SCHOOL OF SCIENCES

(FORMERLY SCHOOL OF ARCHITECTURE, SCIENCE & TECHNOLOGY)

@ YASHWANTRAO CHAVAN MAHARASHTRA OPEN UNIVERSITY

UGV06: B.Sc. (Honors) (Environmental Science)

NEP 2020

Compliant

EVSM3o1:
Air & Soil Quality

(2 Credits)

(Minor Courses)

SEMESTER V

Email: director.ast@ycmou.ac.in

Website: www.ycmou.ac.in

Phone: +91-253-2231473



@ Yashwantrao Chavan EVSM301:
Maharashtra Open Air & Soil Quality

e
University
Brief Contents
Vice Chancellor’s MeSSAZE..............oooviiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeee e 2
Foreword by the DIrecCtor .............cccooiiiiiiiiii e 3
CI@AIT QL ..oiiiiiiiiiiiiii s 4
Unit 01-01: AtMOSPhere ... 5
Unit 01-02: Air Pollution ... 27
Unit 01-03: Monitoring of Air Pollutants........................cooo, 52
Unit 01-04: Control of Air Pollution...........................cii 87
Cr@dIt Q2. .. it 114
Unit 02-01: Introduction to Soil ... 115
Unit 02-02: Soil Nutrients..............oooooiiii 137
Unit 02-03: Soil Pollution ..................oooooiii e, 156
Unit 02-04: Soil Conservation Techniques.......................oooooiiin 179
Feedback Sheet for the Student ... 228

EVSM301: Air & Soil Quality Page 0



EVSM3o01: Air & Soil Quality

Yashwantrao Chavan Maharashtra Open University

Vice-Chancellor: Prof. Sanjeev Sonawane

School of Sciences

Director of the School: Prof. Chetana Kamlaskar

Programme Advisory Committee Members
UGVo06: B.Sc. (Honours) (Environmental Science) {2025 Pattern}

Prof. Chetana Kamlaskar Dr. Sunanda More
Director & Professor, Former Director,
School of Sciences, YCMOU, Nashik School of Sciences, YCMOU, Nashik

Dr. Pravin Nalawade Dr. Ashish Mane Dr. Kailas Dandge
HOD & Assistant Professor, Assistant Professor, Assistant Professor School of
Department of Environment Department of Earth and Environment

Science, KTHM College, Environment Science, Science, KCNMU, Jalgaon

Nashik Fergusson College,
Pune

Dr. Jagruti Chavan [Invitee]
Academic Coordinator (Environment Science)
School of Sciences, Yashwantrao Chavan Maharashtra Open University, Nashik

Development Team

Instructional Course Coordinator Book Writer Book Editor
Technology Editor
Prof. Chetana |Dr. Jagruti Chavan Dr. Chetan Dr. Priti Aphale
Kamlaskar Academic Ashokrao Patil Assistant Professor,
Director & Professor,| Coordinator, School Asst. Prof. Department of
School of Sciences, of Sciences, Dept. of Env. Sci. Environmental
YCMOU, Nashik YCMOU, Nashik K.T.H.M. College | Science, Fergusson
Nashik College, Pune

Gl This work by YCMOU is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International License.

% Book Publication: 05/05/2026 Publication No:
% Publisher: Dr. Govind Katlakute, Registrar, YCMOU, Nashik- 422 222, MH
< ISBN:

EVSM301: Air & Soil Quality 1


http://www.ycmou.ac.in/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

VICE CHANCELLOR’S MESSAGE

Dear Students,
Greetings!!!

I offer cordial welcome to all of you for the Undergraduate Degree programme of
Yashwantrao Chavan Maharashtra Open University, offered by the School of Sciences.

As an undergraduate student, you have the autonomy to learn and gain information and
knowledge regarding different dimensions in the field of Environmental Science. At the same
time, intellectual development is necessary for application of knowledge wisely. The process
of learning includes appropriate thinking, understanding key concepts, describing these
concepts based on experience and observation, explaining them to others through speaking,
writing or demonstrating. Today, the science of education acknowledges the principle that it
is possible to achieve excellence and knowledge in this regard.

The syllabus of this course has been structured in this book in such a way, to give you
autonomy to study easily without stirring from home. During the counseling sessions,
scheduled at your respective learner support centre (LSC), all your doubts will be clarified
about the course and you will get guidance from well qualified and experienced
counselors/professors. This guidance will not only be based on lectures, but it will also
include various techniques such as question-answers, doubt clarification. We expect your
active participation in the contact sessions at the LSC. Our emphasis is on ‘self-study’. If a
student learns how to learn, he will become independent in learning throughout life. This
course book has been written with the objective of helping in self-study and giving you
autonomy to learn at your convenience, provide stimulating learning experience, of course,
enjoyable and at the same time prepare for gaining, fulfilling employment.

During this academic year, you have to give assignments, complete laboratory activities,
field visits and the Project work wherever required. You have to opt for specialization as per
programme structure. You will get experience and joy in personally doing above activities.
This will enable you to assess your own progress and thereby achieve a larger educational
objective.

We wish that you will enjoy the courses of Yashwantrao Chavan Maharashtra Open
University, emerge successful and very soon become a knowledgeable and honorable Degree
holder of this university, which is fully aligned with the features and framework of the
National Education Policy (NEP) 2020.

I congratulate “Development Team” for the development of this excellent high quality
“Self- Learning Material (SLM)” for the students. | hope and believe that this SLM will be
immensely useful for all students of this programme.

Best Wishes!

- Prof. Sanjeev Sonawane

Vice-Chancellor, YCMOU
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FOREWORD BY THE DIRECTOR

Dear Students,

Greetings!!!

This book serves the primary goal of acquainting undergraduate level students,
particularly those in the field of science, with the conceptual and practical foundations of
Environmental Science with applications essential for their studies. It offers a complete
exploration of Environmental Science principles and their practical applications. Throughout
the book, you will find numerous illustrative examples designed to enhance your
understanding and skills while cultivating a deep appreciation for the applications.

We have adopted a "learn at your own pace" approach, making each unit of the book as
user-friendly as possible. To do this, the book is written in a self-instructional format,
ensuring that each unit follows a carefully structured approach. This not only facilitates
comprehension but also keeps the learning process engaging.

Each unit of book commences with clearly defined learning objectives, using action verbs
aligned with Bloom's Taxonomy to help you understand what you will achieve. Additionally,
each unit starts with an introduction to stimulate the learner's curiosity and enthusiasm for the
upcoming content. As you progress, you'll encounter detailed explanations supported by
tables, figures, exhibits, and solved illustrations, all thoughtfully included enhancing your
ability how to learn.

This Self-Learning Material (SLM) book is written in simple language with
conversational style, concise sentences and covers the entire syllabus. The topics within each
unit are presented in a logical sequence, starting from simple concepts and progressing to
more complex one, ensuring that the material is approachable for learners with varying levels
of intellectual capacity.

To enrich learning experiences, each unit contains a diverse range of exercises, including
multiple-choice questions, conceptual questions, and practical problems. These exercises aim
to guide students in understanding every aspect of a particular concept, gradually building
their knowledge and skills.

We are grateful to the learners, resourceful writers, diligent editors, and the dedicated
School faculty and staff who contributed to the development of this SLM book.

Hope this book becomes a valuable companion to support your academic pursuits and
enrich your understanding of content covered in this course. We are excited to support you on
this rewarding journey, in line with the holistic and multidisciplinary vision of NEP 2020.

Let’s Grow Together....Best Wishes to all of you!!

- Prof. Chetana Kamlaskar
Director,
School of Sciences, YCMOU
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UNIT 01-01: ATMOSPHERE

LEARNING OBJECTIVES
After successful completion of this unit, you will be able to
% Describe the major components of the Earth's atmosphere and their
approximate percentages.
% Explain the processes involved in chemical and photochemical reactions
occurring in the atmosphere.
¢ Ilustrate how photochemical smog is formed using real-world examples and
explain its environmental impact.
« Differentiate between natural and anthropogenic factors that influence

atmospheric chemical reactions.

INTRODUCTION

The atmosphere is a dynamic and life-sustaining envelope of gases that surrounds the
Earth. It plays a vital role in supporting life, regulating the planet’s climate, and
protecting all living organisms from harmful solar radiation. This multi-layered
structure divided into the troposphere, stratosphere, mesosphere, thermosphere, and
exosphere extends about 10,000 kilometres above sea level and is held together by
Earth's gravity. The composition of the atmosphere is dominated by nitrogen (78.08%)
and oxygen (20.95%), which are essential for biological processes such as nitrogen
fixation and respiration. Other gases include argon (0.93%), carbon dioxide (0.04%),
and varying amounts of water vapour (0-4%). Trace gases like ozone, methane, and
noble gases such as neon and helium are also present in small quantities but have
significant environmental and climatic roles. Water vapour, though variable, is crucial

for cloud formation, precipitation, and weather phenomena.

Within the atmosphere, chemical and photochemical reactions are constantly
occurring. Chemical reactions, such as the oxidation of sulphur dioxide into sulfuric
acid, contribute to problems like acid rain. Reactions between nitrogen oxides (NOy)
and sulphur compounds often lead to the formation of secondary pollutants and
aerosols, affecting air quality and human health. On the other hand, photochemical
reactions are driven by sunlight. One of the most crucial photochemical processes is
the formation of ozone in the stratosphere, which forms the protective ozone layer by

converting molecular oxygen (O:) into ozone (Os). However, in the troposphere,
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similar reactions involving NOx and volatile organic compounds (VOCs) lead to
photochemical smog, a harmful mixture of pollutants that causes respiratory issues
and environmental damage. Another major concern is the role of carbon dioxide (CO-)
in global warming. The increasing concentration of CO. and other greenhouse gases
due to industrialization and deforestation is intensifying the Earth's natural greenhouse
effect, leading to climate change. In response, scientists and policymakers have
focused on Carbon Capture and Sequestration (CCS) as a technological solution. CCS
involves capturing CO: emissions from sources like power plants and industrial
facilities, transporting it through pipelines, and storing it underground in geological
formations such as depleted oil and gas fields or deep saline aquifers. This process
helps prevent the release of CO: into the atmosphere and mitigates its impact on

global warming.

CCS occurs in three main stages: capture, transport, and sequestration. Capture
techniques include pre-combustion, post-combustion, and oxy-fuel combustion. The
captured CO: is then compressed and transported to storage sites. It is finally injected
into stable geological formations, where it can remain securely for centuries. In
addition to geological methods, other types include mineral sequestration, where CO-»
reacts with natural minerals to form stable carbonates, and oceanic sequestration,
which involves injecting CO- into deep ocean waters (though this is controversial due
to potential ecological harm). While CCS offers a promising route to reduce
greenhouse gas emissions, it faces several challenges. These include high operational
costs, the need for significant energy input, long-term monitoring of storage sites, and
evolving legal and public acceptance frameworks. Nevertheless, CCS remains a
critical component in the global strategy to combat climate change, especially in
combination with renewable energy development and sustainable practices. the
atmosphere is not just a passive mixture of gases but a complex, chemically active
system. Its composition and the reactions within it directly affect environmental health
and global climate. Understanding these processes, alongside innovations like carbon
capture and sequestration, is essential for managing ecological balance and ensuring a

sustainable future for the planet.

01-01-01: COMPOSITION OF ATMOSPHERE
ATMOSPHERE
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The atmosphere is a layer of gases surrounding the Earth, held by gravity, and
essential for supporting life. It is mainly composed of nitrogen (78%), oxygen (21%),
argon, carbon dioxide, and varying amounts of water vapor. This gaseous envelope is
divided into five layers troposphere, where weather occurs; stratosphere, which
contains the ozone layer; mesosphere, where meteors burn; thermosphere, home to
auroras and satellites; and the exosphere, which gradually fades into space. The
atmosphere plays a crucial role in regulating Earth’s temperature through the
greenhouse effect, allowing respiration, and protecting living organisms from harmful
ultraviolet rays. It also hosts important chemical and photochemical reactions,
including ozone formation, acid rain, and photochemical smog. However, human
activities have increased greenhouse gas concentrations, contributing to global
warming. To address this, carbon capture and sequestration (CCS) technologies are

used to reduce carbon dioxide levels and mitigate climate change.
COMPOSITION OF ATMOSPHERE

The atmosphere is the layer of gases that surrounds the Earth and is essential for life.
It provides oxygen for respiration, carbon dioxide for photosynthesis, and acts as a
shield against harmful solar radiation. The atmosphere also plays a critical role in
weather and climate regulation. The composition of the atmosphere can be classified
into major components, variable components, and trace gases, along with aerosols and
water vapour. The atmosphere is a layer of gas or layers of gases that envelope a
planet and is held in place by the gravity of the planetary body. A planet retains an
atmosphere when the gravity is great and the temperature of the atmosphere is low. An
atmosphere contains the air that we breathe and is a blanket of gases that surrounds
Earth. It is held near the surface of the planet by Earth’s gravitational attraction. A
barometer is used to measure air pressure. Argon, oxygen and nitrogen from the three
main constitutions of the atmosphere. In this article, let us know in detail about the
atmosphere. atmosphere contains various gases like oxygen, carbon dioxide, nitrogen
etc. Plants require carbon dioxide to survive while animals and many other organisms
need oxygen for their survival. The atmosphere supplies these life-giving gases. All
life forms need a particular range of temperature and a specific range of frequencies of
solar radiation to carry out their biophysical processes. The atmosphere absorbs

certain frequencies and lets through some other frequencies of solar radiation. In other
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words, the atmosphere regulates the entry of solar radiation. Composition of earth’s

atmosphere shown in Fig. 01-01.01.

Composition of the Atmosphere of Earth

Other Trace Gases
0.1% O

Fig. 01-01.01 Composition of earth’s atmosphere
(Source: https://www.google.com/search?sca_esv=151cabelc4AE3TifOBIQmMXb )

The envelope of atmosphere around the earth, a mechanical mixture of numerous gases
and other substances are very important to all living organisms of the planet. The four
major gases are nitrogen, oxygen, argon and carbon dioxide together constitute
99.99% of the total volume of dry air.

1. Major (Permanent) Gases

The major or permanent gases in the atmosphere are those whose proportions remain
relatively stable over time and space, especially in the lower atmosphere. The most
abundant among these is nitrogen (N2), comprising about 78.08% of the atmosphere.
Nitrogen is relatively inert and does not easily react with other substances, making it
stable. Although most organisms cannot directly use atmospheric nitrogen, it becomes
biologically available through a process called nitrogen fixation, carried out by certain
bacteria and leguminous plants. Nitrogen is indispensable for the formation of
essential biomolecules like proteins, enzymes, and nucleic acids in both plants and
animals. Oxygen (0O2), accounting for 20.95% of the atmosphere, is vital for cellular
respiration, the biological process by which energy is generated in living organisms. It
also supports combustion, making it crucial for various industrial and domestic

applications. Oxygen is released into the atmosphere by green plants during
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photosynthesis, helping to maintain the oxygen balance necessary for aerobic life on
Earth.

The third major gas is argon (Ar), making up around 0.93% of the atmosphere. Being a
noble gas, argon is chemically inert and does not form compounds under normal
conditions. Though biologically insignificant, its stability makes it valuable in
industrial processes, such as welding, lighting (neon lights), and thermal insulation in
windows. Carbon dioxide (CO2), although comprising only about 0.04% (400 ppm), is
critically important for photosynthesis, through which plants convert CO. and sunlight
into glucose and oxygen. It also plays a significant role as a greenhouse gas, trapping
heat and thus contributing to Earth's natural greenhouse effect. However, due to
human activities like fossil fuel combustion, deforestation, and industrial emissions,

CO: levels are rising, contributing to global warming and climate change.

Other trace noble gases, including neon, helium, krypton, and hydrogen, exist in
minute concentrations but have specific applications. Neon is widely used in
illuminated signage, helium in balloons and medical imaging (MRI machines), krypton
in lighting, and hydrogen, due to its lightness and flammability, is considered a

potential clean energy source for the future.

2. Variable Gases

Unlike permanent gases, variable gases fluctuate in concentration across different
regions, times, and weather conditions, yet have a profound impact on atmospheric
processes. The most significant of these is water vapour (H20), which can vary from 0
to 4% depending on location and time. It is the most dynamic component of the
atmosphere, responsible for the formation of clouds, fog, dew, rain, and snow. As a
strong greenhouse gas, water vapour absorbs and retains heat, playing a key role in
regulating Earth’s temperature. Its concentration is highest in tropical regions and
lowest in deserts and polar areas, significantly influencing weather and climate
patterns. Ozone (Os) exists in two important layers of the atmosphere with differing
roles. In the stratosphere, ozone forms the ozone layer, which absorbs harmful
ultraviolet (UV-B and UV-C) radiation from the Sun, protecting living organisms from
DNA damage, skin cancer, and cataracts. In contrast, tropospheric ozone (found in the
lower atmosphere) is considered a pollutant and a major component of photochemical
smog. It is harmful to human health, affecting respiratory functions, and also damages

crops and ecosystems. Although carbon dioxide (CO:) is a permanent gas by
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classification, its levels are highly variable over time, influenced by natural events
such as volcanic eruptions, respiration, and decomposition, as well as human
activities, including the burning of coal, oil, and biomass. These fluctuations make

CO: an important indicator of anthropogenic climate impact.

Methane (CH.), though present in small concentrations (~1.8 ppm), is a potent
greenhouse gas, with a heat-trapping capacity over 25 times greater than CO- over a
100-year period. Methane is produced naturally in wetlands and by termites, but
significant amounts also come from human activities, such as rice cultivation,
landfills, and digestion by livestock (enteric fermentation). Methane is also harnessed

as a fuel in the form of natural gas.

3. Trace Gases

Although trace gases are present in extremely small amounts, they significantly impact
environmental and human health. Nitrogen oxides (NOy), formed primarily from the
combustion of fossil fuels in vehicles and power plants, contribute to the formation of
tropospheric ozone and photochemical smog. They also react with water in the
atmosphere to form acid rain, which is damaging to soils, water bodies, forests, and
buildings, and can lead to respiratory diseases in humans. Sulphur dioxide (SO) is
another pollutant, primarily released through coal-burning power plants, volcanic
eruptions, and metal smelting operations. When SO interacts with atmospheric
moisture, it forms sulfuric acid, resulting in acid rain. This not only affects human
health by causing respiratory issues but also deteriorates soil quality, harms
vegetation, and corrodes man-made structures. Chlorofluorocarbons (CFCs) are
synthetic compounds that were widely used in refrigeration, air conditioning, and
aerosol propellants. While chemically stable in the lower atmosphere, they eventually
drift into the stratosphere where UV radiation breaks them down, releasing chlorine
atoms that destroy ozone molecules. One molecule of CFC can destroy thousands of
ozone molecules, thus contributing significantly to ozone layer depletion. In response,
hydrofluorocarbons (HFCs) were introduced as safer alternatives to CFCs because
they do not deplete the ozone layer. However, HFCs are very powerful greenhouse
gases, and their rising use contributes to global warming, raising concerns over their
long-term environmental impact.

4. Aerosols

Aerosols are tiny solid and liquid particles suspended in the atmosphere, originating
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from both natural and anthropogenic sources. Natural aerosols include dust from
deserts, volcanic ash, sea salt from ocean spray, pollen, and spores. Human-made
aerosols are emitted through fossil fuel burning, vehicle emissions, industrial
processes, and agricultural activities. The impact of aerosols on climate depends on
their type. Some, like sulphate aerosols, reflect sunlight, creating a cooling effect,
while others, such as black carbon (soot), absorb heat and contribute to warming.
Aerosols also act as cloud condensation nuclei (CCN), influencing cloud formation
and precipitation patterns. Their unpredictable behaviour makes them a complex factor
in climate models. Health-wise, aerosols, especially fine particles like PM2.5, pose
serious risks. When inhaled, they penetrate deep into the lungs and enter the
bloodstream, leading to respiratory diseases, cardiovascular issues, allergies, and in
some cases, premature death. Cities with high aerosol concentrations often report
higher incidences of asthma and bronchitis.

VERTICAL COMPOSITION OF ATMOSPHERE

The vertical structure of the atmosphere shows a distinct change in gas distribution
with altitude. The homosphere, which extends up to about 80 km, includes the
troposphere, stratosphere, and mesosphere. In this region, gases are uniformly mixed
due to turbulence, convection, and diffusion. The relative proportions of nitrogen,
oxygen, argon, and carbon dioxide remain fairly consistent throughout this zone
vertical layers of atmosphere shown in Fig. 01-01.02 Above the homosphere lies the
heterosphere, found in the thermosphere and exosphere. Here, gases stratify according

to molecular weight because of limited mixing.
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Exosphere
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Fig.01-01.02 Vertical layers of atmosphere
(Source: https://www.google.com/search?q=vertical )

Heavier gases such as nitrogen and oxygen are found in the lower heterosphere,
while lighter gases like helium and hydrogen dominate the upper layers. This region
has extremely low air density, and molecular collisions are rare, making it distinct in
behaviour from the lower atmosphere. The Earth's atmosphere is divided into five
main vertical layers based on variations in temperature, composition, and density with
altitude. The lowest layer is the Troposphere, extending from the Earth’s surface up to
about 8 km at the poles and 18 km at the equator. It contains approximately 75% of the
atmospheric mass and almost all the water vapour and aerosols, making it the region
where all weather phenomena like clouds, rain, storms, and snow occur. In this layer,
temperature decreases with altitude at an average rate of 6.5°C per kilometer. The
upper boundary of the troposphere is the tropopause, which separates it from the
Stratosphere, the second layer, extending from about 18 km to 50 km above the
surface. Here, temperature increases with height due to the presence of the ozone
layer, which absorbs harmful ultraviolet (UV) radiation from the sun. The stratosphere
is relatively stable and free of weather turbulence, making it suitable for commercial
aircraft flights. Above this lies the Mesosphere, extending from 50 to about 80 to 85
km, where temperatures once again drop sharply, making it the coldest layer of the

atmosphere (down to —90°C). It is in this layer that meteoroids burn up, creating
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visible trails known as shooting stars. The mesopause marks the upper boundary of the
mesosphere and the beginning of the Thermosphere, which extends from around 80 km
to 500-600 km. In this layer, temperatures rise dramatically and can exceed 1500°C or
more due to the absorption of high-energy solar radiation. The thermosphere includes
the ionosphere, a region of ionized gases that reflects and transmits radio waves, and it
is also the zone where auroras (northern and southern lights) occur. Satellites and the
International Space Station (ISS) orbit within this layer. Finally, the outermost layer is
the Exosphere, which extends from about 600 km to over 10,000 km and gradually
transitions into outer space. It contains extremely thin gases like hydrogen and helium,
with particles so sparse they rarely collide. This layer plays a critical role in space
exploration and satellite communication, as many space-based instruments operate
within or beyond it. Together, these atmospheric layers form a protective envelope that
supports life, regulates climate, shields us from solar and cosmic radiation, and

enables weather and communication systems.

