and the rest is
absorbed and re-radiated by greenhouse gases. ... The absorbed energy warms the atmosphere and
the surface of the Earth.

The major greenhouse gases (GHG’s) solely responsible for greenhouse effect are Carbon
dioxide, Ozone, Methane and Water vapor. Although these gases comprise 1% of our atmosphere,
they act like a thick warm blanket outside that surrounds this planet and regulate climate control.

Greenhouse effect is not bad. In fact, it is needed for all of us to survive on planet Earth.

Causes of the Greenhouse Effect

1. Burning of Fossil Fuels:

Fossil fuels like coal, oil and natural gas have become an integral part of our life. They are
used on large basis to produce electricity and for transportation. When they are burnt, the carbon
stored inside them is released which combines with oxygen in the air to create carbon dioxide.
With the increase in the population, the number of vehicles have also increased and this has
resulted in increase in the pollution in the atmosphere. When these vehicles run, they release

carbon dioxide, which is one the main gas responsible for increase in greenhouse effect.

2. Deforestation:

Forests hold a major green area on the planet Earth. Plants and trees intake carbon dioxide
and release oxygen, through the process of photosynthesis, which is required by humans and
animals to survive. Large scale development has resulted in cutting down of trees and forests
which has forced people to look for alternate places for living. When the wood is burnt, the stored

carbon in converted back into carbon dioxide.

3. Increase in Population:

Over the last few decades, there have been huge increase in the population. Now, this has
resulted in increased demand for food, cloth and shelter. New manufacturing hubs have come up
cities and towns that release some harmful gases into the atmosphere which increases the
greenhouse effect. Also, more people means more usage of fossil fuels which in turn has

aggravated the problem.
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4. Farming:

Nitrous oxide is one the greenhouse gas that is used in fertilizer and contributes to

greenhouse effect which in turn leads to global warming.

5. Industrial Waste and Landfills:

Industries which are involved in cement production, fertilizers, coal mining activities, oil
extraction produce harmful greenhouse gases. Also, landfills filled with garbage produce carbon

dioxide and methane gas contributing significantly to greenhouse effect.
CONSEQUENCES OF GREENHOUSE EFFECT

The increase in the average temperature on Earth is changing living conditions on the planet. Let's

find out about the main consequences of this phenomenon:

e Thawing of glacial masses

Glacial retreat also has its own consequences: reduced albedo — the percentage of solar
radiation that the earth's surface reflects or returns to the atmosphere —, a global rise in sea level
and the release of large methane columns are only some of them, however, they are all dramatic

for the planet.

e Flooding of islands and coastal cities

As stated in the fifth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC, 2014), during the period 1901-2010 the global average sea level rose 19 centimetres. It is
estimated that by 2100 the sea level will be between 15 and 90 centimetres higher than it is now

and will threaten 92 million people.
e Hurricanes

The intensification of the greenhouse effect does not cause these extreme climatic events,
but it does increase there intensity.Hurricanes are connected with sea temperature — they only

form over waters that have a temperature of at least 26.51 °C.

e Migration of species

Many animal species will be forced to migrate in order to survive the changes in the main

climatic patterns altered by the progressive increase in temperatures. Human beings will also
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have to move: according to the World Bank, by 2050 the number of people forced to flee their

homes due to extreme droughts or violent floods could reach 140 million.
o Desertification of fertile areas

Global warming is having a profound impact on the processes of soil degradation and is
contributing to the desertification of the most arid areas on the planet. Desertification destroys all
the biological potential of affected regions, turning them into barren and unproductive land. As
recognised by the UN on the occasion of the World Day to Combat Desertification in 2018, 30%

of land has been degraded and lost its real value.

AIR POLLUTION

Air Pollution Definition

“Air Pollution is the release of pollutants such as gases, particles, biological molecules, etc. into
the air that is harmful to human health and the environment.”

What is Air Pollution?

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

drastically.

There is a certain percentage of gases present in the atmosphere. An increase or decrease in the
composition of these gases is harmful to survival. This imbalance in the gaseous composition has
resulted in an increase in earth’s temperature, which is known as global warming.

Types of Air Pollutants

There are two types of air pollutants:

Primary Pollutants

The pollutants that directly cause air pollution are known as primary pollutants. Sulphur-dioxide

emitted from factories is a primary pollutant.

Secondary Pollutants

The pollutants formed by the intermingling and reaction of primary pollutants are known as
secondary pollutants. Smog, formed by the intermingling of smoke and fog, is a secondary

pollutant.




Causes of Air Pollution

Following are the important causes of air pollution:

Burning of Fossil Fuels

The combustion of fossil fuels emits a large amount of sulphur dioxide. Carbon monoxide
released by incomplete combustion of fossil fuels also results in air pollution.

Automobiles

The gases emitted from vehicles such as jeeps, trucks, cars, buses, etc. pollute the environment.
These are the major sources of greenhouse gases and also result in diseases among individuals.
Agricultural Activities

Ammonia is one of the most hazardous gases emitted during agricultural activities. The
insecticides, pesticides and fertilizers emit harmful chemicals in the atmosphere and contaminate
it.

Factories and Industries

Factories and industries are the main source of carbon monoxide, organic compounds,
hydrocarbons and chemicals. These are released into the air, degrading its quality.

Mining Activities

In the mining process, the minerals below the earth are extracted using large pieces of equipment.
The dust and chemicals released during the process not only pollute the air, but also deteriorate
the health of the workers and people living in the nearby areas.

Domestic Sources

The household cleaning products and paints contain toxic chemicals that are released in the air.
The smell from the newly painted walls is the smell of the chemicals present in the paints. It not

only pollutes the air but also affects breathing.

Effects of Air Pollution

The hazardous effects of air pollution on the environment include:

Diseases
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Air pollution has resulted in several respiratory disorders and heart diseases among humans. The
cases of lung cancer have increased in the last few decades. Children living near polluted areas are
more prone to pneumonia and asthma. Many people die every year due to the direct or indirect
effects of air pollution.

Global Warming

Due to the emission of greenhouse gases, there is an imbalance in the gaseous composition of the
air. This has led to an increase in the temperature of the earth. This increase in earth’s temperature
is known as global warming. This has resulted in the melting of glaciers and an increase in sea

levels. Many areas are submerged underwater.

Acid Rain

The burning of fossil fuels releases harmful gases such as nitrogen oxides and sulphur oxides in
the air. The water droplets combine with these pollutants, become acidic and fall as acid rain

which damages human, animal and plant life.

Ozone Layer Depletion

The release of chlorofluorocarbons, halons, and hydro chlorofluorocarbons in the atmosphere is
the major cause of depletion of the ozone layer. The depleting ozone layer does not prevent the
harmful ultraviolet rays coming from the sun and causes skin diseases and eye problems among
individuals.

Effect on Animals

The air pollutants suspend on the water bodies and affect the aquatic life. Pollution also compels
the animals to leave their habitat and shift to a new place. This renders them stray and has also led
to the extinction of a large number of animal species.

Air Pollution Control

Following are the measures one should adopt, to control air pollution:

Avoid Using Vehicles

People should avoid using vehicles for shorter distances. Rather, they should prefer public modes

of transport to travel from one place to another. This not only prevents pollution, but also

CONSETVES ENergy.
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Energy Conservation

A large number of fossil fuels are burnt to generate electricity. Therefore, do not forget to switch
off the electrical appliances when not in use. Thus, you can save the environment at the individual

level. Use of energy-efficient devices such CFLs also controls pollution to a greater level.

Use of Clean Energy Resources

The use of solar, wind and geothermal energies reduce air pollution at a larger level. Various
countries, including India, have implemented the use of these resources as a step towards a cleaner

environment.

Other air pollution control measures include:

1. By minimizing and reducing the use of fire and fire products.

2. Since industrial emissions are one of the major causes of air pollution, the pollutants can
be controlled or treated at the source itself to reduce its effects. For example, if the
reactions of a certain raw material yield a pollutant, then the raw materials can be
substituted with other less polluting materials.

3. Fuel substitution is another way of controlling air pollution. In many parts of India, petrol
and diesel are being replaced by CNG — Compressed Natural Gas fueled vehicles. These
are mostly adopted by vehicles that aren’t fully operating with ideal emission engines.

4. Although there are many practices in India, which focus on repairing the quality of air,
most of them are either forgotten or not being enforced properly. There are still a lot of
vehicles on roads which haven’t been tested for vehicle emissions.

5. Another way of controlling air pollution caused by industries is to modify and maintain
existing pieces of equipment so that the emission of pollutants is minimized.

6. Sometimes controlling pollutants at the source is not possible. In that case, we can have
process control equipment to control the pollution.

7. A very effective way of controlling air pollution is by diluting the air pollutants.

8. The last and the best way of reducing the ill effects of air pollution is tree plantation.
Plants and trees reduce a large number of pollutants in the air. Ideally, planting trees in

areas of high pollution levels will be extremely effective.
SOIL POLLUTION

Soil pollution is defined as the presence of toxic chemicals (pollutants or contaminants) in the
soil, in very high concentrations to pose a risk to human health and the ecosystem. Or in simple

words Alteration in the natural soil due to human activities is termed Soil Pollution. For example,




exposure to soil containing high concentrations of benzene can increase the risk of soil pollution
diseases like contracting leukemia.

Soil contamination can occur because of human activities or because of natural processes.
However, mostly it is due to human activities. It occurs due to many different activities such as
overuse of pesticides the soil will lose its fertility and the presence of excess chemicals will
increase the acidity or alkalinity of soil and hence degrading the quality of the soil.

Types of Soil Pollution
e Agriculture soil pollution is caused due to the excessive use of pesticides and insecticides.

o Soil Pollution by industrial discharges of chemicals from mining and manufacturing of

goods.
« Solid waste soil pollution/ Poor management or inefficient disposal of waste.

o Soil Pollution due to urban activities. etc

Soil Pollution Causes
Industrial Pollution

The discharge of industrial waste into soils can result in soil pollution. In India, as mining and
manufacturing activities are increasing rapidly, soil degradation is also increasing. The extraction
of minerals from the earth is responsible for affecting soil fertility. Whether it is iron ore or coal,
the by-products are contaminated, and they are disposed of in a manner that is not considered safe.
As a result, the industrial waste stays on the soil surface for a long duration and makes it
unsuitable for further use.

