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PREFACE

Environmental and Industrial Biotechnology is an emerging
and dynamic field that integrates biological sciences with
environmental sustainability and industrial applications. It
plays a vital role in addressing global challenges related to
pollution control, waste management, renewable energy
production, and sustainable industrial development. By
utilizing microorganisms, enzymes, and biotechnological
processes, this discipline contributes significantly to improving
environmental quality and enhancing industrial productivity.
This book is designed to provide a comprehensive and
accessible understanding of Environmental and Industrial
Biotechnology for students, researchers, and professionals in
the field of life sciences.
The primary objective of this book is to present the
fundamental concepts and modern advancements in
environmental and industrial biotechnology in a clear and
systematic manner. The book covers important topics such as
environmental pollution and its control, bioremediation, waste
water treatment, biofertilizers, bioenergy production, microbial
biotechnology, fermentation technology, industrially important
microorganisms, and applications of biotechnology in various
industries.
This Book serves as a valuable academic resource for students
pursuing biotechnology and allied biological sciences, while
also supporting educators and researchers seeking updated
knowledge in this rapidly advancing field.
I sincerely hope that this book will provide meaningful
insights into Environmental and Industrial Biotechnology and
inspire readers to explore innovative biotechnological
approaches for sustainable environmental management and
industrial progress.

Dr. A. Margret Kanimozhi
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Environmental and Industrial Biotechnology
Environmental Pollution :
1. What is Environmental Pollution?

e The meaning of Environmental Pollution refers to the
introduction of harmful materials into the environment
or harmful substances that negatively impact living
organisms and natural processes.

e In other words, environmental pollution is the
contamination of the physical and biological
components of the environment to such an extent that
normal environmental processes are adversely
affected.

Pollutants

e Any harmful material that, by getting introduced into
the environment, causes environmental pollution is
called a pollutant.

e In other words, a pollutant is any substance that
contaminates air, water, soil, etc, and damages their
quality.

e Pollutants can be natural, such as volcanic ash, or
created by human activity, such as trash or factory
runoff.

Types of Pollutants

Pollutants can be categorized into various types based on
different parameters, as shown below.

Based on Nature of Disposal

Based on the nature of disposal, pollutants are of the following
two types:
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Non-Biodegradable Pollutants

e Pollutants that cannot be broken down into simpler,
harmless substances in nature are called non-
biodegradable pollutants.

e For example, DDT, plastics, polythene, insecticides,
pesticides, mercury, lead, arsenic, aluminum cans,
synthetic fibers, glass objects, iron products, silver
foils, etc.

e  Through bioaccumulation and biomagnification, these
pollutants may appear in greater concentration as we
move along the higher tropics of the food chain.

Biodegradable Pollutants

e Biodegradable Pollutants can be broken down into
simpler, harmless substances in nature over time.

e For example, Domestic wastes, urine, faccal matter,
sewage, agriculture residues, paper, wood, cloth, cattle
dung, animal bones, leather, wool, vegetable stuff or
plants etc.

Based on Form of Persistence

Depending upon the form in which they persist after being
released into the environment, the pollutants are categorized
into the following two types:

Primary Pollutants

e Primary Pollutants are those emitted directly from
the source and persist in the environment in the form
in which they were added.

e Examples: ash, smoke, fumes, dust, nitric oxide,
sulphur dioxide, hydrocarbons, etc.
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Secondary Pollutants

e Secondary Pollutants are formed from primary
pollutants by chemical interaction with some
constituents present in the atmosphere.

e Examples are Sulphur trioxide, nitrogen dioxide,
aldehydes, ketones, ozone, etc.

Based on Nature of Pollutants

Depending upon their existence in nature, pollutants are of the
following two types:

Quantitative Pollutants

e These substances normally occur in the environment
but acquire the status of pollutant when their
concentration increases due to human unmindfulness.

e For example, Carbon Dioxide (CO»).

Qualitative Pollutants

e These substances do not usually occur in nature but are
added by man.
e For example, insecticides.
Causes of Environmental Pollution
The causes are based on the following factors:

o Rapid Industrialisation
o The concentration of industries in urban areas
releases pollutants into the air, water, and soil,
causing environmental pollution.
o The rapid pace of urbanisation also increases
waste generation and resource consumption,
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exacerbating pollution and causing severe
effect.

Industries also generate hazardous wastes in
many forms, including liquids, solids, gases,
and sludge.

e Rapid Urbanization

o

o

The increased pace of urbanisation in recent
times has led to worsening pollution.

It creates issues such as deforestation and
habitat loss, increased emissions and waste
generation, etc.

e Forest Fires

@)

The frequency of forest fires or wildfires has
increased because of human actions, such as
land clearing, encroachment, etc.

These wildfires are a huge source of pollution,
adding large amounts of gaseous and other
pollutants to the environment.

e Improper Agricultural Practices

@)

According to the IPCC report, the agriculture
sector produces at least 23 per cent of global
greenhouse gas emissions (second only to the
energy sector).

Using chemical fertilisers, pesticides, and
herbicides in agriculture contributes to soil and
water pollution and environmental pollution.
Intensive farming practices also lead to
deforestation, soil erosion, habitat destruction
and environmental pollution.
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e Deforestation

o Deforestation refers to the decrease in forest
areas worldwide that are lost for other uses,
such as agricultural croplands, urbanisation, or
mining activities.

o This causes an imbalance in the local ecology
and reduces nature’s capability to absorb
pollutants, leading to pollution.

e Other Causes

o Other prominent causes include continued
reliance on fossil fuels, vehicular emissions,
and improper waste management.

Effects
Environmental pollution has severe consequences on human
health, ecosystems, and the planet. Below are five key effects:

1. Impact on Human Health
Pollution leads to respiratory diseases, cardiovascular
problems, and infections. Air pollution causes
asthma, lung cancer, and heart disease, while
contaminated water results in cholera and
gastrointestinal disorders. Exposure to toxic
chemicals in soil and food can lead to long-term health
risks, including organ damage and developmental
issues.

2. Damage to Ecosystems and Biodiversity
Pollutants harm wildlife and disrupt natural habitats.
Water pollution affects aquatic life, leading to fish
deaths and loss of marine biodiversity. Airborne toxins
damage forests, while soil contamination reduces
fertility, affecting plant and animal life. Many species
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face extinction due to habitat destruction caused by
pollution.

3. Climate Change Acceleration
Air pollution, particularly from greenhouse gases like
CO: and methane, contributes to global warming.
Rising temperatures lead to extreme weather events,
glacier melting, rising sea levels, and desertification,
affecting both natural and human environments
worldwide.

4. Economic Consequences
Pollution affects industries such as agriculture, fishing,
and tourism. Crop yields decline due to soil and air
contamination, while polluted water bodies harm
fisheries. Increased healthcare costs and loss of
productivity due to pollution-related illnesses also
burden economies.

5. Degradation of Quality of Life
Excessive noise, light, and air pollution lower life
expectancy and mental well-being. Polluted cities
experience reduced visibility, foul odors, and poor
living conditions, making daily life uncomfortable and
unhealthy for residents.

Types of Environmental Pollution

e Environmental pollution and its types can be
categorised into several types based on the nature of
the pollutants and the media they affect.

e Some of the major types of environmental pollution are
described below.
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Air Pollution

e Air Pollution is the contamination of the atmosphere

with harmful substances that can adversely affect
human health, ecosystems, and climate.

e Air pollution is caused by releasing harmful gases and
particulate matter into the atmosphere.
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e Significant sources of air pollution include industrial
emissions, vehicular exhaust, and burning fossil fuels,
which causes environmental pollution.

e Air Pollution is linked to respiratory diseases,
cardiovascular problems, and global phenomena like
acid rain and climate change.

What is Air Pollution?

e Air Pollution is the contamination of the atmosphere
with harmful substances that can adversely affect
human health, ecosystems, and climate.

e The contaminating substances that cause air pollution
are called Air Pollutants.

o These substances can be gases, particles, or a
combination of both and come from various
sources.

e Air Pollution is one of the prominent types of
Environmental Pollution.

Types of Air Pollutants
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The air pollutants can be classified into the following two

types:

Primary Pollutants

These pollutants enter the air due to a natural event or
human activity.

They can have effects both directly and as precursors
of secondary air pollution.

There are five primary pollutants that contribute about
90 per cent of the global air pollution.

o These are carbon oxides (CO and CO»),
nitrogen oxides, sulphur oxides, volatile
organic compounds (mostly hydrocarbons),
and suspended particulate matter.

Secondary Pollutants

A secondary pollutant is formed by reacting one
primary pollutant with another in the atmosphere.

For example, Ground-Level Ozone, Smog, acid Rain,
sulphuric acid, nitric acid, and carbonic acid.

Sources of Air Pollution
The significant causes of air pollution can be seen as follows:

Industrial Emissions: The burning of fossil fuels for
energy production, manufacturing processes, and
transportation releases air pollution, such as particulate
matter, sulfur oxides, nitrogen oxides, and greenhouse
gases, into the air.

Vehicle Emissions: Exhaust from cars, trucks,
motorcycles, and other vehicles contribute to air
pollution, particularly in urban areas.
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e Domestic Combustion: The burning of wood, coal, and
other fuels for cooking and heating in homes releases
air pollutants, causing air pollution.

e Agricultural Activities: Using chemical fertilisers and
pesticides and burning agricultural waste can release
harmful substances into the atmosphere.

e Natural Sources: Volcanic eruptions, forest fires, and
dust storms pollute the air pollution.

Impacts of Air Pollution
The impacts of the air pollution can be seen as follows:

e Health Impacts

o

Air pollution poses serious health risks,
including respiratory diseases such as asthma
and chronic bronchitis, cardiovascular
conditions, and premature mortality.

Exposure to high levels of air pollution can
also exacerbate health problems and reduce
life expectancy.

Long-term exposure to air pollution can also
adversely affect cognitive development,
especially in children.

e Environmental Impact

o

Air pollution adversely affects ecosystems by
contaminating soil and water bodies,
damaging vegetation, and impacting wildlife.
High concentrations of sulfur dioxide and
nitrogen oxides can lead to Acid Rain, which
has its environmental impacts.

Some air pollutants, such as greenhouse gases
(e.g., carbon dioxide and methane), contribute
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to global warming and climate change by
trapping heat in the Earth’s atmosphere.
e Economic Impacts

o Air pollution can have significant economic
costs, including increased  healthcare
expenditures, reduced productivity, and
property damage.

o Air pollution reduces agricultural productivity
by damaging the soil.

o Acid rain can damage forests, lakes, and
buildings.

Suggested Measures to Control Air Pollution
The suggested measures to control air pollution are:
Preventive Measures

e Cleaner fuels, such as Liquefied Natural Gas (LNG),
are cheaper and more environmentally friendly for
power plants.

e Hydrogen fuel and e-vehicles should be promoted to
control air pollution.

e Environment-friendly industrial processes should be
encouraged to minimise the emission of pollutants and
hazardous wastes.

e Increasing the height of chimneys, closing hazardous
industries, shifting polluting industries away from
cities, and developing and maintaining green belts of
adequate width can significantly reduce air pollution.

e Setting up emission standards for automobiles has
already improved vehicular emissions. Further
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research and technological innovation will greatly
reduce air pollution.

o In bigger cities like Delhi and Mumbai, motor vehicles
need to obtain Pollution Under Control (PUC)
Certificate at regular intervals. This ensures that levels
of pollutants emitted from vehicle exhaust are always
within the prescribed legal limits.

e Alternate fuels like CNG are being encouraged for use
in public transport vehicles.

Effluent Control

Air Pollution can be minimised by installing devices that
reduce the release of pollutants. Some devices that can help
minimise the air pollution as they restrict the release of air
pollutants in the atmosphere are as follows:

Filters

e Filters remove particulate matter from the gas stream.
e The medium of a filter may be made of fibrous
materials like cloth, granular materials like sand, rigid
materials like a screen, or mats like felt pads.
Electrostatic Precipitators (ESP)

e The flue gas dust is charged with ions, and the ionised
particulate matter is collected on an oppositely charged
plate.

e The particles are removed from the collecting plate by
occasional shaking or by rapping the surface.

e ESPs are used in boilers, furnaces, thermal power
plants, cement factories, steel plants, etc.
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Scrubber

e It is a system that removes harmful materials from
industrial exhaust gases before they are released into
the environment.

e Scrubbers help prevent the formation of acid rain by
removing acidic gases from the exhaust before they are
released into the sky.

e These are mainly of 2 types:

o Wet Scrubbing: The removal of harmful
components of exhausted flue gases by
spraying a liquid substance through the gas.

o Dry Scrubbing: The removal of harmful
components of exhausted flue gases by
introducing a solid substance to the gas —
generally in powdered form.

Other Measures
In addition to all the measures mentioned above, the following
measures can be taken to control air pollution:

e Instead of burning waste outdoors, composting waste
is advisable. The compost can be used on the farm.

e The use of air conditioners should be minimised.

e Planting of trees must be encouraged. Trees absorb
carbon dioxide from the atmosphere and filter the
pollution.

e Regular maintenance of vehicles should be ensured for
better engine efficiency and reduced pollution levels.

e Walking and bicycling for work in the vicinity should
be adopted.
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e The use of public transport should be imbibed at an
individual level. Moreover, we should encourage
family members to use public conveyance as much as
possible. It can save us money and reduce air pollution.

Conclusion

Air pollution remains a critical issue with far-reaching effects
on human health, the environment, and climate. Addressing
this challenge requires a multifaceted approach, including
legislative measures, technological innovations, public
awareness, and international cooperation. Implementing
effective strategies and fostering collective efforts can mitigate
air pollution and ensure a healthier and more sustainable future
for all.

Water Pollution has emerged as a significant environmental
challenge worldwide. It threatens public health, agriculture,
and overall water security. This article aims to study water
pollution in detail, including its meaning, major causes,
sources, consequences, control measures, and other related
aspects.

What is Water Pollution?

e  Water Pollution is the contamination of water bodies
such as lakes, rivers, streams, or marine environments
caused by toxic substances discharged directly or
indirectly into them without adequate treatment to
remove harmful compounds.

e This spells disaster for aquatic ecosystems, and the
pollutants also seep through and reach the
groundwater, which might end up in our households as
water used in daily activities.
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e The contaminating substances that cause water
pollution are called Water Pollutants.

o These substances can come from various
sources, such as effluent discharge, solid
waste, etc.

e Water Pollution is one of the prominent types of
Environmental Pollution.
Sources of Water Pollution
Various sources of water pollution can be categorized into two
types — Point Sources and Non-Point Sources.
Point Sources

e Pollution flowing from a single and identifiable source
is termed as point source.

e For example, discharge pipe from a factory, roadway
or leaking underground storage tank.

Discharges
from
wastewater

treatment
plants : '
Operational Combine

waste from sewer
Industries outfalls

7 Point
Sources l
Leakage

from
oil storage

tanks
Hazardousd

waste sites
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Non Point Sources

Non-point sources of pollution are often termed ‘diffuse’
pollution, which refers to inputs and impacts that occur over a
wide area and are not easily attributed to a single source.

They are often associated with particular land uses instead of
individual point source discharges.

For example, run-off from agri fields, urban landscapes, mining
fields, construction sites, etc.

Non-point source pollution is often more difficult to control
than point source pollution.

Forestry

The various non-point sources of water pollution are:
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Agriculture: In farming areas, non-point sources of pollution
include pesticides, fertilisers, animal manure, and soil washed
into streams during rainfall run-off, where stock is given access
to stream banks. They may foul the water and accelerate
erosion.

Forestry Land Use: It may contribute to non-point source
pollution of streams by increasing soil erosion and sediment
run-off.