IMPORTANCE OF ATMOSPHERIC COMPOSITION

The composition of the atmosphere is fundamental to sustaining life and regulating
Earth’s environment. It provides oxygen necessary for respiration in animals and
carbon dioxide for photosynthesis in plants. Greenhouse gases like CO., CH., and
water vapour trap heat, maintaining Earth’s temperature within a range suitable for
life. Any imbalance in their levels can result in climate shifts, including global
warming or cooling. The ozone layer in the stratosphere plays a protective role by
absorbing ultraviolet radiation, shielding living organisms from genetic damage, skin
cancer, and crop degradation. Additionally, the atmosphere acts as a barrier, burning
up meteoroids before they can impact the Earth’s surface. Atmospheric water vapour is
key to the weather and hydrological cycle. It facilitates cloud formation and
precipitation, which redistribute heat and water across the planet. This mechanism is
vital for agriculture, water availability, and climate moderation. Finally, the presence
of air pollutants like SO2, NOy, CFCs, and aerosols not only leads to environmental
degradation but also poses direct threats to human health. These substances contribute
to air pollution, acid rain, ozone depletion, and increase the frequency of extreme
weather events, underlining the critical importance of maintaining a balanced

atmospheric composition.
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MULTIPLE CHOICE QUESTIONS
1. Which gas is most abundant in the Earth’s atmosphere?
a. Oxygen
b. Carbon dioxide
c. Nitrogen
d. Argon
Answer: c. Nitrogen
2. In which layer of the atmosphere is the ozone layer mainly found?
a. Troposphere
b. Stratosphere
c. Mesosphere
d. Thermosphere
Answer: b. Stratosphere
3. Which of the following gases is mainly responsible for acid rain formation?
a. Oxygen
b. Sulphur dioxide (SO2)
c. Argon
d. Helium
Answer: b. Sulphur dioxide (SO-)

SHORT ANSWER QUESTIONS WITH MODEL ANSWER
1. What is the composition of the Earth’s atmosphere?

Answer: The Earth’s atmosphere is a mixture of gases surrounding the planet and

held by gravity. It mainly consists of nitrogen (78.08%), oxygen (20.95%), argon

(0.93%), and carbon dioxide (0.04%). It also contains variable gases such as water

vapour, ozone, and methane. Small amounts of trace gases like sulphur dioxide

and nitrogen oxides are also present. These gases are essential for sustaining life

and regulating climate.

2. Explain the importance of the atmosphere.

Answer: The atmosphere is essential for life because it provides oxygen for

respiration and carbon dioxide for photosynthesis. It regulates Earth’s temperature

through the greenhouse effect and protects organisms from harmful ultraviolet

radiation through the ozone layer. It helps maintain weather and the water cycle by

supporting cloud formation and rainfall. The atmosphere also burns up meteors
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before they reach Earth. Thus, it acts as a protective shield for the planet.

3. Describe the vertical layers of the atmosphere.
Answer: The atmosphere is divided into five layers: troposphere, stratosphere,
mesosphere, thermosphere, and exosphere. The troposphere is where weather
occurs and contains most air and water vapour. The stratosphere contains the
ozone layer that absorbs UV rays. The mesosphere is the coldest layer where
meteors burn up. The thermosphere contains the ionosphere and auroras, while the

exosphere gradually merges into outer space.

01-01-02: CHEMICAL AND PHOTOCHEMICAL REACTIONS IN THE
ATMOSPHERE

Photochemistry is a special branch of chemistry that deals with the reactions that
occur on exposure to light radiations. The chemical reactions that occur due to light
radiations are known as photochemical reactions. They occur due to the excitation of
an electron to the excited state on gaining energy. Photochemical reactions are the
basis of many important processes which are responsible for sustainable life on the
Earth. In this article, you will also get to know the consequences of photoexcitation.
Photosynthesis in plants with the help of sunlight is a very good example of
photochemical reaction in nature. In the atmosphere, there are numerous
photochemical reactions taking place all the time. Some of the famous examples
include the formation of ozone in the atmosphere, photochemical smog, etc. There are
many gases present in the atmosphere like oxygen, carbon dioxide, nitrogen, aerosols,
etc. The study of atmospheric reactions is an important area in understanding the
mechanistic details of chemical processes occurring in the air. The two most important
parameters in atmospheric chemistry are the sun’s radiation, predominantly in the
ultraviolet region of the spectrum and the hydroxyl radical. The former acts a source
of high energy to a single gas molecule to start a series of atmospheric reactions and
latter serves as the most important reactive intermediate and reservoir of daytime

atmospheric chemical phenomena.

Gaseous atmospheric species can be classified as follows:
1. Inorganic oxides: CO, CO2, NO2, SO
2. Oxidants: O3

3. Reductants: CO, SO, H>S
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4. Organics: CHs4, some alkenes and aryl compounds

5. Photochemically active species: NO2, formaldehyde, Acids (H2 SO4), Bases
(NH3), salts (NHs HSO4)

6. Unstable reactive species- HO. radical, electronically excited NOa.

in addition, both solid and liquid suspended particles play a significant role as source
and sink for gas-phase species, as sites for surface reactions (solid particles) and as
media for aqueous phase reactions (liquid droplets).

Photochemistry of the atmosphere

The most significant attribute of atmospheric chemistry is the occurrence of
photochemical reaction, a chemical reaction initiated upon the absorption of light
photons by the reactant molecules. The energy, E, of a photon of visible or ultraviolet
light is given by the equation E = hv, where h is Planck’s constant and v is the
frequency of light. As a consequence, energy associated with absorbed photons is
sufficient to activate reactant molecules. The transient excited states of reactant
molecules thus formed, differ in chemical and physical properties from the original
molecules. The chemical species thus formed either transform to new molecules,
combine among themselves or other molecules, or transfer electrons, hydrogen atoms,
protons, or their energy to other molecules (Fig 01-01.03). The photochemical
reactions play a crucial role in determining the nature and fate of chemical species in
the atmosphere. Nitrogen dioxide, NO2 is one of the most photochemically active
species present in polluted air and a major contributor to smog formation. On
absorption of light energy (E = hv) in the visible or UV region of the electromagnetic

spectrum, NO2 yields electronically excited molecule.

NO2 + hy —» NO2
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Fig.01-01.03 A schematic representation of atmospheric chemical processes.
(Source: https://www.google.com/search?sca_esv=b98116293dd )

The nature of excited state may be understood by considering addition of electrons in
a molecule. Most molecules contain even number of electrons. The electrons tend to
occupy the orbitals, with maximum two electrons with opposite spins per orbital. On
absorption of light of sufficient energy, one of these electrons may promote to high
energy vacant orbital. In some cases, the promoted electron retains a spin opposite to
that of its former partner, giving rise to an excited singlet state. While in some cases,
the promoted electron experiences a spin reversal, such that it has same spin as that of

its former partner, giving rise to excited triplet state.

These energetic excited species are chemically reactive and are actively involved in
atmospheric reactions which are discussed in detail in the following sections.
Following the light absorption, the electronically excited molecules lose their excess
energies in either of the following reactions Energy loss to another atom or molecule
by physical quenching and dissipation of energy as heat

O2*+ M + hv —» O2 + M (higher translational energy)
Dissociation of the excited molecule
O2*+hv—-0+0

Direct reaction with another species: The energy released during de-excitation is

sufficient for the reaction to take place.
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02*+03+hv—>202+0
Luminescence: loss of energy upon emission of electromagnetic radiation
NO2* + hv — NO2 + hv

The phenomena of luminescence with instantaneous re-emission of light is known as
Fluorescence. In case, if it is significantly delayed, phosphorescence takes place.
Chemiluminescence takes place when there is a formation of excited intermediate,

which de-excites, releasing some of its energy in form of light.
O3 + NO + hv — NO2 * + Oz (higher energy)

Intermolecular energy transfer wherein energy is transferred from excited species to

other species, which then becomes excited.
M*+Y +hv—> M+ Y*

A photosensitized reaction may take place when the second species so generated

participates in chemical transformations.

Intramolecular transfer, wherein energy is transferred within the molecule itself.
XY* + hv — XY+

(where, { stands for excited state of the same molecule)

Spontaneous isomerization, as seen in the conversion of o-nitrobenzaldehyde to o-
nitrosobenzoic acid, a reaction employed in chemical actinometers to measure

exposure to electromagnetic radiation.
Photoionization, depicts formation of ionic species with a loss of an electron
N2* —> N2+ +e-+hve
Photodissociation: radicals are produced
N2 + hv — Ne + Ne

Electromagnetic radiation absorbed in the infrared region are not sufficiently high in
energy to be capable of breaking the chemical bonds. However, they provide sufficient
vibrational and rotational energy to the receptor molecules. The energy absorbed as
infrared radiation ultimately is dissipated as heat and raises the temperature of the
whole atmosphere

EVSM301: Air & Soil Quality 18



IONS IN THE ATMOSPHERE

The layer of atmosphere extending from about 50 km above sea level constitutes the
ionosphere. The importance of ionosphere is realized by the fact that it reflects and
modifies radio waves used for communication and navigation. The height,
concentration of ionized particles, and the existence of the different regions of the
ionosphere varies with time. During the day, X-rays and ultraviolet radiation from the
Sun provide sufficient energy to knock off electrons free from atoms and molecules,
producing a continuous supply of ions and free electrons. The principal ions present in
this region are N2*, 02", NO*, N* and O*. At the same time, some of the ions and
electrons collide and re-combine to form electrically neutral atoms and molecules. In
dark, positive ions may recombine with free electrons. This phenomenon is rapid in
lower regions of the ionosphere where the concentration of species is high. Thus, radio
waves are bounced off by lower regions of the ionosphere and are transmitted over
greater distances at night. The ions do not escape from the ionosphere as they are

strongly bound by Earth’s magnetic field.
1. REACTIONS OF ATMOSPHERIC OXYGEN

Oxygen in the atmosphere, especially in the troposphere, is crucial for survival of
lifeforms. A schematic representation of the oxygen cycle depicting biogeochemical
reactions of oxygen within atmosphere, lithosphere, hydrosphere and biosphere.
Oxygen plays a dominant role in the processes occurring on the surface of earth. It

drives the energy producing reactions, for example, the burning of fossil fuels.
CHa (in natural gas) + 202 — CO2 + 2H:20

Aerobic organisms rely on atmospheric oxygen for degrading organic matter. Oxygen

also plays a crucial role in chemical weathering processes.
4FeO + O2 — 2Fe2 Os

Oxygen is returned to the atmosphere through photosynthesis by green plants and

planktons.
CO2 + H20 + hy — {CH20} + O2

It can be shown that most of the carbon fixed by photosynthetic processes is dispersed

in mineral formations as humic material, while only a small portion is deposited in
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fossil fuel beds. Thus, the oxygen production and consumption constitute a cyclic

phenomenon, maintaining global oxygen levels constant.

Molecular oxygen displays unusual behavior that its ground state is a triplet state with
unpaired electron, denoted as 30> which can be excited to singlet molecular oxygen
O2. Singlet oxygen may also be produced by other processes such as direct
photochemical excitation, transfer of energy from other electronically excited
molecules, ozone photolysis and high-energy oxygen producing reactions. Under
ionizing atmospheric conditions, elemental oxygen in the upper atmosphere exists in
allotropic forms other than diatomic O molecule. Thus, in addition to O», the upper
atmosphere contains oxygen atoms, O; excited oxygen molecules, O>* and ozone, Os.
Atomic oxygen is produced via photochemical reaction, as follows.

O2+hv—-0+0

The energy of ultraviolet radiation in the wavelength regions 135-176 nm and 240-
260 nm is sufficient to dissociate oxygen-oxygen bond in diatomic O, molecule (bond
energy of O, =120 kcal/mol). Because of photodissociation, O> does not exist at very
high altitudes and only less than 10% of the oxygen is present in its molecular form in

the atmosphere at altitudes exceedingly approximately 400 km.

Ozone forms a protective layer that envelops the earth surface by absorbing the sun’s
ultraviolet radiations (220-330 nm) which otherwise would potentially damage life
forms on the earth. The presence of ozone in higher atmospheric layers is attributed to
the photo-dissociation reactions of molecular oxygen. Upon absorption of ultraviolet

radiation from the sun, oxygen molecule splits as follows:
O2 + hv —» 20
O+02+M — O3+ M + Heat

Where M is the third body, such as a molecule of N2, O2 or Ar that allows formation
of ozone by absorbing heat energy released during collision between atomic oxygen
and oxygen. Some of the oxygen atoms react with intact ozone molecules to destroy

them by concerting to Oa.

O+ 03— 202
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However, the above reaction is very slow because its activation energy is 18 kJmol-1.
during daylight, ozone in the stratosphere is constantly being formed, decomposed and
re-formed by a series of reactions. Ozone’s concentration at any time of the day
depends on the intensity of solar radiation and the altitude. The maximum ozone
concentration of about 12 ppm is observed at altitude of 25-30 km in the stratosphere.

However, the above reaction is very slow because its activation energy is 18 kJmol-1.

Nitrogen constitutes about 78% by volume of the earth’s atmosphere, representing an
inexhaustible reservoir of the essential element. Due to high bond dissociation energy
(945 kJmol-1), N2 molecule is chemically and photochemically unreactive. Thus,
unlike oxygen which dissociates completely into oxygen atoms in the higher regions
of thermosphere, nitrogen molecule does not dissociate upon absorption of ultraviolet
radiation. However, atomic nitrogen is formed through photochemical reactions at

high altitudes exceedingly approximately 100 km.
N2 + hv — N + N (photodissociation)
Other reactions producing atomic nitrogen are

N2 + hv — N2* + e” (photoionization)
N2+ O — NO* + N
NO*+e-—>N+0O
O*+ N2 —- NO*+ N
NO2+ O — NO + O2

In the above reactions, N2* is formed by photoionization when N2 molecule
absorbs a photon of light in the lower regions of the ionosphere, extending from about
50-85 km in altitude. In higher regions, the chief ionic species is NO+ generated from
ionization of NO. NO is a colourless and odourless gas and is very reactive owing to
its radical nature. Of the eight known oxides of nitrogen, three oxides are present in
appreciable amount in the atmosphere — Nitrous oxide, N20; nitric oxide, NO;

nitrogen dioxide, NO2. NO and NO2 (collectively referred to as NOx) are common air

EVSM301: Air & Soil Quality 21



pollutants owing to their potential involvement in the stratospheric destruction of

ozone layer, formation of photochemical smog and acid rain.

Nitric oxide, NO, through a series of photochemical reactions, enters the atmosphere
from N20O or NO2 and oxygen atom. Other natural sources like lightning strikes,
forest fires or volcanic eruptions also contribute to NO formation. The main
anthropogenic sources of NO, contributing to 96% of total NOx in atmosphere are the
burning of fossil fuel in furnaces, factories and automobiles. At extremely high
temperatures of these natural phenomena or inside the internal combustion engines,

nitrogen and oxygen molecule react to give NO.
N2 + O2 —» 2NO

Elevated temperatures are favourable for a high equilibrium concentration as well as
an increased rate of formation of NO. It is postulated that at high temperatures, the

molecules of N2 and O2 dissociate to their respective atoms.
02+ M->0+0+M
N2+ M — Ne+ Ne+ M

Where M represents a third body of high energy which itself does not react but

provides energy sufficient for enabling the reaction.
4. PARTICLES IN THE ATMOSPHERE

Several forms of particles, ranging from dust, smoke, soot, pollen, spores to micron
sized aerosols are present in atmosphere. Particulate matter or simply particles
constitute the most visible and apparent form of air pollution. It is a complex mixture
of the solid particles and liquid droplets floating in the atmosphere. Very small, solid
particles include black carbon, silver iodide, combustion nuclei, and sea-salt nuclei
formed by the loss of water from droplets of seawater, while the larger particles
comprise of cement dust, wind-blown soil dust, foundry dust, and pulverized coal.
Mist, including raindrops, fog, and sulfuric acid droplets describe the liquid
particulate matter. Other atmospheric particles of natural origin include bacteria,
pollen grains, fog and volcanic ash.

MULTIPLE CHOICE QUESTIONS

1. Which process is a natural example of a photochemical reaction?

a. Respiration
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b. Photosynthesis
c. Fermentation
d. Evaporation
Answer: b. Photosynthesis
2. Which atmospheric gas is mainly responsible for formation of photochemical
smog?
a. Nitrogen dioxide (NO2)
b. Oxygen (O-)
c. Argon (Ar)
d. Helium (He)
Answer: a. Nitrogen dioxide (NO2)
3. In which atmospheric layer are ions such as N.* and O>* mainly present?
a. Troposphere
b. Stratosphere
c. lonosphere
d. Exosphere

Answer: c. lonosphere

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What are photochemical reactions in the atmosphere?
Answer: Photochemical reactions are chemical reactions that occur when
molecules absorb light energy, especially ultraviolet radiation. This energy excites
electrons and makes molecules more reactive. These reactions are important in
atmospheric chemistry and help form ozone and photochemical smog.
Photosynthesis is a common natural example. They play a major role in

maintaining atmospheric balance.

2. Explain the formation and importance of atmospheric ozone.
Answer: Ozone forms when oxygen molecules absorb ultraviolet radiation and
split into oxygen atoms. These atoms react with oxygen molecules to produce
ozone (Os). The ozone layer is mainly present in the stratosphere. It absorbs
harmful ultraviolet radiation from the Sun. This protects humans, animals, and

plants from radiation damage.

3. What is the role of nitrogen oxides (NOXx) in the atmosphere?
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Answer: Nitrogen oxides mainly include nitric oxide (NO) and nitrogen dioxide
(NO2). They are formed naturally by lightning and volcanos, and by burning fossil
fuels in vehicles and industries. NOx contributes to photochemical smog and acid
rain formation. These gases can also damage the ozone layer. They are considered

major air pollutants affecting human health and the environment.

SUMMARY

The atmosphere is a dynamic and life-supporting layer of gases that surrounds the
Earth. It plays a crucial role in regulating the planet’s temperature, enabling
respiration in living organisms, and protecting life from harmful ultraviolet (UV) solar
radiation. The composition of the atmosphere consists primarily of nitrogen (78%) and
oxygen (21%), which are classified as major or permanent gases due to their stable
concentrations. Other components include argon (0.93%), carbon dioxide (0.04%),
neon, helium, and trace gases. In addition to these, variable gases such as water vapor,
carbon dioxide (CO:), methane, and ozone fluctuate in concentration and have

significant implications for weather, climate, and environmental health.

The atmosphere is structured in layers: the troposphere (where weather occurs),
stratosphere (contains the ozone layer), mesosphere, thermosphere, and exosphere.
Each layer has unique temperature patterns and chemical characteristics. Within these
layers, particularly the lower ones, chemical and photochemical reactions take place
regularly. Chemical reactions include interactions between pollutants like sulfur
dioxide (SO2) and nitrogen oxides (NOx) with moisture, forming acid rain. Acid rain
damages forests, deteriorates buildings, and acidifies water bodies, affecting aquatic
life. Photochemical reactions, on the other hand, are triggered by sunlight. These
reactions involve compounds like NOy and volatile organic compounds (VOCs),
leading to the formation of photochemical smog, particularly in urban areas.
Tropospheric ozone formed in this process is a key component of smog and poses
serious health risks such as asthma and other respiratory issues. To mitigate the
adverse effects of greenhouse gases especially rising CO: levels scientists and
engineers have developed Carbon Capture and Sequestration (CCS) technologies. CCS
is a crucial climate mitigation approach that involves capturing carbon dioxide
emissions from large industrial and energy-related sources, particularly power plants.
Once captured, the CO: is compressed and transported usually via pipelines to
underground geological formations such as depleted oil fields or deep saline aquifers
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for long-term storage. This process prevents CO. from entering the atmosphere,

thereby helping to reduce the greenhouse effect and combat climate change.

END OF UNIT EXERCISES

1.
2.

What are the major and variable gases present in the Earth's atmosphere?

How do chemical reactions in the atmosphere contribute to environmental issues

like acid rain?

What is photochemical smog and what conditions lead to its formation?

What are the main steps involved in Carbon Capture and Sequestration (CCS)?