Agricultural Activities

The use of insecticides and pesticides for a long period can cause soil pollution. Repetitive use
can cause insects and pests to become resistant to it. Instead of Killing pests and insects, it
degrades the soil quality. They are full of chemicals that are not produced in nature and cannot be
broken down by them. As a result, they seep into the ground after they mix with water and slowly
reduce the fertility of the soil. Plants absorb many of these pesticides, and after decomposition
cause soil pollution.

Waste Disposal

Disposal of plastics and other solid waste is a serious issue that causes soil pollution, disposal of
electrical items such as batteries causes an adverse effect on the soil due to the presence of
harmful chemicals. Eg: lithium present in batteries can cause the leaching of soil. Human waste

such as urine, faeces, diapers, etc is dumped directly in the land. It causes both soil and water

ollution
OHUHOA:




Acid Rain

It is caused when pollutants present in the air mix with the rain and fall back on the ground. The
polluted water could dissolve away some of the essential nutrients found in soil and change the
structure of the soil thus making it unsuitable for agriculture.

Heavy Metals

The presence of heavy metals (such as lead and mercury) in very high concentrations present in
soils can cause them to become highly toxic for human beings.
Nuclear Waste

It can also lead to soil degradation.
Oil Spills

Oil leaks can happen during the storage or transport of chemicals, the chemicals present in the
fuel deteriorates the quality of soil and make them unsuitable for further cultivation, chemicals
can also enter into the groundwater through the soil, and hence it will make water undrinkable.
Effects of Soil Pollution

Soil pollution affects the health of humans, plants, and animals. Crops or plants grown on such
contaminated soil absorb toxic material from the soil and will decrease the agricultural output of
the land. When animals or human beings consume these crops or plants the toxic material can
pass into their body.

Long-term consumption of these crops may cause chronic diseases that are untreatable. children
are usually more susceptible to exposure to contaminants because they come in close contact with
the soil by playing in the ground, So, it is always important to test the quality of the soil before
allowing kids to play there, especially in an industrialized area.

Effects of Soil Pollution on Human Health

The contamination of soil has a major consequence on human health. Crops and plants that are
grown on polluted soil absorb most of the pollution and then pass them to humans. Living,
working, or playing in contaminated soil can lead to respiratory diseases, skin diseases, and other
health problems. Diseases caused by soil pollution include Irritation of the skin and the eyes,
Headaches, nausea, vomiting, Coughing, pain in the chest, and wheezing.

Effects on Plants

In such a short period of time, plants are unable to adapt to the soil change chemistry. Fungi and
bacteria found in the soil that bind them together start to decline, which creates an additional
problem in soil erosion. Regular use of chemical fertilizers, inorganic fertilizers, pesticides will

decrease the fertility of the soil and alter the structure of soil. This will lead to a decrease in soil




quality and poor quality of crops. The fertility of the soil diminishes slowly, making land
unsuitable for agriculture and any local vegetation to survive.

Effects on the Ecosystem

The soil is an important habitat for different types of microorganisms, birds, and insects. Thus,
change in the chemistry of soil can negatively impact the lives of living organisms and can result
in the gradual death of many organisms.

The toxic substances that are deposited on the earth's surface harm our health and well-being and
affect food, water and air quality. The most important effects of soil pollution according to IPBES
and the FAO are indicated below:

Damage to health: Soil pollutants enter our body through the food chain, causing illnesses to
appear. Moreover, the spread of antibiotics in the environment increases the pathogens' resistance

to these drugs.

Poorer harvests: Soil pollution agents jeopardise world food security by reducing the amount and

quality of harvests.
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Climate change: From 2015 to 2050, 69 gigatonnes of CO2 will be emitted as a result of land use
change and land degradation, a figure that represents 17% of current greenhouse gas emissions

each year

Water and air pollution: Soil degradation affects the quality of air and water, particularly in

developing countries.

Population displacement: Soil degradation and climate change will have driven between 50 and
700 million people to emigrate by 2050.

Species extinction: Soil contamination is one of the main causes that could trigger the sixth mass
extinction event in history —wildlife populations fell by 69% between 1970 and 2018, according
to WWF's Living Planet Report—.

Desertification: The number of inhabitants in the most arid areas of the earth could account for 45
% of the world's population in 2050, while world wetland areas have decreased in size by 87

% over the last three centuries.

Economic impact: Global economic losses caused by soil degradation are expected to be more

than half of the world's annual Gross Domestic Product (GDP).

Solutions to reduce soil pollution

Soil degradation is a complex problem that requires governments, institutions, communities and
individuals to take joint measures. The following are just some of the things we can do to improve
its health:

o Eat sustainable foodstuffs, properly recycle batteries, produce homemade compost and

dispose of drugs in the places authorised for this purpose.

e Encourage a more eco-friendly model for industry, farming and stock breeding, among

other economic activities.

e Improve urban planning and transport planning and waste water treatment.
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o Improve the management of mining waste, restore the landscape and conserve topsoil.

o Involve local communities and indigenous peoples in the design, implementation and

assessment of sustainable land and soil management.

Reduced Use of Chemical Fertilizers

Chemical fertilizers are more damaging than helpful. While the right quantity can help the soil
become more fertile, too much might potentially poison it. Chemical fertilizers in excess could
harm the soil in a variety of ways. It has the ability to affect the soil's pH values.

Reforestation and Afforestation Should be Promoted

Soil erosion, which is produced by deforestation, is one of the major sources of soil pollution.
With an ever-increasing population, it is only logical that mankind requires more and more room
to expand their civilization. It is frequently accomplished at the expense of soil health.
Reforestation of a deforested area should be encouraged to prevent this from happening.

Recycle and Reuse Products

These measures not only reduce waste output, but they also reduce soil pollution. Plastic now
makes up a significant portion of the waste flow. The great majority of these wastes are buried in
landfills.

Promote Use of Natural Manure

One of the best sources of nutrients for the soil is natural manure. It's 100% natural and safe. It
restores the soil's critical nutrients and improves its overall health. It doesn't produce any toxic by-

products that could harm the soil or the environment.
LAND DEGRADATION

Land degradation is a process in which the value of the biophysical environment is affected by a
combination of human-induced processes acting upon the land. It is viewed as any change
or disturbance to the land perceived to be deleterious or undesirable. Natural hazards are excluded
as a cause; however human activities can indirectly affect phenomena such as floods and bush

fires.

This is considered to be an important topic of the 21st century due to the implications land
degradation has upon agricultural productivity, the environment, and its effects on food

security. It is estimated that up to 4% of the world's agricultural land is seriously degraded.

According to the Special Report on Climate Change and Land of the Intergovernmental Panel on
Climate Change: "About a quarter of the Earth's ice-free land area is subject to human-induced

degradation (medium confidence). Soil erosion from agricultural fields is estimated to be
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currently 10 to 20 times (no-tillage) to more than 100 times (conventional tillage) higher than the

soil formation rate (medium confidence)."

The United Nations estimate that about 30% of land is degraded worldwide, and about 3.2 billion
people reside in these degrading areas. About 12 million hectares of productive land — which
roughly equals the size of Greece — is degraded every year. This happens because people exploit
the land without protecting it. The United Nations Sustainable Development Goal 15 has a target

to restore degraded land and soil and achieve a land degradation-neutral world by 2030.

= Consequences

There are four main ways of looking at land degradation and its impact on the environment

around it;

1. A temporary or permanent decline in the productive capacity of the land. This can be seen
through a loss of biomass, a loss of actual productivity or in potential productivity, or a
loss or change in vegetative cover and soil nutrients.

2. Action in the land's capacity to provide resources for human livelihoods. This can be
measured from a base line of past land use.

3. Loss of biodiversity: A loss of range of species or ecosystem complexity as a decline in
the environmental quality.

4. Shifting ecological risk: increased vulnerability of the environment or people to
destruction or crisis. This is measured through a base line in the form of pre-existing risk

of crisis or destruction.

A problem with defining land degradation is that what one group of people might view as
degradation, others might view as a benefit or opportunity. For example, planting crops at a
location with heavy rainfall and steep slopes would create scientific and environmental concern
regarding the risk of soil erosion by water, yet farmers could view the location as a favourable one

for high crop yields.

Different types

In addition to the usual types of land degradation that have been known for centuries (water, wind
and mechanical erosion, physical, chemical and biological degradation), four other types have

emerged in the last 50 years:

o pollution, often chemical, due to agricultural, industrial, mining or commercial activities;
e loss of arable land due to urban construction, road building, land conversion, agricultural

expansion, etc.;
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« artificial radioactivity, sometimes accidental,

« land-use constraints associated with armed conflicts.

Overall, more than 36 types of land degradation can be assessed. All are induced or aggravated by
human activities, e.g. soil erosion, soil contamination, soil acidification, sheet

erosion, silting, aridification, salinization, urbanization, etc.

Causes

The rate of global tree cover loss has approximately doubled since 2001, to an annual loss
approaching an area the size of Italy. Overgrazing by livestock can lead to land degradation. Land
degradation is a global problem largely related to agricultural use, deforestation and climate

change.

Causes include:

e Land clearance, such as clearcutting and deforestation

o Agricultural depletion of soil nutrients through poor farming practices

o Livestock including overgrazing and overdrafting

« Inappropriate irrigation*® and overdrafting

e Urban sprawl and commercial development

e Vehicle off-roading

e Quarrying of stone, sand, ore and minerals

e Increase in field size due toeconomies of scale, reducing shelter for wildlife,
as hedgerows and copses disappear

o Exposure of naked soil after harvesting by heavy equipment

e Monoculture, destabilizing the local ecosystem

e Dumping of non-biodegradable trash, such as plastics

e Invasive Species

e Climate change

e Loss of soil carbon

Climate change and land degradation

According to the Special Report on Climate Change and Land of the Intergovernmental Panel on
Climate Change climate change is one of the causes of land degradation. The report state that:
"Climate change exacerbates land degradation, particularly in lowlying coastal areas, river deltas,
drylands and in permafrost areas (high confidence). Over the period 1961-2013, the annual area

of drylands in drought has increased, on average by slightly more than 1% per year, with large
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inter-annual variability. In 2015, about 500 (380—-620) million people lived within areas which
experienced desertification between the year 1980s and 2000s. The highest numbers of people
affected are in South and East Asia, the circum Sahara region including North Africa, and the
Middle East including the Arabian Peninsula (low confidence). Other dryland regions have also
experienced desertification. People living in already degraded or desertified areas are increasingly
negatively affected by climate change (high confidence).” Additionally, it is claimed that 74% of
the poor are directly affected by land degradation globally.