Urban Land Use: Rainfall-runoff as stormwater drains is one
of the major nonpoint sources of pollution in urban areas,
impacting the water quality of our waterways and bays.

Mining: Abandoned mine drainage is a form of water
pollution.

Highway and Bridges: Runoff from roads, highways, and
bridges reach surface waters.

Types of Water Pollution

Based on different parameters, water pollutants can be
classified into different categories, as described below:

17 |Page



POLLUTANTS

Based on Origin

e Industrial Pollutants: Different industrial pollutants
include carbonates, nitrites, and nitrates of heavy
metals such as mercury, lead, zinc, arsenic, etc.

e Agricultural Pollutants: These are chemical
fertilisers,  pesticides, insecticides, herbicides,
synthetic chemical compounds, weeds, and plant
remains.

e Urban Pollutants: These contain chemicals from
vehicular exhaust, lime, household sewage, chemical
fertilisers used in the lawns and gardens within the city,
etc.

e Natural Pollutants: The natural pollutants include
volcanic dust, sediments due to weathering and
erosion, debris caused by landslides, decayed and
decomposed organic matter, etc.
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Based on Physical and Chemical Characteristics

Physical Pollutants: These pollutants can change physical
characteristics such as taste, turbidity, colour, sedimentation
content, dissolved and suspended solids, etc.

Chemical Pollutants: Carbonates, chlorides, sulphites,
sulphates, sulphides, nitrates of heavy metals like mercury,
lead, cadmium, etc., pesticides, herbicides, insecticides and
other chemical compounds.

Biological Pollutants: Any contaminant of biological origin
that causes water pollution is called a biological pollutant, such
as infective bacteria, viruses, protozoa, and parasitic worms.
Based on Nature of Degradation

Degradable Pollutants: Pollutants that can be broken down by
biological agents such as decomposers or microorganisms.

These are also known as organic pollutants, e.g. sewage,
garbage, plants and animals.

Non-Degradable Pollutants: These pollutants cannot be
degraded quickly by biological agents or sunlight.

These are also known as inorganic pollutants, e.g. plastic
pollutants, solid toxic substances and chemical pollutants.

Causes of Water Pollution

Water pollution is caused by various human activities that
introduce harmful substances into water bodies.
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Major causes of water pollution include industrial waste
discharge, agricultural runoff containing pesticides and
fertilisers, untreated sewage, oil spills, and the dumping of
plastic and other non-biodegradable waste.

Additionally, mining activities, deforestation, and the improper
disposal of hazardous chemicals contribute to water
contamination as well as water pollution.

This water pollution disrupts aquatic ecosystems, harms
wildlife, and poses serious health risks to humans.

Natural causes, such as volcanic eruptions and soil erosion, can
also lead to water pollution, but human activities are the
primary contributors.

Effects of Water Pollution

The effects of water pollution are as follows:

e Health Effects

Contaminated water is a major source of waterborne diseases
such as cholera, typhoid, hepatitis A, and dysentery.

Exposure to toxic chemicals in polluted water can lead to
serious health conditions, including cancers, neurological
disorders, and reproductive issues.

Environmental Effects

Water pollution can disrupt reproductive processes, cause fish
kills, and alter aquatic habitats.

20| Page



All these lead to the loss of biodiversity.

Excess nutrients from agricultural runoff can cause
eutrophication, leading to algal blooms that deplete oxygen
levels in water.

This process can result in “dead zones” where aquatic life
cannot survive.

Economic Effects
Water pollution can have significant economic costs, including
increased healthcare expenses, loss of tourism revenue, and

reduced agricultural productivity.

Water pollution affects fish populations, reducing catches and
economic losses for the fishing industry.

Cleaning up polluted water bodies and restoring affected
ecosystems can cause substantial costs.

Other Effects
Water Pollution can render freshwater sources unusable,

reducing the availability of clean water for drinking, irrigation,
and industrial use.
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This can exacerbate water scarcity issues.
Effects of Toxic Chemicals on Human Health :

Chemicals

Health Impacts

Mercury

Minamata Disease—Mercury
is converted into Methyl
Mercury by bacterial action,
which causes numbness of
limbs, lips, and tongue,
deafness, blurring of vision,
and mental derangement.

Cadmium

Itai-itai disease (ouch-ouch
disease) — a painful disease of
bones and joints.Cancer of the
liver and lung

Nitrate

Methahaemoglobinemia  or
Blue-baby  Syndrome -
Nitrate reacts with
haemoglobin and forms non-
functional methaemoglobin
that impairs Oxygen
transport.

Fluoride

Skeletal fluorosis — hardened
bones and stiff and painful
joints.Teeth deformity

Arsenic

Black-Foot Disease
Diarrhoea Peripheral Neuritis
Hyperkeratosis Lung and skin
cancers

Lead

Symptoms of Lead exposure:
persistent fatigue, irritability,
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loss of appetite, constipation,
insomnia.Effects in Children:
damage to brain and nervous
system, behavioural
problems, anaemia, liver and
kidney damage, hearing loss,
dev delays.Effects in Adults:
poor muscle coordination,
nerve damage, high BP,
hearing and vision
impairment, reproductive
problems, and low fetal
development.

Treatment of Polluted Water

Treatment of Polluted Water involves the following three
processes

Primary Treatment

It involves physical processes such as separating large debris,
sedimentation in tanks, etc.

Secondary Treatment

e It involves biological processes, which are carried out
by microorganisms.

e In this process, microbes oxidise the organic matter
present in the polluted water.
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Tertiary Treatment

e It involves physicochemical processes that remove
turbidity in water caused by the presence of nutrients,
organic matter, metal, or pathogens.

e The usual method in this process includes — the
chemical oxidation of water by strong oxidising agents
like Chlorine Gas, Perchlorate Salts, O3, and UV
Radiation.

Suggested Measures to Tackle Water Pollution
The measures to tackle the water pollution can be seen as
follows:

e Strengthening Environmental Regulations:
Effective implementation and enforcement of laws
such as the Water (Prevention and Control of Pollution)
Act, 1974, and the Environment Protection Act, 1986,
are crucial. Regulatory bodies like the Central
Pollution Control Board (CPCB) and State Pollution
Control Boards (SPCBs) must ensure compliance and
take action against violators.

¢ Monitoring and Compliance: Regular water quality
monitoring and strict compliance with discharge
standards can help prevent and mitigate pollution.

Advanced technologies and data analytics can be used for real-
time monitoring and early pollution detection.

e Wastewater Treatment: Investing in modern
wastewater treatment facilities is essential to reduce
the discharge of pollutants into water bodies.
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o Use of Biotechnology: With the help of biotechnology,
we can engineer microorganisms to neutralise the
harmful pollutant in water. E.g. oil zapper and
oilivorous-s, etc.

e Sustainable Agriculture Practices: Promoting
sustainable agriculture practices, such as organic
farming and integrated pest management, can
minimise the use of harmful chemicals and reduce
agricultural runoff.

e Industrial Pollution Control: Implementing strict
regulations and enforcement mechanisms to control
industrial pollution can help prevent the discharge of
harmful substances into water bodies.

e Solid Waste Management: Improving waste
management practices, including proper disposal and
recycling, can reduce the risk of pollution from
landfills and dumpsites.

e Public Awareness and Education: It is crucial to raise
public awareness about the importance of water
conservation and the consequences of pollution.

o Educating communities about the proper use
and management of water resources can foster
a sense of responsibility and encourage
sustainable practices.
Conclusion
Water Pollution is a multifaceted issue with significant
implications for public health, ecosystems, and economic
development. Addressing this challenge requires a
comprehensive approach involving regulatory measures,
technological innovations, sustainable practices, and public
engagement. By promoting cleaner practices and investing in
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effective solutions, India and the world can work towards
ensuring safe and sustainable water resources for future
generations.

Soil Pollution :

Soil Pollution has emerged as a significant environmental and
socio-economic challenge worldwide. It threatens public
health, agriculture, food security, and the overall ecosystem.
This article aims to study soil pollution in detail, including its
meaning, major causes, sources, consequences, control
measures, and other related aspects.

What is Soil Pollution?

e Soil Pollution is the presence of toxic chemicals
(pollutants or contaminants) in soil in high enough
concentrations to pose a risk to human health and the
ecosystem.

e The contaminating substances that cause soil pollution
are called Soil Pollutants.

e Soil Pollution is one of the prominent types of
Environmental Pollution.

Causes of Soil Pollution
Some prominent causes of soil pollution can be categorised
into two categories —

e Natural Causes and
e Anthropogenic Causes.
Natural Causes

e There are various contaminants (compounds) naturally
present in the soil. In addition, various compounds get
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into the soil from the atmosphere through water
precipitation, wind activity, water runoff, etc.

When the amounts of soil contaminants exceed natural levels,
it leads to soil pollution.

e Afew natural processes leading to soil pollution are:

Natural accumulation of compounds in soil due to imbalances
between atmospheric deposition and leaking away with
precipitation water.

Natural production in soil under certain environmental
conditions.

Acid Rain and other polluted water could dissolve away some
of the important nutrients found in soil and change the structure
of the soil.

The soil also receives toxic chemicals during the weathering of
certain rocks.

Natural disasters like floods, tsunamis, storm surges, etc.
Anthropogenic Causes

e Anthropogenic causes involve several types of human

activities, some deliberate, e.g., industrial activities,
and some accidental, e.g., accidental spills and leaks.
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e Some of the prominent reasons for soil
pollution(anthropogenic) include:

Industrial Activity: Waste materials from industries linger on
the soil surface for a long time, making the soil unsuitable.

Agricultural Activities: Pesticides, fertilisers, farm wastes,
etc., contain organic chemicals that cause soil pollution.

These chemicals seep into the ground and slowly reduce soil
fertility.

Further, few chemicals damage the composition of the soil and
make it easier to erode by water and air.

Plants absorb many of these pesticides, and when they

decompose, they cause soil pollution since they become a part
of the land.
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Waste Disposal: Dumping municipal, nuclear, and mining
waste leads to soil pollution.

Accidental Oil Spills: Oil leaks can happen during storage and
transport. The chemicals in the fuel deteriorate the soil quality
and make them unsuitable for cultivation.

Construction Activities: Almost any chemical substance
handled at construction sites may pollute the soil.

Other Causes: Some of the other causes of soil pollution
include:

Air pollutants and many water pollutants become part of the
soil.

A major part of lead released in the automobile exhaust settles
down on the roadside areas and becomes part of it.

Sources of Soil Pollution

The sources of soil pollution can be seen as follows:

Soil pollution arises from various sources, primarily due to
human activities. Industrial waste is a major contributor, as
factories directly discharge toxic chemicals and heavy metals
into the soil.

Agricultural practices also play a significant role, with the

overuse of chemical fertilisers, pesticides, and herbicides
contaminating the soil over time.
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Improper waste disposal, including plastic, electronic, and
hazardous waste, leads to harmful substances leaching the
ground.

Mining activities disturb the soil and release toxic materials,
while oil spills from transportation and drilling operations add
further pollutants.

Additionally, urbanisation and deforestation contribute to
the degradation of soil quality, altering its structure and
composition.

All of these factors combine to disrupt soil health and its ability
to sustain plant and animal life.

Effects of Soil Pollution

Some multifaceted effects of soil pollution can be seen as
follows:

Effects on Health: Plants grown in polluted soil absorb much
of the pollution and then pass it on to consumers. This leads to
multiple health effects, such as:

Effect on the genetic makeup of the body causing congenital
illnesses and chronic health issues that cannot be cured easily.

It can sicken the livestock to a considerable extent and cause
food poisoning over a long period of time.

The emission of toxic and foul gases from landfills pollutes the
environment and causes serious effects on the health of some
people.
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Soil pollution can even lead to widespread famines if the plants
cannot grow in it.

Effects on Plant Growth: The ecological balance of any
system is affected by widespread soil contamination. This
impacts the plant growth in the following ways:

Most plants are unable to adapt when the soil chemistry
changes radically in a short period of time.

Fungi and bacteria found in the soil that bind it together begin
to decline, which creates an additional problem of soil erosion.

The fertility slowly diminishes, making land unsuitable for
agriculture and any local vegetation to survive.

Soil pollution makes large tracts of land hazardous to health.
Unlike deserts, suitable for their native vegetation, such land
cannot support most life forms.

Effects on Soil Fertility: Toxic chemicals in the soil can
decrease soil fertility and, therefore, soil yield.

Effects on Soil Structure: The death of many soil organisms
(e.g., earthworms) can alter soil structure.

Prevention of Soil Pollution

Below are some of the measures that can help control soil
pollution:
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Proper Dumping of Unwanted Materials: Waste, if not
disposed of well, can create problems for the environment, so
it is a must to manage human and animal waste well.

Nowadays, the control tipping method is used to manage solid
waste, and the surface is then used for constructing houses or
sports grounds.

Production of Natural Fertilizers: Instead of chemical
pesticides and fertilisers, use bio-pesticides and organic
fertilisers.

Control of Soil Erosion: Soil erosion should be controlled
through measures like afforestation and a variety of forestry
and farm practices, like covering barren slopes by planting
trees, contour cultivation, and strip farming instead of shifting
cultivation.

Public Awareness: Formal or informal public awareness
campaigns should be executed to increase awareness about the
harmful effects of soil pollution and measures to be taken to
control it.

Proper Hygienic Conditions: People should be trained to
follow proper sanitation habits instead of open defection and
throwing human and animal waste in the open.

Recycling and Reuse of Waste: Reusing paper, plastics,

glasses, organics, and petroleum products can help control soil
pollution.
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e Ban on Toxic Chemicals: The use of harsh chemicals
like DDT, BHC, etc., which have harmful impacts on
animals and plants, should be banned.

Important Soil Pollutants: Sources & Health Effects :

) Potential
Soil Pollutant Effects
Sources
Lead 1S
dangerous even
at the tiniest
levels, )
. Lead  paint,
especially when ..
mining,
these levels are
. .| foundry,
sustained n chicle
vehic
Lead time. It is highl
) ey exhaust,
toxic to young .
construction,

children, even in )
and agriculture

low doses, and .
activities.

in higher doses,
it can be fatal for
humans in
general.

Mercury can be | Mining,
present in many | incineration of
forms — metal, | coal, alkali and
vapour or salt — | metal

Mercury and in many | processing,
compounds, and | medical waste,
we may not | volcanoes and
always be aware | geologic

that contact has | deposits,
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taken place. | accumulation
However, in plants &
mercury can be | vegetables
inhaled or | grown on
absorbed polluted soils.
through the skin,
and mercury
poisoning is
extremely
dangerous.
Mining,
incineration of
coal, alkali and
metal
It spreads | processing,

through water,
soil, and air. It’s

medical waste
volcanoes and

Arsenic . .
useful in many | geologic
ways but toxic | deposits, and
in even more. accumulation
in plants &
vegetables
grown on
polluted soils.
Excess exposure
to copper can be | Mining,
extremely foundry
Copper harmful. Copper | activities,
wiring, construction
insecticides, and | activities.

other
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unprotected
products rich in
copper can also
be

contaminants.

Zinc can easily
contaminate the
soil and water in
areas where it is

naturally present

or mined. When

ingested in

excess, whether | Mining,

voluntarily foundry
Zinc through activities,

supplements or | construction

involuntarily activities.

through

exposure to

contaminated

soil or water,

zinc can cause

various health

problems.

While nickel

can be naturally | Mining,

found in water | foundry
Nickel and soil, it is | activities,

often construction

encountered in | activities.

areas with
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human

pollution. In
small quantities,
it is eliminated
through urine or
the intestinal
tract; in larger
doses, however,
it is toxic and
may cause
health

conditions.

SEvere

Herbicides/Insecticides

Herbicides
insecticides are
known
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can be inhaled,

and

ingested through
food or water or
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through  direct
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Depending
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concentration of
the
they
serious
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and
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concerns,
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gardening.
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particularly for
children and
adults in

general.