Why is it important to understand atmospheric composition and photochemical

processes for environmental sustainability?

KEY WORDS
Atmosphere, Chemical reactions, acid rain, photochemical smog, VOCs, NOy,

sunlight, air pollution.
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UNIT 01-02: AIR POLLUTION

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to

+« Define air pollution and list its major sources and types of pollutants.

+«+ Describe the characteristics of indoor, vehicular, and industrial air pollution.

s Illustrate real-life examples of how different sources contribute to air
pollution.

« Differentiate between the effects of indoor, vehicular, and industrial air

pollution on health and environment.

INTRODUCTION

Air pollution is a major environmental issue that affects the health of humans,
animals, plants, and the overall balance of ecosystems. It is defined as the
contamination of the atmosphere by harmful substances that can interfere with the
natural processes of the environment. These substances, known as air pollutants, may
exist in the form of gases, liquids, or solid particles, and are present in quantities large
enough to cause harmful effects. Air pollution can be localized or widespread, short-
term or persistent, and it contributes significantly to climate change, global warming,

and public health concerns.

The causes of air pollution are both natural and anthropogenic (man-made). Natural
sources include volcanic eruptions, dust storms, wildfires, and pollen dispersal.
However, the growing concern today is with human activities, particularly those
related to industrialization, urbanization, and motorization. The burning of fossil fuels
like coal, petrol, diesel, and biomass releases large amounts of harmful gases such as
carbon monoxide (CO), sulfur dioxide (SO:), nitrogen oxides (NOx), and particulate
matter (PM2.5 and PM10). Other hazardous substances include heavy metals, volatile

organic compounds (VOCs), and ground-level ozone.
01-02-01: DEFINITION, SOURCES AND TYPES OF AIR POLLUTANTS
Air Pollution

Air pollution is a serious environmental problem that arises when harmful gases, dust,
smoke, or chemicals are introduced into the atmosphere in a way that makes it unsafe

or unhealthy for humans, animals, and plants. These pollutants can come from both
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natural sources like wildfires, volcanic eruptions, and dust storms, as well as human
activities such as burning fossil fuels in wvehicles, industrial emissions, waste
incineration, and construction activities. When these pollutants accumulate in the air,
they can lead to a variety of harmful effects, including respiratory and cardiovascular
diseases, environmental degradation, and even global issues like climate change and
ozone layer depletion.

One of the major concerns with air pollution is its invisibility; while some pollutants
like smog and smoke are visible, many others are microscopic and cannot be seen with
the naked eye, yet they still pose serious health risks. Polluted air can affect people of
all ages, but children, the elderly, and those with pre-existing health conditions are
particularly vulnerable. In addition to human health, air pollution harms ecosystems
by damaging crops, forests, and bodies of water. It can also contribute to acid rain,
which alters the pH levels of soil and water, affecting aquatic life and plant growth.
Indoor air pollution is another significant aspect, especially in developing countries
where people rely on solid fuels like wood, charcoal, or dung for cooking and heating
in poorly ventilated spaces. This leads to high exposure to smoke and toxic gases,
contributing to numerous health issues, particularly among women and children.
Vehicular pollution, primarily caused by the increasing number of automobiles on the
road, is another growing problem in urban areas. It releases large amounts of carbon
monoxide, nitrogen oxides, hydrocarbons, and particulate matter into the air, leading
to poor air quality and smog formation. Industrial pollution, often characterized by the
emission of sulfur dioxide, ammonia, and other hazardous substances, adds another
layer of complexity to air quality management. The release of greenhouse gases such
as carbon dioxide and methane from industrial and agricultural activities contributes
to global warming and climate change, which have long-term consequences for
ecosystems, weather patterns, and sea levels. Effective solutions to air pollution
include promoting cleaner technologies, using renewable energy, enforcing stricter
environmental regulations, and raising public awareness about the importance of clean
air. Controlling air pollution requires a collective effort at the local, national, and
international levels to ensure a healthier and more sustainable future for all living
beings.

Definition

Air pollution is defined as the presence of one or more harmful or excessive

substances in the atmosphere that can pose a threat to human health, animals,
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plants, and the environment. These substances, known as air pollutants, may be in the
form of gases, particulates, or biological molecules and are typically released through
natural events or human activities such as industrial processes, vehicle emissions, and
burning of fossil fuels.
Sources Of Air Pollution

Air pollution originates from a wide variety of sources, broadly classified into
natural and anthropogenic (human-made). While natural sources contribute to air
pollution occasionally or seasonally, it is the persistent and large-scale activities of
humans that are primarily responsible for the alarming rise in pollution levels across

the globe, especially in urban and industrial regions.

Natural sources of air pollution are those that occur without human intervention but
can still significantly affect air quality. One of the most dramatic examples is volcanic
eruptions, which release enormous quantities of gases such as sulfur dioxide, carbon
dioxide, and ash particles into the atmosphere. These emissions can travel great
distances and cause acid rain, smog, and temporary changes in global temperatures.
Forest fires, which may start naturally due to lightning or extreme heat, also
contribute to air pollution by releasing thick smoke filled with carbon monoxide,
carbon dioxide, and fine particulate matter. Similarly, dust storms in dry regions stir
up massive clouds of fine particles that can remain suspended in the air, reduce
visibility, and cause respiratory problems. Other natural contributors include methane
emissions from wetlands and biological particles like pollen, spores, and bacteria,
which, although natural, can worsen air quality and trigger allergies or asthma in

sensitive populations.

On the other hand, anthropogenic sources are far more concerning due to their
scale, intensity, and continuous nature. The most prominent among these is industrial
activity, which emits a vast array of pollutants through the burning of fossil fuels such
as coal, oil, and gas. Factories, power plants, cement industries, and oil refineries
release gases like sulphur dioxide, nitrogen oxides, carbon monoxide, particulate
matter, and heavy metals such as lead and mercury. These pollutants are directly
linked to environmental degradation, acid rain, and numerous health issues such as
bronchitis, asthma, and lung cancer. Additionally, the release of volatile organic
compounds (VOCs) contributes to the formation of ground-level ozone, a major

component of smog.

EVSM301: Air & Soil Quality 29



Primary pollutants
Carbon monoxide Secondary pollutants
co
Nitric oxide Sulphur trioxide Nitric acid
Sulphur dioxide NO S03 HNO3
$02

Nitrogen dioxide Sulphuric acid
NO2 HpSO0y4 Hydrogen peroxide
H202

Ammonia

NH3 Particulates
(PM) Ozone

Volatile organic compounds Ammonium 03 Particulates
VOCs

Factories

Fig.01-02.01 Sources of Air Pollution
(Source: https://www.google.com/search?sca_esv=0e58669465c64ea)

A. Vehicular emissions are another major source of urban air pollution. The
explosive growth in the number of automobiles has led to increased emissions of
carbon monoxide, hydrocarbons, nitrogen oxides, and particulate matter. Traffic
congestion and the use of low-quality fuel further worsen the situation. In many
cities, vehicular pollution is the leading cause of smog, especially during the
winter months when cooler temperatures trap pollutants closer to the ground in a

phenomenon known as a temperature inversion.

B. The burning of fossil fuels for electricity, heating, and cooking whether in
thermal power plants or households emits large amounts of carbon dioxide, sulfur
compounds, and black carbon. In rural areas, the use of traditional biomass fuels
such as firewood, cow dung, and crop residues in open stoves creates dense indoor
smoke that is particularly harmful to women and children, leading to eye
problems, respiratory infections, and long-term lung diseases.

C. Agricultural activities also contribute significantly to air pollution. The
widespread use of chemical fertilizers and pesticides emits harmful gases such as
ammonia, which can react with other air pollutants to form secondary particles. In
livestock farming, methane is released during digestion in ruminant animals like
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cows, while rice cultivation under flooded conditions also produces large
quantities of methane. Open burning of crop residues, a common practice in many
parts of India, releases clouds of smoke containing carbon monoxide, black
carbon, and PM2.5, which often causes severe air pollution episodes, especially in

the post-harvest seasons.

D. Construction and demolition activities release large amounts of dust and fine
particulates into the air, especially in rapidly urbanizing cities. The use of heavy
machinery also adds to emissions of nitrogen oxides and other exhaust pollutants.
These dust particles can penetrate deep into the lungs and worsen respiratory and

cardiovascular conditions.

E. Waste management practices, particularly the open burning of garbage, plastics,
and electronic waste, are another major source of toxic air pollutants. These
burning releases not only particulate matter but also highly toxic substances such
as dioxins and furans, which are known carcinogens. Landfills too emit methane,

which contributes to climate change if not properly captured and managed.

F. Indoor air pollution is often overlooked but can be even more harmful than
outdoor pollution, especially in poorly ventilated homes. Sources include cooking
with solid fuels, burning candles or incense sticks, using aerosol sprays and
cleaning chemicals, and emissions from furniture or building materials. Prolonged
exposure to these pollutants can lead to chronic illnesses, especially in vulnerable
populations like children and the elderly. air pollution is caused by a complex
interplay of natural and human-made activities. While natural events are largely
unavoidable, human activities are responsible for the majority of harmful
pollutants affecting both outdoor and indoor air quality. The consequences are far-
reaching, affecting not only individual health but also ecosystems, agriculture, and
the climate. Reducing air pollution requires coordinated efforts across multiple
sectors, including stricter regulation of emissions, adoption of clean energy
technologies, sustainable transportation, better waste management, and public
awareness. Only through collective action can we ensure cleaner air and a

healthier planet for future generations.

Types of Air Pollutants: Air pollution refers to the presence of harmful or excessive
substances in the atmosphere that pose risks to human health, ecosystems,
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infrastructure, and the planet's climate balance. These substances known as air
pollutants originate from both natural processes and human activities. They may exist
in gaseous, liquid, or solid forms and can either be released directly into the
atmosphere (primary pollutants) or formed through chemical reactions involving other
pollutants (secondary pollutants). Types of air pollutants and sources shown in Fig.
01-02.02

Types of Pollutants
|
Y Y
Natural Pollutants Anthropogenic Pollutants
* Dust |
* Pollens + +
* Forest fire Primary Pollutants Secondary Pollutants
« Volcanoes « Particulate matter *
+CO
*50, : i?cfél}?}}de
*NO and NO, «PAN
+HNO,
*H,S0,

Fig. 01-02.02 Types of Air Pollutants

(Source: https://www.google.com/search?q=Types+of+air+pollutants)

1. Primary Air Pollutants: Directly Emitted Substances

Primary pollutants are substances emitted directly from identifiable sources into the
air. These include a wide range of gases and particles that are harmful in their original
form and contribute significantly to the deterioration of air quality. One of the most
prevalent primary pollutants is Carbon Monoxide (CO), a colourless, odourless, and
highly toxic gas produced by the incomplete combustion of fossil fuels. It is
commonly emitted by automobiles, industrial machines, and domestic stoves using
wood or charcoal. Exposure to carbon monoxide interferes with the blood's ability to
carry oxygen, leading to dizziness, fatigue, and in extreme cases, death. Air pollutants
shown in Fig. 01-02.03
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v" Sulfur Dioxide (SO-) is another major primary pollutant, released mainly through

the combustion of coal and oil in power plants and industrial units, as well as
during the smelting of metal ores. SO- causes respiratory irritation and contributes

to acid rain formation when it reacts with atmospheric moisture.

Nitrogen Oxides (NO and NO.), collectively referred to as NOx, are produced in
large quantities from high-temperature combustion processes such as those in
automobiles and power plants. NOx gases are key contributors to respiratory
problems and also play a central role in the formation of secondary pollutants like

ozone and acid rain.

Particulate Matter (PM): A critical pollutant of concern in modern cities is
Particulate Matter (PM), especially PM10 and PM2.5. These are tiny particles
suspended in the air originating from road dust, vehicle emissions, industrial
processes, and agricultural burning. PM2.5 is particularly dangerous, as it can
penetrate deep into the lungs and even enter the bloodstream, triggering asthma,

heart attacks, strokes, and premature deaths.

Volatile Organic Compounds (VOCs) are a group of carbon-based chemicals that
vaporize easily and are emitted from sources like paints, varnishes, cleaning

agents, fuel vapours, and industrial solvents. Some VOCs are known to be
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carcinogenic, and they also react with nitrogen oxides in sunlight to form harmful

ozone at the ground level.

v' Lead (Pb): Another primary pollutant of grave concern is Lead (Pb), a heavy
metal that was once widely emitted by vehicles using leaded petrol. Although
phased out in many countries, lead pollution persists in areas with battery
industries, metal smelting operations, and informal electronic waste recycling. It
is highly toxic, especially to children, and affects the nervous system, causing

developmental delays and behavioural issues.
2. Secondary Air Pollutants: Formed Through Reactions in the Atmosphere

Unlike primary pollutants, secondary pollutants are not directly emitted. They form in
the atmosphere through complex chemical reactions, often involving sunlight,
moisture, and existing primary pollutants. These reactions transform relatively inert
substances into highly reactive and toxic pollutants. Ground-level Ozone (Os) is the
most prominent secondary pollutant. It is formed when nitrogen oxides and VOCs
react under the influence of sunlight a process known as photochemical smog
formation. While ozone is beneficial in the upper atmosphere (stratosphere) where it
protects life from ultraviolet radiation, at the surface level, it causes severe respiratory
problems, reduces lung function, and aggravates asthma. Another dangerous secondary
pollutant is Peroxyacetyl Nitrate (PAN), which is a component of photochemical
smog. It forms through reactions between VOCs and NOx in sunlight. PAN is a strong
eye irritant, damages crops, and is toxic to plant tissues, leading to reduced
agricultural productivity. Acid rain is also the result of secondary pollutant formation.
When sulfur dioxide and nitrogen oxides interact with water vapor in the atmosphere,
they form sulfuric and nitric acids. These acids precipitate with rain or snow, lowering
the pH of soil and water bodies, corroding infrastructure, and harming aquatic life and
forests. Secondary particulate matter, another major contributor to air pollution, forms
when primary gaseous pollutants like sulfur dioxide, nitrogen oxides, and ammonia
chemically react in the atmosphere to form fine particles such as sulphates, nitrates,
and ammonium compounds. These particles are a significant component of haze and

are linked to cardiovascular and pulmonary diseases.
3. Classification Based on Chemical Composition

Air pollutants can also be categorized based on their chemical nature:
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= Oxides include carbon monoxide (CO), carbon dioxide (CO2), sulfur dioxide
(S0O2), and nitrogen oxides (NOx). These contribute to a variety of issues like
global warming, acid rain, and respiratory diseases.

= Hydrocarbons and VOCs, such as methane, benzene, and toluene, are involved in

ozone and smog formation and may have carcinogenic effects.

= Heavy Metals, including lead, arsenic, cadmium, and mercury, are emitted from
industrial activities and cause serious health disorders ranging from nerve damage

to kidney failure.

= Toxic organic compounds, such as dioxins, furans, and polycyclic aromatic
hydrocarbons (PAHSs), are persistent in the environment and accumulate in the
food chain, leading to chronic illnesses and cancer.

4. Classification Based on Physical State
Air pollutants can also be grouped by their physical form:

Gaseous Pollutants: These include gases like CO, NOx, SO2, and Os, which are
present in the atmosphere in molecular form and can be inhaled easily. Their impact

varies from acute irritation to chronic diseases and climate effects.

Particulate Pollutants: These are fine solid or liquid particles, including dust, soot,
smoke, aerosols, and mists. Depending on their size, they can settle on surfaces or
remain suspended in the air for long periods, affecting visibility, human health, and
climate patterns.

5. Indoor, Vehicular, and Industrial Air Pollutants

Apart from outdoor air pollution, indoor air pollution is a major concern, particularly
in rural and semi-urban areas where biomass fuels like wood, cow dung, and charcoal
are used for cooking. The smoke from these fuels contains PM, CO, VOCs, and other

harmful gases, severely affecting women and children who are exposed for long hours.

Vehicular emissions are among the largest contributors to air pollution in urban areas.
Vehicles emit a complex mixture of pollutants, including NOx, CO, PM,
hydrocarbons, and VOCs. Congested traffic, poor maintenance of engines, and low

fuel quality exacerbate this issue.
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Industrial pollution arises from a variety of sectors such as thermal power
generation, steel production, cement manufacturing, petrochemicals, and
pharmaceuticals. These industries emit a broad range of air pollutants depending on

the processes and materials used.

Air pollutants, whether primary or secondary, gaseous or particulate, have far-
reaching consequences. Their immediate impacts include breathing disorders,
allergies, and eye irritation, while long-term exposure can lead to chronic diseases,
birth defects, cognitive impairments, and early mortality. The environmental
consequences include damage to ecosystems, acidification of soils and waters, crop

failure, and climate change.
MULTIPLE CHOICE QUESTIONS

1. Which of the following is a primary air pollutant?
a. Ozone (0s)
b. Peroxyacetyl Nitrate (PAN)
c. Carbon Monoxide (CO)
d. Acid Rain
Answer: c. Carbon Monoxide (CO)
2. Which pollutant is most dangerous because it can enter deep into the lungs
and bloodstream?
a. Argon
b. PM2.5
c. Nitrogen
d. Helium
Answer: b. PM2.5
3. Ground-level ozone is formed mainly by the reaction of:
a. Nitrogen + Oxygen
b. NOx + VOCs in sunlight
c. Carbon dioxide + Water vapour
d. Methane + Hydrogen
Answer: b. NOx + VOCs in sunlight

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Write meaning of air pollution.
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Answer: Air pollution is the presence of harmful substances such as gases, dust,
smoke, or chemicals in the atmosphere that make air unsafe for living organisms.
These pollutants may come from natural sources or human activities. Air pollution
affects human health, plants, animals, and the environment. It can cause
respiratory diseases and climate change. It is one of the major environmental

problems worldwide.

2. What are the major sources of air pollution?
Answer: Air pollution comes from both natural and human-made sources. Natural
sources include volcanic eruptions, forest fires, and dust storms. Human-made
sources include industries, vehicle emissions, burning fossil fuels, agriculture, and
waste burning. Indoor pollution also occurs from cooking with biomass fuels.

These sources release harmful gases and particulate matter into the atmosphere.

3. Differentiate between primary and secondary air pollutants.
Answer: Primary air pollutants are directly released into the atmosphere from
sources such as vehicles and industries. Examples include carbon monoxide (CO),
sulfur dioxide (SO2), and particulate matter. Secondary pollutants are formed in
the atmosphere through chemical reactions involving primary pollutants.

Examples include ozone (Os), acid rain, and photochemical smog.

01-02-02: TYPES OF AIR POLLUTION — INDOOR AIR POLLUTION
TYPES OF AIR POLLUTION

Indoor air pollution refers to contamination of the air within enclosed spaces such as
homes, schools, offices, hospitals, and workplaces. It is especially common in
developing countries where households depend on traditional biomass fuels like
firewood, charcoal, coal, animal dung, and crop residues for cooking and heating.
Burning these fuels in poorly ventilated areas releases dangerous pollutants such as
carbon monoxide (CO), particulate matter (PM2.5), nitrogen dioxide (NOz), sulphur
dioxide (SO2), volatile organic compounds (VOCs), formaldehyde, benzene, and
smoke particles. Household products such as paints, pesticides, aerosol sprays,
cleaning chemicals, and synthetic furnishings also contribute harmful substances to
indoor air. Another dangerous pollutant is radon gas, a naturally occurring radioactive
gas that can seep from the ground into buildings. Prolonged exposure can cause eye

irritation, headaches, dizziness, fatigue, asthma, respiratory infections, chronic
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obstructive pulmonary disease (COPD), cardiovascular disease, stroke, and even lung
cancer. According to the World Health Organization, indoor air pollution is
responsible for millions of premature deaths each year, especially among women and

children in low-income households.

Indoor Air Quality (IAQ) is the quality of air inside buildings and other structures, and
its effect on the health and well-being of the people who occupy those spaces.
Knowing about and controlling common indoor pollutants can help reduce your risk of

indoor health problems.
Major Causes of Indoor Air Problems

Indoor pollution sources are the primary cause of indoor air quality problems. Indoor
pollution sources release gases or particles into the air. Poor ventilation can increase
indoor pollutant concentrations by failing to provide enough outdoor air to dilute
emissions from indoor sources, and by not removing indoor air pollutants from the
area. Some pollutants can also be at higher levels when temperatures are high and

there is a lot of humidity.

Pollutant Sources

1. Fuel-burning combustion appliances

2. Tobacco products

3. Building materials and furnishings as diverse as:

4. Deteriorated asbestos-containing insulation

5. Newly installed flooring, upholstery or carpet

6. Cabinetry or furniture made of certain pressed wood products
7. Products for household cleaning and maintenance, personal care, or hobbies
8. Central heating and cooling systems and humidification devices
9. Excess moisture

10. Outdoor sources such as:

11.Radon

12. Pesticides

OQutdoor air pollution
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The relative importance of any one source varies with the amount of a given pollutant
emitted and the hazard of those emissions. Sometimes factors such as the age of the
source and whether it is maintained properly are important. For instance, a poorly

adjusted gas stove can emit far more carbon monoxide than a properly adjusted stove.