Significant land degradation from seawater inundation, particularly in river deltas and on low-
lying islands, is a potential hazard that was identified in a 2007 IPCC report.

As a result of sea-level rise from climate change, salinity levels can reach levels where agriculture

becomes impossible in very low-lying areas.

One way to consider climate change and land degradation is through the discipline of Land
Change Science, which, among other things, tracks the long-term consequences of land
degradation on the climate of a given area. By understanding the links between land degradation

and climate change, scientists can better inform the creation of policies to reduce harm.
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UNIT- 11

CHARACTERISTICS OF WASTE WATER

I. Physical characteristics of sewage:

1. Temperature:

= Temperature of sewage depends upon season. However temperature is slightly higher than

that of ground water.

= High temperature of sewage is due to evolution of heat during decomposition of organic

matter in sewage.

2. Color:

= Color of sewage indicates its strength and age.
= Fresh domestic sewage is grey in color but septic sewage is dark in color

= When industrial effluent is mixed it give characteristic color to sewage

3. Odor:

= Fresh domestic sewage is almost odorless.

= Septic or stale sewage is putrid in odor which is due to generation of H2S during anaerobic

decomposition of organic matters.
= When industrial effluent is mixed, it give characteristics odor to sewage

4. Turbidity:

= Sewage is highly turbid.

= Turbidity of sewage is due to dissolved substances, colloidal matters, suspended solids and

microbial cells.

Il. Chemical characteristics of sewage:

1. Organic matter:

= In general sewage contains large amount of organic matters. However amount of organic

matter depends on types and condition of sewage.

= Organic matter in sewage may be found in the form of dissolved substances, colloidal

matter, suspended or sedimented form.




. Chloride:

= Human beings discharge large amount (8-15gm/day) of chloride in the form of NacCl,
especially through urine and sweat. So domestic sewage from toilet and bathroom contains
higher level of chloride.

= Sulfite:

= In sewage sulfite in the form of H2S (hydrogen sulfite) is generated during anaerobic
decomposition of organic matters by anaerobic bacteria.

= H2S gives putrid odor to sewage.

. Biological oxygen demand (BOD):

= Sewage usually have high BOD due to presence of large amount of organic matters.

= Value of BOD ranges from 100mg/Itr for very dilute sewage to 600mg/Itr or more for

concentrated sewage containing industrial effluent mix.

. Dissolved oxygen (DO):

= Due to high level of microbial cells and biodegradable organic matters, sewage have very

low level of dissolved oxygen.
= In some sewage, DO is completely absent.

= Level of Do depends on age and condition of sewage. Low level DO is also due to lower

solubility of oxygen in sewage. Oxygen is only 95% soluble in sewage than in pure water).

. pH:

= sewage is slightly alkaline in pH

. Nitrogen:

= Some algae found in sewage includes Chlorella phormidum, Ulothrix etc

= Algae are used in trickling filter in sewage treatment plant

. Fungi:

= Fungi like Fusarium and Sporotricum are found in sewage which play important role in

trickling filter.

. Virus:




= Some viruses causing human disease such as Poliovirus, Rotavirus, Hepatitis A and E etc
are found in sewage which get access through stool of patients.

5. Protozoa:

= Some protozoa that cause disease of intestinal tract enter into sewage together with stool of

patient.

= Examples: Entamoeba histolytica, Giardia, Balantidium coli etc are pathogenic protozoa
= Few protozoa such as Vorticella and Opercularia are found in trickling filter.

WATER BORNE DISEASES

What is Water borne Diseases?

There are diseases that are transmitted by ingesting contaminated water, food and contact with
faeces that contain harmful bacteria, viruses and other disease causing microorganisms.

Most common water borne disease symptoms include:

e Diarrhea

e Abdominal pain

o Fever

o Nausea and vomiting

o Excessive thirst due to dehydration
e Loss of appetite

e Weakness

e Other gastrointestinal problems

Common causes of diseases from water

There are two major causes of water related diseases:

(i) Waterborne pathogens such as viruses and bacteria that are ingested through contaminated

water

(i) Contact with waste products such as faeces through contaminated water.

If you ingest water from unclean sources such as public tanks, lakes or tap water (which is often

contaminated in India), you might get infected with water borne disease.




There are many water borne diseases examples, most of which are caused by chemical pollution
of water bodies due to the effect of increased levels of nitrates and heavy metals on the body.
Industrial areas in India often have contaminated water
bodies because the waste from factories contains toxic materials that are dumped into nearby lakes

and rivers.

Around 37.7 million Indians are affected by consuming contaminated water every year, ranging
from simple diarrhoea to more complicated infections. This is mainly due to lack of access to safe

drinking water and living in unsanitary conditions.

Rivers such as the Ganges provide water for nearly 500 million people in India. So contamination

of even one water source can affect a large part of the population.
Most Common Diseases caused by contaminated water in India

While there are different kinds of diseases that stem from contaminated water, there are a few
which are extremely common in India and there is no collective, common disease symptoms.
These diseases typically occur both in rural and urban areas, so it’s important to take strict

precautions no matter where you live.
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Here are the characteristics and symptoms of 8 most common water borne diseases in India:

1. Typhoid

Typhoid is a common bacterial waterborne disease caused by the Salmonella typhi bacteria. This
disease is often seen in places where personal hygiene is low and handwashing is not practised
enough. According to one report, around 494 out of every 1,00,000 children in India suffer from
typhoid. A lot of villages and smaller towns in India with poor sanitation face a higher risk of

typhoid. However, it can also occur in urban cities during the monsoons.



https://www.mfine.co/article/typhoid-fever-causes-prevention-vaccine/

Typhoid can have very serious consequences and can even be fatal if proper treatment is not
administered. On average,
around 1 in every 5 cases of typhoid can be fatal. The bacteria is spread through the urine and
faeces of infected people, also known as the faeco-oral transmission route. Salmonella typhi
bacteria is also passed through contaminated food and drinking water. This makes typhoid a
highly contagious water related disease and anyone who comes in contact with an infected person

can contract the disease.

Once infected, you need to be treated immediately. Any delay in treatment can have serious

consequences.

Typhoid Symptoms:

Symptoms of typhoid are usually not immediately apparent. The bacterium enters the body
through the mouth and then makes its way to the intestine. After around 1-3 weeks, it passes
through the intestinal wall to the bloodstream. Once it enters the bloodstream, it can get passed on
to other organs in the body and it is during this period that the symptoms of typhoid become

noticeable.

Symptoms

Symptoms are likely to start slowly, often showing up 1 to 3 weeks after exposure to the bacteria.

Early illness

Early symptoms include:

Fever that starts low and increases throughout the day, possibly reaching as high as 104 degrees
Fahrenheit (40 degrees Celsius).

Chills.

Headache.

Weakness and fatigue.

Muscle aches.

Stomach pain.

Diarrhea or constipation.

Rash.

Later illness
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A few weeks after symptoms start, the illness can cause problems in the intestines. People may

have:

Stomach pain.
Very swollen stomach.

An infection caused by gut bacteria spreading throughout the body, called sepsis.

These are the most typical water borne disease symptoms if you’re suffering from typhoid.

Typhoid diagnosis and treatment in India:

Typhoid is usually diagnosed through a blood test or urine samples or stool test to check for the
presence of Salmonella typhi.

Once the diagnosis has been made, antibiotics are administered to battle against the infection. The
patient will also be given oral fluids or an IV to rehydrate them and prevent dehydration.
If the disease has reached more advanced stages and has affected the bowels, surgical treatment

might be required.

Typhoid prevention:

One of the reasons why typhoid is so dangerous is because the body’s immune system cannot
fight against it. The bacteria resides within the cells of the host, and so the immune
system cannot attack it. Thus, prevention is the most important step in combating the prevalence

of typhoid.

Here are some of the ways you can prevent typhoid:

e Drink purified mineral water
e Wash hands regularly with disinfectant
o Carry sanitiser at all times in case running water is not available

e Avoiding eating in unclean places.

There are also two vaccines available for typhoid — oral vaccine and injectable vaccine. Oral
vaccine is given to kids below 6 years of age. Injectable vaccine is given to children under 2 years

of age and 2 weeks before to people travelling to high-risk areas.

2. Cholera




Second in the water borne diseases list is Cholera, a water related disease caused by the bacterium
Vibrio cholerae. It is commonly transmitted through contaminated food and faeces. According to
a report by WHO, there are around 4 million cases of cholera each year. India has experienced
cholera outbreaks in the past and there are still active cases of cholera in the country. One study of
an at-risk locality in Kolkata found that there were around 2.2 cases out of every 1000 people. It’s
extremely important that we maintain good hygiene and sanitation to contain the spread of cholera

and protect ourselves from it.
You can contract Cholera by consuming:

o lce made from contaminated water,
« Roadside food prepared in unhygienic conditions
e Vegetables grown in unhygienic water

e Raw/uncooked fish found in dirty water

Person-to-person transmission of cholera is very rare so it is unlikely that you might contract

cholera from coming into contact with someone suffering from it.

Cholera Symptoms:

Cholera is a water borne disease that is extremely virulent and in some cases can even be life-
threatening. Once a person ingests the bacteria, it reaches the intestine and starts producing toxins

that cause diarrhoea.
Some of the common symptoms of cholera include

e Frequent, rice water coloured loose stools
e Nausea and vomiting

e Muscle cramps

e Feeling thirsty

e Abdominal pain

Cholera Diagnosis and Treatment in India:

If you are experiencing symptoms of cholera, your doctor will first look at your history to check if
you have travelled to any areas where cholera can spread. They will also check for other signs of
cholera like reduced skin elasticity and dry mucous membranes in the nose, eyelids and mouth. If
your doctor suspects a case of cholera, you will be asked to provide a stool sample.