Conclusion

Soil Pollution is a critical environmental issue with significant
implications for ecosystems, agriculture, and public health.
Addressing soil pollution requires a multifaceted approach,
including regulatory measures, technological innovations,
sustainable  practices, and public engagement. By
implementing effective solutions and promoting awareness,
India and the world can work towards mitigating soil pollution
and ensuring a healthier and more sustainable environment.

Thermal Pollution :
What is Thermal Pollution?

Thermal pollution is defined as a sudden increase or decrease
in the temperature of a natural body of water, which may be
ocean, lake, river or pond.

This sudden change in water temperature is mainly due to
anthropogenic activities.

For example, a power plant takes water from a source, e.g., a

river, as a coolant and then discharges the warm water back into
the water body.
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Thermal Pollution is a prominent type of Environmental
Pollution.

Causes of Thermal Pollution

Some of the prominent causes and sources of thermal pollution
can be seen as follows:

Power, Manufacturing and Industrial Plants: These plants
draw water from nearby sources as a coolant and then release
warmer water back to the source.

Soil Erosion: Consistent soil erosion causes water bodies to
rise, which makes them more exposed to sunlight.

Deforestation: Trees and plants prevent sunlight from falling
directly on water bodies.

With deforestation, these water bodies are directly exposed to
more sunlight, thus absorbing more heat and raising the
temperature of water bodies.

Runoff from Paved Surfaces: During summer seasons, Urban
pavement gets quite hot, which creates warm runoff that gets
into the sewer systems and water bodies, increasing their
temperature.

Natural Causes: Volcanoes and geothermal activity beneath
the oceans and seas can release warm lava to raise the
temperature of water bodies.

Lightning is another natural cause that can introduce heat into
the oceans.
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Effects of Thermal Pollution
Varies effects of thermal pollution can be seen as follows:

Decrease in Dissolved Oxygen Levels: The warm temperature
decreases the levels of DO (Dissolved Oxygen) in water.

The decrease in oxygen may give rise to anaerobic conditions
by suffocating plants and animals.

e @ W
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Suffocated

Growth of Algae: Warmer water allows algae to flourish on
surface of water and over the long term growing algae can
decrease oxygen levels in the water.

Surge in Toxins: Constant flow of high-temperature water
discharge from industries leads to an increase in toxins in the
natural water body.
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These toxins may contain chemicals or radiation that may have
a harmful impact on aquatic organisms.

Biodiversity Loss: Changes in the temperature of water bodies
may lead to migration to more adaptable surrounding leading
to more clash for limited resources leading to death of many
organisms.

Ecological Impact: A sudden thermal shock can result in mass
killings of organisms.

Little increase in water temperature may increase activity level
of some organisms while higher increase in water temperature
may decrease the activity level of some.

Reproductive Systems: As reproduction better happens within
a certain range of temperature. Higher temperature can cause
release of immature eggs or can prevent normal development
of certain eggs.

Metabolic Rate: Thermal pollution increases the metabolic
rate of organisms.

It may also disrupt the stability of the food chain and change
the composition of species.

Thermal Pollution Control Measures

The following are some of the thermal pollution control
measures:

Storing hot water in cooling ponds and allowing the water to
cool before releasing it into any water body or back to the plant.
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Warm effluents can be passed through a cooling tower after it
leaves the condenser.

The heat is dissipated into the air and the water can then be
discharged into the river or pumped back to the plant to be
reused for cooling.

Create storm water management facilities to absorb runoff or
direct it into groundwater, such as infiltration basins and bio-
retention systems.

Dams can be designed such that instead of releasing cold water
at the bottom of the reservoir, they release water from the top.
Potential Uses of Thermal Pollution

Though an environmental hazard, thermal pollution can be
used to reap economic benefits. Some of the potential uses of
thermal pollution can be seen as follows:

e Industrial and space heating.

¢ Soil warming — biological application.

e Heating greenhouses.
Conclusion
Thermal Pollution represents a critical environmental issue
with far-reaching consequences for aquatic ecosystems, water
quality, and human well-being. Addressing this issue requires
a combination of regulatory measures, technological
innovations, and best management practices. By understanding
the sources and impacts of thermal pollution and implementing
effective strategies for mitigation, societies can work towards
protecting water resources and ensuring a healthier
environment for future generations.
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Radioactive Pollution :

Radioactive pollution refers to the harmful presence of
radioactive substances in the environment, which release
ionizing radiation capable of causing serious damage to living
organisms. Understanding the effects of radioactive
pollution is crucial, as such contamination can impact humans,
animals, plants, and entire ecosystems, leading to short-term
illnesses and severe long-term consequences including genetic
mutations and environmental degradation.

What is Radioactive Pollution?

Radioactive pollution occurs when unwanted radioactive
materials are introduced into air, water, or soil. These materials
emit ionizing radiation—commonly in the form of alpha
particles, beta particles, and gamma rays—which damages
living cells and DNA, resulting in potentially harmful or fatal
outcomes depending on exposure level.

Types of Radiation and Their Characteristics

e Alpha Particles: Heavily charged, low penetration;
can be stopped by paper or skin.

e Beta Particles: Lighter, moderate penetration; stopped
by plastic or glass.

e Gamma Rays: Highly penetrating electromagnetic
radiation; requires dense materials like lead for
shielding.

Exposure to these radiations can lead to harmful health
effects in both humans and other organisms.
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Major Sources of Radioactive Pollution :

Sources of radioactive pollution can be natural or man-made.
The human-related sources are especially significant due to
their higher concentrations and potential for widespread
contamination:

Nuclear power plant accidents or improper waste disposal

Medical procedures utilizing radioactive isotopes
Mining and refining of radioactive ores like uranium
and thorium

Nuclear weapons testing and use

Effects Of Radioactive Pollution

The effects of radioactive pollution are profound and can be
categorized as genetic, somatic, and ecological. Below are the
main impacts on various life forms and the environment.

Effects Of Radioactive Pollution in Points

Causes damage to DNA, leading to genetic mutations
Increases risk of cancer, birth defects, and chronic
diseases

Results in acute radiation sickness at high exposure
levels

Reduces plant growth and disrupts soil fertility
Threatens aquatic organisms due to contaminated
water sources

Alters ecosystems and biodiversity, leading to
ecological imbalance
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Effects on Human Health :

e Short-term: nausea, vomiting, fatigue, and cellular
decay from acute exposure

e Long-term: increased occurrence of leukemia, cancers,
organ failure, and hereditary diseases

e Genetic and somatic effects may appear in future
generations

Effects on Animals

e Stunted growth and reproductive failure

e Increased mortality rates and genetic defects

e Bioaccumulation leads to radiation moving up the food
chain

Effects on Plants and the Environment

e Disrupts cell division, causing abnormal growth or
plant death

e Reduces crop yield and contaminates food supply

e Polluted soil and water impact entire ecosystems

For additional insight on related environmental impacts, see the
effects of environmental pollution.

Genetic and Somatic Effects Explained

Genetic effects arise from damage to reproductive cells,
leading to mutations that can be passed to offspring. Somatic
effects are felt within the exposed individual and include
diseases like cancer, radiation burns, and organ damage.
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An example of a nuclear reaction causing such pollution:

Minimizing the Impact
Strict management of nuclear waste, safety measures at nuclear
power facilities, and routine environmental monitoring are

essential to reduce the effects of radioactive pollution on
humans and nature.

Conclusion

The effects of radioactive pollution are dangerous and far-
reaching, impacting human health, animal life, plant growth,
and the overall stability of the environment. Both the somatic
and genetic effects underline the need for strict regulatory
practices, informed public awareness, and the pursuit of safer
energy alternatives. Limiting radiation exposure is essential to
protect all living systems and maintain ecological balance in
the face of technological advancement.
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Industrial Pollution

What is Industrial Pollution?

Pollution refers to the addition of any substance to the
environment that has a harmful or poisonous effect. Any
form of pollution whose source can be traced to industrial
activities is called industrial pollution.

Pollution Due to Industrial Wastes

The industries use raw materials, process them, produce
finished products, and some by-products are thrown into the
environment as industrial wastes in gas, liquid or solid, thus
polluting the air-water or soil.
Industrial wastes may be classified as:

What Causes Industrial Pollution?

The causes of industrial pollution are not restricted to the
emission of smoke or other harmful gases. There are
many other reasons which leads to industrial pollution. Some
of these causes are —

Industrial growth without proper planning

Unplanned industrial growth is one of the major causes of
industrial pollution. In most of the industrial areas, the factories
have ignored the standard rules and regulations for industrial
setup. As a result, these industries have end-up polluting the
air, water, and soil by releasing contaminants.

Use of old technologies

Most of the factories and industries are relying on old
technologies as updating advanced technologies is expensive
as compared to out-dated ones. The old technologies generate
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a massive amount of toxins and waste than advanced
technologies, hence polluting the environment.

Most of the time, the industries are very well aware that their
old version technologies are polluting the environment.
However, still, they prefer to continue with the old one instead
of upgrading their systems.

Leaching of natural resources

Many factories need a considerable amount of raw material to
produce the end-product. The raw material can be taken out
from the Earth’s surface by the process called extraction. There
are risk factors involved with the extraction of raw material
when spilled on the Earth, causing soil pollution.

Leakage from vessels also contributes to oil spills causing
hazardous effects on marine ecology.

A huge number of small-scale industries

There are ample of small-scale industries involved in causing
pollution at higher risk on a day to day basis. These small-scale
industries do not have sufficient capital and thus rely on govt.
Grants to run their business.

The small sectors often bypass environment regulation
resulting in the emission of many harmful gasesin the
atmosphere.

Lack of policies for pollution control

Lack of policies and implementation also trigger industrial
pollution. It allows many factories to ignore the laws enforced
by the pollution control board. It increases industrial pollution
to worst level imposing direct effects on the lives of plants,
animals, and humans.
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Improper waste disposal

Waste disposal through correct ways is crucial for the
conservation of the environment, whether it is industrial waste
or the waste we produce at our home. The waste generates in
factories is much more harmful as it contains hazardous toxins
and chemicals.

Improper waste disposal from factories is majorly responsible
for industrial pollution that causes poor air quality and various
health hazards.

Emission of hazardous chemicals

The hazardous chemicals used by the factories for
manufacturing or other processing can be termed as the root
cause of industrial pollution. These toxins are big threats to the
health of the organisms and the environment.

When these chemicals are released in the environment leads to
different forms of pollution like air pollution, water pollution,
and land pollution. Industries pollution is responsible for
producing more than 25 million tonnes of toxic chemicals
through industrial activities.

Consumer products manufactured by industries

Various industries are associated with producing different
products like electronics, plastics, chemical utilities (such as
paints, cleaning solvents, petroleum, sprays, etc.), car parts,
metals, etc.

These industrial products become out-dated after a while, and
they piled up to make massive landfills. Sometimes people
dump this waste in water bodies causing contamination of
water. These consumer products also contain harmful
chemicals that may cause adverse effects on human health as
well as plant and animal health.
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Carbon emissions

Industrial energy use for production activities releases a high
level of carbon dioxide in the atmosphere. CO2 is the main
greenhouse gas responsible for the greenhouse effect.
Industries are the major contributor to CO2 emission, causing
global warming and climate change.

Effects of Industrial Pollution
Industrial pollution is equally harmful to the environment as
other pollutants like air, water, and land pollution. Actually,
industrial pollution magnifies the level of air, water, and land
pollutions in the environment. The harmful effects of industrial
pollution include —
e Causes air pollution
Industrial pollution mainly pollutes the air where we breathe.
The industries emit a huge amount of harmful gases into the
atmosphere daily. The process of emission will continue as
these factories are running to fulfill our needs that are
increasing rapidly every year.
Due to air pollution, respiratory problems like bronchitis,
emphysema, asthma, etc. are quite common in people these
days. Apart from this, long term exposure to low-quality
air also leads to lung infections, coughing, sore throat,
wheezing, headache, chest pain, nausea, high-level fatigue, etc.
e Contamination of water sources
Most of the factories required water to perform different
activities to produce various products for consumers. When
they use a large amount of water in various processes, it comes
in contact with harmful chemicals, heavy metals, radioactive
waste, etc.
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The factories dump their hazardous waste into water bodies like
rivers. These toxins contaminate the water when dissolved with
water bodies. The rivers take these pollutants all the way to the
oceans and eventually dump it in large water bodies of oceans
and seas.

This contaminated water is a big risk for the organisms that
depend on it for their survival. For example- when we use this
water for irrigation, drinking, washing, and watering plants, it
affects our health adversely. On the other hand, polluted water
of oceans also affects the health of millions of plant and animal
species living underwater.

Preventive Measures to Control Industrial Pollution

Industrial pollution can be controlled with little effort from
every industry. Here are some useful tips that industries may
follow to control the level of contamination.
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The first step the factories and industries should take
is “to upgrade their equipment, machinery, and should
implement advanced technologies” to initiate less
pollution.

They should train their employees to work with
advanced technologies to minimize waste creation and
for proper disposal of it.

The industries also need to develop and implement
adequate waste disposal techniques to reduce industrial
pollution.

Site selection for an industry’s setup is critical to slow
down industrial waste’s impacts on the surrounding
environment.

Planting trees is one of the best solutions to control
industrial pollution as it purifies the air to breathe fresh.
Participate in reforestation and afforestation activities
to help the environment to heal.

Planting trees will also solve the problem of loss of
habitat for wildlife.

Environmental Protection Agency (EPA) deals with
controlling the pollution and its harmful effects.
However, there should be strict consequences for those
industries that ignore the rules & regulations. On the
other hand, the sectors that indeed follow policies
should get rewards to set an example for the others.
The factories should conduct ‘environmental impact
assessment’ regularly to evaluate the impacts on the
environment. It will help them to rectify the problem
to avoid negative consequences caused by industrial
activities.
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Environmental Changes :
Global Warming :

Greenhouse Effect Definition
“Greenhouse effect is the process by which radiations from
the sun are absorbed by the greenhouse gases and not
reflected back into space. This insulates the surface of the
earth and prevents it from freezing.”

What is the Greenhouse Effect?

A greenhouse is a house made of glass that can be used to grow
plants. The sun’s radiations warm the plants and the air inside
the greenhouse. The heat trapped inside can’t escape out and
warms the greenhouse which is essential for the growth of the
plants. Same is the case in the earth’s atmosphere.

During the day the sun heats up the earth’s atmosphere. At
night, when the earth cools down the heat is radiated back into
the atmosphere. During this process, the heat is absorbed by the
greenhouse gases in the earth’s atmosphere. This is what makes
the surface of the earth warmer, that makes the survival of
living beings on earth possible.

However, due to the increased levels of greenhouse gases, the
temperature of the earth has increased considerably. This has
led to several drastic effects.

Let us have a look at the greenhouse gases and understand the
causes and consequences of greenhouse effects with the help of
a diagram.

Also Read: Global Warming
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Greenhouse Gases

“Greenhouse gases are the gases that absorb the infrared
radiations and create a greenhouse effect. For eg.,
carbondioxide and chlorofluorocarbons.”

Greenhouse Effect Diagram
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he major contributors to the greenhouse gases are factories,
automobiles, deforestation, etc. The increased number of
factories and automobiles increases the amount of these gases
in the atmosphere. The greenhouse gases never let the
radiations escape from the earth and increase the surface
temperature of the earth. This then leads to global warming.

Causes of Greenhouse Effect
The major causes of the greenhouse effect are:
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Burning of Fossil Fuels

Fossil fuels are an important part of our lives. They are widely
used in transportation and to produce electricity. Burning of
fossil fuels releases carbon dioxide. With the increase in
population, the utilization of fossil fuels has increased. This has
led to an increase in the release of greenhouse gases in the
atmosphere.