Certain sources, such as building materials, furnishings, and products like air
fresheners, may emit pollutants more or less continuously. Other sources like smoking,
cleaning, redecorating or doing hobbies release pollutants intermittently. Improperly
used products and unvented or poorly functioning appliances can release higher and

sometimes dangerous levels of pollutants indoors.
Indoor Pollution and Health Effects
Immediate Effects

Some health effects may occur soon after a single exposure or repeated exposures to a
pollutant. These can cause irritation of the eyes, nose and throat, headaches, dizziness
and fatigue. These immediate effects are generally short-term and treatable.
Sometimes the treatment is simply to remove the person from the source of the
pollution, provided that can be identified. Some diseases such as asthma may show
symptoms or become worse soon after exposure to some indoor air pollutants. Many
factors influence the likelihood of an acute response to indoor air pollutants: age,
existing medical conditions, and more. Individual response to a pollutant may, in some
instances, be determined by the sensitivity of the individual, which can vary widely
from person to person. Repeated or high level exposures to biological or chemical

pollutants may result in some persons becoming sensitized to them.

Some of the immediate effects resemble those of colds or other viral diseases, so it is
often difficult to determine whether symptoms are linked to exposure to indoor air
pollution. For this reason it is important to pay attention to the time and place
symptoms occur. If symptoms disappear or improve when a person is away from the
area, an effort should be made to identify indoor air sources that may be possible
causes, such as a person’s home. Some effects may be aggravated by insufficient
outdoor air supply into the indoor environment or the heating, cooling or humidity

conditions prevailing indoors.
Long-Term Effects

Some health problems caused by poor indoor air quality may not appear immediately.
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In many cases, they develop only after years of exposure or after repeated contact with
pollutants over a long period. These long-term effects can include respiratory
illnesses, cardiovascular diseases, and certain types of cancer, which may significantly
affect quality of life and, in severe cases, lead to death. Therefore, maintaining good
indoor air quality is important even when no obvious symptoms are present. Although
indoor air pollutants are known to pose health risks, it is still difficult to determine the
exact levels or duration of exposure that cause specific health issues. People's
responses to these pollutants can vary greatly depending on factors such as age, health
status, and individual sensitivity. More research is needed to understand the health
impacts of both the typical pollutant levels found in homes and the higher

concentrations that may occur for short periods.
MULTIPLE CHOICE QUESTIONS

1. Which type of air pollution is mainly caused by burning biomass fuels inside
homes?
a. Industrial pollution
b. Indoor air pollution
c. Vehicular pollution
d. Agricultural pollution
Answer: b. Indoor air pollution
2. Which of the following is an immediate health effect of indoor air pollution?
a. Lung cancer
b. Stroke
c. Eye irritation and headaches
d. Heart disease
Answer: c. Eye irritation and headaches
3. Long-term exposure to indoor air pollutants may lead to:
a. Improved immunity
b. Respiratory and cardiovascular diseases
c. Better concentration
d. Increased energy levels

Answer: b. Respiratory and cardiovascular diseases

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is indoor air pollution?
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Answer: Indoor air pollution refers to contamination of air inside homes, offices,
schools, and other enclosed spaces. It is mainly caused by burning biomass fuels
like wood, coal, and dung in poorly ventilated areas. Pollutants released include
carbon monoxide, smoke, and particulate matter. It can cause respiratory diseases,

asthma, and lung cancer. Women and children are especially affected.

2. Explain vehicular air pollution.
Answer: Vehicular air pollution is caused by emissions from cars, buses, trucks,
and motorcycles. Burning petrol and diesel releases pollutants such as carbon
monoxide, nitrogen oxides, hydrocarbons, and particulate matter. These pollutants
accumulate in cities and form smog. Long-term exposure causes respiratory and
heart diseases. It also contributes to global warming through carbon dioxide

emissions.

3. How does agricultural activity cause air pollution?
Answer: Agricultural air pollution is caused by the use of fertilizers, pesticides,
livestock farming, and crop residue burning. Livestock release methane gas, while
fertilizers emit ammonia. Burning crop residues produces smoke, carbon
monoxide, and fine particles. These pollutants reduce air quality and contribute to

climate change. They can also cause breathing problems and eye irritation.

01-02-03: TYPES OF AIR POLLUTION — VEHICULAR POLLUTION

Vehicular pollution is one of the most significant forms of outdoor (ambient) air
pollution and has emerged as a serious environmental issue in both developed and
developing countries. Rapid urbanization, industrial growth, population expansion,
and economic development have dramatically increased the demand for transportation.
The growing dependence on private vehicles such as cars, motorcycles, buses, trucks,
and auto-rickshaws has led to a sharp rise in fuel consumption and exhaust emissions.
In many cities, especially densely populated urban centers, vehicular emissions have
become the largest contributor to deteriorating air quality. The main cause of vehicular
pollution is the combustion of fossil fuels such as petrol and diesel in internal
combustion engines. During this combustion process, vehicles emit a variety of
harmful pollutants into the atmosphere. Major pollutants include carbon monoxide
(CO), carbon dioxide (CO2), nitrogen oxides (NOy), sulphur dioxide (SO2),
hydrocarbons (HC), volatile organic compounds (VOCs), benzene, lead compounds,
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and particulate matter (PM2..s and PMio). Carbon monoxide is a poisonous gas that
reduces the oxygen-carrying capacity of blood, while nitrogen oxides contribute to the
formation of smog and acid rain. Hydrocarbons and volatile organic compounds react
with sunlight to form photochemical smog, which causes breathing difficulties and
reduced visibility. Different types of vehicles contribute differently to pollution.
Petrol-powered vehicles mainly emit carbon monoxide, hydrocarbons, and carbon
dioxide, whereas diesel-powered vehicles are considered more harmful because they
release high levels of nitrogen oxides, black carbon, soot particles, fine particulate
matter, and toxic heavy metals. Diesel exhaust particles are extremely dangerous
because their small size allows them to penetrate deep into the lungs and enter the
bloodstream. Heavy-duty trucks, buses, and older diesel engines are often major

contributors to urban air pollution.

Several factors worsen vehicular pollution. One major factor is the rapid increase in
private vehicle ownership, often due to inadequate and overcrowded public
transportation systems. Poorly maintained vehicles with old engines emit far more
pollutants than properly serviced vehicles. The use of adulterated or low-quality fuels
increases incomplete combustion, resulting in higher emissions. Traffic congestion in
cities leads to long periods of idling engines at traffic signals, wasting fuel and
continuously releasing pollutants even when vehicles are not moving. Weak
enforcement of vehicle emission laws and irregular pollution testing further aggravate
the problem. In many developing nations, outdated vehicles remain in use for long
periods, increasing environmental damage. Vehicular pollution has severe effects on
human health. Continuous exposure to polluted air can lead to a wide range of
respiratory illnesses such as asthma, bronchitis, and chronic obstructive pulmonary
disease (COPD), emphysema, lung infections, and lung cancer. Fine particulate matter
(PM..5) is especially dangerous because it can bypass the body’s natural defenses and
accumulate deep in lung tissues. Studies have shown that air pollution also contributes
to heart disease, high blood pressure, stroke, weakened immune function, headaches,
eye irritation, and reduced life expectancy. Children, elderly individuals, and people

with pre-existing respiratory conditions are particularly vulnerable.

Vehicular pollution also has serious environmental consequences. Emissions of
nitrogen oxides and hydrocarbons combine in sunlight to form photochemical smog,

which reduces air quality and visibility. Sulphur and nitrogen compounds contribute to

EVSM301: Air & Soil Quality 42



acid rain, damaging crops, forests, buildings, soil quality, and freshwater ecosystems.
Carbon dioxide emissions from vehicles significantly contribute to the greenhouse
effect and global warming, accelerating climate change. Black carbon from diesel
vehicles absorbs sunlight and contributes to rising atmospheric temperatures. In large
cities, vehicular pollution intensifies the urban heat island effect, where concrete
structures and pollution trap heat, making urban areas significantly warmer than
surrounding rural regions. Vehicular pollution also affects ecosystems and
biodiversity. Pollutants settle on soil and water bodies, harming microorganisms,
aquatic organisms, and plants. Constant exposure to air pollutants can reduce crop
productivity and damage plant leaves by interfering with photosynthesis. Wildlife
living near highways and urban areas is also affected by toxic air contaminants and
habitat degradation. To reduce vehicular pollution, governments worldwide have
introduced several preventive and control measures. One of the most important
strategies is implementing strict vehicle emission standards, such as the Bharat Stage
Emission Standards in India, which regulate the permissible amount of pollutants
released by vehicles. Promoting electric vehicles (EVs) helps reduce dependence on
fossil fuels and lowers direct emissions. The use of cleaner alternative fuels such as
Compressed Natural Gas (CNG), hydrogen fuel, and biofuels can significantly
decrease harmful exhaust gases. Governments also encourage public transportation
systems such as metro rail networks, electric buses, and carpooling to reduce the

number of private vehicles on roads.

Regular vehicle maintenance and pollution testing, awareness campaigns, proper
traffic management, development of non-motorized transport such as cycling and
walking infrastructure, and investment in sustainable urban planning are also essential
solutions. Technological innovations like catalytic converters, fuel-efficient engines,
and stricter fuel quality standards further help in controlling emissions. Vehicular
pollution has become a major environmental challenge due to the increasing number of
vehicles and growing dependence on fossil-fuel-based transportation. It poses serious
threats to human health, ecosystems, and the global climate. Effective government
policies, cleaner technologies, improved public transport, and responsible citizen
behavior are crucial to reducing vehicular emissions and ensuring cleaner air for

future generations.
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MULTIPLE CHOICE QUESTIONS
1. Which fuel-based vehicles generally release more particulate matter and black
carbon?
a. Electric vehicles
b. Petrol vehicles
c. Diesel vehicles
d. CNG vehicles
Answer: c. Diesel vehicles
2. Which pollutant mainly reduces the oxygen-carrying capacity of blood?
a. Carbon monoxide (CO)
b. Nitrogen dioxide (NO-)
c. Sulphur dioxide (SO-)
d. Methane (CH.)
Answer: a. Carbon monoxide (CO)
3. Which of the following is an effective measure to control vehicular pollution?
a. Increased use of fossil fuels
b. Promoting electric vehicles (EVs)
c. Using outdated engines
d. Ignoring emission testing

Answer: b. Promoting electric vehicles (EVS)

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is vehicular pollution?
Answer: Vehicular pollution is air pollution caused by harmful gases released
from vehicles such as cars, buses, trucks, and motorcycles. It mainly occurs due to
burning petrol and diesel in engines. Pollutants released include carbon monoxide,
nitrogen oxides, hydrocarbons, and particulate matter. It is a major source of urban

air pollution. It affects both human health and the environment.

2. What are the health effects of vehicular pollution?
Answer: Vehicular pollution can cause respiratory diseases such as asthma,
bronchitis, and chronic obstructive pulmonary disease (COPD). Fine particulate
matter (PM2.5) can enter deep into the lungs and bloodstream. It may also cause

heart disease, stroke, eye irritation, headaches, and reduced immunity. Children
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and elderly people are more vulnerable. Long-term exposure can reduce life

expectancy.

3. Mention methods to control vehicular pollution.
Answer: Vehicular pollution can be controlled by using electric vehicles and
cleaner fuels such as CNG and hydrogen. Regular vehicle maintenance and
pollution testing help reduce harmful emissions. Governments can improve public
transportation systems to reduce private vehicle use. Catalytic converters and fuel-
efficient engines also help control emissions. Public awareness and strict emission

laws are important for long-term solutions.

01-02-04: TyrPeES OF AIR POLLUTION — INDUSTRIAL POLLUTION

Industrial air pollution refers to the contamination of the atmosphere caused by
harmful gases, particulate matter, and toxic substances released from factories,
manufacturing units, thermal power plants, chemical industries, mining operations,
cement factories, oil refineries, steel plants, fertilizer industries, and metal-processing
industries. Industrialization has been one of the major drivers of economic
development, technological advancement, employment generation, and modernization.
However, alongside these benefits, industrial growth has become one of the leading
causes of environmental degradation and air pollution worldwide. As industries
expand to meet the growing demands of society, the amount of pollutants released into
the atmosphere has increased significantly, posing serious threats to ecosystems,

climate, and human health.

Industrial activities involve a variety of processes such as burning fossil fuels,
chemical synthesis, extraction and processing of minerals, high-temperature
manufacturing, refining petroleum products, waste incineration, and energy
generation. These processes release large quantities of harmful pollutants into the air.
The most common industrial pollutants include sulphur dioxide (SO2), nitrogen oxides
(NOy), carbon monoxide (CO), carbon dioxide (CO-), methane (CHa4), volatile organic
compounds (VOCs), suspended particulate matter (SPM), fly ash, smoke, dust
particles, and toxic heavy metals such as lead, mercury, cadmium, chromium, and
arsenic. Chemical industries may additionally release dangerous gases such as
chlorine, ammonia, hydrogen sulphide, benzene vapors, and other hazardous organic

compounds, which can be extremely harmful even in small concentrations. One of the
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major contributors to industrial air pollution is the burning of coal, petroleum, and
natural gas to generate energy required for industrial production. This combustion
process produces massive amounts of carbon dioxide and sulphur dioxide. Thermal
power plants, especially coal-fired power stations, are considered among the largest
industrial polluters because they release enormous quantities of fly ash, sulphur
dioxide, nitrogen oxides, and greenhouse gases. Fine ash particles released into the
atmosphere can travel long distances and remain suspended in the air for extended
periods, significantly reducing air quality. Similarly, cement industries generate large
amounts of dust pollution, while mining activities release fine particulate matter and

methane trapped beneath the earth’s surface during excavation.

Industrial pollution has severe environmental consequences. Sulphur dioxide and
nitrogen oxides released from factories react with atmospheric moisture to form acid
rain, which can damage forests, agricultural crops, freshwater lakes, soil fertility, and
buildings made of limestone or marble. Industrial pollutants settle on soil and water
bodies, causing soil contamination and aquatic toxicity, which negatively affect
microorganisms, fish populations, and plant growth. Heavy metals such as mercury
and lead can persist in the environment for long periods and accumulate in food chains
through a process called bioaccumulation, eventually reaching toxic levels in humans
and animals. Large-scale industrial emissions of carbon dioxide and methane
contribute significantly to the greenhouse effect, climate change, and global warming,
causing rising global temperatures, melting glaciers, and changes in weather patterns.
Industrial air pollution also has serious effects on human health, particularly for
factory workers and people living near industrial zones. Continuous exposure to
industrial pollutants can lead to a wide range of respiratory diseases such as asthma,
bronchitis, chronic lung disease, tuberculosis aggravation, and lung cancer. Fine
particulate matter can enter the lungs and bloodstream, damaging internal organs over
time. Toxic chemicals released by industries may also cause skin irritation, eye
inflammation, headaches, dizziness, cardiovascular diseases, weakened immune
function, neurological disorders, reproductive disorders, birth defects, and certain
forms of cancer. Workers in chemical factories, mining industries, and metal-
processing plants are particularly vulnerable due to direct occupational exposure to
hazardous chemicals, dust, and fumes. Industrial pollution can also damage

surrounding ecosystems and biodiversity. Toxic gases can affect plant growth by
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damaging leaf tissues and reducing the efficiency of photosynthesis. Contaminated
water from industrial waste harms aquatic ecosystems, while airborne pollutants settle
on agricultural land, reducing crop productivity. Wildlife living near industrial areas
may suffer from habitat degradation, poisoning, and reduced reproductive success. In
heavily industrialized regions, persistent pollution often creates ecological imbalances

that may take decades to recover.

Several major industrial disasters have demonstrated the devastating consequences of
uncontrolled industrial pollution. One of the most tragic examples is the Bhopal Gas
Tragedy, which occurred in 1984 in Bhopal. A leak of highly toxic methyl isocyanate
gas from the pesticide plant owned by Union Carbide Corporation caused the deaths of
thousands of people and left many more suffering from long-term respiratory illnesses,
blindness, neurological damage, and genetic disorders. This disaster remains one of
the world’s worst industrial accidents and highlighted the urgent need for stronger

industrial safety measures, environmental monitoring, and corporate accountability.

Reducing industrial air pollution requires strict and effective environmental
management. Governments must implement strong environmental laws and strict
pollution control regulations to monitor industrial emissions. Industries can install
pollution-control devices such as electrostatic precipitators, scrubbers, filters, cyclonic
separators, catalytic converters, and dust collectors to remove harmful pollutants
before gases are released into the atmosphere. Transitioning to cleaner production
technologies, renewable energy sources such as solar and wind power, and energy-
efficient industrial processes can significantly reduce emissions. Proper waste
management systems, recycling programs, and regular maintenance of industrial
equipment also help minimize pollution. Continuous emission monitoring systems and
regular environmental audits ensure compliance with environmental standards. Public
awareness, sustainable industrial planning, adoption of green technologies, and
cooperation between governments, industries, scientists, and environmental
organizations are essential for long-term solutions. Industrial development is
necessary for economic progress, but it must be balanced with environmental
responsibility and public health protection. Industrial air pollution is one of the most
serious environmental challenges created by modern industrialization. It affects air
quality, damages ecosystems, contributes to climate change, and poses severe risks to

human health. Effective pollution control technologies, strict regulations, cleaner
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energy alternatives, and responsible industrial practices are essential to ensure

sustainable industrial growth while protecting both the environment and society for

future generations.

MULTIPLE CHOICE QUESTIONS

1.

Which industry is considered one of the largest contributors to industrial air
pollution?

a. Textile industry

b. Coal-fired thermal power plants

c. Dairy industry

d. Tourism industry

Answer: b. Coal-fired thermal power plants

. Which gases released by industries mainly contribute to acid rain formation?

a. Oxygen and Nitrogen

b. Sulphur dioxide (SO2) and Nitrogen oxides (NOx)

c. Methane and Hydrogen

d. Carbon dioxide and Argon

Answer: b. Sulphur dioxide (SO:) and Nitrogen oxides (NOy)

. Which industrial disaster highlighted the dangers of uncontrolled industrial

pollution in India?

a. Fukushima Disaster

b. Chernobyl Accident

c. Bhopal Gas Tragedy

d. Exxon Valdez Spill

Answer: c. Bhopal Gas Tragedy

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1.

What is industrial air pollution?

Answer: Industrial air pollution is the contamination of the atmosphere caused by
harmful gases, dust, smoke, and toxic substances released from factories and
industries. Major sources include thermal power plants, chemical industries,
cement factories, and oil refineries. Pollutants include sulphur dioxide, nitrogen
oxides, carbon monoxide, and particulate matter. These pollutants reduce air
quality and harm living organisms. It is a major environmental challenge

worldwide.
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2. What are the health effects of industrial air pollution?
Answer: Industrial air pollution can cause respiratory diseases such as asthma,
bronchitis, and lung cancer. Fine particles can enter deep into the lungs and
bloodstream, damaging internal organs. Toxic chemicals may also cause eye
irritation, skin diseases, headaches, and cardiovascular disorders. Long-term
exposure can weaken the immune system and affect the nervous system. Factory

workers and nearby residents are at higher risk.

3. Mention methods to control industrial air pollution.
Answer: Industrial air pollution can be controlled by installing pollution-control
devices such as scrubbers, filters, and electrostatic precipitators. Industries should
adopt cleaner technologies and renewable energy sources like solar and wind
power. Proper waste management and recycling reduce harmful emissions.
Governments must enforce strict environmental regulations and regular

monitoring. Sustainable industrial planning helps reduce long-term pollution.

SUMMARY

Air pollution refers to the contamination of the air by harmful substances
including gases, particulate matter, and biological molecules. It poses a significant
threat to human health, ecosystems, and the climate. The primary sources of air
pollution are both natural (such as volcanic eruptions and dust storms) and
anthropogenic, with the latter being more dominant due to industrialization,
urbanization, and transportation. Common anthropogenic sources include vehicle
exhaust, power plants, factories, construction activities, and household combustion of
fuels like wood, coal, and kerosene. Air pollutants are broadly categorized into
primary and secondary types. Primary pollutants are directly emitted into the
atmosphere examples include carbon monoxide (CO), sulfur dioxide (SO-), nitrogen
oxides (NOy), and particulate matter (PMio and PM..s). Secondary pollutants, like
ozone (0Os) and smog, are formed through chemical reactions involving primary
pollutants and atmospheric elements, often under the influence of sunlight. The major
types of air pollution include indoor air pollution, vehicular pollution, and industrial
pollution. Indoor air pollution arises from sources like cooking stoves, tobacco smoke,
cleaning agents, and building materials, particularly in poorly ventilated homes. It is a
serious concern in developing countries. Vehicular pollution is caused by emissions

from cars, trucks, buses, and two-wheelers. These emissions include CO, NO,,
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hydrocarbons, and particulate matter, which contribute significantly to urban air
quality deterioration. Industrial pollution stems from factories, power plants,
refineries, and chemical manufacturing units that release large amounts of pollutants

like SOz, NOx, volatile organic compounds (VOCs), and heavy metals.

END OF UNIT EXERCISES

1. Define air pollution and explain its significance in the context of environmental
and human health.

2. Discuss the major sources of air pollution, distinguishing between natural and
anthropogenic sources.

3. Describe the different types of air pollutants and explain how they affect the
environment and human health.

4. Explain the classification of air pollutants into primary and secondary pollutants
with relevant examples.

5. What is indoor air pollution? Discuss its causes, common pollutants, and potential

health impacts.
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Air pollution, vehicular pollution, vehicle emissions, carbon monoxide (CO), nitrogen

oxides (NOx), industrial pollution, factory emissions, particulate matter.
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UNIT 01-03: MONITORING OF AIR POLLUTANTS

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to
% Explain the principles of stack sampling and air pollutant sampling techniques.

% Demonstrate the use of instruments for analysing specific air pollutants like
SO: and CO.

% Differentiate between various pollutant measurement techniques and their

applications.

X/
°e

Assess the significance of Air Quality Index (AQI) in evaluating pollution

levels.