The sample will then be examined to identify the presence of the bacteria Vibrio cholerae.
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Common treatment for cholera in India include:

o Rehydration — Drinking lots of water and ORS solution will compensate for fluids lost
from the body. ORS is available at any medical store

e Intravenous Fluids — IV drip may be needed for people who are severely dehydrated

o Antibiotics and Zinc supplements to counter infections and build resistance

o Feeling thirsty

e Abdominal pain

How to prevent infection in places where cholera is found
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3. Malaria

Malaria fever is caused by plasmodium parasites and is transmitted by the female Anopheles
mosquito that breeds on stagnant, unclean water such as lakes and sewage drains. When a carrier
mosquito bites you, the parasite enters your bloodstream and goes straight to the liver, the site of
RBC production. There, the parasite attacks your RBCs and infected RBCs burst open, resulting
in malaria symptoms and the onset of the disease. According to the WHO, India reports around 15
million cases of malaria each year. Sewage systems and public waterbodies, if maintained well

will significantly reduce Malaria cases.
Malaria Symptoms:
Some of the common symptoms of malaria include:

e Shaking and chills — can be mild or severe
e High fever

o Continuous sweating

o Nausea and vomiting

« Headaches




e Abdominal pain
e Muscle pain and weakness

e Convulsions and bloody stools in more severe cases
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Malaria diagnosis and treatment in India:

A doctor will be able to diagnose malaria fever through a medical examination and a blood test,
such as a peripheral smear to visualize the parasite and serological tests to determine the stage of
the disease.
A blood test will tell you what type of malaria you have, if it’s a drug-resistant parasite, if it has
resulted in anaemia and if any vital organs have been affected. A peripheral smear test is the most
common method to detect malaria in the blood. A drop of the patient’s blood is smeared on a
microscopic slide and is stained to identify malarial parasites. Serological tests are also done to

detect antibodies against malaria.
Malaria and dengue may have similar symptoms, so you should get a test.

Malaria is treated through a series of drugs and medications as prescribed by a doctor. To prevent
contracting malaria, always practice safe hygiene protocol, install blinds in your house to prevent
mosquitoes from entering and stay clear of unhygienic water sources such as sewage drains and

stagnant water.

4. Giardiasis:
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Giardiasis is a parasitic infection caused by Giardia lamblia, a water-based pathogen, that mainly
spreads through a faeco-oral contamination route and affects the small intestine. You may contact
Giardia by eating contaminated food or drinking contaminated water. It is quite common in India

and countries with cramped spaces and poor sanitation in communities.

Giardia lamblia is most commonly found in human and animal faeces. Swimming pools, lakes and
public water bodies are the most common infection points of this water related disease. It mostly

spreads when people come into contact with infected faeces.
Giardiasis Symptoms:

o Nausea and vomiting

e Diarrhoea

o Loss of appetite

e Abdominal pain and discomfort
e Headache

o Weight loss

o Extreme tiredness and fatigue
These are the most common water borne disease symptoms of Giardiasis.
Giardiasis diagnosis and treatment in India:

You will have to provide a stool sample to check for Giardia. If required, your doctor may also do

an enteroscopy to get a tissue sample from your intestine.

Your doctor will prescribe anti-parasitic drugs to speed up the treatment process.

5. Amoebic Dysentery:

Amoebic dysentery is a water borne disease that mainly spreads through contaminated food, water
and contact with faecal matter. It is an intestinal infection which leads to
inflammation of the intestine as well as severe abdominal cramps and diarrhoea. Blood and
mucous in the stools is common too.

Amoebic dysentery usually lasts for 3-7 days.

What is the difference between diarrhoea and dysentery?
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Diarrhoea is an infection that attacks the intestinal lumen and upper epithelial cells,

whereas dysentery affects the upper epithelial cells as well as results in colon ulceration.
Amoebic Dysentery symptoms:

e Abdominal cramps/pain

e Fever and chills

o Painful passing of stools

e Intermittent constipation

o Nausea and vomiting

e Bloody stools

e High fever

o Excessive thirst due to Dehydration

o Fatigue
Amoebic Dysentery Diagnosis and Treatment in India:
Amoebic dysentery is diagnosed through a stool sample under a microscope.

A blood test and a stool test is enough to confirm dysentery. Your doctor will suggest rehydration
methods to make up for all the lost fluids from your body and will also recommend OTC

medications and antibiotics if necessary.

6. Hepatitis A

Viruses which cause Hepatitis are transmitted through contaminated water. Hepatitis A is a sub-
type of the hepatitis virus that occurs by exposure to contaminated food and water. Hepatitis A
infection leads to the inflammation of the liver and temporarily affects liver function. Fortunately,
Hepatitis A is not very serious or fatal and generally goes away on its own in a few days.
However, if symptoms persist your doctor will recommend medications and antibiotics to combat

the disease.
How does Hepatitis spread?

Hepatitis A spreads when you consume uncooked vegetables, contaminated food and water in

unclean food joints like roadside vendors.

Hepatitis A symptoms:
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o Yellowish skin due to jaundice
o Fever

o Fatigue

o Body pain and weakness

e Abdominal pain

o Light colored stools

e Loss of appetite

o Darker urine

e Weight loss

Symptoms take some time to appear, usually 15-50 days after you contract the virus.
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Hepatitis A diagnosis and treatment in India:

Your doctor will conduct a blood test and look for physical signs such as jaundice for Hepatitis A.
There’s no hard and fast treatment for Hepatitis A. Since it goes away on its own in most cases,
taking rest for a few weeks will help you recover

fully. Drink plenty of water, eat hot home-cooked meals and avoid alcohol and outside junk foods.
7. Shigellosis

Shigellosis is caused by the Shigella bacteria and it affects the intestine, resulting in diarrhoea and
vomiting. It is a common disease that spreads through the faeco-oral route. Shigella bacteria is

present in contaminated water, food and faeces.
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Shigellosis commonly occurs in toddlers and school-going children, because they tend to touch

dirty surfaces and put their fingers in their mouths.
Shigellosis Symptoms:

o Frequent diarrhea
o Fever

e Stomach pain
More serious symptoms include:

e High fever

e Blood in stools

e Severe abdominal pain and cramps
o Excessive thirst due to dehydration

e Severe nausea and vomiting
Symptoms appear 1-3 days after exposure to the bacteria.
Shigella treatment in India:

Dehydration is the biggest issue associated with Shigellosis. It’s important to replenish your body
with fluids to ensure that you don’t lose more water. Your doctor may recommend medications

and antibiotics if it’s more severe.
8. Amoebiasis

Amoebiasis is caused by the protozoan Entamoeba histolytica. It affects the intestines and causes
loose stools, water loss and stomach cramps. It usually goes away on its own with rest and

rehydration.

Amoebiasis is waterborne and enters the body through contaminated food, drinks and faeces.
When you ingest small cysts containing E.Histolytica, you will get infected. If infected, a person

can spread the disease through faecal contamination.
Amoebiasis Symptoms:

e Loose stools
e Stomach cramps

o Fatigue
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o Excessive flatulence
e Unintentional weight loss

« Blood in stools
Amoebiasis Treatment in India:

A stool test taken continuously over a few days will confirm the presence of cysts. You may also
have to take a liver function test to check for any liver damage. In serious cases, a colonoscopy
may be prescribed too.

To get treated for Shigellosis or Amoebiasis, consult a general physician on MFine
Consult Now

Methods to Prevent Diseases Spread through Polluted Water

As you’re now aware, you can contact water borne diseases by drinking contaminated water,
eating contaminated food or coming in contact with unclean water such as swimming pools and
lakes. While most conditions are treatable, it’s best if you try and prevent them altogether by

practising some simple habits.
Here are some ways you can prevent water borne diseases:
1. Practice Environmental Hygiene

Whenever you use a toilet, whether at home or in public, make sure you flush it well or use a
bucket of water to flush it down. At home, regularly clean the toilet with hot water and anti-

bacterial detergent, preferably a chlorine-based one to keep your toilet clean and disease-free.

If possible, avoid using public bathrooms altogether. If you must, try using an Indian-style

bathroom to completely avoid any contact with contaminated surfaces.
2. Practice Good Personal Hygiene

e Wash your hands regularly, especially after using the toilet, changing diapers or touching
public surfaces in public bathrooms which may be contaminated.

e Wash your hands thoroughly with soap after dealing with animals and especially while
discarding animal faeces.

e Always cook meals with clean hands and wash your hands while serving as well.

o Carry a hand sanitizer with you when you step out of the house and some tissues as well.
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3. Practice Food Safety Precautions

e Wash all fruits and vegetables thoroughly before consuming since you don’t know where
they came from

e Consume pasteurized dairy products only. Avoid drinking juices from places you don’t
know.

e Avoid consuming ice in food joints which seem unclean. If you want to be a little more
cautious, avoid ice outside the home altogether.

e There’s nothing healthier than a hot meal. Consume home-cooked hot meals as much as
possible.

e Wash your hands thoroughly after handling non-veg products and raw meat

e Clean utensils regularly with detergents. Don’t leave your dishes unattended for long
periods of time. Use hot water to do the dishes.

e Avoid roadside foods such as paani puri, chaat, juices and ice golas as these are sure shot

contributors to tummy upsets.

4. Consume properly treated water

e Make sure your source of water at home is clean — whether it be a septic tank or an
Aquaguard for drinking water. Get it tested for quality regularly.

e Swim in clean swimming pools that are chlorinated and well maintained

e Do not swallow water while swimming in pools, lakes, ponds or even the ocean.

o Completely avoid drinking tap water at all costs. In India, it is certainly not recommended.

Semipermeable
Membrane

Dilute Concenfrated
Solution ’ Solution

Reverse Osmosis Basics
Osmosis is a phenomenon where pure water flows from a dilute solution through a semi
permeable membrane to a higher concentrated solution. Semi permeable means that the membrane
will allow small molecules and ions to pass through it but acts as a barrier to larger molecules or
dissolved substances. To illustrate this, assume that a semi permeable membrane is placed
between two compartments in a tank. Assume the membrane is permeable to water, but not to salt.

If we place a salt solution in one compartment and pure water solution in the other one, the system




will try to reach equilibrium by having the same concentration on both sides of the membrane.
The only possible way to do this is for water to pass from the pure water compartment to the
saltwater compartment.