Deforestation

Plants and trees take in carbon dioxide and release oxygen. Due
to the cutting of trees, there is a considerable increase in the
greenhouse gases which increases the earth’s temperature.

Farming
Nitrous oxide used in fertilizers is one of the contributors to the
greenhouse effect in the atmosphere.

Industrial Waste and Landfills

The industries and factories produce harmful gases which are
released in the atmosphere.

Landfills also release carbon dioxide and methane that adds to
the greenhouse gases.

Effects of Greenhouse Effect
The main effects of increased greenhouse gases are:

Global Warming

It is the phenomenon of a gradual increase in the average
temperature of the Earth’s atmosphere. The main cause for this
environmental issue is the increased volumes of greenhouse
gases such as carbon dioxide and methane released by the
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burning of fossil fuels, emissions from the vehicles, industries
and other human activities.

Ozone Layer Definition

“The ozone layer is a region in the earth’s stratosphere that
contains high concentrations of ozone and protects the earth
firom the harmful ultraviolet radiations of the sun.”

Table of Contents

e What is an Ozone Layer?
e Ozone Layer Depletion

e What is Ozone Layer Depletion?

e Causes of Ozone Layer Depletion

e Ozone Depleting Substances (ODS)
e Effects Of Ozone Layer Depletion
e Solutions to Ozone Layer Depletion

What is an Ozone Layer?

The ozone layer is mainly found in the lower portion of the
earth’s atmosphere. It has the potential to absorb around 97-
99% of the harmful ultraviolet radiations coming from the sun
that can damage life on earth. If the ozone layer was absent,
millions of people would develop skin diseases and may have
weakened immune systems.

However, scientists have discovered a hole in the ozone layer
over Antarctica. This has focussed their concern on various
environmental issues and steps to control them. The main
reasons for the ozone hole are chlorofluorocarbons, carbon
tetrachloride, methyl bromide and hydrochlorofluorocarbons.
Let us have a detailed look at the various causes and effects of
ozone layer depletion.
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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.”

OZONE LAYER DEPLETION
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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 ozone layer
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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

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 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 results
in much more depletion of the ozone layer than the CFCs do. If
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not controlled, this might result in a huge loss of the ozone layer
by the year 2050.

Nitrogenous Compounds
The nitrogenous compounds such as NO,, NO, N,O 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,
hydrofluorocarbons, etc. that are responsible for the
depletion of the ozone layer.”

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

Ozone-Depleting Sources

Substances

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

Halons Fire-extinguishers
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Carbon tetrachloride Fire extinguishers, solvents

Methyl chloroform Adhesives, aerosols
Hydrofluorocarbons fire extinguishers, air-conditioners,
solvents

Also Read: Global Warming

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

Humans will be directly exposed to the harmful ultraviolet
radiation 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.
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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.

Acid Rainis a significant environmental issue that has
garnered attention for its detrimental impacts on ecosystems,
human health, and infrastructure. As a key topic in
environmental science and policy discussions, understanding it
is crucial for environmental conservation and sustainable
development. This article aims to study acid rain in detail,
including its meaning, causes, processes involved, impacts, and
related concepts such as acid deposition.

What is Acid Rain?

e Any precipitation in the form of rain, fog, mist, or snow
that is acidified is termed Acid Rain.

e This acidity is primarily caused by the presence of
Sulfur dioxide (SO2) and Nitrogen Oxides (NOx) in the
atmosphere, which react with water vapour to form
Sulfuric acid (H2SO.) and Nitric acid (HNOs),
respectively.

e These acids then fall to the ground with the
precipitation, leading to environmental and structural
damage.

Rain is naturally acidic, but acid gases make it even more
acidic. Acid rain has a pH value of less than 7 on the pH scale.
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Mechanism of Acid Rain

e Air pollution from burning fossil fuels increases the
concentration of oxides of Sulphur and Nitrogen in the

aitr.

e  When these oxides react with the moisture in the air, it

leads to acid rain.
Sources of Acid Rain
Acid rain results from polluting gases like Sulphur dioxide,

Nitrogen oxides, Formic acid, Carbon dioxide, Carbon
monoxide, Methane, and Chlorine, as well as Phosphoric acid
and hydrochloric acid.
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Chemistry

e Asaresult of both natural and anthropogenic activities,
the concentration of sulphur and nitrogen increases in
the air.

o These are present in the air as Sulphur dioxide
and Nitrogen dioxide.

e In drier regions, some of this is deposited in the form
of dry deposits.

e Both sulphur dioxide and nitrogen dioxide are acidic
oxides and react with water to form acids.

o Sulphur dioxide reacts with water to form
sulphurous acid.
= Substances in the upper atmosphere
then catalyse the reaction between
sulphurous acid and oxygen to form
sulphuric acid.
o Similarly, nitrogen dioxide reacts with water to
form a mixture of nitric acid and nitrous acid.

e Both sulphuric acid and nitric acid are soluble in water
and are the major acids present in acid rain. They come
down as Acid Rain.
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Acid Deposition

Dry Deposition

Wet depo;iti‘n :

Causes of Acid Rain

e Acid rain is primarily caused by releasing sulfur
dioxide (SO:) and nitrogen oxides (NOy) into the
atmosphere, which reacts with water vapour and other
chemicals to form sulfuric and nitric acids.

e These pollutants are mainly produced by burning fossil
fuels in power plants, factories, and vehicles.

e Volcanic eruptions and wildfires can also contribute to
the release of these gases.

e Once formed, acid rain falls to the ground, damaging
ecosystems, soil, water bodies, and buildings and
posing risks to human health and the environment.

Effects of Acid rain

Effects of Acid Rain Acid rain is an extremely destructive form
of pollution and the environment and mankind suffer squarely
from its serious effects. It causes acidification of lakes and
streams and damages trees and soils. It accelerates decay of
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building materials, paint, statues and sculptures and contributes
to visibility degradation and adverse health effects. Major
effects of acid rain are as follows:

e It damages leaves and needles, inhibits plant
germination and reproduction. It depletes supplies of
nutrients from soil, thus affecting the growth of trees.

e The acid rain leaches calcium and magnesium from
forest soils. These minerals are essential for plant
growth and help in buffering or neutralizing acids. If
the soil chemistry is changed this way it will take much
longer time to recover. Trees exposed to acid rain find
difficulty in withstanding droughts, diseases, insects,
pests and cold weather etc.

e The ecological effects of acid rain are most clearly seen
in the aquatic environment. The acid rain may reduce
fish population, completely eliminate fish species from
the water body and decrease biodiversity. Acid rain
affects the planktonic life of the waterbody. Many
sensitive marine species disappear and the ones that
survive in acidic water suffer stresses in a number of
ways.

e The acid rain affects and damages the automotive paint
and other coatings. This damage is usually permanent
and requires repaint. The acid rain causes visibility
reduction problems. The SO2 and NOx emissions
contribute to visibility impairment thus one can not see
as far or as clearly through the air. The sulphate
compounds account most for this problem.

e The acid rain contributes to the corrosion of metals and
deterioration of stone, i.e. marble, limestone etc., thus
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reducing their value. Dry deposition of acidic
compounds can increase the maintenance cost of
buildings and materials.

e The acid rain, and the pollutants (SO2, NOx) that cause
acid rain, affects human health too. These gases form
fine sulfate and nitrate particles which are transported
to long distance and are inhaled by human beings
causing problems of bronchitis, asthma, heart and lung
disorders etc.

Types of Acid Deposition

The types of acid deposition in the air depend upon the
moisture content in the atmosphere. Based on the moisture
content, acid deposition can be classified as:

Wet Deposition

e Acidic deposition is in the regions where atmospheric
conditions are wet.

e These acidic elements in the air fall to the ground in
precipitations like rain, fog, mist, or snow.

e  Wet deposition forms, such as acid rain, are common
in regions with high moisture levels.

e This type of acid deposition is common in the east
margins of tropical regions, west margins of temperate
regions, and polar regions of the earth, with a high
concentration of pollution sources.

Dry Deposition

e Acidic deposition in the regions where atmospheric
conditions are dry.

e These acidic elements in the air fall to the ground with
the wind and are mixed with aerosols.
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e For example, dust particles, smoke, pollen grains, salt
particles, etc, act as the locus for acid deposition in dry
areas.

e These acidic elements settle on the ground along with
aerosols, which are then washed out by the rain during
the rainy season.

e This type of acid deposition is common in the west
margins of Tropical Areas and the east margins of
Temperate areas where there is a concentration of
pollution sources.

Areas Affected by Acid Rain

A high concentration of pollutants, which is common in
industrial areas, is necessary for acid rain to occur.

Thus, Acid Rain commonly occurs in areas near industrial
regions.

For example, in India, acid rain was first reported in 1974 in
the Mumbai region, which has a high concentration of
industries.

However, it is not exactly limited to industrial regions only.

When acid gases are released, they rise to the sky and are
carried by strong winds.

o Thus, Acid Rain is a problem all over the
world.

o For example, Acid rain in Scandinavian
countries is caused by air pollution in Britain
and other European countries.

Impacts
The multi-faceted impacts of Acid Rain can be seen as follows:
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e On Soil

o

Leaching occurs when acid rain deposition
adds hydrogen ions to the soil.

This displacement of important nutrients like
calcium, magnesium, and potassium pushes
the nutrients deeper into the soil, making it
difficult for plant roots to get them and making
the soil infertile.

It affects respiration by the soil organisms.

As the nutrients become scarce in the soil, it
also impacts the decomposition rate.

If acid rain falls on alkaline soil, the acid
becomes neutral, so the plants are not hugely
affected. However, if the soil is slightly acidic,
it can be disastrous.

e On Vegetation

o

Acid rain reduces the photosynthesis rate in
plants. This affects their growth rate.

The abnormal growth rate has various impacts,
such as discolouration, a decline in biomass,
early ageing, and tree death.

Moreover, the absorption of acidic ions from
the soil affects plant metabolism.

e  On Microorganisms

@)

Microorganisms have a very limited range of
pH in which they can survive. Any change in
this pH affects their number in any
environment. As most microorganisms, like
bacteria and protozoa, except fungi, thrive in
an environment with near-neutral pH, acid rain
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has a severe impact on the population of
microorganisms.

Acid rain changes the area from bacteria-
dominated to fungi-dominated. This increases
fungal diseases and reduces the decomposition
rate of organic material in the soil.

e On Aquatic Life

o

The pH value is an important determinant of
metabolic processes in aquatic regions. The
eggs or sperms of fish, frogs and other aquatic
organisms are very sensitive to pH change.
Acid rain kills their gametes, affecting their
life cycles and productivity.

This, in turn, impacts the food chain in the
aquatic environment, causing ecological
imbalance. Further, acid rain kills plankton, a
primary producer in the aquatic food chain.
This makes water bodies lifeless, as fish die
because of the lack of food. This impacts the
livelihood of fishermen.

e  On Terrestrial Life

o

Acid rain affects the photosynthesis rate in
plants. Plants are the primary food source in
terrestrial ecosystems, affecting the food
chain. Thus, there is a threat to the population
of terrestrial animals because of acid rain, but
this is an indirect threat.

¢ On Humans

o

Acid rain looks, feels, and tastes just like clean
rain. Its harm to people is not direct, however,
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as it does not have an acidic pH to burn human
skin.

o The air pollution that causes acid rain is more
damaging to human health. Sulphur dioxide
and nitrogen oxides, the major sources of acid
rain, can irritate or even damage our lungs,
reduce visibility, and cause irritation to the
skin, eyes, and respiratory tract.

o Moreover, sulphur dioxide particles in the air
can cause chronic lung problems like asthma
and bronchitis. Additionally, the nitrogen
oxides that create acid rain promote the
formation of ground-level ozone, which is
harmful.

o Further, acid rain impacts water resources and
food chains, of which humans are part. Thus,
acid rain can cause food poisoning.

¢ On Buildings and Monuments

o Many old, historic, ancient buildings and
works of art/textiles, etc., are adversely
affected by acid rain. Acid rain destroys
limestone and marble. Smoke and soot cover
such objects. Acid fumes in the air slowly
dissolve/flake away the surfaces. Many
buildings/monuments, such as the Taj Mahal
in Agra, have suffered from acid rain.

Measures to Control Acid Rain

Any measure that controls the emission of pollutants like
sulphur and nitrogen oxides will help reduce acid rain.
Accordingly, the following are some of the control measures:
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e Cleaner Fuels: Use low sulphur fuel, natural gas or
washed coal in thermal power plants.
e Scrubbers: In power plants, attaching devices known
as ‘scrubbers’ are used in the chimneys.
o These scrubbers reduce the sulphur produced
in the smoke by 90 — 95%.

Inlet for water——s Spay Nozzle

Spay

«— |nlet for
Polluted Gas

Particulates
Settling down

Outlet for
Dirty Water

e Catalytic Converters: Fitting catalytic converters into
vehicles’ exhaust pipes also reduces the amount of
sulphur dioxide produced by the vehicles.

¢ Shift to Renewable Energy: Alternate energy sources
like tidal, wind, hydropower, etc, can reduce the
emission of harmful gases.

e Other Measures: Other measures to control Acid Rain
can include:
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o Add neutralising agents like lime to increase
the pH value of the water.
Shift towards better emission standards.
o Industries must regularly inspect and clean all
their emission equipment, chimneys and pipes.
o A widespread and nationwide effort must be
made to make people aware.
Conclusion
Acid rain is a complex environmental issue with far-reaching
effects on ecosystems, infrastructure, and human health. It can
become an environmental hazard or disaster in the
industrialised world, and hence, strong measures must be taken
to prevent it. Addressing this challenge requires a
comprehensive approach involving regulation, technological
innovation,  international  collaboration, and  public
engagement.
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Photochemical Smog

Photochemical smogis a type of smog produced
when ultraviolet light from the sun reacts with nitrogen
oxides in the atmosphere. It is visible as a brown haze, and is
most prominent during the morning and afternoon, especially
in densely populated, warm cities.!?! Cities that experience this
smog daily include Los Angeles, Sydney, Mexico City,
Beijing, and many more.

Photochemical smog over Shanghai
Formation:

Photochemical smog forms from a complex process, however
the source of it is quite apparent. The largest contributor is
automobiles, while coal-fired power plants and some other
power plants also produce the necessary pollutants to facilitate
its production. Due to its abundance in areas of
warmer temperatures, photochemical smog is most common in
the summer.
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It forms in the morning when a tremendous number people are
driving their vehicles to work. Nitrogen oxides produced in the
car engine are introduced into the atmosphere, which may
combine with water to form nitric acid or react with sunlight to
produce singular oxygen atoms, which then combine
with molecular oxygen to produce ozone. The nitric acid may
precipitate to the Earth resulting in acid rain, or remain in the
smog. Due to the direct production of it by vehicles, the smog
forms over cities where many people may encounter its adverse
health effects.

Hotter days mean more photochemical smog, especially in the
densely populated cities such as those mentioned above. As
more and more urban populations arise around the globe, this
problem is only expected to increase.

Composition:

Nitric oxide (NO) and nitrogen dioxide (NO>) are emitted from
the combustion of fossil fuels, along with being naturally
emitted from things such as volcanos and forest fires (it is
the immense concentration of these pollutants within cities that
1s of the most concern however, as natural emissions tend to
spread out over larger areas). When exposed to ultraviolet
radiation, NO, goes through a complex series of reactions
with hydrocarbons to ~ produce  the  components  of
photochemical smog—a mixture of ozone, nitric
acid, aldehydes, peroxyacyl nitrates (PANs) and
other secondary pollutants.