INTRODUCTION

Air pollution is a serious and growing environmental concern that has escalated
with the advancement of industrialization, urban development, and the widespread use
of fossil fuels. It refers to the contamination of the atmosphere by harmful substances
that pose significant threats to human health, ecosystems, agricultural productivity,
buildings, and the global climate. These substances, known as air pollutants, are
introduced into the atmosphere through both natural processes such as wildfires, dust
storms, and volcanic eruptions, as well as human-induced activities like vehicular
emissions, industrial discharges, power generation, and domestic fuel burning. To
effectively understand, control, and reduce air pollution, it is essential to monitor the
presence, concentration, and sources of these pollutants. Monitoring of air pollutants
is the scientific process of sampling, measuring, and analyzing airborne contaminants
to assess air quality over time and space. This process helps determine pollution
levels, track trends, identify emission sources, support health risk assessments,
evaluate the success of pollution control measures, and ensure compliance with

environmental standards and regulations.

Air pollutants include a range of gaseous and particulate substances, each with
its own characteristics, sources, and impacts. Gaseous pollutants such as sulfur
dioxide (SO.), carbon monoxide (CO), nitrogen oxides (NOx), hydrogen sulfide (H-S),
hydrocarbons, and methane (CH.) are commonly monitored due to their potential to

cause respiratory diseases, environmental acidification, and greenhouse effects.
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Particulate matter, such as PM2.s and PMo, consists of fine solid or liquid particles
suspended in air that can penetrate deep into the lungs and bloodstream, leading to
cardiovascular and respiratory issues. Monitoring is carried out through various
techniques depending on the objective and the nature of the pollutants. Ambient air
sampling is used to assess pollution in the general environment to which the
population is exposed, whereas stack sampling involves measuring emissions directly
from industrial sources, such as chimneys, to evaluate the type and quantity of
pollutants being released. A wide array of instruments and analytical methods are
employed in the monitoring process. Gas analyzers, UV fluorescence detectors,
Chemiluminescence techniques, and flame ionization detectors are used to measure
specific gases, while gravimetric methods and high-volume samplers are commonly

used for particulate matter collection and quantification.

An important tool for interpreting and communicating the results of air
pollution monitoring is the Air Quality Index (AQI). The AQI simplifies complex air
quality data into a single value or color-coded category that indicates the level of
health concern, ranging from good to hazardous. It is based on the concentrations of
several key pollutants including PM2.s, PMio, SO2, NO2, CO, and ozone. AQI serves as
an effective communication tool for the public and helps authorities take necessary
actions during high pollution events. Monitoring is governed by certain criteria which
include the choice of pollutants, location of monitoring stations, duration and
frequency of sampling, and prevailing meteorological conditions. These criteria are
aligned with national and international air quality standards to ensure consistency and
reliability in the monitoring process. The data generated plays a critical role in
environmental planning and management, enforcement of pollution control laws,
formulation of public health guidelines, and development of air pollution mitigation
strategies. It also supports scientific research, climate modelling, and global
environmental reporting. The monitoring of air pollutants is a vital aspect of air
quality management and environmental protection. It enables informed decision-
making, enhances public awareness, supports health and environmental research, and
guides policy development. As air pollution continues to pose significant challenges
worldwide, the need for accurate, continuous, and widespread monitoring becomes
increasingly important in the effort to safeguard public health and promote a

sustainable and cleaner future.
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01-03-01: SAMPLING OF AIR POLLUTANTS; STACK SAMPLING
SAMPLING OF AIR POLLUTANTS

Substances in the atmosphere that are hazardous to the environment, living
things, or people are known as air pollutants. An essential part of environmental
management is air quality monitoring, which is the process of collecting and
evaluating these contaminants. Accurate evaluation of air quality is made possible by
sophisticated ambient air monitoring techniques, which assist both individuals and
organisations in making decisions that promote a healthier atmosphere. Monitoring
ambient air quality is essential for determining pollution levels and making sure that
the CPCB's (Central Pollution Control Board) regulation guidelines are being
followed. Accurate air sampling techniques are used by a variety of businesses,
governments, and research institutions to track pollutants and evaluate their effects on

the environment.

Air pollution sampling is a critical process in environmental monitoring that involves
the systematic collection of air to analyze the concentration and types of pollutants
present. This process is essential for assessing air quality, identifying pollution
sources, guiding policy decisions, and ensuring compliance with environmental
standards such as those set by the CPCB (Central Pollution Control Board) or
international agencies like the WHO and USEPA. Ambient air sampling involves
collecting air samples from the environment to assess air quality and pollutant levels.
This process uses strategically placed sampling devices to capture representative
samples, which are analyzed to measure pollutants like particulate matter, gases, and

volatile organic compounds (VOCs).

Sampling of air pollutants is a fundamental process in environmental science that
involves the systematic collection of air to analyze the presence and concentration of
pollutants. It forms the cornerstone of air quality monitoring and pollution control
programs and is vital for understanding atmospheric conditions, protecting public
health, and enforcing environmental standards. The goal of air sampling is to obtain a
portion of air that accurately represents the ambient environment or emissions from a
specific source. This allows for the qualitative and quantitative assessment of
contaminants such as gases, vapors, particulate matter, and biological agents. As
industrial activities, vehicular traffic, and urbanization have increased over the

decades, so has the need for effective air quality monitoring. The development of

EVSM301: Air & Soil Quality 54



modern air sampling techniques can be traced back to the mid-20th century, following
major environmental disasters like the London Smog of 1952. Since then, nations
across the world have adopted various standardized methods for sampling air
pollutants, led by agencies like the Central Pollution Control Board (CPCB) in India,
the United States Environmental Protection Agency (USEPA), and the European
Environment Agency (EEA). Accurate air sampling supports critical functions such as
trend analysis, exposure assessment, pollution source identification, health risk

evaluation, and the design of emission control policies.

Air pollutant sampling methods can be broadly categorized based on the technique
used, the type of pollutants targeted, the duration of collection, and the specific
objectives of the monitoring activity. One of the most commonly used methods is
active sampling, which involves mechanically drawing air through a collection
medium such as a filter, sorbent, or impinger using a pump. This method ensures
precise control over the volume of air sampled and is widely used in industrial stack
monitoring, occupational exposure studies, and ambient air quality assessments. For
instance, High Volume Samplers (HVS) are used to collect Total Suspended
Particulates (TSP) and PMo, while Low Volume Samplers (LVS) are employed for
PM..s collection using quartz or glass fiber filters. Gaseous pollutants like sulfur
dioxide (SO.), nitrogen oxides (NOx), and hydrogen sulfide (H.S) can be captured
using bubbler systems or impinger that contain appropriate chemical absorbents.

Another key method is passive sampling, which does not rely on pumps or electricity
but instead utilizes natural diffusion of air pollutants onto a collecting medium. This
technique is ideal for long-term, low-maintenance monitoring, particularly in large-
scale or remote-area networks. Passive samplers like diffusion tubes and badge
samplers are used for pollutants such as NO:, ozone (Os), and volatile organic
compounds (VOCs). Although passive methods may offer less temporal resolution,
they are cost-effective and provide valuable data for background monitoring and
epidemiological studies. Grab sampling is a third method that involves collecting an
air sample at a specific point in time using containers such as Tedlar bags or stainless-
steel canisters. This technique is useful for capturing instantaneous concentrations of
pollutants, particularly for reactive or short-lived compounds like methane (CH.),
benzene, or certain VOCs. Grab sampling is commonly used during industrial

accidents, leaks, or process monitoring where immediate results are necessary.
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Integrated sampling refers to collecting air continuously over a set period such
as 8 or 24 hours to obtain a time-weighted average of pollutant concentrations. This
method is often mandated in regulatory frameworks like India’s National Ambient Air
Quality Standards (NAAQS). Integrated sampling provides more representative data
over fluctuating conditions and is widely used in urban and industrial air monitoring.
The type of pollutant dictates the sampling equipment and method. Particulate matter,
including PM1o and PM..s, is typically collected on filters using HVS or LVS devices,
while gaseous pollutants may require liquid absorbers or sorbent tubes. Volatile
organic compounds and hydrocarbons can be collected in gas-tight canisters or
adsorbed onto materials like activated charcoal, Tenax, or silica gel. Bio aerosols such
as pollen, fungi, and bacteria are captured using specialized samplers like electrostatic

precipitators or impinger that preserve the viability of biological samples.

Proper sampling requires careful planning and execution. Factors such as
sampling location, height, meteorological conditions, flow rate, and sampling duration
must be considered to ensure accurate and representative data. Sampling is typically
done at a height of 1.5 to 3 meters above ground to reflect human breathing zones.
Instruments must be calibrated regularly, and strict quality control protocols such as
blank sampling, duplicate analysis, and equipment maintenance must be followed.
After sampling, filters and sorbent media must be stored properly (often refrigerated
or desiccated) and transported to the laboratory promptly to prevent degradation or
loss of sample integrity. Sampling is not just an isolated activity but a core part of
larger air quality monitoring networks and surveillance systems. In India, the National
Air Quality Monitoring Programme (NAMP) operates hundreds of stations that
perform both manual and continuous monitoring. Data collected through sampling are
used to calculate the Air Quality Index (AQI), which communicates air pollution
levels in an accessible format to the public. Sampling also feeds into advanced air
quality models, emission inventories, and climate studies, contributing to national and

international efforts to mitigate environmental and health risks.

The applications of air pollutant sampling are vast. It plays a vital role in
regulatory compliance, ensuring that industries and urban centres adhere to emission
norms. It is integral to exposure assessment in public health, helping correlate
pollution levels with respiratory diseases, cardiovascular issues, and developmental

disorders. In industrial settings, stack gas sampling is used to monitor emissions and
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optimize pollution control technologies. During emergencies like chemical spills or
fire incidents, rapid sampling provides critical data for containment and mitigation.
Additionally, long-term data from sampling support scientific research, enabling the
study of atmospheric chemistry, greenhouse gas behaviour, and climate change. the
sampling of air pollutants is a multidisciplinary process that combines scientific
precision, environmental awareness, and regulatory enforcement. From simple
diffusion tubes to complex high-volume samplers and real-time monitoring stations,
the tools and techniques of air sampling continue to evolve to meet the challenges of
modern air quality management. As air pollution remains a pressing global concern,
effective sampling will remain central to protecting ecosystems, ensuring public

health, and guiding sustainable development.

STACK AIR SAMPLING

Stack air sampling is a specialized and systematic method used to collect and analyse
the emissions released from industrial stacks, chimneys, or exhaust flues. It plays a
critical role in environmental monitoring by assessing the type and quantity of air
pollutants being emitted from stationary sources such as thermal power plants, cement
factories, steel industries, refineries, and other industrial units. The primary purpose
of stack air sampling is to determine the concentration of various pollutants such as
sulphur dioxide (SO2), nitrogen oxides (NOy), carbon monoxide (CO), carbon dioxide
(CO2), hydrogen sulphide (H2S), methane (CH4), volatile organic compounds (VOCs),
and particulate matter (PM). This data is essential for ensuring compliance with
national and international environmental standards, aiding in environmental impact
assessments (EIA), process optimization, emission inventory development, and the
design and evaluation of pollution control equipment. The process typically involves
the use of a sampling probe inserted into the stack to draw gas samples, a heated filter
holder to collect particulate matter, and an impinger train to absorb specific gaseous
pollutants using appropriate chemical solutions. Instruments such as rotameters or
orifice meters are used to measure the flow rate, while temperature and pressure
gauges provide data on stack conditions. For gas analysis, portable or laboratory-grade
gas analysers are employed to determine the concentration of specific components in

the flue gas.

Stack sampling methods are generally classified into isokinetic and non-isokinetic

techniques. Isokinetic sampling is vital for accurate measurement of particulate matter
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because it involves collecting the gas sample at the same velocity as the stack gas
stream, thereby preventing over- or under-sampling of particles. In contrast, non-
isokinetic sampling is more commonly used for gaseous pollutants and does not
require matching the gas stream velocity. Various national and international agencies
provide standardized protocols for stack sampling. In India, CPCB (Central Pollution
Control Board) and IS 11255 standards are widely followed, while globally, USEPA
(United States Environmental Protection Agency) methods and 1SO standards are
commonly adopted. These methods ensure consistency, accuracy, and reproducibility
in emission measurements. The data obtained from stack air sampling is crucial for
environmental auditing, regulatory reporting, air quality modelling, and for industries
to demonstrate compliance with pollution control norms. It also supports the design of
efficient air pollution control devices like scrubbers, electrostatic precipitators (ESPs),
fabric filters, and catalytic converters. Thus, stack air sampling serves as an

indispensable tool in industrial air pollution control and environmental management.

MULTIPLE CHOICE QUESTIONS
1. Which method of air sampling uses a pump to draw air through a collection
medium?
a. Passive sampling
b. Active sampling
c. Grab sampling
d. Integrated sampling
Answer: b. Active sampling
2. Which instrument is commonly used to collect particulate matter (PM1o and
PM2.5)?
a. Diffusion tube
b. High Volume Sampler (HVS)
c. Gas analyser
d. Rotameter
Answer: b. High Volume Sampler (HVS)
3. Instack air sampling, which technique is essential for accurate particulate
matter measurement?
a. Passive sampling

b. Integrated sampling
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c. Isokinetic sampling
d. Grab sampling

Answer: c. Isokinetic sampling

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is air pollutant sampling?
Answer: Air pollutant sampling is the process of collecting air to identify and
measure pollutants present in the atmosphere. It helps in monitoring air quality
and understanding pollution levels. The process is important for protecting public
health and the environment. It is used by industries, governments, and research
institutions. It also ensures compliance with standards set by agencies like Central

Pollution Control Board.

2. What is passive sampling of air pollutants?
Answer: Passive sampling is a method of collecting air pollutants without using
pumps or electricity. It works through the natural diffusion of pollutants onto a
collecting medium. It is mainly used for long-term monitoring of gases like NO:
and ozone. The method is cost-effective and suitable for remote areas. It is widely

used in environmental monitoring studies.

3. What is stack air sampling and why is it important?
Answer: Stack air sampling is the process of collecting emissions from industrial
chimneys or exhaust stacks. It helps measure pollutants like SO2, NOy, CO, and
particulate matter released by industries. The method is important for checking
compliance with pollution control standards. It supports environmental auditing
and pollution control system design. It is widely used in industries and

environmental management programs.

01-03-02: INTRODUCTION TO INSTRUMENTS AND ANALYSIS METHOD OF SO?2,
CO, NOx, AND H>2S, HYDROCARBONS, CH4 AND PARTICULATE MATTER

INTRODUCTION TO INSTRUMENTS

Air pollution has become one of the most pressing environmental and public health
concerns worldwide. It originates from a variety of sources such as vehicular
emissions, industrial discharges, power plants, and even natural phenomena like forest
fires and volcanic eruptions. Monitoring air pollution is crucial to understand its

impact on human health, ecosystems, climate, and the built environment. Air sample
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analysis refers to the process of collecting air samples and examining them to detect
and quantify pollutants. This analysis helps determine the type and concentration of
pollutants in ambient or emission air and provides data essential for pollution control

strategies, regulatory compliance, public health protection, and scientific research.

The instruments used in air sample analysis have evolved significantly, from simple
manual devices to sophisticated automatic analyzers capable of real-time and multi-
component detection. These instruments are deployed in urban air quality monitoring

stations, industrial stacks, laboratories, mobile labs, and remote sensing platforms.
Purpose and Importance of Air Sample Analysis Instruments

Air analysis instruments are essential tools in the field of environmental monitoring.

Their importance lies in their ability to:
1. Detect and identify harmful air pollutants.
2. Quantify the concentration of pollutants with high accuracy.
3. Track changes in air quality over time and space.
4. Assess compliance with air quality standards (e.g., NAAQS, CPCB, WHO).
5. Support the design and evaluation of pollution control strategies.
6. Provide real-time data for early warning and public health advisories.

7. Enable scientific research in atmospheric chemistry, environmental health, and

climate science.
CLASSIFICATION OF INSTRUMENTS BASED ON POLLUTANT TYPES

Air pollutants are mainly categorized into gaseous pollutants and particulate matter,
and different types of instruments are used depending on the pollutant's physical and

chemical characteristics.
1. Instruments for Gaseous Pollutants

Gaseous pollutants include sulphur dioxide (SO:), carbon monoxide (CO), nitrogen
oxides (NOy), ozone (Os), hydrogen sulphide (H.S), methane (CH.), and volatile
organic compounds (VOCs).

a. Sulphur Dioxide (SO2)
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e UV Fluorescence Analyzer: Measures SO concentration based on the

fluorescence emitted when exposed to ultraviolet light.

e Modified West and Gaeke Method: A manual colorimetric method where SO-

reacts with specific reagents to produce a measurable pink colour.
b. Carbon Monoxide (CO)

« Non-Dispersive Infrared (NDIR) Analyzer: Measures the amount of infrared

light absorbed by CO molecules.

o Electrochemical Sensor: Detects electric current generated from the chemical

reaction between CO and a sensing electrode.
c. Nitrogen Oxides (NO, NO: — NOy)

e« Chemiluminescence Analyzer: NO reacts with ozone to emit light, the

intensity of which indicates NO concentration; NOx is first converted to NO.

e Passive Diffusion Tubes: Used for long-term ambient NO. monitoring in a

cost-effective manner.
d. Ozone (0Os)

« UV Photometric Analyzer: Detects Os by measuring its absorption of UV light
at 254 nm.

e Colorimetric Tubes: Field-based visual method for detecting ozone presence.
e. Hydrogen Sulphide (H-S)

o Lead Acetate Tape Method: H.S reacts with lead acetate on a tape, turning it
black.

o Flame Photometric Detector (FPD): Measures light emitted by sulfur during

combustion.
f. Methane (CH4) and Hydrocarbons

e Flame lonization Detector (FID): Measures ionized carbon atoms generated

during hydrocarbon combustion.

e« Gas Chromatography (GC): Separates and identifies individual hydrocarbon

compounds, often used in VOC analysis.
2. Instruments for Particulate Matter (PMio, PM:.s, TSP)
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Particulate matter consists of solid and liquid particles suspended in air and includes

dust, soot, aerosols, and smoke.
a. Gravimetric Method

e« High Volume Sampler (HVS): Air is passed through a filter; the filter is

weighed before and after sampling to determine PM concentration.

e Low Volume Sampler: Similar to HVS but operates at lower flow rates, ideal

for long-term monitoring.
b. Beta Attenuation Monitor (BAM)

e Measures PM concentration by the attenuation of beta radiation as it passes

through collected particles.
c. Tapered Element Oscillating Microbalance (TEOM)

o Measures particle mass by detecting frequency changes in a vibrating element

as particles accumulate.
d. Optical Methods
e Nephelometer: Measure the amount of light scattered by particles in air.

e Optical Particle Counters (OPCs): Count and size particles by detecting

scattered laser light.
ANALYSIS OF VARIOUS TYPES OF POLLUTANT

Instruments used for air sample analysis are indispensable for modern environmental
management. They help detect, quantify, and analyse air pollutants, allowing us to
monitor pollution levels with accuracy and efficiency. From manual methods like
filter-based sampling to advanced systems like CEMS and FTIR, these instruments
support critical decisions in regulatory enforcement, industrial operations,
environmental policy, and health protection. As pollution concerns intensify, the
demand for smarter, faster, and more integrated monitoring technologies continues to
grow. The integration of real-time sensing, artificial intelligence, cloud data systems,
and satellite-based observation will further revolutionize how we monitor and manage

air quality globally.
Analysis method of SO2 in air sample

» UV Fluorescence Method for SO: Analysis in Ambient Air
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The UV Fluorescence Method is one of the most advanced, accurate, and widely
accepted techniques for the continuous monitoring of sulfur dioxide (SO:) in ambient
air. It is the preferred method for regulatory authorities and environmental monitoring
agencies worldwide due to its high sensitivity, precision, and ability to deliver real-
time data without the need for sample pre-treatment. Instrumentation of UV

Fluorescence Method for SO- Analysis in Ambient Air shows in Fig. 01-03.01.

This method operates based on the principle of fluorescence, a process in which
SO2 molecules absorb ultraviolet (UV) radiation and subsequently emit light as they
return to their ground energy state. Specifically, when the SO. present in an air sample
is exposed to UV light of approximately 214 nanometers (nm) wavelength, the
molecules absorb this energy and become excited. As they return to their ground
(stable) state, they emit fluorescent light at a longer wavelength. The intensity of the
emitted fluorescence is directly proportional to the concentration of SO- in the sample.
This allows for accurate quantification of SO. concentrations, typically reported in

parts per billion (ppb) or micrograms per cubic meter (pg/ms3).
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Fig.01-03.01 UV Fluorescence Method for SO: Analysis in Ambient Air

(Source: https://oizom.com/knowledege-bank/so2-monitoring )

The analytical procedure involves several steps. First, ambient air is

continuously drawn into the analyzer using a built-in pump. The air may pass through
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filters to remove particulate matter and moisture, ensuring that the sample entering the
analyzer is clean. The sample then flows into a UV excitation chamber, where it is
irradiated with UV light. The excited SO. molecules emit fluorescent light, which is
detected by a photomultiplier tube (PMT) a highly sensitive device capable of
detecting low-intensity light. The PMT converts this light into an electrical signal,
which is processed by a microprocessor to determine the SO. concentration in real-

time.