As water passes through the membrane to the salt solution, the level of liquid in the saltwater
compartment will rise until enough pressure, caused by the difference in levels between the two
compartments, is generated to stop the osmosis. This pressure, equivalent to a force that the
0smosis seems to exert in trying to equalize concentrations on both sides of the membrane, is

called osmotic pressure.

Concentrated
Solution

Reverse Osmosis

If pressure greater than the osmotic pressure is applied to the high concentration the direction of
water flow through the membrane can be reversed. This is called reverse osmosis (abbreviated
RO). Note that this reversed flow produces pure water from the salt solution, since the membrane
is not permeable to salt.

How Does Reverse Osmosis Work?

Diffusion is the movement of molecules from a region of higher concentration to a region of
lower concentration. Osmosis is a special case of diffusion in which the molecules are water and
the concentration gradient occurs across a semipermeable membrane. The semipermeable
membrane allows the passage of water, but not ions (e.g., Na+, Ca2+, Cl-) or larger molecules
(e.g., glucose, urea, bacteria). Diffusion and osmosis are thermodynamically favorable and will
continue until equilibrium is reached. Osmosis can be slowed, stopped, or even reversed if

sufficient pressure is applied to the membrane from the ‘concentrated' side of the membrane.

Reverse osmosis occurs when the water is moved across the membrane against the concentration
gradient, from lower concentration to higher concentration. To illustrate, imagine a
semipermeable membrane with fresh water on one side and a concentrated aqueous solution on
the other side. If normal osmosis takes place, the fresh water will cross the membrane to dilute the
concentrated solution. In reverse osmosis, pressure is exerted on the side with the concentrated

solution to force the water molecules across the membrane to the fresh water side.

Membrane Separation Technologies




If pressure greater than the osmotic pressure is applied to the high concentration the direction of
water flow through the membrane can be reversed. This is called reverse osmosis (abbreviated
RO). Note that this reversed flow produces pure water from the salt solution, since the membrane
IS not permeable to salt.
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What is Reverse Osmosis?

Reverse osmosis is the process in which pressure is applied to overcome colligative property and
osmotic pressure that is directed by a thermodynamic parameter and a chemical difference of a

solvent.

This application is mainly applied in the production of potable water in water plants and in
industries. The end result will be the solute. It happens when the pure solvent is allowed to follow
to one end of the membrane thus allowing a solute to retain in a permissible side of a membrane.

Reverse osmosis removes suspended and types of dissolved species from water including bacteria.
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Pressure

Reverse
Osmotic
Flow

Osmotic
Flow

Salt Solution Pure Water

Reverse Osmosis Principle

Reverse osmosis works by reversing the principle of osmosis. The salt solution is subjected to
pressure and pressed against the semi-permeable membrane. Here, the applied pressure is greater
than the osmotic pressure. Thus, the molecules move from a highly concentrated solution to a less

concentrated solution.

Working of Reverse Osmosis

Diffusion is a process by which the molecules move from the region of higher concentration to
lower concentration. There is a net movement meaning more molecules moving in one direction

than in the opposite direction.

In osmosis, the water molecules and the concentration gradient occurs over the semipermeable
membrane which allows the entry of water and blocks the passage of ions and other larger

molecules including sodium, chlorine, bacteria, glucose, etc.

Reverse osmosis is the process or the technology which is used to remove ions, mineral
chemicals, and other impurities from drinking water. In this process, greater
pressure is applied, forcing the water to travel through the semipermeable membrane in opposite

to natural osmosis.

Reverse Osmosis works on the same principle as osmosis, but in the reverse direction. In this

process direction of water flow is reversed by applying greater pressure.

For instance, consider a semipermeable membrane placed between the freshwater and
concentrated aqueous solution. In natural osmosis, the freshwater will cross the semipermeable
membrane and dilutes the concentrated solution. In reverse osmosis, the pressure is applied
towards the concentrated aqueous solution and the water molecules are forced to cross the

membrane towards the freshwater.
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Contaminants Removed by Reverse Osmosis from Water

Reverse osmosis removes 99% of dissolved salts particles, colloids, bacteria, pyrogens from feed
water. The contaminants are separated by the RO membrane on the basis of size and charge. The
smaller the charge of the contaminant, the more are the chances for it to pass through the RO
membrane. For eg., sodium and calcium are monovalent and divalent respectively. Due to their

smaller charges, they can easily pass through the membrane. Similarly, RO cannot remove gases

such as carbon dioxide from the water because they are not highly ionized.

Difference between Osmosis and Reverse Osmosis

Following are the major differences between osmosis and reverse osmosis:

Osmosis

This

molecules of a solvent pass through the

is the process by which the

semi-permeable membrane from a region
of lower concentration to a higher

concentration.

It is a natural process.

Occurs along the potential gradient.

This is observed during the opening of
stomata and absorption of water from the

soil by the roots.

Reverse Osmosis

This is the process by which the molecules of a

solvent pass through the semi-permeable from a

region of higher concentration to

lower

concentration when pressure greater than the

osmotic pressure is applied.

It is an artificial process.

Occurs against the potential gradient.

This is used in water purification systems.




UNIT 111

HAZARDOUS WASTE MANAGEMENT

SOLID WASTE
Non hazardous Hazardous
— s

} 1

Characteristic waste

1.Muncipal solid Listed wastes I Radicastive

waste L.F-list 2.Chemical waste
2.Refuse 2.K-List 3.Corrosive waste
3.Garbage 3.P and U list 4.Explosives waste

5.Toxic waste

Classification of solid waste.

1 Non-hazardous waste

Non-hazardous waste is any waste that does not cause harm to people or the environment, and

regulations for safe disposal of non-hazardous waste.
2 Hazardous waste

Hazardous waste is waste that is dangerous or potentially harmful to our health or the
environment. Hazardous wastes can be liquids, solids, gases, sludge’s, discarded commercial

products (e.g., cleaning fluids or pesticides), or the by-products of manufacturing processes.
2.1 Classification of hazardous wastes

According to EPA more than 450 listed wastes which are known to be hazardous are grouped as
F-List, K-List, P-List and U-List

2.1.1 F-list

The F-list contains hazardous wastes originated from a nonspecific source that includes various
industrial processes leading to generation of these wastes. The list mainly incudes the solvent used
in degreasing, metal treatment baths and sludge’s, wastewaters from metal plating operations and
dioxin containing chemicals or their precursors. The F-list are categorized depending upon

industrial operations generating the wastes.




They can be divided into seven groups depending on the type of manufacturing or industrial
operation generating the waste.

e Solvent wastes

o Metal finishing wastes

o Dioxin-contaminated wastes

e Chlorinated aliphatic hydrocarbons production
o Wood preserving wastes

e Waste from petroleum refinery

« Multisource leachate.
2.1.2 K-list

The K-list contains hazardous wastes generated as a result of specific industrial processes and are
considered as source-specific wastes. The classification of K-listed hazardous waste must fit into

one of the 13 categories mentioned below

e Wood preservation

e Organic chemicals manufacturing
o Pesticides manufacturing

e Petroleum refining

o Veterinary pharmaceuticals manufacturing
e Inorganic pigment manufacturing

e Inorganic chemicals manufacturing
e Explosives manufacturing

e lIron and steel production

e Primary aluminum production

e Secondary lead processing

e Ink formulation

e Coking (processing of coal to produce coke)
2.1.3P and U lists

The unused chemicals of pure and commercial formulations that are being disposed come under P

and U lists. For a P- or U-listed waste it requires the following three criteria:

¢ The waste must contain one of the chemicals listed on the P or U list
e The chemical in the waste must be unused

e The chemical in the waste must be in the form of a commercial chemical product




Characteristics of hazardous waste

3.1 Ignitability

A waste is considered to be an ignitable hazardous waste if its flash point is less than 60°C,
readily catches fire and burns vigorously as a hazard; or is an ignitable compressed gas or an

oxidizer. Ex: Naphtha, lacquer thinner, epoxy resins, adhesives, and oil based paints etc.

3.2 Corrosivity

Any type of liquid waste whose pH is less than or equal to 2 or greater than or equal to 12.5 is
considered to be corrosive hazardous waste. Sodium hydroxide (High pH) and hydrochloric acid
(Low pH) is often used in many industries to clean or degrease metal parts. Prior to painting

disposed solvents without any treatment contributes to corrosive hazardous waste.

3.3 Reactivity

A material is considered as reactive hazardous waste, if it is unstable, reacts violently with water,
and generates toxic gases when exposed to water or corrosive materials, or explodes when

exposed to heat or a flame.

Examples of reactive wastes would be waste gunpowder, sodium metal or wastes containing

cyanides or sulphides.

3.4 Toxicity

Toxicity of a hazardous waste can be determined by taking a representative sample of the material
and subjected to a test conducted in a certified laboratory and toxic characteristics can be

determined.

Categories of hazardous wastes

4.1 Radioactive substance

Radioactive waste is the type of hazardous waste that contains radioactive material. Radioactive
waste is a by-product of various nuclear technology processes, industries based on nuclear
medicine, nuclear research, nuclear power, manufacturing, construction, coal and rare-earth
mining and nuclear weapons reprocessing. Any substances capable of emitting ionizing radiation
are said to be radioactive and are hazardous because prolonged exposure often results in damage

to living organisms. Radioactive substances attract special concern because they persist for a long




period and disposal depends upon half-life period of the radioactive substance. For example,
uranium compounds have half-lives that range from 72 years for U232 to 23,420,000 years for
U236.

4.2 Chemicals

The hazardous chemical wastes can be categorized into five group’s namely synthetic organics,
inorganic metals, salts, acids and bases, and flammables and explosives. Some of the chemicals

are hazardous because they threaten human lives.

4.3 Bio-medical wastes

The main sources of hazardous biological wastes are from hospitals and biological research
facilities. The biological waste has the capability of infecting other living organisms and has the
ability to produce toxins. Biomedical waste mainly includes malignant tissues discarded during
surgical procedures and contaminated materials, such as hypodermic needles, bandages and

outdated drugs.

4.4 Flammable wastes

The hazardous waste category also includes flammable wastes. This grouping is necessary
because of risk involved in storage, collection and disposal of flammable wastes. The flammable
wastes may be of solid, liquid or gaseous form. Examples of flammable waste include organic

solvents, oils, plasticizers and organic sludge’s.