NO,, ozone and PANs are called photochemical
oxidants because they can react and oxidize certain
compounds in the atmosphere or within a person's lungs that
are not normally oxidized. Even small traces of these chemicals
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can affect the respiratory tract of humans and animals, and
damage crops and trees.
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Photochemical smog

Figure 2. Photochemical smog formation; sunlight reacts with
NO; which then interacts with other molecules in the air to
form smog.!

Effects

Health and Environmental Effects
Exposure to photochemical smog poses significant risks:

Health: Causes eye irritation, coughing, throat
dryness, headaches, and chest pain. It can aggravate
existing respiratory conditions like asthma and
bronchitis and may lead to reduced lung function and
long-term lung tissue damage.

Environment: Damages sensitive plants and crops by
reducing photosynthesis, leading to brown necrotic
leaf patterns. It also reduces visibility and can degrade
materials like rubber, plastics, and building materials.
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Mitigation Strategies
Reducing photochemical smog requires a multi-pronged
approach:
e Vehicle Emissions Control: Implementing stricter
emission standards, using catalytic converters in cars,

and promoting electric or hybrid vehicles.

¢ Reducing VOCs: Encouraging the use of low-VOC
paints and solvents and implementing vapor recovery
systems at gas stations.

e Urban Planning & Lifestyle: Promoting public
transportation, carpooling, biking, and effective urban
planning to enhance air circulation.

e Cleaner Energy: Shifting from fossil fuels to
renewable and non-polluting energy sources such as
solar, wind, and hydroelectric power to reduce primary
pollutant emissions.

Environmental Issues Management Stragies and Safety :

Our environment is constantly changing, and as our
environment changes so does the need to become increasingly
aware of the environmental issues that are causing these
changes. With a massive increase in natural disasters, warming
and cooling periods, and different types of weather patterns,
people need to be a lot more cautious with the way they lead
their lives in conjunction with the types of environmental issues
our planet is facing.

Environmental Issues

Environmental issues are the harmful effects of human
activities on the environment. These include pollution,
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overpopulation, waste disposal, climate change, global
warming, the greenhouse effect, etc.

Various environment protection programs are being practised
at the individual, organizational and government levels with the
aim of establishing a balance between man and the
environment.

Some of the current environmental issues that require urgent
attention are:

Climate Change

Climate change is a great concern in today’s scenario. This
problem has surfaced in the last few decades. Greenhouse gases
are the major cause of climate change. Environmental changes
have several destructive impacts such as the melting of glaciers,
change in seasons, epidemics, etc.

Global Warming

The burning of fossil fuels, emissions from automobiles and
chlorofluorocarbons add to the greenhouse gases in the
atmosphere. This has led to an increase in the earth’s
temperature causing environmental changes. This increase in
temperature across the globe is known as global warming.

Ozone Layer Depletion

The ozone layer is a layer of concentrated ozone gas. It protects
us from the sun’s harmful ultraviolet rays. This very important
layer is being destroyed by CFCs (chlorofluorocarbons), which
are used in industries and everyday life (e.g. acrosol cans).
The chlorine in these compounds destroys the ozone layer. The
hole in the ozone layer leaves humans and wildlife exposed to
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harmful UV rays resulting in several skin diseases including
cancer.

Water Pollution

The introduction of harmful substances into rivers, oceans,
lakes and ponds, which changes the physical, chemical or
biological condition of the water is called water pollution. The
polluted water lacks oxygen and therefore the organisms die.
Water is the main source of life and therefore it is our prime
duty to prevent it from any kind of pollution.

Air Pollution

Air pollution is the result of emissions from industries,
automobiles, and the increasing use of fossil fuels. The gaseous
emissions have added to an increase in the temperature of the
earth. Not only this, but it had also increased the risk of diseases
among individuals.

Solid Waste Management

Solid-waste management is defined as the discipline associated
with the generation, storage, collection, transfer and transport,
processing, and disposal of solid waste in a manner that it does
not have a harmful effect on the environment.

Deforestation

Deforestation is the depletion of trees and forests at an alarming
rate. The trees provide us with oxygen, and several raw
materials and also maintain the temperature of the earth. Due
to the depletion of trees for commercial purposes, there has
been a drastic change in the earth’s climate.
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Forests are an abode to a large number of wild animals and
plants. Destruction of forests has led to the elimination of a
large number of plants and animal species affecting
biodiversity.

Overpopulation

The earth’s population is increasing drastically. It is estimated
to be more than seven billion. The increasing population has
led to a shortage of resources. If this continues, it will be very
difficult to sustain such a huge population. The other
environmental issues including pollution, waste management,
deforestation, climate change and global warming are all
associated with overpopulation.

nvironmental Management & Solutions

e Waste Management: Reduce, Reuse, Recycle (3Rs),
proper disposal of hazardous waste, composting.

e Energy: Shift to renewable sources (solar, wind,
hydro), improve energy efficiency in industries and
vehicles.

e Pollution Control: Stricter industrial regulations,
catalytic converters in vehicles, controlling emissions.

e Sustainable Practices: Sustainable agriculture,
reducing food/paper waste, promoting green
innovations.

e Afforestation: Planting trees to absorb CO2 and
combate deforestation.

Policy & Awareness: Global cooperation, individual
responsibility, environmental

o Integrated Approach: Addressing issues holistically,
recognizing interconnectedness.
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o Polluter Pays Principle: Holding those who pollute
responsible for clean-up.
¢ Sustainable Development: Meeting present needs
without compromising future generations.
Safety:

Monitoring : Regular Checks for air,water quality,noiseand
Harzadous wastes,

Compliance : Adhering to Environmentl Laws.

Risk Management : Identifying,assesing and controlling
environmental risks.

Spill prevention : Protocols for handling hazardous materials
like oil,chemicals.

Emergency Response : Plans for accidents Spills,fires to
protect workers and the environment.

Trainning : Educating employees on safe handling,most sorting
and emergency procedures.

Biotechnological Approaches for Management :
Increasing  population, limited resources, depleting
biodiversity, increasing pollution and climate change are some
of the important problems that the earth is facing today. The
pollution of air, water, and soil has increased as a result of
human  advancements in  industry, transportation,
agriculture,residential space, and other areas. Different tools,
techniques and approaches are used to tackle these major
problems. Environmental biotechnology had proved to be an
important tool to solve or restrict such problems and
maintained sustainable development as well. It has
significantly contributed in the preservation, conservation
improvement and protection of the environment.
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OBJECTIVES
After studying this unit, you should be able to:

e Define environmental Biotechnology and its scope;

e Describe application of environmental
Biotechnology in environment clean up and
pollution control etc.;

e Explain Environmental biotechnology role in
providing  alternate soltuions for sustainable
Development.

1. Definition and Scope:

Environmental Biotechnology is a branch of biotechnology that
applies biological systems—such as microorganisms, plants,
and enzymes—to solve environmental problems and promote
sustainable development. It focuses on the use of living
organisms to degrade, detoxify, or remove pollutants from air,
water, and soil, while also improving environmental quality.

The scope of environmental biotechnology is vast and
interdisciplinary, integrating microbiology, molecular biology,
genetics, ecology, and engineering. It includes areas such as
waste management, pollution control, renewable energy
production, and conservation of natural resources. Techniques
like genetic engineering, bioreactor design, and microbial
metabolism analysis are widely used to enhance the efficiency
of environmental processes. It also plays a crucial role in
maintaining ecological balance by recycling nutrients and
reducing environmental stress caused by human activities.
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2. Applications in Environmental Cleanup and Pollution
Control:

Environmental biotechnology offers innovative and eco-
friendly methods for pollution control and environmental
cleanup. One of the most important applications is
bioremediation, where microorganisms are used to degrade
hazardous pollutants such as oil spills, pesticides, and heavy
metals into less toxic or non-toxic substances. For example,
bacteria like Pseudomonas and Bacillus are widely used to
break down organic contaminants in soil and water.

Another important application is phytoremediation, which
involves the use of plants to absorb, accumulate, or detoxify
pollutants from contaminated environments. Plants such as
sunflower and water hyacinth can remove heavy metals and
toxins from soil and water bodies.

Environmental biotechnology is also used in wastewater
treatment. Microorganisms are employed in sewage treatment
plants to decompose organic waste, reduce biological oxygen
demand (BOD), and remove harmful pathogens. Activated
sludge processes and biofilters are commonly used methods in
this context.

In air pollution control, biofilters and bioscrubbers use
microbial communities to remove harmful gases and volatile
organic compounds (VOCs) from industrial emissions.
Additionally, solid waste management is improved through
composting and anaerobic digestion, which convert organic
waste into useful products like compost and biogas.
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3. Role in Sustainable Development:

Environmental biotechnology plays a significant role in
providing alternative solutions for sustainable development by
promoting the efficient use of natural resources and reducing
environmental degradation. It supports the production of
renewable energy through biofuels such as bioethanol,
biodiesel, and biogas, which reduce dependence on fossil fuels
and lower greenhouse gas emissions.

It also contributes to sustainable agriculture by promoting the
use of biofertilizers and biopesticides, reducing the reliance on
chemical inputs that harm soil and water quality. Microbial
inoculants improve soil fertility and enhance crop productivity
in an eco-friendly manner.

Moreover, environmental biotechnology aids in resource
recovery and recycling, transforming waste into valuable
products. For instance, organic waste can be converted into
compost or energy, contributing to a circular economy.

Another important aspect is climate change mitigation, where
biotechnology helps in carbon sequestration and reduction of
greenhouse gases. Algae and certain microbes are used to
capture carbon dioxide and produce biomass or biofuels.

In conclusion, environmental biotechnology is a powerful tool
for addressing environmental challenges. It offers sustainable,
cost-effective, and eco-friendly solutions for pollution control,
waste management, and resource conservation, thereby playing
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a crucial role in achieving long-term environmental
sustainability.

WHAT IS ENVIRONMENTAL BIOTECHNOLOGY

Environmental biotechnology is an approach of
biotechnology for the abatement of different issues of the
environment air,water,soil. For the service of mankind. It is
actually use of Microbiology for the environmental cleaning,
restoration and protection.t is used detect analyse,remediate and
monitor the comtaninants released in the environment due to
different anthropogenic activities. There are many contaminants
that are released from different sources in the environment.Few
of the contaminants of the environment shown in the fig:

Heavy
metals

Industrial

waste

Plastic Environmental
waste contaminants

Electronic
waste

Pesticides

Oil spill

PAH

Radioactive
waste
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Objectives of Environmental Biotechnology
The major objectives are:

e To adopt biotechnology for controlling contaminants at
the source level before they enter the environment.

e To remediate contaminants when they enter environment
by any means.

e To develop eco-friendly approaches for the testing,
analysis and detection of contaminants in the
environment.

Overall, the major aim of environmental biotechnology is to
imply biotechnology for the protection of environment,
maintaining ecological integrity and to promote sustainable
development.

SCOPE OF ENVIRONMENTAL BIOTECHNOLOGY

With the pressure of increasing population, the necessity to
fulfill the demand of every individual in terms of food, shelter,
clothes have also increased. For fulfilling these demands
development in the industries sectors is continuously
increasing. This created a lot of changes in the environment and
simultaneously polluted each part of it i.e. air, water and soil.
During such time there is an urgent need for an eco-friendly
technique that could protect the environment from the
contaminants released from the different sources. In such
conditions, environmental biotechnology has to play an
important role to solve this problem efficiently and keep the
future safe. Environmental biotechnology is an integrate
approach that includes many disciplines like biochemistry,
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microbiology, environmental engineering, molecular biology,
and ecology. Environmental biotechnology has very wide
scope in environmental safety. Some major scopes of

Environmental biotechnologies are shown in figure 1.2.

: Reducing Green Pollution control
house gases ' Z 3 :

Ecosystem

Energy resource restoration and
management

Figl.2 : Major Scope of environment biotechnology.

APPLICATION OF ENVIRONMENTAL
BIOTECHNOLOGY :

Microbiology plays an important role in Environmental
biotechnology. Different forms of microorganisms are widely
used for tackling environmental problems like waste
management, wastewater treatment, xenobiotic degradation,
etc. A list of microbes employed for abatement of
environmental contaminants is listed in table 1. Different sets
of genetic manipulations are conducted to develop strains that
are capable of degrading or removing a particular contaminant
from the environment. This is achieved by a particular
approach of biotechnology known as genetic recombination
technique.
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Table 1.1 List of microbes employed for abatement of

environmental contaminants

S.No Micro-organism
Environmental employed
problem
1 Trinitrophenol Bacillus cereus PU
2 Organophosphates, Pseudomonas putida
pyrethroids, and | KTUe
carbamate
3 Mercury Rhodopseudomonas
palustris
4 Arsenic Bacillus subtilis 168
5 Plastic bags Bacillus sp. BCBT21
6 Radionuclides Microbacterium
oleivorans Strain A9
7 Oil spills Brachybacterium sp
Pseudomonas sp.
8 Industrial wastes Brevibacterium
epidermidis EZ-K02

Ziganshina et al. 2017 9.
Degradation of PAHs
Naphthalene and
Phenanthrene
Pseudomonas puti

9 Heavy metals Microbacterium spp
ENVIRONMENTAL BIOTECHNOLOGY FOR
ENVIRONMENTAL CLEAN-UP.

Bioremediation:

Bioremediation is the process that employ biological organism
for the removal of different type of pollutants from the
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environment (water, soil and air). The environment is full of
different type of pollutants which are threats for both the living
and non-living organisms. These pollutants should be cleaned
up from the environment regularly so that their concentration
may not pile up, creating a serious impact on environment.
Different organisms are used for cleaning up these pollutants
from the environment. Mostly microorganisms and plants are
employed for the remediation of the contaminated sites. To
improve the capacity of these organisms, favorable conditions
are also provided such as fertilizers, oxygen and other nutrients.
Bioremediation is efficient against contaminants like heavy
metals, xenobiotics, oil spills, polyaromatic hydrocarbon,
plastics, etc. The bioremediation process can clean the
hazardous substances up into non-toxic compounds.
Bioremediation can be done at In-situ or Ex-situ mode and are
commonly of three types; plant assisted (Phytoremediation),
Mycoremediation (fungi assisted) and Bacterio-remediation
(bacteria assisted). Bioremediation is a thriving technique for
eradicating environmental contaminants like heavy metals,
crude oil, pesticides, hydrocarbon, and much more.
Biotechnology has improved this process by designing specific
microorganism for particular type of waste or contaminant,
through genetic engineering. Dr Anand Chakrabarty, one of the
scientists of Indian origin was successful in creating a genetic
engineered oil eating bacteria which can degrade oil into
individual hydrocarbons. These bacteria include Pseudomonas
aureginos’, where a gene for oil degradation has been
introduced into the Pseudomonas.

Waste Treatment:

With the development of industries are huge amount of solid
and liquid waste is discharge into the environment. These
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wastes are either untreated or partially treated and hence, when
released in the environment, cause threats to living organism.
Therefore, it is very important to treat such type of waste before
discharging into  the  environment.  Environmental
biotechnology plays an important role in reduction of waste by
treating it with different set of microorganisms in the treatment
plant. The treatment of solid and liquid waste generated from
various industries with the help of specialized microorganism
designed by biotechnology helps to reduce the load of pollutant
in the environment.