This method has several important advantages. It offers extremely high
sensitivity and precision, with the ability to detect even sub-ppb levels of SO., making
it suitable for both polluted and clean air environments. Its capacity for continuous,
real-time monitoring allows authorities and industries to track fluctuations in SO
concentrations promptly. Another key benefit is that it requires no sample preparation,
making the process quick and efficient. Because of these strengths, the UV
Fluorescence Method is widely used by environmental monitoring agencies, including
the Central Pollution Control Board (CPCB) and various State Pollution Control
Boards in India. However, the method also comes with some limitations. The initial
cost of the equipment is relatively high, and it requires routine maintenance,
calibration, and technical expertise to operate correctly. The system can also be
susceptible to interference from other UV-absorbing gases such as ozone (Os) and
hydrocarbons, which may lead to measurement inaccuracies if not properly accounted
for. Additionally, environmental conditions such as temperature, humidity, and dust
levels can influence the instrument's performance, requiring carefully controlled
operational environments. The applications of the UV Fluorescence Method are
diverse and critical for environmental protection. It is extensively used in urban air
quality monitoring stations, especially in areas with high vehicular density or
industrial emissions. It plays a significant role in monitoring emissions from thermal
power plants, oil refineries, and chemical factories, where SOz is a common pollutant.
Besides regulatory uses, the method is employed in academic and research studies
focused on air pollution and its health and environmental impacts. Its ability to deliver
reliable, real-time data makes it an essential tool for pollution control strategies,

emergency response systems, and long-term environmental planning.
Analysis method of CO in air sample
» Non-Dispersive Infrared (NDIR) Method for CO Analysis in Ambient Air
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The Non-Dispersive Infrared (NDIR) Method is the most commonly used
technique for the continuous monitoring of carbon monoxide (CO) in ambient air. It is
a robust, highly sensitive, and automated method, widely recognized and employed in
environmental monitoring stations, industrial emissions control, and research
applications. Its popularity stems from its reliability, specificity for CO detection, and
ability to provide real-time data on air quality. This method is based on the infrared
absorption principle. Carbon monoxide has a natural ability to absorb infrared (IR)
radiation at specific wavelengths, particularly near 4.6 micrometres (um). When an air
sample containing CO is exposed to IR radiation, the CO molecules absorb part of this
radiation. The amount of absorbed IR energy is directly proportional to the
concentration of CO in the sample. By measuring the intensity of IR light before and
after it passes through the sample, the analyser can accurately determine the CO

concentration.

The procedure for NDIR analysis begins with drawing ambient air into the
analyser through an inlet system equipped with dust and moisture filters. The filtered
air sample enters a measurement chamber, where it is exposed to infrared light emitted
by a thermal IR source. As the IR radiation passes through the chamber, CO molecules
absorb energy at their characteristic wavelength. A detector, often a thermopile or
photodetector, measures the reduction in IR light intensity after passing through the
sample. This signal is processed by a microprocessor, which calculates the CO
concentration, usually expressed in parts per million (ppm) or milligrams per cubic
meter (mg/m?3). Fig.01-03.02 shows

Infrared g
Light Source Sample Cell CO, Filter
\ Gas Inlet Gas Outlet
[] []
C -
= =

U \ U

Motor \ Reference Cell Detector

Chopper Wheel

InstrumentationTools.com

Fig. 01-03.02 Non-Dispersive Infrared (NDIR) Method for CO Analysis

(Source: google.com/Instrumentation tools.com)
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A non-dispersive setup means that optical filters are used instead of prisms or
diffraction gratings to isolate the specific IR wavelength absorbed by CO. These filters
ensure that only the desired wavelength reaches the detector, minimizing interference

from other gases and enhancing measurement accuracy.

The advantages of the NDIR method are numerous. It provides high accuracy
and sensitivity, capable of detecting very low to very high concentrations of CO. It
allows for continuous and real-time monitoring, making it suitable for both urban air
quality assessment and industrial emission monitoring. The method is non-destructive
and requires no chemical reagents, reducing operational costs over time. Furthermore,
its automated and stable operation makes it ideal for unattended, long-term use in
fixed monitoring stations. However, like all analytical techniques, the NDIR method
has some limitations. The equipment can be costly, particularly for high-precision or
multi-gas models. It requires regular calibration and periodic maintenance to ensure
consistent performance. While it is generally selective for CO, interference can still
occur from other IR-absorbing gases like carbon dioxide (CO.) and water vapor,
especially at high concentrations. Modern instruments mitigate this with compensation
algorithms and dual-beam configurations, but awareness and periodic checks are
essential. In terms of applications, the NDIR method is extensively used by Central
Pollution Control Board (CPCB) and State Pollution Control Boards (SPCBs) in India
for urban and roadside air quality monitoring. It is deployed in industrial zones to
monitor CO emissions from combustion processes, including those in power plants,
manufacturing units, and refineries. It is also a valuable tool in vehicular emission
testing, indoor air quality monitoring in sensitive environments (like tunnels, parking
garages, and laboratories), and research studies assessing exposure risk and air

pollution trends.
Analysis method of NOx in air sample
» Chemiluminescence Method for NO, Analysis in Ambient Air

The Chemiluminescence Method is widely regarded as the gold standard for the
continuous, real-time monitoring and analysis of nitrogen oxides (NOy) in ambient air.
NOx primarily refers to nitric oxide (NO) and nitrogen dioxide (NO2) two key
pollutants that significantly impact air quality, human health, and the environment.

This method is extensively employed in environmental air quality monitoring,
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vehicular emission testing, industrial stack analysis, and scientific research due to its

high sensitivity, specificity, and regulatory acceptance.
Principle

The chemiluminescence method is based on a light-emitting chemical reaction
between nitric oxide (NO) and ozone (Os). When NO molecules in an air sample react
with ozone, nitrogen dioxide (NO2) is formed in an excited electronic state (denoted as
NO-*). As this excited NO2* molecule relaxes back to its ground state, it emits visible
or ultraviolet light a process known as chemiluminescence. The intensity of this

emitted light is directly proportional to the concentration of NO in the sample.
NO+03—NO2x+02 (chemiluminescence)

However, since the reaction only directly detects NO, to measure total NOx (NO+
NO:), the sample is passed through a catalytic converter that chemically reduces NO:
to NO. The analyzer then measures the sum of NO from the original sample and the
NO converted from NO.. By subtracting the original NO reading, the concentration of
NO: is also derived. Fig.01-03.03 shows Chemiluminescence Method for NOy Analysis
in Ambient Air
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Fig.01-03.03 Chemiluminescence Method for NO, Analysis

(Source: https://instrumentationtools.com/chemiluminescence/ )
Operational Procedure
1. Air Sampling
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Ambient air is drawn continuously into the analyzer through an inlet system

designed to ensure a representative and uncontaminated sample.
2. Particulate Filtration

The incoming air passes through particulate filters to eliminate dust, aerosols,
and solid contaminants that could interfere with the reaction or clog internal

components.
3. Ozone Reaction Chamber

The cleaned air sample enters a reaction chamber where it is mixed with ozone
(O3). The NO in the air reacts instantly with ozone, forming excited NO:
(NO2)* molecules. These excited molecules emit light as they return to a lower

energy state.
4. Detection System

A highly sensitive Photomultiplier Tube (PMT) detects the emitted light. The
PMT converts the weak light signal into an electrical signal, which is directly

proportional to the NO concentration.
5. Converter Module

A portion of the sample is passed through a heated converter, typically coated
with a molybdenum or stainless-steel catalyst, where NO: is reduced to NO.
The analyzer then measures the total NO concentration (original NO +
converted NO from NO-).

6. Signal Processing and Calculation

The analyzer's microprocessor processes the electrical signals. Using the
difference between total NOyx and original NO, the NO: concentration is
computed. Final readings are usually expressed in parts per billion (ppb) or

micrograms per cubic meter (nug/ms).
7. Data Output

Results are displayed and recorded in real time as NO, NO:, and total NOx
values. These outputs can be interfaced with data loggers, network systems, or

remote monitoring platforms.
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The Chemiluminescence Method stands out as a robust, precise, and regulatory-
approved technique for analysing nitrogen oxides (NO) in ambient air. While the
instrumentation is sophisticated and requires skilled operation and maintenance, its
real-time, high-resolution data output makes it invaluable for air quality management,
pollution control strategies, compliance verification, and public health protection.
Given its unmatched accuracy and responsiveness, it continues to be the preferred
method for NOx measurement in both ambient and industrial applications worldwide.

Analysis of Hydrogen Sulphide (H:S) in Air Samples

Hydrogen sulphide (H-S) is a colourless, flammable, and highly toxic gas with
a characteristic rotten egg odour. It is produced naturally in volcanic gases, swamps,
and sewers, and is released from industrial sources such as petroleum refining, pulp
and paper mills, tanneries, and sewage treatment plants. Due to its high toxicity and
potential for causing adverse health effects at low concentrations, accurate detection
and quantification of H.S in air is critical for ensuring environmental safety and
protecting human health. Several techniques are employed for the detection and
analysis of H:S in air samples; each suited for specific purposes ranging from quick
field assessments to highly accurate laboratory-based analyses. Among the most
commonly used methods are electrochemical sensors, colorimetric detection tubes, gas
chromatography with sulfur-specific detectors, lead acetate tape-based instruments,
and UV fluorescence-based approaches.

One widely adopted method for real-time monitoring is the electrochemical
sensor technique. In this method, H.S diffuses through a membrane and undergoes a
redox reaction at the working electrode within an electrochemical cell, generating a
small current proportional to its concentration. This current is then translated into a
concentration reading by an on-board microprocessor. These sensors are compact,
portable, and widely used in personal gas detectors and fixed installations in industrial
environments. However, they are sensitive to other gases and have a limited lifespan,
often requiring regular calibration and maintenance. Another simple and cost-effective
method is the use of colorimetric detection tubes, commonly referred to as Dragger
tubes. These are glass tubes filled with a solid reagent that changes colour upon
exposure to H.S. A known volume of air is drawn through the tube using a hand pump,
and the length of the resulting color stain corresponds to the concentration of H.S.
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While these tubes are convenient for spot checks and field use, they provide only

semi-quantitative results and are less reliable for continuous or long-term monitoring.

For more precise and specific analysis, particularly at trace levels, gas
chromatography (GC) coupled with sulfur-specific detectors like the Flame
Photometric Detector (FPD) or Sulfur Chemiluminescence Detector (SCD) is
employed. Air samples are collected in gas-tight bags or adsorbent tubes and then
introduced into the GC system. The compounds are separated in the column, and H-S
is detected based on its sulfur content. These detectors offer high sensitivity and
specificity and are capable of detecting H-S at parts per billion (ppb) or even parts per
trillion (ppt) levels. Despite their precision, these methods are expensive, time-
consuming, and require laboratory infrastructure and trained personnel. An indirect yet
effective method used in automated air monitoring stations is based on UV
fluorescence. In this approach, H.S in the air sample is first thermally or catalytically
oxidized to sulfur dioxide (SO2). The resulting SO- is then exposed to ultraviolet (UV)
light, causing it to fluoresce. The emitted light intensity is proportional to the
concentration of SO2, and by extension, the original H.S concentration. This method is
highly sensitive and suitable for continuous monitoring but requires a reliable

conversion system and meticulous calibration to ensure accuracy.

The lead acetate tape method is another practical technique used for continuous
monitoring in industrial settings. In this method, H.S reacts with a lead acetate-
impregnated tape to form a dark brown or black stain of lead sulfide (PbS). The
darkness of the stain is optically measured and correlated to the concentration of H.S
in the sampled air. This system is reliable for process monitoring and alarm systems
but may be affected by the presence of other sulphur compounds and requires periodic
replacement of the tape roll. Each method for H.S analysis offers distinct advantages
and limitations. Electrochemical sensors and colorimetric tubes are ideal for rapid
field assessments and personal safety monitoring due to their portability and ease of
use. GC with sulphur-specific detectors is the preferred method for research and
laboratory-quality analysis due to its superior sensitivity and selectivity. UV
fluorescence-based instruments and lead acetate tape analysers are suitable for
continuous, automated monitoring in ambient air quality networks and industrial

installations.
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The choice of method depends on several factors including the desired
sensitivity, specificity, purpose of monitoring (compliance, research, safety), the
environment in which the analysis is performed (laboratory or field), cost, and
availability of trained personnel. Collectively, these methods form a comprehensive
toolkit for the effective monitoring and control of H.S in the environment and
workplace, thus ensuring adherence to air quality standards and safeguarding public
health.

Analysis of Methane (CH.4) in Air Samples

Methane (CH.) is a colourless, odorless, and highly flammable gas that plays a
significant role as both a fuel and a potent greenhouse gas. It is emitted from natural
sources such as wetlands and termites, as well as from anthropogenic activities
including fossil fuel production, landfills, rice paddies, biomass burning, and enteric
fermentation in livestock. Due to its impact on climate change and potential explosive
hazard in confined spaces, accurate monitoring of CH. in ambient and industrial
environments is vital. Several analytical techniques are employed for measuring
methane in air, ranging from simple detection methods to highly sophisticated
instruments. The choice of method depends on the required sensitivity, application and
operational environment. One of the most common and practical methods for real-time
monitoring is the Flame lonization Detector (FID). This detector is often used in
conjunction with gas chromatography (GC) or as a standalone sensor. In FID, the air
sample is introduced into a hydrogen flame. Organic compounds like methane are
ionized in the flame, and the resulting ions produce an electric current proportional to
the hydrocarbon concentration. FID is highly sensitive to methane and other
hydrocarbons, offering detection limits in the low parts per billion (ppb) range. It is
widely used in air quality labs and continuous emission monitoring systems. However,
the method requires a hydrogen source and calibration gases, and is not selective to

methane alone unless coupled with a GC column to separate compounds
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Fig.01-03.04 Flame lonization Detector (FID)f for CH4in air
(Source; https://oizom.com/knowledege-bank/ch4-monitoring/ )

EVSM301: Air & Soil Quality 71


https://oizom.com/knowledege-bank/ch4-monitoring/

Gas Chromatography (GC), especially when equipped with FID or Thermal
Conductivity Detector (TCD), is a well-established method for precise quantification
of methane. In GC, air samples collected using gas-tight syringes, canisters, or
adsorbent tubes are injected into a chromatographic column. The compounds in the
sample are separated based on their physical properties and detected individually. GC-
FID provides excellent sensitivity, while GC-TCD, though less sensitive, is more
suitable for high-concentration methane measurements and does not require a flame or
combustible gases. These methods are best suited for laboratory conditions, offering
high specificity and accuracy, but they require trained personnel and are not ideal for

real-time field measurements.

Septum purge

Tmﬂl_ 1]0\‘v flow controller

controller

é . - Purge vent

—— — —
l
Split valve =
|_— (on/oft) (S\-) )
T Spht vent ]
r— =——e— Split vent flow (SVF)

| - |
Column head
pressure control
l (back-pressure

regulater)

Liner

Column flow
(CF)

Capillary
column
to detector

Fig.01-03.05 Gas chromatography
(Source: https://www.mdpi.com/1420-3049/27/13/3968 )

Infrared (IR) Spectroscopy, particularly Non-Dispersive Infrared (NDIR) sensing, is
another highly popular technique for continuous and non-invasive methane detection.
Methane absorbs infrared radiation at specific wavelengths. In NDIR instruments, an
infrared light source passes through the air sample, and the amount of light absorbed
by methane molecules is measured. This method is commonly used in portable gas
analysers, fixed installations, and UAV-based sensors for methane leak detection.
NDIR is reliable, robust, and does not require consumables like hydrogen or flame
gases. It can detect methane concentrations from ppm to ppb levels, depending on the
optical path length and sensor quality. However, water vapor and other gases may
interfere unless proper filtering and calibration are employed. A more advanced and
highly sensitive method is Tunable Diode Laser Absorption Spectroscopy (TDLAS).
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This laser-based technique uses a narrow-bandwidth infrared laser tuned to a specific
absorption line of methane. The absorption of the laser light as it passes through the
air sample indicates the methane concentration with high precision and rapid response
time. TDLAS is commonly used in fence-line monitoring, leak detection along
pipelines, and atmospheric research. It offers very low detection limits (ppt to ppb),

excellent specificity, and fast response, but at a higher cost.

Photoacoustic Spectroscopy is another technique that can be used for methane
detection. It involves the absorption of modulated infrared light by methane, which
causes a pressure change (sound wave) in a closed chamber. A sensitive microphone
detects this sound, and the signal correlates to methane concentration. This method is
particularly useful in sensitive applications like ambient air monitoring, but requires
stable environmental conditions to reduce noise and interferences. For field screening
and leak detection, portable methane detectors using catalytic sensors, NDIR sensors,
or MEMS-based technologies are widely used. These instruments are compact,
battery-operated, and capable of real-time detection. They are used by industries like

oil and gas, waste management, and utilities for routine safety inspections.

Each method for methane analysis has its own set of advantages and
constraints. FID and GC-based methods offer laboratory-grade precision and are
preferred for regulatory or research-grade analysis. NDIR and TDLAS technologies
are ideal for continuous, unattended monitoring and are frequently used in industrial
emission control and atmospheric studies. Portable detectors offer quick, on-the-spot
assessment of leaks and concentration levels, ensuring safety in high-risk
environments. The selection of a suitable method depends on the purpose of
monitoring (e.g., environmental compliance, leak detection, greenhouse gas
inventory), desired sensitivity (ppm, ppb, or ppt), available resources, and location of

measurement (lab, field, or remote).
Analysis of Hydrocarbons in Air Samples

Hydrocarbons (HCs) are organic compounds composed exclusively of carbon
and hydrogen. They are major constituents of petroleum and natural gas and are
released into the atmosphere through both natural and anthropogenic sources. Key
sources include vehicle exhaust, industrial processes, fuel evaporation, biomass

burning, oil and gas extraction, and natural seepages. In the atmosphere, hydrocarbons
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can contribute to the formation of ground-level ozone and secondary organic aerosols,
posing environmental and health risks. Some hydrocarbons, such as benzene, toluene,
and xylene (BTX), are toxic and classified as hazardous air pollutants (HAPs). Due to
the wide range of hydrocarbon species and their varying toxicity and reactivity,
accurate analysis and monitoring of hydrocarbons in air is essential for air quality
management, industrial hygiene, and environmental research. Several analytical
techniques are employed based on the type of hydrocarbons (e.g., total vs. specific),

the required sensitivity, and the intended application.
» Gas Chromatography (GC) for Speciated Hydrocarbon Analysis

Gas Chromatography (GC) is the gold standard for the identification and
quantification of individual hydrocarbon species in air samples, including alkanes,
alkenes, aromatics (e.g., benzene, toluene), and polycyclic aromatic hydrocarbons

(PAHSs). GC can be equipped with various detectors, most commonly:
o Flame lonization Detector (FID) for general hydrocarbons.

e Mass Spectrometry (GC-MS) for molecular identification and high-resolution

analysis.

e Photoionization Detector (PID) for specific VOCs, often used in portable

analysers.

Air samples are collected using methods such as:
e Canisters (SUMMA or Silonite) for grab sampling.
e Adsorbent tubes (e.g., Tenax, activated charcoal) for time-integrated sampling.
e Online pre-concentration systems for continuous monitoring.

Once introduced into the GC, compounds are separated in a column and
detected based on their chemical characteristics. GC-FID and GC-MS provide detailed
speciation, allowing scientists to trace sources, assess toxicity, and study atmospheric
transformations of hydrocarbons. These methods are highly accurate but require

sophisticated instrumentation, sample preparation, calibration, and expert handling.
> Infrared (IR) Spectroscopy for Hydrocarbons

Non-Dispersive Infrared (NDIR) and Fourier Transform Infrared (FTIR) spectroscopy

are used for measuring hydrocarbons based on their characteristic IR absorption
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bands. NDIR instruments are widely applied in field settings for real-time detection of
total hydrocarbons or specific compounds like methane and propane. FTIR, with its
broader spectral range, can simultaneously detect and quantify multiple gas-phase
hydrocarbons, including CO, CO2, CH., and various VOCs.

FTIR analysers are particularly valuable in environmental compliance
monitoring and industrial emissions control. These instruments are capable of
continuous, multi-component monitoring but require regular calibration and data

interpretation expertise.
» Photoionization Detection (PID) for VOCs

Photoionization Detectors (PIDs) use ultraviolet (UV) light to ionize
hydrocarbons with ionization potentials lower than the lamp energy (commonly 10.6
eV). The ions generated are detected as an electric signal proportional to the VOC
concentration. PIDs are widely used in portable VOC detectors for environmental
screening, workplace monitoring, and leak detection. Although they are sensitive and
fast, they do not identify individual compounds, and response varies with hydrocarbon
structure. Calibration with a reference compound like isobutylene is standard practice,
but actual concentrations of different VOCs can vary based on their ionization

efficiency.
» Fluorescence and Chemiluminescence Methods (for Aromatic Hydrocarbons)

Some advanced methods like laser-induced fluorescence (LIF) or
Chemiluminescence are used for detecting specific aromatic hydrocarbons in research
and advanced environmental monitoring. These methods are highly sensitive and
selective but are primarily used in specialized atmospheric studies due to their

complexity and cost.
Analysis of Particulate Matter (PM) in Air

The analysis of particulate matter (PM) in air, particularly PMio and PM..s, is
essential for assessing air quality and understanding its impact on human health and
the environment. Several methods are used for measuring PM concentration, each
based on different principles and offering varying degrees of accuracy, sensitivity, and

temporal resolution.
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The gravimetric method is a conventional and widely accepted technique in
which particulate matter is collected on pre-weighed filters by drawing a known
volume of ambient air through them. After sampling, the filters are reconditioned and
weighed again under controlled conditions. The difference in weight gives the mass of
collected particles, and the concentration is expressed in micrograms per cubic meter
(Kg/m3). This method, though simple and accurate for mass-based analysis, is time-
consuming and not suitable for real-time measurements. For continuous and automated
monitoring, the Beta Attenuation Monitor (BAM) is commonly used. In this method,
air is drawn through a filter tape, and beta radiation from a radioactive source pass
through the tape before and after particle collection. The difference in radiation
attenuation due to particle deposition is proportional to the mass of particulate matter.
This method provides real-time data and is highly accurate, though it requires regular

calibration and maintenance.