4.5 Explosives

Explosive hazardous wastes are mainly ordnance (artillery) materials. Explosives also involve
high potential for hazard in case of storage, collection and disposal. These types of wastes may

exist in solid, liquid or gaseous form.

Ex: Detail on Biomedical waste management

Types of Bio-medical waste

Bio-medical waste means “any solid and/or liquid waste including its container and any
intermediate product, which is generated during the diagnosis, treatment or immunization of
human beings or animals or research activities pertaining thereto or in the production or testing of

biological or in health camps.




Biomedical waste poses hazard due to two principal reasons — the first is infectivity and other

toxicity.

Bio Medical waste consists of

e Human anatomical waste like tissues, organs and body parts
o Animal wastes generated during research from veterinary hospitals

e Microbiology and biotechnology wastes

e Waste sharps like hypodermic needles, syringes, scalpels and broken glass

o Discarded medicines and cytotoxic drugs

e Soiled waste such as dressing, bandages, plaster casts, material contaminated with blood,

tubes and catheters
e Liquid waste from any of the infected areas

¢ Incineration ash and other chemical wastes

The biomedical waste (BMW) management requires its categorisation as a first step. The BMW

Rules classify the BMW into following categories.

CATEGORIES OF BIOMEDICAL WASTE SCHEDULE - |

CATEGORY | TYPE OF WASTE TYPE OF BAG OR | TREATMENT AND
CONTAINER TO BE | DISPOSAL
USED OPTION

Yellow Human tissues, organs, body | Yellow coloured non- | Incineration or

parts and fetus below the | chlorinated plastic bags
viability period (as per the
Medical Termination of
Pregnancy Act 1971, amended

from time to time).

Animal Anatomical Waste :
Experimental animal carcasses,
body parts, organs, tissues,
including the waste generated
from  animals  used in
experiments or testing in

veterinary hospitals or colleges

Plasma Pyrolysis or

deep burial *




or animal houses.

Soiled

contaminated with blood, body

Waste: Items
fluids like dressings, plaster
casts, cotton swabs and bags
containing residual or discarded

blood and blood components.

Incineration or
Plasma Pyrolysis or

deep burial

*

In absence of above
facilities, autoclaving
or micro-waving/

hydroclaving

followed by
shredding or
mutilation or
combination of
sterilization and
shredding.  Treated

waste to be sent for

energy recovery.

Expired or Discarded
Medicines: Pharmaceutical

waste like antibiotics, cytotoxic
drugs including all items
contaminated with cytotoxic
drugs along with glass or

plastic ampoules, vials etc.

Yellow
chlorinated plastic

or containers

coloured non-

bags

Expired cytotoxic
items

with

drugs and
contaminated
cytotoxic drugs to be

returned back to the

manufacturer or
supplier for
incineration at
temperature

>1200°C  or to
common bio -
medical waste

treatment facility or
hazardous waste
treatment, storage and
disposal facility for

incineration at




>1200°C Or
Encapsulation or
Plasma Pyrolysis at
>1200°C

All other discarded
medicines shall be
either sent back to

manufacturer or
disposed by
incineration.

Chemical Waste: Chemicals

used in production of biological

Yellow

coloured containers

Disposed of by

incineration or

and used or discarded | or non-chlorinated plastic | Plasma Pyrolysis or
disinfectants. bags Encapsulation in
hazardous waste
treatment, storage and
disposal facility .
Chemical Liquid Waste | Separate collection system | After resource
- Liquid waste generated due to | leading to recovery, the

use of chemicals in production
of biological and used or
discarded disinfectants, Silver
X - ray film developing liquid,
infected

body

fluids , liquid from laboratories

discarded Formalin,

secretions,  aspirated

an d floor washings, cleaning,

effluent treatment system

chemical liquid waste
shall be pre - treated
before mixing with
other wastewater. The
combined discharge
shall conform to the
discharge norms

given in Schedule -

house - keeping and 11

disinfecting activities etc.

Discarded linen, mattresses, | Non-chlorinated yellow Non - chlorinated
beddings contaminated with | plastic bags or | chemical disinfection

blood or body fluid.

suitable packing material

followed by

incineration or




Plazma Pyrolysis or
for energy recovery.
In absence of above
facilities, shredding

or mutilation or

combination of
sterilization and
shredding.  Treated

waste to be sent for
energy recovery or
incineration or

Plazma Pyrolysis .

Microbiology, Biotechnology
and other clinical laboratory
waste: Blood bags, Laboratory
cultures, stocks or specimens of
micro - organisms, live or
attenuated vaccines, human and
animal cell cultures used in
research, industrial laboratories,
production  of  biological,
residual toxins, dishes and

devices used for cultures.

Autoclave safe plastic

bags or containers

Pre - treat to sterilize
with non - chlorinated
chemicals on - site as
per National AIDS
Control Organisation
or World Health
Organisation

guidelines thereafter

for Incineration.

Red

Contaminated Waste
(Recyclable) Wastes
generated from  disposable
items such as tubing, bottles,
intravenous tubes and sets,
catheters, urine bags, syringes
(without needles and fixed
needle  syringes ) and
vaccutainers with their needles

cut) and gloves.

Red coloured non-
chlorinated plastic  bags

or containers

Autoclaving or micro

- waving/
hydroclaving

followed by
shredding or
mutilation or
combination of
sterilization and
shredding.  Treated

waste to be sent to

registered or




authorized recyclers

or for energy
recovery or plastics to
diesel or fuel oil or
for road making,
whichever is possible.
Plastic waste should
not be sent to landfill

sites.

White

(Translucent)

Waste  sharps  including
Metals: Needles, syringes with
fixed needles, needles from
needle tip cutter or burner,
scalpels, blades, or any other
contaminated sharp object that
may cause puncture and cuts.
This  includes both used,
discarded and contaminated

metal sharps

Puncture
proof, tamper

proof containers

proof, Leak

Autoclaving or Dry

Heat Sterilization

followed by
shredding or
mutilation or
encapsulation in

metal container or

cement concrete;
combination of
shredding cum

autoclaving; and sent
for final disposal to
iron foundries
(having consent to
operate from the State
Pollution Control
Board s or Pollution
Control Committee s)
or sanitary landfill or
designated  concrete

waste sharp pit.

Blue

Glassware: Broken or
discarded and contaminated
glass including medicine vials

and ampoules except those

Cardboard

blue colored marking

boxes with

Disinfection (by
soaking the washed
glass waste after

cleaning with




wastes Hypochlorite

Metallic Body Implants autoclaving

microwaving
hydroclaving
then sent

recycling.

contaminated with cytotoxic detergent and Sodium

treatment) or through

or
or
and
for

* Disposal by deep burial is permitted only in rural or remote areas where there is no access to
common bio - medical waste treatment facility. This will be carried out with prior approval from
the prescribed authority and as per the Standards specified in Schedule - Ill. The deep burial
facility shall be located as per the provisions and guidelines issued by Central Pollution Control
Board from time to time.

Segregation

Segregation refers to the basic separation of different categories of waste generated at source and
thereby reducing the risks as well as cost of handling and disposal. Segregation is the most crucial
step in bio-medical waste management. Effective segregation alone can ensure effective
biomedical waste management.

How does segregation help?

o Segregation reduces the amount of waste needs special handling and treatment
o Effective segregation process prevents the mixture of medical waste like sharps

with the general municipal waste.

o Prevents illegally reuse of certain components of medical waste like used syringes,
needles and other plastics.
o Provides an opportunity for recycling certain components of medical waste like

plastics after proper and thorough disinfection.

e Recycled plastic material can be used for non-food grade applications.

e Of the general waste, the biodegradable waste can be composted within the hospital
premises and can be used for gardening purposes.

e Recycling is a good environmental practice, which can also double as a revenue generating

activity.




e Reduces the cost of treatment and disposal (80 per cent of a hospital’s waste is general
waste, which does not require special treatment, provided it is not contaminated with other

infectious waste)

Proper labelling of bins
The bins and bags should carry the biohazard symbol indicating the nature of waste to the patients
and public.

Collection

The collection of biomedical waste involves use of different types of container from various
sources of biomedical wastes like Operation Theatre, laboratory, wards, kitchen, corridor etc. The
containers/ bins should be placed in such a way that 100 % collection is achieved. Sharps must
always be kept in puncture-proof containers to avoid injuries and infection to the workers
handling them.

Storage

Once collection occurs then biomedical waste is stored in a proper place. Segregated wastes of
different categories need to be collected in identifiable containers. The duration of storage should
not exceed for 8-10 hrs in big hospitals (more than 250 bedded) and 24 hrs in nursing homes.
Each container may be clearly labelled to show the ward or room where it is kept. The reason for
this labelling is that it may be necessary to trace the waste back to its source. Besides this, storage
area should be marked with a caution sign.

Transportation

The waste should be transported for treatment either in trolleys or in covered wheelbarrow.
Manual loading should be avoided as far as for as possible. The bags / Container containing
BMWs should be tied/ lidded before transportation. Before transporting the bag containing
BMWs, it should be accompanied with a signed document by Nurse/ Doctor mentioning date,
shift, quantity and destination.

Special vehicles must be used so as to prevent access to, and direct contact with, the waste by the
transportation operators, the scavengers and the public. The transport containers should be
properly enclosed. The effects of traffic accidents should be considered in the design, and the
driver must be trained in the procedures he must follow in case of an accidental spillage. It should
also be possible to wash the interior of the containers thoroughly.

Personnel safety devices

The use of protective gears should be made mandatory for all the personnel handling waste.




Gloves: Heavy-duty rubber gloves should be used for waste handling by the waste retrievers. This
should be bright yellow in colour. After handling the waste, the gloves should be washed twice.
The gloves should be washed after every use with carbolic soap and a disinfectant. The size
should fit the operator.

Aprons, gowns, suits or other apparels: Apparel is worn to prevent contamination of clothing and
protect skin. It could be made of cloth or impermeable material such as plastic. People working in
incinerator chambers should have gowns or suits made of non-inflammable material.

Masks: Various types of masks, goggles, and face shields are worn alone or in combination, to
provide a protective barrier. It is mandatory for personnel working in the incinerator chamber to
wear a mask covering both nose and mouth, preferably a gas mask with filters.

Boots: Leg coverings, boots or shoe-covers provide greater protection to the skin when splashes
or large quantities of infected waste have to be handled. The boots should be rubber-soled and
anti-skid type. They should cover the leg up to the ankle.