ENVIRONMENTAL BIOTECHNOLOGY AND
ALTERNATIVE SOLUTIONS:

Biomass Energy Production:

Fossil fuels are one of the major contributors of pollutants in
the environment. Different air pollutants like CO, HC, PAH,
Soots, etc. are released due to use of fossil fuels. Environmental
biotechnology approach has helped in the production of
alternative fuels through different biomass. The biomass may
be of any living matter or its residue that has potential to form
energy. One of the important alternatives used against fossil
fuels is ethanol that is being utilized in blended mode with other
fuels. Biomass employed by biotechnology is also a good
source of biogas which is quite compatible for the environment.
The biogas which majorly contains CO2 and methane are
produced from the organic matter, kitchen waste, Courtyard
Waste, sugarcane waste and many other carbon sources. This
biogas is again a good source of energy and can be used in
different sectors, thereby reduces pressure on fossil fuels.
Biopesticides:

For consistent high yields, the traditional agricultural system
applies numerous chemicals, such as insecticides and
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fertilizers, on a huge scale. Nevertheless, alternatives to this
system are needed due to worries about environmental
preservation and issues related to human health. A great
substitute for conventional chemical pesticides is biopesticides.
Biopesticides are classes of compounds that are derived from
natural substances including plants, animals, microbes, or
specific minerals that can be used to directly or indirectly
suppress, inhibit, damage or kill a pest. Thus, biotechnology is
a fast-expanding areca of biology that has a variety of
applications in the sustainable agriculture, starting with the
creation of chemical-free biopesticides. Microorganisms are
used to create pesticides that are extremely effective, species-
specific, and environmentally friendly. These microorganisms
are the important part of integrated pest management
techniques. Few of the microorganism used as biopesticides
and considered safe are Bacillus thuringiensis,
Bacillussphaericus, Pseudomonas  aeruginosa,  Nostoc
piscinale, Chlamydopodium fusiforme, Chlorella vulgaris, etc.
Biofertilizers:

Biofertilizers are biological products that employs
microorganism to improve the soil fertility and enhance plant
growth naturally. The activities like nitrogen fixation,
phosphorus solubilization, synthesis of plant growth hormones,
etc. is triggered with application of such biofertilizers. The
microorganism used for biofertilizers includes Symbiotic
Nitrogen-Fixing Cyanobacteria and Free-Living Nitrogen-
Fixing Bacteria. The commonly Biofertilizers Biofertilizers are
biological products that employs microorganism to improve the
soil fertility and enhance plant growth naturally. The activities
like nitrogen fixation, phosphorus solubilization, synthesis of
plant growth hormones, etc. is triggered with application of
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such biofertilizers. The microorganism used for biofertilizers
includes Symbiotic Nitrogen-Fixing Cyanobacteria and Free-
Living Nitrogen-Fixing Bacteria.

Bio-Enzymes:

Bio-enzymes are an effective biological instrument that
supports environmental cleanliness in a number of ways. The
bio-enzyme are used in agriculture and soil stabilization, for
treating the water bodies, to purify the air, monitoring the
pollutants and for managing different type of waste.
Bioenzymes can completely alter a contaminant's toxicological
structure or completely turn a harmful chemical into a harmless
inorganic end product. The bio-enzymes are specific for a
specific type of contaminants and has potential to transform
and detoxify it efficiently. Enzymes like Hydrolases, Esterases,
nitrilases, lipase, cutinase, etc are few enzymes that are found
effective against xenobiotics such as herbicides, pesticides,
organophosphorus compounds, nitrile compounds, and other
polymers. Numerous enzymes from diverse microorganisms
have been reported to be essential in applications for
wastewater treatment. Enzymes can precisely target resistant
pollutants and remove them by precipitating and transforming
them into other products. They can also alter the features of a
given waste to make it more amenable to treatment or help turn
trash into goods with additional value. The likelihood of
enzyme leaching into solution is reduced while the mechanical
and thermal stability of the enzymes is increased through
immobilization.
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POLLUTION CONTROL

Biotechnology is an essential tool to deal with the problem of
environmental pollution as it has potential to provide new
approaches for analyzing, managing, preserving, and restoring
the environment. It can transform pollutants into valuable
substances and also generate renewable energy sources from
biomass. Further, environmental biotechnology can develop
environmentally safe manufacturing thereby reducing
pollutants at source level. Environment is polluted by different
substances continuously that are released due to various
anthropogenic activities. Most of these activities cannot be
banned like Food industries, Pharma Industry etc. since these
are important for fulfilling the basic needs of the population.
These industries release different forms of air water and soil
pollutants which are needed to be taken care so that they may
not accumulate in the nature. For sustainable future these
contaminants should be continuously eliminated from the
different component of environment.Natural bioenzymes can
be utilized to detoxify toxic compounds being discharged into
the environment with the aid of environmental biotechnology.
Environmental biotechnology enables biological solutions to
common problems with water and waste treatment, such as
sludge management, the breakdown of resistant substances,
and the production of biogas. Additionally, it aids customers in
setting up more environmentally friendly wastewater treatment
methods.

WASTE WATER TREATMENT:
A large amount of wastewater is being generated continuously
from different industries and domestic sector.This wastewater
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is needed to treated before discharging in the environment
otherwise it will pollute the receiving body. In industries many
of treatment processes are based on biotechnological
approaches. The process includes the use of activated sludge,
Oxidation Ponds, Tricking Filters, Membrane bioreactors,
Oxidation ponds and Anaerobic Treatment. Each method is
employed as part of biological treatment to treat organic waste
of the wastewater into carbon dioxide, water, and other end
products. It protects the environment and the populace from the
harmful effects of wastewater discharge. Additionally,
biotechnology is an effective tool in utilizing the sludge into
biogas and compost. The secondary wastewater treatment
includes different process where biotechnology play an
important role. Major of these is discussed below:

Activated Sludge:

Process In the activated sludge process, wastewater is
biologically digested by a microorganism including bacteria,
algae, fungi and protozoa. The wastewater is passed in the
aeration chamber where microorganisms are seeded. One
feature of this process is the flow of liquid waste called
activated sludge, which settles in the bottom of a clarifier tank
with the solid wastes. After that, the activated sludge is put back
into the aeration chamber, where it is repeated with the
subsequent batch of sewage.

Tricking Filters:

Trickling filter process is an aerobic wastewater treatment with
a fixed-bed bioreactor. A biological filter is prepared with the
stones, bricks, any rough media on which a slimy layer of
microorganisms are seeded. This filter is porous so that air can
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casily pass through it.Waste waterflushes downward through
rotary distributor that evenly distribute the wastewater over the
filter bed and microorganism degrade organic waste from it.
With this approach, both suspended solids and the biological
oxygen demand are decreased.

Membrane Bioreactors:

It is aerobic suspended growth process where microorganism
remains suspended in the reactor with the wastewater. This
mixture is continuously stirred and high compressed air is
sparged under pressure from below to keep the aggregates in
suspension.

Anaerobic Treatment:

The degradation of organic waste with the help of
microorganisms without using oxygen is known as anaerobic
treatment. Mostly anaerobic degradation of wastes release
carbon dioxide and methane which are used as biogas.

Oxidation Pond:

Large and shallow ponds used for stabilization or degradation
of organic matter from wastewater by the action of sunshine,
bacteria, and algae are called oxidation ponds. These are also
known as lagoons or stabilization ponds. During
photosynthesis, algae in the pond uses sunlight to create
oxygen. Aerobic bacteria in the oxidation pond use this oxygen
to break down the organic trash from the wastewater. The ponds
provide place where the most of the waste is treated, broken-
down materials settled, producing well-treated effluent.
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Aerobic and Anaerobic Methods of Waste Water
Treatment:

Wastewater is treated biologically by breaking down organic
contaminants with the help of microorganisms. These
organisms digest the waste and convert it into more stable
forms, like gases or solids that are easier to remove.

There are two major biological treatment processes:

e Acrobic treatment (with oxygen)

e Anaerobic treatment (without oxygen)
Both methods are part of larger wastewater treatment systems
and often follow primary treatment, which removes large solids
and debris. This used water contains organic impurities, solids,
chemicals, and bacteria. If this water is not treated properly, it
can cause harm to the people and the environment. That’s why
effective wastewater treatment is so important.
Modern wastewater treatment systems use different steps that
includes primary treatment, biological treatment processes, and
chemical treatment. All these treatments can make the water
clean again and safe for future purposes.
Aerobic Treatment:
The aerobic treatment involves the use of aerobic bacteria that
require oxygen for survival. Biological waste is consumed by
these bacteria and broken down into water, carbon dioxide, and
biomass. The oxygen can be naturally present or mechanically
added to the aerobic treatment system.
How Aerobic Treatment Works:
In aerobic treatment, wastewater first enters an aerobic reactor
or treatment tank. This is where a continuous supply of oxygen
is maintained using blowers or diffusers. This oxygen supports
the growth and activity of aerobic microorganisms that will
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feed on the organic matter which is present in the water. As
these microbes consume the waste, they convert the waste into
biomass and carbon dioxide. The treated water then moves to a
settling tank or filtration system. And this is where the biomass
is separated from the clean water.
Aerobic treatment method is mostly used in acrobic wastewater
treatment systems for residential complexes and
municipal sewage plants. Apart from that, they are also adopted
by different types of industrial wastewater treatment.
Types of Aerobic Treatment Systems:

e Activated Sludge Process

e Trickling Filters

e Membrane Bioreactors (MBRs)

e Sequencing Batch Reactors (SBRs)
Advantages of Aerobic Treatment:

e Highly effective for low- to medium-strength

wastewater

e Quick removal of organic impurities

e Reduces biological oxygen demand (BOD) rapidly

e Produces cleaner effluent suitable for reuse
Limitations:

e Requires constant energy input for aeration

e Higher sludge production rate

e  Operational costs can be high
Anaerobic Treatment:
Anaerobic treatment is a process that uses anaerobic bacteria to
break down, organic pollutants in the absence of oxygen. In
most cases, it is used for treating high-strength wastewater.
These are the waste that comes from food processing, dairies,
or distilleries.
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How Anaerobic Treatment Works:

When wastewater enters an anaerobic tank or digester, it
undergoes treatment in an environment that is oxygen-free.
When there is no oxygen, anaerobic bacteria will begin to break
down the organic material present in the wastewater. As a result
of this biological activity, gases such as methane and carbon
dioxide are released. The process reduces the volume of solids,
and the treated water is separated from the remaining sludge.
This makes it easier to manage and treat.

Types of Anaerobic Treatment Systems:

Anaerobic digesters:

In anaerobic tanks, organic matter is broken down without
oxygen by anaerobic bacteria. They’re commonly used in
municipal and industrial wastewater treatment for sludge
stabilization and energy recovery.

Upflow Anaerobic Sludge Blanket (UASB) reactors:

Water flows upward through a sludge blanket in UASB
reactors. The microorganisms in the sludge will digest the
organic pollutants and produce biogas. This makes anaerobic
sludge blanket reactors an efficient and energy-generating
system.

Fixed-bed reactors:

These systems use media like plastic or gravel for bacteria to
attach and grow. As wastewater flows through the bed, the
attached bacteria digest the organic material. This offering
provides steady treatment even with fluctuating loads.
Anaerobic lagoons:

Large, open ponds designed for the slow digestion of organic
waste. They're low-cost and easy to maintain but require a large
space and work best in warm climates.
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Advantages of Anaerobic Treatment:
e Low energy consumption (no need for oxygen)
o Utilizes methane to produce renewable energy
e Reduces sludge volume
e Ideal for waste that contains high organic solids
Limitations of Anaerobic Treatment:
e Slower than aerobic methods
e (Can release bad odours
e Needs careful monitoring

Use of Aquatic Plants in Wastewater Treatment :

Introduction

Aquatic plants play a vital role in natural and engineered
wastewater treatment systems. This approach, often called
phytoremediation or macrophyte-based treatment, utilizes the
ability of plants growing in water to absorb, accumulate,
transform, and detoxify pollutants. It is an eco-friendly, low-
cost, and sustainable method widely used for treating domestic
sewage, agricultural runoff, and industrial effluents.

Types of Aquatic Plants Used
Aquatic plants used in wastewater treatment are broadly
classified into:

> Floating plants: These plants float freely on the water
surface and absorb nutrients directly from water.
Examples include water hyacinth (Eichhornia
crassipes), duckweed (Lemna minor), and Pistia
stratiotes.
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>

Submerged plants: These grow completely under
water and help oxygenate the system. Examples
include Hydrilla and Elodea.

Emergent plants: These are rooted in soil but have
shoots above water. Examples include Typha (cattail),
Phragmites (reed), and Scirpus (bulrush).

Phyieremediation

9 Pollutant molecules

4“> Phytofiltration

s

Phytossabilization

Each type contributes differently to pollutant removal and

ecosystem stability.

Mechanisms of Wastewater Treatment
Aquatic plants remove pollutants through several biological

and physicochemical processes:

>

>

Nutrient uptake: Plants absorb excess nutrients such
as nitrogen and phosphorus, reducing eutrophication.
Bioaccumulation: Heavy metals like lead, cadmium,
and mercury are taken up and stored in plant tissues.
Rhizofiltration: Plant roots trap suspended solids and
facilitate microbial activity.
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» Microbial interaction: The root zone (rhizosphere)

provides a habitat for beneficial microorganisms that
degrade organic pollutants.

Oxygen transfer: Some plants release oxygen into the
water through their roots, supporting aerobic microbial
degradation.

Sedimentation and filtration: Dense plant growth
slows water flow, allowing particles to settle.

Constructed Wetlands:

One of the most common applications of aquatic plants in
wastewater treatment is constructed wetlands. These are
engineered systems designed to mimic natural wetlands. There
are two main types:

>

>

Surface flow wetlands: Water flows over soil with
plants growing above it.

Subsurface flow wetlands: Water flows through a
porous medium (gravel/sand) beneath the surface,
reducing odor and mosquito breeding.

Plants like Typha, Phragmites, and Scirpus are commonly used
due to their high tolerance to pollutants and strong root

systems.

Advantages

Cost-effective and low energy requirement
Environmentally sustainable and natural
Simple operation and maintenance
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e Provides habitat for wildlife
o Effective removal of nutrients, organic matter, and
some heavy metals

Limitations:

e Requires large land area

e Slower treatment compared to conventional methods

e Seasonal variations affect efficiency

e Risk of invasive species (e.g., water hyacinth)

e Accumulated toxins in plant biomass need proper
disposal

Applications:

e Treatment of domestic sewage in rural and urban areas

e Industrial effluent treatment (textile, paper, food
industries)

e Removal of agricultural runoff (fertilizers and
pesticides)

e Restoration of polluted lakes and ponds

Role in Sustainable Development:

Aquatic plant-based wastewater treatment supports sustainable
development by conserving energy, recycling nutrients, and
reducing pollution. It aligns with eco-friendly practices and
promotes green technology. Additionally, harvested plant
biomass can be used for composting, biogas production, or as
animal feed (in some cases), further enhancing resource
recovery.
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Conclusion:

The use of aquatic plants in wastewater treatment is a
promising and sustainable biotechnology approach. By
integrating natural processes with engineering systems, it
offers an effective solution for managing water pollution while
supporting environmental conservation and resource
efficiency.

SOLID WASTE MANAGEMENT:

The term solid waste management mainly refers to the
complete process of collecting, treating and disposing of solid
wastes.

In the waste management process, the wastes are collected from
different sources and are disposed of. This process includes
collection, transportation, treatment, analysis and disposal of
waste. It needs to be monitored so that strict regulations and
guidelines are followed.

Sources of Solid Wastes:

e Solid domestic garbage.

e Solid waste material from various industries.
e Solid agricultural waste.

e Plastics, glass, metals, e-waste, etc.

e  Medical waste.

e Construction waste, sewage sludge

Disposal of Waste:

The process of waste handling and disposal varies in different
countries. In India, the processes differ according to the source
of solid waste. They can be classified as:
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. Municipal Solid Waste.
» Hazardous Solid Waste.

Municipal solid waste can further be divided into
biodegradable, recyclable and hazardous domestic wastes. The
biodegradable waste includes rotten food, vegetable peel and
mostly wet kitchen waste. Recyclable waste includes plastic
and hazardous wastes include, bulb, batteries, etc.