Another advanced method is the Tapered Element Oscillating Microbalance
(TEOM), which uses a vibrating glass element to measure the mass of particles
collected on a filter. As particles accumulate, the oscillation frequency of the tapered
element changes, and this change is used to calculate the mass of PM. TEOM
analyzers offer continuous measurement and high sensitivity but may miss semi-
volatile particles due to the heating required to prevent condensation, which can alter
particle composition. Additionally, optical methods such as nephelometric and light-
scattering techniques are employed to estimate PM concentration based on the
interaction of light with particles suspended in air. Instruments like optical particle
counters (OPC) use lasers or light beams to detect the degree of scattering caused by
particles, which is then related to particle size and concentration. These methods are
advantageous for their portability and real-time data output, but their accuracy can be
affected by particle size, shape, and composition and thus require calibration with

gravimetric results.

Instruments commonly used for these analyses include high-volume samplers
for PMo, fine particulate samplers for PM..s, TEOM analysers, BAM devices, and
various optical particle counters like the Grimm Aerosol Spectrometer and
Aerodynamic Particle Sizers. Overall, the choice of method depends on the purpose of

monitoring, required accuracy, and available resources, with gravimetric methods
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favoured for regulatory compliance and advanced instruments used for real-time

ambient air quality assessments.

MULTIPLE CHOICE QUESTIONS
1. Which instrument is commonly used for continuous analysis of Sulphur
Dioxide (SO2) in air?
a. Flame lonization Detector
b. UV Fluorescence Analyzer
c. Gas Chromatography
d. Nephelometer
Answer: b. UV Fluorescence Analyzer
2. Which method is widely used for Carbon Monoxide (CO) analysis in ambient
air?
a. Chemiluminescence Method
b. UV Photometric Method
c. Non-Dispersive Infrared (NDIR) Method
d. Gravimetric Method
Answer: c. Non-Dispersive Infrared (NDIR) Method
3. Which instrument is used for measuring particulate matter based on beta
radiation attenuation?
a. BAM (Beta Attenuation Monitor)
b. Electrochemical Sensor
c. FTIR Analyzer
d. Lead Acetate Tape
Answer: a. BAM (Beta Attenuation Monitor)

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain the UV Fluorescence Method for SO: analysis.
Answer: The UV Fluorescence Method is used to measure sulfur dioxide (SO-) in
ambient air. In this method, SO. molecules absorb ultraviolet light and become
excited. When they return to their normal state, they emit fluorescent light. The
intensity of this light is directly proportional to SO- concentration. It is widely

used by Central Pollution Control Board for continuous air monitoring.

2. What is the NDIR method for CO analysis?
Answer: The Non-Dispersive Infrared (NDIR) method is commonly used to
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measure carbon monoxide (CO) in air. CO molecules absorb infrared radiation at
a specific wavelength. The reduction in IR light intensity helps determine CO
concentration. It provides continuous and real-time monitoring of carbon

monoxide. It is widely used in environmental and industrial monitoring systems.

3. How is particulate matter (PM) analyzed in air samples?
Answer: Particulate matter is commonly analyzed using the gravimetric method or
advanced instruments like BAM and TEOM. In the gravimetric method, air is
passed through a filter that collects particles. The filter is weighed before and after
sampling to calculate particle concentration. PM analysis helps monitor air quality
and assess health risks. It is essential for pollution control and environmental

management.

01-03-03: AIR QUALITY INDEX (AQI) AND AIR POLLUTION MONITORING
CRITERIA

AIR QUALITY INDEX (AQI)

The Air Quality Index (AQI) is a scientific and standardized system used to measure
and communicate the quality of air in a simple and understandable way for the general
public. Air contains a mixture of gases and particles, some of which become harmful
when their concentration increases beyond safe limits. Since measuring air quality
involves analyzing several pollutants simultaneously, AQI converts this complex
information into a single numerical value, along with a colour-coded category, which
indicates the level of pollution and the possible health risks associated with breathing
that air. The main purpose of AQI is to make air pollution data easy to interpret so that
people can understand how clean or polluted the air is and take necessary precautions.
It is especially useful for sensitive groups such as children, elderly individuals,
pregnant women, and people suffering from respiratory diseases like asthma,

bronchitis, or cardiovascular disorders.

The calculation of AQI is based on the concentration levels of several major air
pollutants present in the atmosphere. These pollutants generally include Particulate
Matter (PMio and PM.2.s), Sulfur Dioxide (SO:), Nitrogen Dioxide (NO:), Carbon
Monoxide (CO), Ground-level Ozone (Os), Ammonia (NHs), and Lead (Pb). Each
pollutant has a defined range of concentration limits established by environmental

agencies such as the Central Pollution Control Board (CPCB) in India and the United
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States Environmental Protection Agency (EPA) in the United States. The measured
concentration of each pollutant is converted into a sub-index value using
predetermined mathematical formulas and breakpoint tables. After calculating sub-
indices for all pollutants, the highest sub-index value is selected as the final AQI,
because it represents the pollutant causing the greatest health risk at that particular
time. This approach ensures that even if only one pollutant is at a dangerous level, the
AQI reflects the seriousness of that pollution event.

AQI values are divided into different categories that indicate the degree of health
concern, and these categories are usually represented using color codes for easy public
understanding. In India, the AQI system developed by CPCB classifies air quality into
six major categories. An AQI value between 0-50 is considered Good (Green),
indicating minimal impact on health and clean air conditions. A value 51-100 is
Satisfactory (Light Green), where air quality is acceptable but may cause minor
breathing discomfort to highly sensitive individuals. The range 101-200 is Moderately
Polluted (Yellow), which may cause discomfort to people with lung diseases such as
asthma or heart conditions. An AQI 201-300 is Poor (Orange), where prolonged
exposure may cause breathing difficulties even among healthy individuals. The range
301-400 is Very Poor (Red) indicates a serious reduction in air quality and may trigger
respiratory illnesses after prolonged exposure. Finally, an AQI 401-500 is Severe
(Maroon), representing extremely hazardous conditions that may affect healthy people
and can cause serious health complications in vulnerable groups. Each category is
accompanied by health advisories issued by environmental authorities to guide public

behavior.

The AQI serves as an extremely valuable tool for real-time environmental monitoring
and public health protection. Governments and environmental agencies continuously
monitor air quality through networks of automated air monitoring stations placed in
urban, industrial, and sensitive areas. The AQI information is then shared with the
public through government websites, smartphone applications, television news,
weather forecasts, digital display boards, and newspapers. In India, AQI data is
commonly published through the CPCB official portal and the SAMEER Air Quality
App. This enables citizens to check local air quality conditions and plan outdoor

activities accordingly. For example, during periods of poor AQI, schools may reduce

outdoor sports, individuals may wear protective masks, and people with respiratory
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problems may avoid unnecessary exposure. Authorities also use AQI data to
implement emergency pollution control measures such as restricting vehicle
movement, reducing industrial emissions, or controlling construction activities during

severe pollution episodes.

Despite its usefulness, AQI depends heavily on accurate air pollution monitoring
infrastructure, reliable sensors, standardized calculation methods, and timely public
communication systems. In regions where monitoring stations are limited or data
collection is inconsistent, AQIl may not fully represent actual local air quality
conditions. Nevertheless, AQI remains one of the most effective tools for translating
scientific pollution data into actionable public information. It plays a crucial role in
raising environmental awareness, supporting policy decisions, protecting public
health, and encouraging long-term pollution control strategies. In modern
environmental management, AQIl has become an essential indicator for assessing
atmospheric pollution and guiding both governments and citizens toward creating a

cleaner and healthier environment.
Air Pollution Monitoring Criteria

Air pollution monitoring is a systematic process of measuring and evaluating
the presence and concentration of harmful substances in the atmosphere. The criteria
for effective air pollution monitoring involve a combination of scientific, technical,
and regulatory factors that ensure accurate data collection, meaningful interpretation,
and informed decision-making. These criteria are designed to assess air quality, track
trends, ensure compliance with environmental standards, and protect public health.
One of the most important criteria is the selection of pollutants to monitor, which is
based on their health impacts, environmental significance, frequency of occurrence,
and regulatory relevance. Commonly monitored pollutants include particulate matter
(PMio and PMo..s5), sulphur dioxide (SO-), nitrogen dioxide (NO:), carbon monoxide
(CO), ozone (0Os), lead (Pb), and ammonia (NHs). These are often referred to as
“criteria pollutants” and are prioritized by national and international guidelines such
as the National Ambient Air Quality Standards (NAAQS) in India or World Health
Organization (WHO) recommendations. Another crucial element is the objective of
monitoring, which may include compliance with air quality standards, analysing long-
term pollution trends, assessing health risks, supporting scientific research, and

informing environmental policy. The purpose determines the design and extent of the

EVSM301: Air & Soil Quality 80



monitoring network. Site selection and network design are vital for ensuring that the
data is representative of the area's air quality. Monitoring stations are strategically
located based on factors like population density, proximity to pollution sources (such
as traffic or industries), meteorological conditions, and presence of sensitive zones
like hospitals or schools. The network must include a mix of background, urban,

industrial, and traffic-influenced sites to capture diverse pollution patterns.

The frequency and duration of monitoring also play a key role. Air quality may
be monitored continuously using automated systems such as Continuous Ambient Air
Quality Monitoring Stations (CAAQMS), which provide real-time data. Alternatively,
manual or intermittent sampling may be conducted for specific durations (usually 8 or
24 hours) at regular intervals. Monitoring frequency should be sufficient to capture
diurnal, seasonal, and episodic variations in pollution levels. The selection of
appropriate monitoring methods and instruments is another fundamental criterion.
Instruments must be accurate, reliable, and compliant with standard protocols
approved by agencies like the CPCB, BIS, USEPA, or WHO. Examples include
gravimetric methods for particulate matter, UV fluorescence for SO,
Chemiluminescence for NOy, and NDIR sensors for CO. The choice of equipment

depends on the required sensitivity, accuracy, and cost considerations.

Table No. 01-03.03 Air Quality Standards (Source: CPCB official portal)

Pollutant Averaging Time Standard
Sulphur Dioxide (SO2) | Annual 50 pg/ms*
24 Hours 80 pg/ms
Nitrogen Dioxide (NO2) | Annual 40 pg/ms*
24 Hours 80 pg/ms
PMio Annual 60 pg/ms3
24 Hours 100 pg/ms3
PM..s Annual 40 pug/ms
24 Hours 60 pg/ms3
Ozone (0s) 8 Hours 100 pg/ms3
1 Hour 180 pg/ms3
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Lead (Pb) Annual 0.50 pg/ms
24 Hours 1.0 pg/ms3
Carbon Monoxide (CO) | 8 Hours 2.0 mg/m3
1 Hour 4.0 mg/m3
Ammonia (NHs) Annual 100 pg/ms3
24 Hours 400 pg/ms
Benzene (CsHs) Annual 5 pug/ms
Benzo(a)Pyrene [BaP] | Annual 1 ng/m3
Arsenic (As) Annual 6 ng/m?
Nickel (Ni) Annual 20 ng/m3

MULTIPLE CHOICE QUESTIONS
1. Which method is used for Sulphur Dioxide (SO-) analysis in ambient air?
a. Gravimetric Method
b. UV Fluorescence Method
c. Flame lonization Method
d. Gas Chromatography
Answer: b. UV Fluorescence Method
2. Which instrument is used for Nitrogen Oxides (NOy) analysis?
a. Chemiluminescence Analyzer
b. NDIR Analyzer
c. BAM Analyzer
d. Lead Acetate Tape
Answer: a. Chemiluminescence Analyzer
3. Which method is commonly used for measuring particulate matter (PM..s and
PMio)?
a. UV Photometric Method
b. Gravimetric Method
c. Electrochemical Method

d. Gas Chromatography
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Answer: b. Gravimetric Method

SHORT ANSWER QUESTIONS WITH MODEL ANSWER
Explain the UV Fluorescence Method for SO- analysis.

The UV Fluorescence Method is used for continuous monitoring of sulfur dioxide in
air. In this method, air containing SO is drawn into the analyzer. The SO2 molecules
are exposed to ultraviolet light of about 214 nm wavelength. These molecules absorb
UV energy and become excited. When they return to the normal state, they emit
fluorescent light. The intensity of emitted light is directly proportional to SO-:
concentration. A photomultiplier tube detects the light produced. The electrical signal
is processed by a microprocessor. The method is highly sensitive and provides real-
time monitoring. It is widely used by Central Pollution Control Board for air quality

assessment.
2. Explain the NDIR method for CO analysis.

The Non-Dispersive Infrared (NDIR) Method is widely used for carbon monoxide
analysis. Carbon monoxide molecules absorb infrared radiation at a characteristic
wavelength. Air is continuously drawn into the analyzer through filters. Infrared light
passes through the sample chamber containing CO. The CO molecules absorb part of
the infrared energy. A detector measures the reduction in IR intensity. The absorbed
energy is directly related to CO concentration. The signal is converted into
concentration values by the analyzer. It provides continuous and automatic

monitoring. This method is widely used in industrial and environmental monitoring.
3. Describe the Chemiluminescence Method for NO, analysis.

Answer: The Chemiluminescence Method is the standard method for measuring
nitrogen oxides. In this method, nitric oxide reacts with ozone in a reaction chamber.
This reaction forms excited nitrogen dioxide molecules. These excited molecules
release light when returning to normal state. The emitted light is detected by a
photomultiplier tube. The light intensity is proportional to nitric oxide concentration.
Nitrogen dioxide is first converted into nitric oxide for total NOy measurement. A
microprocessor calculates NO, NO:, and total NOx values. The method provides
accurate real-time monitoring. It is widely accepted for regulatory air quality

monitoring.

4. How is methane (CH.) analyzed using Flame lonization Detector (FID)?
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Answer: The Flame lonization Detector is commonly used to analyze methane in air.
The air sample is introduced into a hydrogen flame inside the detector. Methane
molecules are burned and ionized during combustion. These ions create an electric
current between electrodes. The magnitude of current is proportional to methane
concentration. The detector is highly sensitive to hydrocarbons. It can detect methane
even at very low concentrations. The method is often combined with gas
chromatography for better accuracy. It is widely used in research laboratories and

emission monitoring systems. It is important for greenhouse gas monitoring.
5. Explain the Gravimetric Method for particulate matter analysis.

Answer: The Gravimetric Method is a standard technique for measuring particulate
matter in air. Air is drawn through a pre-weighed filter using a sampler. Dust and
suspended particles are collected on the filter surface. After sampling, the filter is
dried under controlled conditions. It is then weighed again to determine particle mass.
The difference in weight shows the amount of particulate matter collected. The
concentration is calculated in micrograms per cubic meter. It is used for PM..s and
PMio monitoring. The method is accurate and reliable for regulatory purposes.

Advanced instruments like BAM and TEOM are also used for continuous monitoring.

SUMMARY

Monitoring of air pollutants is a critical process that helps assess air quality,
enforce regulations, and protect environmental and human health. It begins with the
sampling of air pollutants, which includes techniques like ambient air sampling for
general atmospheric monitoring and stack sampling for measuring emissions directly
from industrial sources such as chimneys or stacks. To analyse air pollutants, various
instruments and analytical methods are used. Sulphur dioxide (SO:) is commonly
measured by the UV fluorescence method, which detects emitted light from SO:
molecules exposed to UV radiation. Carbon monoxide (CO) is analysed using Non-
Dispersive Infrared (NDIR) spectroscopy, which identifies CO based on its infrared
absorption properties. Nitrogen oxides (NOy), including NO and NO-, are monitored
through the chemiluminescence method, which involves light emission from chemical
reactions between NO and ozone. Hydrogen sulphide (H.S) is measured using
electrochemical sensors or colorimetric methods, while methane (CH.) and other

hydrocarbons are analyzed using gas chromatography, which separates and identifies
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gaseous compounds. Particulate Matter (PMio and PM-2.s) is evaluated using
gravimetric methods, beta attenuation monitors, or light scattering devices, depending

on the monitoring needs.

END OF UNIT EXERCISES
Author should provide here about 4-5 SAQs, on the entire Unit to build application of
knowledge and skills from that Unit.

1. What are the various methods used for sampling air pollutants, and how does
stack sampling differ from ambient air sampling?

2. Explain the working principles and significance of different instruments used in
the analysis of SO2, CO, NOy, H:S, hydrocarbons, CHa., and particulate matter.

3. How is the Air Quality Index (AQI) calculated, and what is its role in public
health and environmental monitoring?

4. Discuss the criteria involved in air pollution monitoring and the importance of
adhering to national and international standards.

5. Why is continuous air quality monitoring essential in urban and industrial

regions, and what challenges are faced during implementation?

KEey WORDS

Air pollutant sampling, stack sampling, ambient air, SO. analysis, CO monitoring,
NOx chemiluminescence, H.S detection, hydrocarbons, CH. gas chromatography,
particulate matter (PMi, PM..5), UV fluorescence, NDIR spectroscopy, beta
attenuation, gravimetric method, Air Quality Index (AQI), air pollution criteria, CPCB
standards, WHO guidelines, air monitoring instruments, environmental health.
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UNIT 01-04: CONTROL OF AIR POLLUTION

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to

% List the major types of air pollutants and the corresponding equipment used for
their control, such as fabric filters for particulate matter and catalytic

converters for vehicular exhaust.

% Explain the working principles of air pollution control equipment like settling

chambers, scrubbers, and adsorption systems.

X/
°e

Demonstrate how specific control devices can be selected and applied for

different categories of air pollutants (particulate, gaseous, vehicular).

INTRODUCTION

Air pollution is a critical environmental concern with far-reaching impacts on
human health, ecosystems, and the climate. It results from the emission of harmful
substances into the atmosphere from both natural and anthropogenic sources such as
industries, vehicles, construction activities, burning of fossil fuels, and agricultural
practices. Pollutants like particulate matter (PM), sulfur dioxide (SO:), nitrogen
oxides (NOy), carbon monoxide (CO), hydrocarbons, heavy metals, and volatile
organic compounds (VOCs) can lead to serious respiratory and cardiovascular
diseases, neurological disorders, reduced visibility, acid rain, depletion of the ozone
layer, and contribute to global issues such as climate change and smog formation. To
address these challenges, air pollution control involves two key strategies:
establishing air quality standards and implementing pollution control technologies. Air
quality standards are scientifically defined and legally enforced thresholds for the
concentration of specific pollutants in ambient air. These standards are developed by
national and international organizations such as the Central Pollution Control Board
(CPCB) in India, the United States Environmental Protection Agency (USEPA), and
the World Health Organization (WHQ). These benchmarks are essential for regulatory
decision-making, public health protection, and pollution control program

implementation.

To comply with these standards and minimize pollutant emissions at their
source, various air pollution control technologies are employed across industrial,

commercial, and transportation sectors. For particulate matter, a combination of
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mechanical and electrical devices are widely used. Settling chambers are simple
devices that use gravity to settle large and heavy dust particles in slow-moving gas
streams. Fabric filters or baghouses trap fine dust particles by forcing polluted air
through woven or felted fabric bags, offering high efficiency for fine particulate
removal. Cyclones utilize centrifugal force to separate medium-sized particles from
air, often used as pre-cleaners before high-efficiency devices. Wet scrubbers work by
spraying liquid (usually water) to remove particulates and soluble gases
simultaneously, providing dual-function efficiency. Electrostatic precipitators (ESPSs)
apply an electrical charge to airborne particles and collect them on oppositely charged
plates, making them highly effective for fine dust control in large industrial setups
such as power plants and cement factories.

For controlling gaseous pollutants, chemical and physical treatment methods
are implemented. Absorption involves transferring gaseous pollutants into a liquid
phase, where they are either dissolved or reacted chemically, a method commonly used
in flue gas desulfurization. Adsorption, on the other hand, uses solid porous materials
like activated carbon or silica gel to capture and hold gas molecules on their surface,
especially effective for removing VOCs and Odors. The advancement in sensor-based
technology has further improved real-time detection and automated control of gas
pollutants, enabling industries and governments to maintain emissions within

permissible limits through data-driven management.

Vehicular emissions, a major contributor to urban air pollution, are mitigated
using advanced exhaust treatment and engine design technologies. Catalytic
converters, which are standard in most modern vehicles, use precious metals like
platinum, palladium, and rhodium to facilitate chemical reactions that convert toxic
gases such as carbon monoxide, nitrogen oxides, and unburned hydrocarbons into less
harmful substances like carbon dioxide, nitrogen, and water vapor. Diesel engines are
equipped with Diesel Particulate Filters (DPFs) that trap and oxidize fine carbon-
based soot particles, significantly reducing black smoke emissions. Positive crankcase
ventilation (PCV) valves recycle unburned fuel vapors from the engine crankcase back
into the combustion chamber, thereby minimizing hydrocarbon emissions and

improving fuel efficiency.
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01-04-01: AIR QUALITY STANDARDS
Air quality standards

Air quality standards are scientifically established regulatory limits that define
the maximum permissible concentration of pollutants allowed in the atmosphere in
order to protect human health, maintain ecological balance, and preserve the
environment. These standards serve as legally recognized benchmarks for determining
whether the quality of air is safe for breathing over a specified period of exposure.
Since air pollution has become a major environmental and public health concern
worldwide, governments and international organizations establish air quality standards
based on extensive scientific research, epidemiological studies, and toxicological
evidence that demonstrate the harmful effects of pollutants on living organisms.
Exposure to polluted air is linked with serious health problems such as asthma,
chronic bronchitis, lung cancer, cardiovascular diseases, weakened immunity,
developmental disorders in children, and premature death. Apart from protecting
human health, air quality standards also play an important role in protecting
ecosystems, reducing damage to crops, maintaining visibility, preventing acid rain,
and safeguarding buildings and monuments from chemical deterioration caused by

polluted air.