Cleaning devices

Brooms: The broom shall be a minimum of 1.2 m long, such that the worker need not stoop to
sweep. The diameter of the broom should be convenient to handle. The brush of the broom shall
be soft or hard depending on the type of flooring.

Dustpans: The dustpans should be used to collect the dust from the sweeping operations. They
may be either of plastic or enamelled metal. They should be free of ribs and should have smooth
contours, to prevent dust from sticking to the surface. They should be washed with disinfectants
and dried before every use.

Mops: Mops with long handles must be used for swabbing the floor. They shall be of either the
cloth or the rubber variety. The mop has to be replaced depending on the wear and tear. The
mechanical-screw type of mop is convenient for squeezing out the water.

Vacuum cleaners: Domestic vacuum cleaners or industrial vacuum cleaners can be used

depending on the size of the rooms.

Storage devices
Dustbins:

It is very important to assess the quantity of waste generated at each point. Dustbins should
be of such capacity that they do not overflow between each cycle of waste collection. Dustbins
should be cleaned after every cycle of clearance of waste with disinfectants. Dustbins can be lined
with plastic bags, which are chlorine-free, and colour coded as per the law.

Handling devices




Trolleys

The use of trolleys will facilitate the removal of infectious waste at the source itself, instead of
adding a new category of waste.

Wheelbarrows:

Wheelbarrows are used to transfer the waste from the point source to the collection centres. There
are two types of wheelbarrow — covered and open. Wheelbarrows are made of steel and provided
with two wheels and a handle. Care should be taken not to directly dump waste into it. Only
packed waste (in plastic bags) should be carried. Care should also be taken not to allow liquid
waste from spilling into the wheelbarrow, as it will corrode. These are ideal for transferring debris
within the institution. Wheelbarrows also come in various sizes depending on the utility.

Chutes:
Chutes are vertical conduits provided for easy transportation of refuse vertically in case of
institutions with more than two floors. Chutes should be fabricated from stainless steel. It should
have a self-closing lid. These chutes should be fumigated everyday with formaldehyde vapours.
The contaminated linen (contaminated with blood and or other body fluids) from each floor
should be bundled in soiled linen or in plastic bags before ejecting into the chute.

OR

WHAT IS BIO MEDICAL WASTE?

“Bio Medical waste” is any waste, which is generated during the diagnosis, treatment or
immunization of human beings or animals or in research activities pertaining to or in the
production or testing of biologicals and categories mentioned in schedule 1 of Bio Medical Waste

(Management and Handling) Rules?.

“Biologicals” is any preparation made from organisms or micro-organisms or product of
metabolism and biochemical reactions intended for use in the diagnosis, immunization or the

treatment of human beings or animals or in research activities pertaining thereto?.
SOURCE OF BIO MEDICAL WASTE

Biomedical waste is generated in hospitals, nursing homes, clinics, medical laboratories, blood
banks, animal houses etc. Such a waste can also be generated at home if health care is being

provided there to a patient (e.g. injection, dressing material etc.)

Classification 3




Approximately 75-90% of the biomedical waste is non-hazardous and as harmless as any other
municipal waste. The remaining 10-25% is hazardous and can be injurious to humans or animals
and deleterious to environment. It is important to realise that if both these types are mixed

together then the whole waste becomes harmful.

Table 1: Classification of Bio-Medical Waste

BIO MEDICAL WASTE

/

/

NON HAZAﬁ[itj)US HAZARDOUS

{75-90%) (10-25%)
/'/""‘--\n\
_,/"'-/’ \\“\\\

Infectious (15-18%) Other Hazardous (5-7%)
*Non-Sharps *Radioactive waste
*Sharps *Discarded Glass
*Plastic Disposables *Pressurized Containers
*Liquid Wastes *Chemical Waste

*Cytotoxic Waste
*Incinerator Ash

PROVISIONS OF THE LAW

Safe disposal of biomedical waste is now a legal requirement in India. The ministry of
Environment and Forests notified the Bio Medical Waste (Management and Handling) Rules,
1998 in July 1998. In accordance with these rules, it is the duty of every “occupier” i.e. a person
who has the control over the institution or its premises, to take all steps to ensure that waste
generated is handled without any adverse effect to human health and environment. The hospitals,
nursing homes, clinics, dispensaries, pathological laboratories etc., are therefore required to set in
place the biological waste treatment facilities. It is however not incumbent that every institution
has to have its own waste treatment facility. The rule also envisages that common facility or any
other facilities can be used for waste treatment. However it is incumbent on the occupier to ensure
that the waste is treated with in a period of 48 hours. Bio Medical Waste (Management and

Handling) Rules have six schedules as briefed in Table 22.

Schedule Contents
Schedule I | Classification of biological waste in carious categories (Table 3)

Color coding and types of containers to be used for each category of biomedical
waste (Table 4)

Schedule 11




Schedule 111 |Proforma of the label to be used on container / bag

Schedule

" Proforma of the label for transport of waste container / bag

Schedule V | Standards for treatment and disposal of wastes

ScheduleVI |Deadline for creation of waste treatment facilities

Objectives of Bio Medical Waste Management
Objectives of BMW management are:

To prevent transmission of disease from patient to patient, from patient to health worker and
vice versa

To prevent injury to the health care worker and workers and workers in support services, while
handling biomedical waste

To prevent general exposure to the harmful effects of the cytotoxic, genotoxic and chemical

biomedical waste.
BIO MEDICAL WASTE MANAGEMENT PROCESS

Handling, segregation, mutilation, disinfection, storage, transportation and final disposal are vital

steps for safe and scientific management of BMW in any establishment.
WASTE COLLECTION AND SEGREGATION

Waste should be collected and segregated at the site generation itself. Its aim is to keep the
harmful waste separate from the harmless and noncontagious waste. The key to minimization and
effective management of biomedical waste is segregation and identification of the waste. The
most appropriate way of identifying the categories of biomedical waste is by sorting the waste in
to color coded plastic bags or containers in accordance with schedule 1l of Bio Medical Waste

(Management and Handling) Rules as given in Table 3 and Table 42,

Table 3: Categories of biomedical wastes and methods of their disposal.?

Category |Waste Type Treatment and Disposal Method

Category |Human Wastes (Tissues, organs, body ) ) )
Incineration @/ deep burial *
1 parts




Category

5 Animal Waste Incineration @/ deep burial *
Category ] ] ) . o )
3 Microbiology and Biotechnology waste |Autoclave/microwave/incineration@
Disinfection (chemical
Category ) ) )
A Sharps treatment)+/autoclaving/microwaving and

mutilation shredding**

Category | Discarded Medicines and Cytotoxic |Incineration@/ destruction and drugs disposal in

5 Drugs secured landfills

Category ) ) ) ) ) ) )

6 Contaminated solid waste Incineration@/autoclaving / microwaving

Category | Solid waste (disposable items other |Disinfection by chemical treatment+
7 than sharps) microwaving/autoclaving & mutilation shredding*

Liquid  waste  (generated  from

Category | laboratory washing, cleaning, |Disinfection by chemical treatment+ and discharge
8 housekeeping and disiunfecting |into the drains
activity)
Category . . : . - .
9 Incineration ash Disposal in municipal landfill
Category Chemical Treatment + and discharge in to drain for

Chemical Wastes o ) )
10 liquids and secured landfill for solids

@ There will be no chemical treatment before incineration. Chlorinated plastic shall not be

incinerated.

* Deep burial shall be an option available only in towns with population less than 5 lakhs and in

rural areas.

+ Chemical treatment using at least 1% hypochlorite solution or any other equivalent chemical

reagent. It must be ensured that chemical treatment ensures disinfection.

** Mutilation/shredding must be such, so as to prevent unauthorized reuse.

Color Coding | Type of Container Waste Treatment Option




Yellow

Red

Blue/white

translucent

Black

NOTES

Category

Plastic Bag Cat1,2,3,6
Disinfected container

) Cat 3,6,7
/ plastic bag
Plastic bag/ Puncture

Cat 4,7

proof
Plastic bag Cat 5,9,10

Incineration / deep burial

Autoclave/microwave/chemical treatment

Autoclave/microwave/chemical

destructin shredding

Disposal in secure landfill

treatment and

. Color coding of waste management with multiple treatment options shall be selected
depending on the treatment option chosen.

. Waste collection bags for waste types needing incineration shall not be made of
chlorinated plastics.

. Categories 8 & 10 (liquid) do not require container/bags.

. Category 3 if disinfected locally need not be put in containers/bags.

PROCEDURE FOR WASTE COLLECTION?

. Specifically colored plastic bag should be kept in its container. Bins and bags should bear
the biohazard symbol.

. As soon as three fourth of the bag is full of waste it should be removed from the container,
tied tight with a plastic string and properly labeled.

Under no circumstances, an infectious waste should be mixed with the non-infectious
waste.

. Collection of disposable items (syringes, 1/V bottles, catheters, rubber gloves etc) should
be undertaken when they have been mutilated (cut) chemically disinfected (by dipping in
1% hypochlorite solution for 30min.)

. Syringe barrel should always be separated from the plunger before disinfection. Needles
should be destroyed with needle destroyer. Manual mutilation of sharps should never be
tried as it may cause injury. All other sharps must be strongly disinfected (chemically)
before they are shredded or finally disposed. Sharps should be kept in puncture proof
containers and properly labeled.

Biomedical waste handlers should be trained in handling the waste and made aware of

proper way of handling waste to avoid injury and accidents.




TRANSPORTATION AND STORAGE

The waste may be temporarily stored at the central storage area of the hospital and from there it
may be sent in bulk to the site of final disposal once or twice a day depending upon the quantum

of waste. During transportation following points should be taken care of:

1. Ensure that waste bags/containers are properly sealed and labeled.

2. Bags are picked up from the neck and placed so that bags can be picked up by the neck
again for further handling. Hand should not be put under the bag. At a time only one bag
should be lifted.

3. Manual handling of waste bags should be minimized to reduce the risk of needle prick
injury and infection.

4. BMW should be kept only in a specified storage area.

5. After removal of the bag, clean the container including the lid with an appropriate
disinfectant.

6. Waste bags and containers should be removed daily from wards / OPDs or even more
frequently if needed (as in Operation Theatres, ICUs, labour rooms) Waste bags/containers
should be transported in a covered wheeled containers or large bins in covered trolleys.