The industry generated waste from chemical factories, medical
waste from hospitals are considered as Hazardous Solid Waste
and they need special settings to dispose of them.

In any region, solid waste management is very important for
the safe disposal of wastes and to reduce environmental
pollution and avoid any health hazards that it may cause.
Landfills are the most common method of disposing of solid
wastes. Modern-day landfills are designed by taking care of
various environmental factors and types of wastes, so as to
minimise pollution and health risks.

Before diving into the types of solid waste management, it’s
essential to understand the types of solid waste generated:

1. Municipal Solid Waste (MSW): Household waste,
including paper, food scraps, plastics, glass, and
textiles.

2. Industrial Waste: Generated by manufacturing or
industrial processes, such as chemicals, metals, and
ash.

3. Biomedical Waste: Produced by hospitals and
healthcare facilities, including syringes, bandages, and
expired medicines.

4. Electronic Waste (E-waste): Discarded electronics
like phones, computers, and appliances.
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5. Agricultural Waste: Organic materials from farming,
such as crop residues and manure.

6. Hazardous Waste: Toxic, flammable, or corrosive
materials that require special handling.

Managing these waste streams effectively requires adopting the
right methods of solid waste management tailored to their
characteristics.

&
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METHODS OF SOLID WASTE MANAGEMENT:

Various methods of solid waste management are used globally
based on the type of waste, local infrastructure, environmental
regulations, and economic factors. Here are the most common
ones:
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1. Landfilling:

One of the oldest and most widely used methods, landfilling
involves burying waste in designated areas. While cost-
effective, modern landfills are designed with protective liners
and leachate collection systems to prevent contamination of
soil and groundwater.

2. Incineration:

This method involves burning waste at high temperatures to
reduce its volume. It is particularly useful for hazardous or
medical waste. Incineration also generates energy, which can
be harnessed for electricity or heating. However, it requires air
pollution control technologies to minimize emissions.

3. Recycling:

Recycling involves converting waste materials into reusable
products. Paper, glass, plastic, and metal are common
recyclable materials. Recycling not only conserves natural
resources but also reduces the load on landfills and energy
usage in manufacturing.

4. Composting:

Organic waste, such as food scraps and garden waste, can be
composted to create nutrient-rich soil. This method supports
sustainable agriculture and significantly reduces municipal
solid waste volumes.

5. Waste-to-Energy (WTE):

WTE technologies convert non-recyclable waste into usable
forms of energy, y—Ilike electricity or heat. This method is
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becoming popular in urban areas with limited landfill space and
high energy demands.

6. Mechanical and Biological Treatment (MBT):

MBT systems combine physical and biological processes to
sort and stabilize waste before disposal. They are effective in
reducing landfill dependency and recovering valuable
resources.

Each of these methods of solid waste management plays a
critical role in an integrated waste strategy, where reduction,
reuse, and recycling are prioritized before disposal.

Effects of Poor Solid Waste Management:

Due to improper disposal of solid waste particularly by waste
management organizations, the collected wastes gets heap up
and become a problem for both the environment and also for
the public.

By dumping of huge garbage, drives biodegradable materials
to decay and decompose under abnormal, uncontrolled and
unhygienic conditions. After a few days of decomposition, it
becomes a breeding ground for different types of disease-
causing insects as well as infectious organisms. A foul smell is
produced and it also spoils the aesthetic value of the area.

The solid wastes collected from different industries include
toxic metals, chemicals, and other hazardous wastes. When
these wastes are released into the environment, they can
produce biological and physicochemical problems to the
environment, the chemicals may drain into the soil and pollute
the groundwater and also alter the productivity of the soils in
that particular area.
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In rare cases, the hazardous wastes may get mixed up with the
ordinary garbage and other combustible wastes causing the
disposal process even harder and risky.

By burning the paper and other scraps along with the hazardous
wastes, dioxins and poisonous gasses are produced and
released into the air which results in causing various diseases
including chronic disease, skin infections, cancer, etc.
Production of Bioenergy from Waste:

Introduction:

The production of bioenergy from waste is a key component of
environmental biotechnology that focuses on converting
organic waste materials into usable energy. With increasing
energy demand and environmental concerns, waste-to-energy
technologies provide a sustainable solution by reducing
pollution while generating renewable energy. Common waste
sources include agricultural residues, animal manure,
municipal solid waste, sewage sludge, and industrial organic
waste.

Types of Bioenergy from Waste:

1. Biogas Production:
Biogas is one of the most widely used forms of
bioenergy. It is produced through anaerobic
digestion, where microorganisms break down organic
matter in the absence of oxygen. The main components
of biogas are methane (50—70%) and carbon dioxide.

e Process Stages: Hydrolysis — Acidogenesis —

Acetogenesis — Methanogenesis
e Uses: Cooking, electricity generation, heating
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2. Bioethanol Production
Bioethanol is produced by fermenting sugars obtained
from waste biomass such as crop residues, fruit waste, and
molasses. Microorganisms like yeast convert sugars into
ethanol and carbon dioxide.

e Application: Used as a transportation fuel or blended
with petrol

3. Biodiesel Production

Biodiesel is derived from waste oils and fats through a
chemical process called transesterification. Waste cooking
oil is a common raw material.

e Application: Alternative fuel for diesel engines

4. Biohydrogen Production
Biohydrogen is a clean fuel produced by microorganisms
through processes like dark fermentation and photo-
fermentation using organic waste. It produces water as the
only byproduct when used.
Process of Bioenergy Production:
1. Collection of Waste
Organic waste materials are collected from
agricultural, domestic, and industrial sources.

2. Pre-treatment
Waste is processed physically or chemically to
enhance microbial degradation. This may include
grinding, heating, or adding enzymes.
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Biological Conversion
Microorganisms convert organic matter into energy-
rich products through fermentation or digestion.

4. Energy Recovery
The produced bioenergy (biogas, ethanol, etc.) is
captured, purified, and utilized.

5. Byproduct Management
Residual material, such as slurry from biogas plants,
can be used as organic fertilizer.

Advantages:

e Provides a renewable and eco-friendly energy source

e Reduces environmental pollution and waste
accumulation

e Lowers greenhouse gas emissions

e Produces valuable byproducts like fertilizers

e Supports rural development and energy security

Limitations:

e High initial investment cost

e Requires proper waste segregation and management

e Technical challenges in large-scale implementation

e Energy yield may be lower compared to fossil fuels

Applications:

Domestic cooking and heating (biogas)
Electricity generation in rural and urban areas
Fuel for vehicles (bioethanol, biodiesel)
Industrial energy supply
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Single Cell Protein(SCP):

Single-cell protein refers to the crude, a refined or edible
protein extracted from pure microbial cultures, dead, or dried
cell biomass. They can be used as a protein supplement for both
humans or animals.

Microorganisms like algae, fungi, yeast, and bacteria have very
high protein content in their biomass. These microbes can be
grown using inexpensive substrates like agricultural waste viz.
wood shavings, sawdust, corn cobs etc. and even human and
animal waste.

The microorganisms utilize the carbon and nitrogen present in
these materials and convert them into high-quality proteins
which can be used as a supplement in both human and animal
feed. The single-cell proteins can be readily used as fodder for
achieving fattening of calves, pigs, in breeding fish and even
in Animal Husbandry — Poultry and Cattle Farming.

Single Cell Protein (SCP) offers an unconventional but
plausible solution to this problem of protein deficiency being
faced by the entire humanity.

Sources of Single Cell Protein:

A list of the microorganisms used for the production of Single
Cell Protein is as follows:

Fungi:

e Aspergillus fumigatus

e Aspergillus niger
e Rhizopus cyclopean

e Saccharomyces cerevisiae
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¢ Candida tropicalis
e Candida utilis

e Spirulina (spa)

e  Chlorella pyrenoidosa

e Chondrus crispus
Bacteria:

¢ Pseudomonas fluorescens
e Lactobacillus
¢ Bacillus megaterium

Here are the average compositions of the different
microorganisms present in the % dry weight of Single-cell
protein.

Composition | Fungi | Algae | Yeast | Bacteria

Protein 30-45 | 40-60 | 45-55 | 50-65
Fat 2-8 7-20 2-6 1-3
Ash 9-14 8-10 5-10 3-7

Nucleic Acid | 7-10 3-8 6-12 | 8-12

Production of Single-Cell Protein:
The production is carried out in the following steps:
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Selection of suitable strain.

Fermentation.

Harvesting.

Post-harvest treatment.

SCP processing for food.

Like any other microbial culture, production of pure microbial

nohk W=

cultures for desired protein products requires a nitrogen
source, sources of carbohydrates and other nutrients like
phosphorus to support optimal growth of the culture.
Contamination is prevented by maintaining strict sterile
conditions throughout the process. The components of the
culture media are either heat sterilized or filtered through
microporous membranes. The selected microorganism is then
inoculated in pure conditions. Most of the processes are highly
aerobic, except algal fermentation; hence a good supply of
oxygen is an indispensable requirement. After the
multiplication of the biomass, it is recovered from the medium
and purified further for enhanced usefulness and or storability

Advantages of Single-Cell Protein:

Large-scale Single-Cell Protein production has multiple
advantages over conventional food production practices such
as:

e Microorganisms have a high rate of multiplication,
which means a large quantity of biomass can be
produced in a comparatively shorter duration.

e The microbes can be easily genetically modified to
vary the amino acid composition.
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A broad variety of raw materials, including waste
materials, can be used as a substrate. This also helps in
decreasing the number of pollutants.

Production is independent of climatic conditions.

Disadvantages of Single-Cell Protein:
In spite of many advantages, there are few drawbacks. Single-
Cell Protein has not been widely accepted for human

consumption owing to certain problems as follows:

High level of nucleic acid in biomass makes it difficult
for consumption as it may lead to gastrointestinal
problems.

The biomass may trigger an allergic reaction if the
digestive system recognizes it as a foreign product.
The presence of nucleic acids in high content leads to
elevated levels of uric acid.

In certain cases, the development of kidney stone and
gout if consumed in high quality.

Possibility of the presence of secondary toxic
metabolites which results in Hypersensitivity and other
skin reactions.

The capital cost of production is high as sophisticated
machinery is required.

Applications of Single-Cell Protein:

Provides instant energy.

It is extremely good for healthy eyes and skin.
Provides the best protein supplemented food for
undernourished children.
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4. Serves as a good source of vitamins, amino acids,
minerals, crude fibres, etc.

Used in therapeutic and natural medicines for:

Controlling obesity.

Lowers blood sugar level in diabetic patients.
Reducing body weight, cholesterol and stress.
Prevents accumulation of cholesterol in the body.

Sl

Used in Cosmetics products for:

1. Maintaining healthy hair.
2. Production of different herbal beauty products, like-
Biolipstics, herbal face cream, etc.

Used in Poultry:

1. As it serves as an excellent and convenient source of
proteins and other nutrients, it is widely used for
feeding cattle, birds, fishes etc.

Introduction to Drinking Water Treatment:

Drinking water treatment is the process of removing physical,
chemical, and biological contaminants from raw water to make
it safe and suitable for human consumption. Natural water
sources such as rivers, lakes, reservoirs, and groundwater often
contain impurities including suspended particles, pathogens
(bacteria, viruses, protozoa), dissolved salts, organic matter,
and toxic chemicals. If consumed without proper treatment,
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contaminated water can lead to serious waterborne diseases
such as cholera, typhoid, and dysentery.

The primary objective of drinking water treatment is to ensure
water quality that meets established safety standards for public
health. This is typically achieved through a series of treatment
steps including coagulation, flocculation, sedimentation,
filtration, and disinfection. Each step plays a crucial role in
eliminating impurities and reducing microbial load. For
example, filtration removes suspended particles, while
disinfection (commonly using chlorine or ultraviolet radiation)
destroys harmful microorganisms.

In modern water treatment systems, advanced technologies
such as membrane filtration, reverse osmosis, and ozonation
are also used to remove dissolved contaminants and improve
water quality. These methods are particularly important in
areas affected by industrial pollution, agricultural runoff, or
high salinity.

Drinking water treatment is essential for maintaining public
health, preventing disease outbreaks, and supporting
sustainable development. It also plays a key role in ensuring
access to clean and safe water, which is a fundamental human
necessity. As population growth and environmental pollution
continue to increase, efficient and reliable water treatment
systems have become more important than ever.
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Water utilities pipe water from its source to a water treatment
plant, which cleans water to make it safe to drink.

Water utilities often use a series of water treatment steps that
include coagulation, flocculation, sedimentation, filtration, and
disinfection.

Steps involved in Drinking Water treatment

1. Coagulation:

Coagulation is often the first step in water treatment. Treatment
plant staff add chemicals to the water that help bind together
dirt and other small particles. The chemicals they commonly
use include specific types of salts, aluminum, or iron.

2. Flocculation:

Flocculation is the gentle mixing of the water to form larger,
heavier particles called flocs. Often, treatment plant staff will
add additional chemicals during this step to help the flocs form.
3. Sedimentation:

Sedimentation separates out solids from the water. Flocs are
heavier than water, so they settle to the bottom of the water
during this step.
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4. Filtration:

Once the flocs have settled to the bottom of the water, the clear
water on top goes through several filters.

The filters have different pore (hole) sizes and are made of
materials such as sand, gravel, or charcoal. These filters remove
germs, including parasites, bacteria, and viruses. They also
remove dissolved particles, such as dust and chemicals.
Activated carbon filters remove bad smells.

Utilities that use a process called ultrafiltration put water
through a filter with very small pores. This filter only lets
through water and other small molecules (such as salts and tiny,
charged molecules).

Reverse osmosis is another way to filter water that removes
additional particles from water. Water treatment plants often
use reverse osmosis when treating recycled water or salt water
for drinking.

5. Disinfection:

Disinfection is often the last step. Water treatment plants may
add one or more chemical disinfectants to kill any remaining
germs. Common types of chemical disinfectants
include chlorine, chloramine, or chlorine dioxide.

Treatment plant staff make sure the water has low levels of the
chemical disinfectant when it leaves the treatment plant. This
remaining disinfectant kills germs living in the pipes between
the water treatment plant and your tap.

Water treatment plants can also use ultraviolet (UV) light or
ozone to disinfect water. They may use UV light or ozone
instead of, or in addition to, chemical disinfectants. UV light
and ozone work well to disinfect water in the treatment plant.
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Biotechnological Approach to Industrial Effluent — Paper
Industry waste Disposal :

Due to the actions of forcing optimization on many of its
aspects, the emphasis on biotechnology application is
expanding within the context of the pulp and paper industry.
This will be followed by particulars of this analysis to
demonstrate how biotechnology for pulp and paper processing
is an innovative dispensation supporting pulp and paper and
other applications of biotechnology.

Biotechnology for Pulp and Paper Processing

Application of biotechnology in pulp and paper processing
therefore means a growing technological factor that determines
the development of the existing practices by consolidating a
positive environmental impact. These include bippulping,
which uses bacteria and fungi in the breakdown process of the
wood fibers. It weakens the call for the use of aggressive
chemicals and the emission of bad smells, which is in
conformity with the modern food processing technologies.
Advancement of the Pulp and Paper Industry

It can also be ascertained that the growth of pulp and of the
paper industry depends on several applications of
biotechnology. The biotechnological application in pulping and
paper making shows the way how the fiber from wood can be
processed and how much could be done to eliminate some of
the traditional ways that harm the environment.

When one tries to explore from pulp and paper production
applications the usage of enzyme, the following progression
can be observed: the intensity of enzyme usage is a reduction
of the quality and the control of the expenses of the final
product.
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Biotechnology Applications in Pulp and Paper Industry
Technological uses are as follows: biotechnology in the
development of the pulp and paper industries: A new category
in the creation of pulp and papers; Flipping the tradition with
digital products. For instance, in the line of using
biotechnology in pulp and paper processing, the technology is
dedicated toward specific microorganisms that have an
influence on the softening of the fibers through the breaking of
the lignin. This not only enhances the productivity of the paper
but also cuts down the expenses of chemical treatments, which
are time-consuming and harm the environment.

Trends in Pulp and Paper Biotechnology

The potential future tendencies of the pulp and paper
biotechnology advancement are operating the digitalization of
the pulp and paper processes and possibilities of the
enhancement of the established methods and processes with the
help of the biotechnology instruments. The usage of digital
tools and biotechnology leads to an increase in rapid
productivity, which provides the opportunity to manage
effectively compared processes like wood fiber processing and
paper manufacturing.

Biopulping

Among these, the application of biotechnology in the industry
that can be best regarded is the biopulping.

This process involves the use of microorganisms to treat pre-
wood chips in preparation for pulping. The biopulping method,
therefore, fosters the conservation of chemicals and energy,
making the processes of producing pulp and paper applications
environmentally friendly.
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Regarding to the concerns proposed by such suggestions
that enzyme shall be used, the application of enzyme in this
regards would be most effective in the aspect of breaking down
of lignin, which would facilitate the process of pulping.
Application of Enzymes in Pulp and Paper Industry
Various enzymatic activities in the pulp and paper industries
are illustrated by the pulp and paper sectors among the enzyme
applications that contribute to the formation of pulp and papers.
Enzymes would help increase the rate of processing the fiber
from wood, increase the quality of the paper, and most
importantly, reduce the negative impacts of paper production.
Enzymatic treatments are even replacing the chemical
treatments that were earlier being used extensively, despite the
fact that enzymatic treatments show better performance even in
the field of pulp and paper production.

Wood Fibre Processing

Biotechnology is even more useful in wood fiber processing
since its effects are more dramatic. Biotechnological
techniques such as biopulping and enzyming in the pulp and
paper processing of wood fibers make the process easier and
more environmentally friendly. This results in sustainable
processes in papermaking and enhanced quality in pulp and
paper production and using applications.

Digital Applications for Pulp and Paper

There are new improvements in digital applications for the pulp
and paper industry that increase the efficiency of biotechnology
applications. Such tools assist in the efficient tracking of
processes as well as helping to regulate these processes,
resulting in the minimization of wasteful activities. When
digital tools are used in biotechnology to refine the pulp and
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paper industry data, the scientific data collected could also be
analyzed and decisions on the process of wood fiber and paper
making made.

Biotechnological Approach to Industrial Effluent in
Tannery Industry

Introduction

Tannery industries are one of the major sources of industrial
pollution. During leather processing, large quantities of
chemicals such as chromium salts, sulfides, lime, dyes, acids,
alkalis, and organic matter are released into wastewater.
Tannery effluents contain high Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), suspended solids,
toxic metals, and unpleasant odor. Biotechnology offers eco-
friendly and cost-effective methods for treating tannery
wastewater.

Characteristics of Tannery Effluent
Tannery wastewater contains:

e High BOD and COD

¢  Chromium compounds

e Sulfides and chlorides

e Suspended solids

e Proteins and fats

e Toxic organic compounds
e Dark color and foul smell
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These pollutants affect aquatic life, soil fertility, and human
health.

Biotechnological Approaches for Treatment

1. Microbial Treatment

Microorganisms are used to degrade organic pollutants present
in tannery effluents.

Bacteria Used

e Pseudomonas
e Bacillus

e Alcaligenes

e Acinetobacter

Functions

e Degrade proteins and fats
¢ Reduce BOD and COD
e Remove toxic compounds

2. Fungal Bioremediation

Fungi possess strong enzymatic systems capable of degrading
complex pollutants.

Common Fungi
o Aspergillus niger

o Penicillium
e Phanerochaete chrysosporium
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Role

e Breakdown of dyes and phenolic compounds
e  Chromium absorption and detoxification
e Decolorization of wastewater

3. Phytoremediation

Aquatic plants absorb heavy metals and nutrients from
wastewater.

Plants Used

e  Water hyacinth (Eichhornia crassipes)
e Duckweed (Lemna)
e Vetiver grass

Advantages

e Low cost

e Eco-friendly

e Effective removal of chromium and nitrogen
compounds

4. Enzymatic Treatment

Specific enzymes are used to degrade pollutants.

Important Enzymes

e Proteases
e Lipases
e Laccases

Applications

e Degradation of proteins, fats, and dyes
123 | Page



e Reduction of toxicity
e Improvement in water quality

5. Activated Sludge Process

In this biological treatment method, microorganisms form flocs
and degrade organic matter in aeration tanks.

Steps
1. Aeration of wastewater
2. Microbial degradation of pollutants
3. Sedimentation of sludge

4. Recycling of activated sludge
Benefits

e Efficient BOD reduction
e Large-scale industrial application

6. Anaerobic Digestion

Anaerobic bacteria degrade organic matter in the absence of
oxygen.
Products

e Methane gas
e Carbon dioxide
e Stabilized sludge

Advantages
e Energy generation through biogas
¢ Reduced sludge production

e Lower operational cost
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Chromium Removal by Biotechnology

Chromium is the major toxic pollutant in tannery eftluent.
Biological Methods

e Biosorption using algae, fungi, and bacteria
e Bioaccumulation by microbial cells
¢ Conversion of toxic Cr(VI) into less toxic Cr(III)

Biosorbents Used

e Algal biomass
e Fungal mycelium
e Agricultural wastes

Advantages of Biotechnological Treatment

e Environment friendly

e Cost-effective

e Reduces chemical usage

e Produces less sludge

e Suitable for large-scale treatment
¢ Can recover useful by-products

Limitations

e Requires controlled conditions

e Slow process compared to chemical treatment

e Sensitive to pH and temperature variations

e Some microorganisms may be affected by toxic
chemicals
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Bioreactor :

Bioreactor Design

e The design and mode of operation of a bioreactor are
based on the production of an organism, optimum
conditions required for desired product formation,
product value, and its scale of production.

e A good bioreactor design will help to improve
productivity and provide higher quality products at
lower prices.

e A bioreactor is a device that consists of various
features such as an agitator system, an oxygen
delivery system, a foam control system, and a variety
of other systems such as temperature & pH control
system, sampling ports, cleaning, and sterilization
system, and lines for charging & emptying the
reactor.

e The material used for the construction of a bioreactor
must have the following important properties:

e It should not be corrosive.

e It should not add any toxic substances to the
fermentation media.

e It should tolerate the steam sterilization
process.

e It should be able to tolerate high pressure and
resist pH changes.

e The sizes of the bioreactor vary widely depending on
the application.

e Some bioreactors are designed for small scale
fermenters and some for large scale industrial

126 |Page



applications from the microbial cell (few mm3) to
shake flask (100-1000 ml) to the laboratory-
Bioreactor principle :

e The bioreactor is the heart of any biochemical process
as it provides an environment for microorganisms to
obtain optimal growth and produce metabolites for
the biotransformation and bioconversion of
substrates into desirable products.

e The reactors can be engineered or manufactured
based on the growth requirements of the organisms
used.

¢ Reactors are machines that can be made to transform
biological-based materials into desirable products.

e They can be used for the production of various
enzymes and other bio-catalysis processes.

Parts of Bioreactor :

¢ These reactors have been designed to maintain certain
parameters like flow rates, aeration, temperature,
pH, foam control, and agitation rate.

e The number of parameters that can be monitored and
controlled is limited by the number of sensors and
control elements incorporated into a given bioreactor

e Other factors should be kept in mind before designing
a fermenter as described below and demonstrated in
the figure below.
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1. Fermenter Vessel
e A fermenter is a large cylinder closed at the top and

bottom connected with various pipes and valves.

o The vessel is designed in such a way that it allows to
work under controlled conditions.

e Glass and stainless steels are two types of fermenter
vessels used.

e The glass vessel is usually used in small-scale
industries. It is non-toxic and corrosion-proof.

e Stainless steel vessel is used in large scale industries.
It can resist pressure and corrosion.
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2. Heating and Cooling Apparatus

e The fermentor vessel’s exterior is fitted with a cooling
jacket that seals the vessel and provides cooling
water.

e Thermostatically controlled baths or internal coils are
generally used to provide heat while silicone jackets
are used to remove excess heat.

e A cooling jacket is necessary for sterilization of the
nutrient medium and removal of the heat generated
during fermentation in the fermentor.

3.Aeration System

e An aeration system is one of the very important parts
of a fermentor.

e It is important to choose a good aeration system to
ensure proper aeration and oxygen availability
throughout the culture.

o It contains two separate aeration devices (sparger and
impeller) to ensure proper aeration in a fermentor.

e The stirring accomplishes two things:

e It helps to mix the gas bubbles through the
liquid culture medium and
e It helps to mix the microbial cells through the
liquid culture medium which ensures the
uniform access of microbial cells to the
nutrients.
4. Sealing Assembly

e The sealing assembly is used for the sealing of the
stirrer shaft to offer proper agitation.

e There are three types of sealing assembly in the
fermenter:

¢ Packed gland seal
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¢ Mechanical seal
e Magnetic drives
5.Baffles

e The baffles are incorporated into fermenters to
prevent a vortex improve aeration in the fermenters.

o It consists of metal strips attached radially to the wall.

6. Impeller

e Impellers are used to provide uniform suspension of
microbial cells in different nutrient mediums.

e They are made up of impeller blades attached to a
motor on the lid.

o Impeller blades play an important role in reducing the
size of air bubbles and distribute them uniformly into
the fermentation media.

e Variable impellers are used in the fermenters and are
classified as follows.

¢ Disc turbines
e Variable pitch open turbine
7. Sparger

e A sparger is a system used for introducing sterile air
to a fermentation vessel. It helps in providing proper
aeration to the vessel.

e The sparger pipes contain small holes of about 5-10
mm, through which pressurized air is released.

e Three types of sparger are used

e Porous sparger

e Nozzle sparger

e Combined sparger—agitator
8. Feed Ports

e They are used to add nutrients and acid/alkali to the
fermentor.
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e Feed ports are tubes made up of silicone.
e In-situ sterilization is performed before the removal
or addition of the products.
Foam-Control
e The level of foam in the vessel must be minimized to
avoid contamination, this is an important aspect of
the fermentor.
e Foam is controlled by two units, foam sensing, and a
control unit.
e A foam-controlling device is mounted on top of the
fermentor, with an inlet into the fermentor.
10. Valves
e Valves are used in the fermentor to control the
movement of liquid in the vessel.
¢ There are around five types of valves are used, that is,
e globe valve,
e butterfly valve,
e aball valve, and
e diaphragm valve.
o A safety valve is built-in in the air and pipe layout to
operate under pressure
11. Controlling Devices for Environmental Factors
e A variety of devices are utilized to control
environmental elements like temperature, oxygen
concentration, pH, cell mass, essential nutrient
levels, and product concentration.
12. Use of Computer in Fermenter
e For an efficient process, monitoring, and data
collecting, fermentors are generally coupled with
modern automated and semi-automated computers
and databases.
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Types of Bioreactor :

The fermentor (bioreactor) types used extensively in industries
are
1. Continuous stirred tank fermentor

e A continuous stirred tank bioreactor is made up of a
cylindrical vessel with a central shaft controlled by a
motor that supports one or more agitators
(impellers).

e The sparger, in combination with impellers
(agitators), allows for improved gas distribution
throughout the vessel.

o A stirred tank bioreactor can
be operated continuously in the fermentor,
temperature  control is effortless, construction is
cheap, easy to operate, resulting in low labor cost,
and it is easy to clean.

e It is the most common type of bioreactor used in
industry.
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Air Lift Fermenter :
The airlift reactor is generally used for gas-liquid or gas-liquid-
solid contact devices. It is also known as a tower reactor.

e A bioreactor using an airlift system divides the fluid
volume into two zones to improve circulation,
oxygen transfer, and equalize forces in the reactor

e In a two-zone system, only one zone is sparged with
gas. The zone where the gas is sparged is the riser;
the zone in which it is not sparged in the downcomer.

e Airlift bioreactors are used for aerobic bioprocessing
technology so that they can provide a controlled
liquid flow in a recycling system using pumps.

e This equipment has several advantages such as its
simplicity of design because it doesn’t contain any
moving parts or agitators, its easy sterilization, its
low energy requirements, and its low cost.
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Bubble column fermentor :

e The bubble column fermentor consists of a cylindrical
vessel equipped with a gas sparger that pushes gas
bubbles into a liquid phase or a liquid-solid
suspension.

e The base of the column air or gas is introduced via
perforated pipes or plates, or metal micro porous
sparger.

e The rheological properties of the fluid and the gas
flow rate have a significant influence on the mixing
of O2 and other performance factors.

e To improve mass transfer and modify the basic design
of the vessel, internal devices such as horizontal
perforated plates, vertical baffles, and corrugated
sheet packings placed are in the vessel.
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e These reactors are simple in construction, easy
maintenance, and have a low operating cost

¢ Bubble columns reactors are used in biochemical
processes such as fermentation and biological
wastewater treatment. It is also used in many
chemical, petrochemical, and  biochemical
industries.
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Fluidized-bed fermentor :

e Fluid bed bioreactors constitute packed beds with
smaller particles. This prevents problems such as
clogging, high liquid pressure drop, channeling, and
bed compaction associated with packed bed reactors.

o Catalyst is laid on the bottom of the reactor and the
reactants are pumped into the reactor through a
distributor pump to make the bed fluidized.

e In these reactors, the cells are immobilized small
particles which move with the fluid as a result, mass
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transfer, oxygen transfer, and nutrition to the cells
are enhanced.

e The bioreactors can be used for reactions involving
fluid-suspended biocatalysts, such as immobilized
enzymes, immobilized cells, and microbial flocs.

e Its main advantages include its ability to maintain
even temperatures, easy replacement and
regeneration of the catalyst, continuity, and
automaticity of operation, and reduced contact time
between gas and solid, compared to other catalytic
reactors.
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Packed bed fermentor :
o A packed bed fermentor is a bed of solid particles,
having biocatalyst on or within, the matrix of solids.
e It can either be run in the submerged mode (with or
without aeration) or the trickle flow mode.
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e Frequently used in chemical processing processes
such as absorption, distillation, stripping, separation
process, and catalytic reactions, packed bed reactors
are also called fixed bed reactors.

e In packed-bed bioreactors, the air is introduced
through a sieve that supports the substrate.

¢ This reactor has many benefits, like a high conversion
rate for the catalyst, ease of operation, low
construction and operation costs, increased contact
between reactant and catalyst, and the ability to work
in high temperatures and pressures.

Packed
bed

Photobioreactor :
[ ]
e A photobioreactor is a specialized unit for
fermentation that is either illuminated by direct
sunlight or artificially illuminated
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e They are made up of glass or more commonly
transparent plastic and the tubes or flat panels is
consist of light receiving systems.

e In this bioreactor, centrifugal pumps or airlift pumps
can be used to circulate the medium through solar
receivers.

¢ Photo-bioreactors are usually operated in a continuous
mode at a temperature in the range of 2540 °C.

e Photobioreactors are used for the photosynthetic
culture of microalgae and cyanobacteria to produce
products such as astaxanthin and pB-carotene.
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Membrane bioreactor

e This system combines traditional treatment with
membrane filtration, resulting in the removal of
organics and suspended solids as well as the removal
of high nutrient levels.

e Membranes in this system are submerged in an
aerated biological reactor. The pore size of the
membrane ranges from 0.035 microns to 0.4
microns.

o With pure oxygen, the benefits of this bioreactor are
enhanced resulting in even higher rate biological
treatment systems that provide compact control of
COD, microorganisms.
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