7. BMW storage area should be separate from the general waste storage area.

CENTRAL STORAGE

e The central storage area in a hospital should be ideally situated on the ground floor near the rear
entrance. This makes the transportation of waste to the site of final disposal easier.

e The central storage area should have sufficient storage capacity to store the required number of
waste bags, depending upon the quantum of waste generated in the hospital. It should have the
storage capacity of at least 2 days’ waste.

« It should have good flooring, light, ventilation, water supply and drainage system.

o A full time storekeeper should be there to receive and dispatch the waste and to maintain proper
record.

e As per rules BMW can not be stored for more than 24 to 48 hrs.(Refrigerated storage room

should be available where wastes have to be stored in bulk for over 48 hrs.)
TRANSPORT TO FINAL DISPOSAL SITE

Transportation from health care establishment to the site of final disposal in a closed motor

vehicle (truck, tractor-trolley etc.) is desirable as it prevents spillage of waste on the way




Vehicles used for transport of BMW must have the “Bio-Hazard” symbol and these vehicles

should not be used for any other purpose.
DISPOSAL OF BIO MEDICAL WASTE PRETREATMENT

The infected waste that can not be incinerated (e.g. Plastic and rubber items, sharps) has to be

disinfected first, before it is sent for final disposal.
FINAL DISPOSAL

Incineration is a high temperature dry oxidation process, which reduces organic and combustible
waste to inorganic incombustible matter. This method is usually used for the waste that can not be

reused, recycled or disposed of in landfill site.
Characteristics of wastel suitable for incineration are:

a. Low heating volume — above 2000 Kcal/Kg for single chamber incinerators and above
3500 Kcal/Kg for pyrolytic double chamber incinerators.

b. Content of combustible matter above 60%.

c. Content of non combustible matter below 50%.

d. Content of non combustible fines below 20%.

e. Moisture content below 30%.

Waste types! not to be incinerated are:

a. Pressurized gas containers.

b. Large amount of reactive chemical wastes.

c. Silver salts and photographic or radiographic wastes.
d. Halogenated plastics such as PVC.

e. Waste with high mercury or cadmium content such as broken thermometers, used
batteries.

f. Sealed ampoules or ampoules containing heavy metals.

TYPES OF INCINERATORS!

1. Single chamber furnaces with static grate. These should be used only if pyrolytic
incinerators are not affordable.

2. Double Chamber Pyrolytic Incinerators. These are the most commonly used incinerators.
In the first (pyrolytic) chamber, waste is destroyed through an oxygen deficient, medium

temperature combustion process (800° C).This produces solid ashes and gases. In the




second chamber gases are burnt at a high temp.(900-1200° C) using an excess of air to
minimize smoke and odor. This type of incinerator is somewhat expensive and requires
trained personnel to handle it.

3. Rotary Kilns. It comprises of rotating oven and a post combustion chamber. They are used

to burn chemical wastes (chemicals, pharmaceuticals including cytotoxic drugs).
SAFE PIT FOR SHARPS

Sharps (needles and blades etc) are being used in a day to day practice in all health care
establishments. To avoid recycling of sharps, their burial in safe pit is an effective and economical
disposal method. It can be constructed by 5 feet deep circular concrete ring of 3’ diameter. A slab
is used on top in which GIC pipe with 5 or 6” diameter is used which is fitted lock and key
arrangements. Size of the pit may vary as per the quantum of sharp waste to be disposed of. The
pit is plastered inside at bottom and around. When it is filled up, cement slurry can be used to
close it and second pit is constructed.

LANDFILL DISPOSAL

It is another method of final disposal of BMW. If a municipality or medical authority genuinely
lacks the means to treat the waste before disposal, sanitary landfill observing certain standards can

be as an acceptable choice especially in developing countries.
Standards for deep burial?

1. A pit or trench should be dug about 2 meters deep. It should be half filled with waste, then
covered with lime within 50 cm of the surface, before filling the rest of the soil with soil.

2. It must be ensured that animals do not have any access to burial site.

3. On each occasion, when wastes are added to the pit, a layer of 10 cm of soil shall be added
to cover the wastes.

4. Deep burial site should be relatively impermeable and no shallow well should be close to
the site. The site should be away from the residential area and the vicinity of drinking
water so as to avoid the risk of pollution.

5. The location of deep burial site will be authorized by the prescribed authority.

6. The institution shall maintain a record of all pits for deep burial.
AWARENESS AND EDUCATION

In India hospitals and other health care establishments are not well equipped to handle the

enormous amount of biomedical waste. There is an urgent need to raise the awareness amongst all




concerned. Information can be disseminated through organizing seminars, workshops, practical
demonstrations, group discussions, lectures etc. It is vital to formulate an effective education and
training programs specific for different target groups involved in biomedical waste handling and

management.
COPPER MINING AND PROCESSING: PROCESSING OF COPPER ORES

Copper processing is a complicated process that begins with mining of the ore (less than 1%
copper) and ends with sheets of 99.99% pure copper called cathodes, which will ultimately be
made into products for everyday use. The most common types of ore, copper oxide and copper
sulfide, undergo two different processes, hydrometallurgy and pyrometallurgy, respectively, due
to the different chemistries of the ore. Copper oxides are more abundant near the surface, but are
considered low-grade ore, with a lower concentration of copper. Although this requires more ore
to be extracted and processed, this process is less expensive, so oxides can still be mined at a
profit. On the other hand, while copper sulfide ores are less abundant, they contain higher
amounts of copper. Although the processing costs are higher, ultimately more copper can be
extracted. Since each mine site is unique in its mineral composition, concentration, and quantities,
the most economical and profitable processing of ore must be determined by the mine planners.
When it is economically feasible, a mine may extract both types of copper minerals; when it is not

possible, mines will only process either the copper oxides or the copper sulfides.

The first steps of copper processing are the same for both ores: mining and transporting. Copper
mining is usually performed using open-pit mining, in which a series of stepped benches are dug
deeper and deeper into the earth over time. To remove the ore, boring machinery is used to drill
holes into the hard rock, and explosives are inserted into the drill holes to blast and break the rock.
The resulting boulders are then ready for hauling; specialized haul trucks, conveyors, trains, and
shuttle cars can all be used to haul the ore from the blasting site to the processing site. The size of
the equipment needed to haul the tons and tons of ore is gigantic. Most ores are then sent through
a primary crusher, which is typically located very close to or sometimes in the pit. This primary

crusher reduces the size of the ore from boulder to golf ball-sized rocks.
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A. Processing of Oxide Ore

Oxide ores are generally processed using hydrometallurgy. This process uses aqueous (water-
based) solutions to extract and purify copper from copper oxide ores at ordinary temperatures,

usually in three steps: heap leaching, solvent extraction, and electrowinning.
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Heap Leaching and Solvent Extraction of Oxide Ore.Heap Leaching is the process of using

percolating chemical solutions to leach out metals. Heap leaching is very commonly used for low-




grade ore, which would otherwise not be economical to send through a milling process. Following
mining, transporting, and crushing to a consistent gravel or golf ball-size, the crushed ore is piled
into a heap on top of an impenetrable layer, on a slight slope. The leaching reagent (dilute
sulfuric acid) is sprayed through sprinklers on top of the heap pile and allowed to trickle down
through the heap, where it dissolves the copper from the ore. The resulting “pregnant” leach
solution of sulfuric acid and copper sulfate is collected in a small pool. The copper compound can

now be seen at concentrations of between 60-70%.

The second step is solvent extraction, in which two immiscible (un-mixing) liquids are stirred
and allowed to separate, causing the cooper to move from one liquid to the other. The pregnant
leach solution is mixed vigorously with a solvent. The copper migrates from the leach solution
into the solvent. The two liquids are then allowed to separate based on solubility, with copper
remaining in solution in the solvent, and impurities remaining in the leach solution. The leftover
leach solution is then recycled, by adding additional acid and sending it back to the sprinklers in

the heap leaching process.
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Electrowinning is the final step in processing oxide ore into copper cathodes.

The last step is called electrowinning, a type of electrolysis. An electrical current passes through
an inert anode (positive electrode) and through the copper solution from the previous step, which
acts as an electrolyte. Positively-charged copper ions (called cations) come out of solution and are

plated onto a cathode (negative electrode) as 99.99% pure copper.




B. Processing of Sulfide Ore

Sulfide ores are generally processed using pyrometallurgy, the extraction and purification of
metals by processes involving the application of heat. This process uses a series of physical steps
and high temperatures to extract and purify copper from copper sulfide ores, in four basic steps: 1)
froth flotation, 2) thickening, 3) smelting, and 4) electrolysis.

Following mining, transporting, and crushing to a consistent gravel or golf ball-size, the crushed
ore is further processed at a mill using secondary crushers, and reduced to pebbles, and finally to
fine sand. After the copper ore is crushed, liquid is added to make it a slurry. The slurry is a mix
of valuable copper ore minerals and “worthless” rock, called gangue (pronounced “gang”). The
slurry is placed in a tank and a process called froth floatation is used to separate the copper
minerals from the gangue. Chemical reagents called “collectors” are added to the slurry and bind
to the copper particles, making them hydrophobic, or waterproof. Pipes are used to blow air into
the bottom of the tank to create bubbles, which rise to the surface, taking the waterproof copper
sulfide particles along. The froth of copper-rich bubbles at the top of the tank is then skimmed off
for further processing. The gangue sinks to the bottom of the tank to be removed or disposed of as

mine tailings.

The next stage after froth flotation is the thickening stage. The froth is poured into large tanks
called thickeners. The bubbles break and solids from the froth solution settle at the bottom of the
tank. The solids are then filtered to remove excess water, which can be reused in processing
additional batches of sulfide ore. The final product of the thickening stage is a combination of

30% copper and other metals; this copper concentrate is then sent to the smelter.

At the smelter, high temperatures are used to further purify the ore in a series of smelting steps.
The copper concentrate is first sent through the smelting furnace to be heated up to 2,300 °F and
converted into molten liquid. The heated liquid is poured into a slag-settling furnace. This step
produces a combination of matte, a mixture of copper, sulfur and iron, and slag, a dense, glassy
material made of iron, silica, and 