Air quality standards are generally classified into three major categories:
Ambient Air Quality Standards (AAQS), Emission Standards, and Indoor Air Quality
Standards. Ambient Air Quality Standards specify the permissible concentration of
pollutants present in outdoor air and are designed to ensure that the surrounding
atmosphere remains safe for the general population. These standards often vary
depending on land use patterns such as industrial zones, residential areas, commercial
areas, and ecologically sensitive regions. Emission standards focus on controlling the
amount of pollutants released directly from pollution sources such as factories,
automobiles, thermal power plants, chemical industries, and diesel generators. These
standards regulate industrial processes and fuel combustion systems to reduce
pollution at the source itself. Indoor Air Quality Standards regulate air quality within
enclosed environments such as offices, homes, hospitals, schools, laboratories, and
public buildings. Indoor air pollution is increasingly recognized as a serious issue
because pollutants such as volatile organic compounds (VOCs), smoke, carbon

monoxide, biological contaminants, and particulate matter can accumulate in poorly
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ventilated spaces and negatively affect human health over long periods. Together,
these three categories form a comprehensive framework for pollution prevention and

environmental protection.

The pollutants regulated under air quality standards are those known to have
significant adverse effects on health and the environment. Common pollutants include
Particulate Matter (PMio and PMa.s), Sulphur Dioxide (SO:), Nitrogen Dioxide (NO-),
Carbon Monoxide (CO), Ozone (0Os), Ammonia (NHs), Lead (Pb), and hazardous
organic compounds such as Benzene (CsHs). Particulate matter consists of tiny solid or
liquid particles suspended in air that can enter the respiratory tract and bloodstream,
causing lung diseases and cardiovascular complications. Sulphur dioxide and nitrogen
oxides are mainly produced from burning coal and petroleum fuels in industries and
vehicles, and these gases contribute to acid rain formation and respiratory irritation.
Carbon monoxide is a poisonous gas produced from incomplete combustion of fuels
and reduces oxygen transport in the blood. Ground-level ozone forms through
chemical reactions between nitrogen oxides and volatile organic compounds in
sunlight and causes breathing difficulties. Benzene and lead are toxic pollutants
associated with neurological damage, cancer risk, and developmental disorders. These
pollutants originate from various sources including industrial emissions, vehicular
exhaust, waste burning, agricultural activities, mining operations, thermal power
generation, and natural sources such as dust storms and forest fires. Prolonged
exposure to such pollutants can cause severe health impacts, especially among
children, elderly individuals, and people with pre-existing respiratory or

cardiovascular disorders.

In India, air quality standards are regulated by the Central Pollution Control Board
under the National Ambient Air Quality Standards (NAAQS) established according to
the Air (Prevention and Control of Pollution) Act, 1981. These standards apply
uniformly across industrial areas, residential regions, rural zones, and ecologically
sensitive areas. The Indian standards regulate pollutants such as PMa.s, PMio, SO,
NO2, CO, Os, NHs, Pb, Benzene, Arsenic, and Nickel. For example, the permissible
24-hour concentration limit for PM2.s is 60 micrograms per cubic meter (ug/ms3), while
the annual average limit is 40 pg/m3. For PMo, the 24-hour limit is 100 pg/m? and the
annual limit is 60 pg/ms. Similarly, gaseous pollutants like Sulphur Dioxide and

Nitrogen Dioxide have a 24-hour permissible limit of 80 pg/m3, with annual limits
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generally ranging between 40-50 pg/m3. These standards are intended to ensure that
pollution levels remain within acceptable thresholds that do not significantly threaten
human health or environmental quality. If pollutant concentrations exceed these limits,
regulatory authorities may take corrective action such as issuing warnings, enforcing
industrial emission controls, restricting certain activities, or implementing emergency

pollution management measures.

At the international level, organizations such as the World Health Organization and the
United States Environmental Protection Agency establish globally recognized air
quality guidelines. The World Health Organization (WHO) publishes scientifically
updated air quality guidelines that are considered highly health-focused and often
more stringent than many national standards. For example, under the revised WHO Air
Quality Guidelines 2021, the recommended annual average concentration for PM..s is
only 5 pg/ms3, which is substantially lower than India’s annual permissible limit of 40
png/m3. This difference reflects growing scientific evidence that even low levels of fine
particulate pollution can have harmful long-term health consequences. Developed
nations often adopt stricter emission regulations, cleaner fuel standards, and advanced
pollution control technologies based on such international recommendations. These
global standards encourage countries to strengthen environmental regulations and
align their policies with emerging scientific understanding to better protect public
health.

Air quality standards also play an essential role in air quality monitoring and
environmental management systems. Continuous monitoring stations installed in
cities, industrial zones, highways, and sensitive ecological areas regularly measure
pollutant concentrations in real time. The collected data is then compared against
prescribed air quality standards to determine whether pollution levels remain within
safe limits. This data is also used to calculate the Air Quality Index (AQI), which
translates complex pollution measurements into a single numerical value and color-
coded category that helps the public easily understand current air quality conditions.
Government agencies, environmental researchers, and policymakers use this
information to identify pollution trends, assess the effectiveness of pollution control
strategies, and design long-term environmental policies. In India, monitoring data and

standards information are commonly available through the Central Pollution Control
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Board Official Website and air quality monitoring platforms such as National Air

Quality Monitoring Programme (NAMP).

MULTIPLE CHOICE QUESTIONS
1. Which organization regulates air quality standards in India?
a. WHO
b. CPCB
c. UNEP
d. NASA
Answer: b. CPCB
2. Which pollutant has a 24-hour permissible limit of 60 pg/m?® under Indian
standards?
a. PM:z.s
b. Carbon Monoxide
c. Ozone
d. Benzene
Answer: a. PM:z.s
3. What does AQI stand for?
a. Air Quality Index
b. Air Quantity Indicator
c. Atmospheric Quality Indicator
d. Air Quality Instrument
Answer: a. Air Quality Index

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What are air quality standards?
Answer: Air quality standards are scientifically established limits for the
concentration of pollutants in the atmosphere. Their purpose is to protect human
health and the environment from harmful effects of air pollution. These standards
define the maximum permissible level of pollutants in air. They are based on
toxicological and epidemiological research. Air quality standards help control
pollution from industries, vehicles, and other sources. They also reduce health
risks such as asthma and heart disease. These standards act as legal benchmarks

for environmental regulation. They gquide pollution control strategies and

EVSM301: Air & Soil Quality 92


https://cpcb.nic.in/?utm_source=chatgpt.com
https://cpcb.nic.in/air-quality-monitoring/?utm_source=chatgpt.com
https://cpcb.nic.in/air-quality-monitoring/?utm_source=chatgpt.com

monitoring systems. Governments use them to evaluate air safety. They are

essential for sustainable environmental management.

2. Explain the types of air quality standards.
Answer: Air quality standards are mainly divided into three categories: Ambient
Air Quality Standards, Emission Standards, and Indoor Air Quality Standards.
Ambient standards regulate pollutant levels in outdoor air. Emission standards
control pollutants released directly from industries and vehicles. Indoor air
standards focus on air quality inside buildings like homes and hospitals. These
standards protect people from long-term exposure to harmful pollutants. They help
reduce pollution at both source and environmental levels. Different standards
apply to industrial, residential, and sensitive ecological zones. Together they
create a complete pollution control framework. They improve environmental

quality and public health. They are important for pollution prevention.

3. Which pollutants are regulated under air quality standards?

Answer: Air quality standards regulate harmful pollutants that affect health and
the environment. Major pollutants include particulate matter (PMz.s and PMo),
sulfur dioxide, nitrogen dioxide, carbon monoxide, ozone, ammonia, lead, and
benzene. Particulate matter can enter the lungs and bloodstream causing
respiratory diseases. Sulfur dioxide and nitrogen oxides contribute to acid rain and
breathing problems. Carbon monoxide reduces oxygen transport in blood. Ozone
causes irritation and lung damage. Benzene and lead are toxic and may cause
cancer or neurological damage. These pollutants mainly come from industries and
vehicles. Monitoring these pollutants is essential for public health. Standards help
keep them within safe limits.

01-04-02: EQUIPMENT FOR CONTROL AIR POLLUTION - PARTICULATE MATTER

Emissions is a critical part of air pollution management. Particulate matter
includes tiny solid or liquid particles suspended in the air such as dust, smoke, soot,
and aerosols, which can be harmful to human health, damage ecosystems, and reduce
visibility. These particles vary in size from coarse (PM10) to fine (PM2.5) and even
ultrafine particles (<0.1 um), which can penetrate deep into the lungs and
bloodstream. To reduce emissions from industrial processes, thermal plants, cement

factories, chemical industries, and vehicular sources, a variety of air pollution control
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equipment is employed. Each device has a specific principle of operation, suitable for

different particulate characteristics and process conditions.

1. Settling chambers: also known as gravity settling chambers, are among the oldest
and simplest air pollution control devices. They consist of a large horizontal chamber
where polluted air enters at one end and exits at the other. As the air moves slowly
through the chamber, its velocity drops, allowing the heavier particulate matter to
settle at the bottom under the influence of gravity. Fig.01-04.01 shows settling

chamber:
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Fig.01-04.01 Settling Chamber
(Source: https://www.sciencedirect.com/topics/engineering/gravitational -settling)

These chambers are cost-effective and easy to construct and maintain, making them
suitable for pre-cleaning stages where large particles (greater than 50 microns) need to
be removed. However, their efficiency for fine particles is very low, typically under
50%. Because of their limitations, they are generally used in conjunction with more

advanced systems to reduce the load on those units.

2. Fabric filters: often referred to as baghouses, are highly effective devices that
capture particulate matter by filtering it through fabric membranes. These filters are
made of woven or felted materials like cotton, fiberglass, or synthetic fibres and are

arranged in long cylindrical bags. Fig.01-04.02 shows fabric filter.
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Polluted air is forced through the bags, where particles are trapped on the fabric
surface, while clean air exits from the other side. The accumulated dust is periodically
removed by mechanical shaking, reverse airflow, or compressed air pulses (pulse-jet
cleaning). Baghouses can achieve filtration efficiencies of up to 99.9%, even for
particles as small as 0.1 microns. They are widely used in industries like cement
manufacturing, food processing, and pharmaceuticals. Although highly effective, they
require careful selection of fabric materials based on operating temperature, moisture

content, and chemical reactivity of the gases.

3. Scrubbers: also known as wet collectors, work by bringing polluted gas into
contact with a scrubbing liquid typically water which captures and removes particulate
matter. There are different types of scrubbers, such as spray towers, packed bed
scrubbers, and venturi scrubbers, with the venturi type being highly efficient. Fig.01-
04.03 shows Scrubbers.
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Working of Air Scrubbers
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Fig.01-04.03. Scrubbers

(Source: https://airpollutioncontrolequipment.com/air-pollution-scrubbers/)

In a venturi scrubber, the gas stream is accelerated through a narrow throat
where it collides with water droplets at high speed. This results in excellent mixing
and mass transfer, allowing fine particles and even some soluble gases to be removed.
Scrubbers are effective for particles smaller than 5 microns and are especially useful
in processes where gases are hot, humid, or corrosive. One of their advantages is the
dual removal of both particulates and gaseous pollutants. However, scrubbers produce
wastewater that requires treatment, and their components may corrode over time if not

properly maintained.

4. Cyclone separators: These are mechanical devices that use the principle of
centrifugal force to remove particulates from an air stream. When the contaminated air
enters the cyclone chamber tangentially, it spins rapidly in a vortex. This spinning
motion causes heavier particles to be thrown outward toward the wall of the cyclone,
where they lose momentum and fall into a collection hopper. Clean air spirals upward
and exits from the top.
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(Source:www.solnpharma.com/2021/11/cyclone-separator principle.html)

Cyclones are simple, inexpensive, and durable, with no moving parts, making
them ideal for pre-cleaning or for use in industries handling coarse particles such as
sawmills, grain processing, or mineral crushing. However, their efficiency drops
significantly for particles smaller than 10 microns, limiting their use as standalone

solutions for fine particulate pollution.

5. Electrostatic precipitators (ESPs): are highly advanced and widely used for the
removal of fine particles from flue gases, especially in power plants and large-scale
industrial operations. The working principle involves ionizing the gas stream using
high-voltage electrodes. As the air flows through the ESP, the particles acquire an
electrical charge and are attracted to oppositely charged collection plates. These plates
are periodically cleaned, usually by mechanical rapping, which knocks the collected
particles into hoppers. ESPs can remove over 99% of particles as small as 0.01
microns, making them ideal for removing smoke, fine ash, and other hazardous

particulates. Working of electrostatic precipitator shown in fig.01-04.05.
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Working of Electrostatic Precipitator

Waste Gases Without
Smoke Particles

2. Smoke Particles
Are attracted To The

Collecting Plate
Positively Charged

Collecting Plate

3. Collecting Plates Are
Knocked To Remove The
Smoke Particles

1. Smoke Particles

Pick Up A — i
Negative Charge * Negatively Charged
Metal Grid
o Waste Gases * | .t. X
Containing Smoke Particles IQSdirectory.corn

Fig. 01-04.05. Working of electrostatic precipitator
(Source:www.igsdirectory.com/articles/air-pollution-control/electrostatic-precipitators.html)

They are particularly effective in treating emissions from coal-fired power
plants, steel mills, and incinerators. However, ESPs are capital-intensive and require
skilled operation and regular maintenance. Their performance can be affected by gas

composition, humidity, and electrical resistivity of dust particles.

MULTIPLE CHOICE QUESTIONS
1. Which air pollution control device works on the principle of gravity settling?

a. Electrostatic Precipitator
b. Settling Chamber
c. Fabric Filter
d. Scrubber
Answer: b. Settling Chamber
2. Which equipment can remove more than 99% of very fine particles (0.01 pm)?
a. Cyclone Separator
b. Settling Chamber
c. Electrostatic Precipitator (ESP)
d. Spray Tower
Answer: c. Electrostatic Precipitator (ESP)
3. Which air pollution control equipment is commonly called a baghouse?

a. Scrubber
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b. Fabric Filter
c. Cyclone Separator
d. Settling Chamber

Answer: b. Fabric Filter

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is a Settling Chamber and how does it work?
Answer: A settling chamber is one of the simplest devices used to control
particulate air pollution. It consists of a large horizontal chamber through which
polluted air passes slowly. As the air velocity decreases, heavy dust particles settle
at the bottom due to gravity. The cleaner air then exits through the outlet. It is
mainly used for removing large particles above 50 microns. These chambers are
inexpensive and easy to maintain. They are often used as pre-cleaning devices
before advanced treatment systems. Their efficiency is generally low for fine
particles. They remove less than 50% of very small particles. They are commonly

used in industrial pollution control systems.

2. Explain the working of Fabric Filters.
Answer: Fabric filters, also called baghouses, are highly efficient air pollution
control devices. They contain bags made of cotton, fiberglass, or synthetic fibers.
Polluted air passes through these fabric bags during operation. Dust particles get
trapped on the fabric surface while clean air passes out. Collected dust is removed
periodically by shaking or compressed air pulses. These filters can remove up to
99.9% of particulate matter. They are effective even for particles as small as 0.1
microns. Fabric filters are widely used in cement and pharmaceutical industries.
Proper fabric selection is important for high-temperature gases. They require

regular cleaning and maintenance.

3. What are Scrubbers and how do they remove particulate matter?
Answer: Scrubbers are wet air pollution control devices used to remove
particulates and gases. They work by bringing polluted gas into contact with a
liquid, usually water. The liquid captures dust particles present in the gas stream.
Venturi scrubbers are the most efficient type of scrubbers. In these systems, gas
moves at high speed through a narrow throat. Water droplets collide with particles
and trap them effectively. Scrubbers are suitable for removing particles smaller

than 5 microns. They are useful in industries with hot or corrosive gases. They can
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remove both gases and particulates simultaneously. Wastewater treatment is

necessary after scrubber operation.

4. Explain the working principle of Cyclone Separators.
Answer: Cyclone separators remove particulate matter using centrifugal force.
Polluted air enters the cyclone chamber tangentially at high speed. This creates a
spinning vortex inside the chamber. Due to centrifugal force, heavier particles
move outward toward the wall. These particles lose momentum and fall into a
collection hopper. Clean air spirals upward and exits through the top outlet.
Cyclones are simple devices with no moving parts. They are inexpensive and easy
to maintain. They work best for coarse particles larger than 10 microns. They are

commonly used as pre-cleaning devices in industries.

01-04-03: EQUIPMENT FOR CONTROL AIR POLLUTION - GASEOUS
POLLUTANTS

Gaseous pollutants are among the most significant contributors to air pollution
and environmental degradation. These pollutants include harmful gases such as Sulfur
Dioxide (SO2), Nitrogen Oxides (NOy), Carbon Monoxide (CO), Ammonia (NH3),
Hydrogen Sulfide (H-S), and Volatile Organic Compounds (VOCs), all of which enter
the atmosphere from a variety of natural and human-made activities. Major
anthropogenic sources include industrial manufacturing processes, thermal power
plants, petroleum refineries, vehicular exhaust emissions, burning of fossil fuels such
as coal and diesel, waste incineration, agricultural activities, and chemical industries.
Once released into the atmosphere, these pollutants can react chemically with sunlight,
water vapor, and other atmospheric compounds to produce harmful secondary
pollutants such as photochemical smog, ground-level ozone, acid rain, and fine
particulate matter. Exposure to gaseous pollutants can cause a wide range of health
effects including irritation of the eyes and throat, asthma attacks, chronic bronchitis,
reduced lung function, cardiovascular diseases, neurological disorders, and in severe
cases long-term organ damage. Because of these serious environmental and health
consequences, industries and environmental agencies use specialized technologies to
both control pollutant emissions and continuously monitor air quality. Among the most
commonly used technologies are absorption, adsorption, and sensor-based monitoring

equipment, each serving a specific function in pollution management systems.
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Absorption is a pollution control technique in which gaseous pollutants are
removed by dissolving them into a liquid medium. It is a mass transfer process where
pollutant molecules transfer from the gas phase into a liquid absorbent, either through
physical dissolution or chemical reaction. This technique is highly effective for
removing water-soluble or chemically reactive gases such as Sulfur Dioxide (SO2),
Ammonia (NHs), Hydrogen Chloride (HCI), Chlorine (Cl2), and Nitrogen Oxides
(NOy). The process is commonly carried out in industrial equipment known as
absorption towers, wet scrubbers, or packed column scrubbers, where polluted gas is
introduced into a chamber containing a liquid absorbent. Inside the tower, the gas
moves upward while the liquid flows downward, creating maximum contact between

the gas and liquid phases.

For example, Sulfur Dioxide (SO:) emitted from coal-fired thermal power
plants is often removed by passing it through an alkaline solution such as limewater
[Ca(OH):] or sodium hydroxide (NaOH). The sulfur dioxide reacts chemically with
these alkaline substances to form sulphites or sulphates, preventing its release into the
atmosphere. Depending on the pollutant involved, different absorbents may be used
including water, acidic solutions, alkaline solutions, or organic solvents. Industries
such as petroleum refineries, fertilizer plants, chemical manufacturing units, and
power stations widely employ absorption systems for flue gas treatment. The
efficiency of absorption can be increased by maximizing the contact area between gas
and liquid, often achieved by using spray nozzles, packing materials, or perforated
plates inside the scrubber. Although absorption is highly efficient and suitable for
large-scale industrial applications, one major disadvantage is the generation of
contaminated liquid waste, which requires proper treatment and disposal to prevent

secondary environmental pollution.

Adsorption is another important method used to control gaseous pollutants.
Unlike absorption, where pollutants dissolve into a liquid, adsorption involves the
accumulation of gas molecules on the surface of a solid material known as an
adsorbent. The process occurs because of attractive forces between the pollutant
molecules and the surface of the adsorbent. These forces may be physical forces (van
der Waals attraction) or chemical bonding (chemisorption) depending on the nature of
the pollutant and adsorbent. Adsorption is particularly useful for removing pollutants

present in low concentrations, especially gases that are difficult to remove using liquid
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absorption techniques. It is highly effective for controlling V\olatile Organic
Compounds (VOCs), solvent vapors, odorous gases, hydrogen sulfide (H-S), and

certain industrial organic emissions.

Common adsorbent materials include activated carbon, zeolites, silica gel,
activated alumina, and molecular sieves. These materials possess very high surface
area and porous structures, allowing pollutant molecules to attach efficiently to their
surfaces. During operation, polluted air or gas is passed through a chamber filled with
the adsorbent material, often called an adsorption bed, where harmful gases become
trapped while clean air passes through. Adsorption technology is widely used in
pharmaceutical industries, petrochemical plants, food processing industries, solvent
recovery units, indoor air purification systems, vehicle cabin filters, and odor control
systems. One major advantage of adsorption is that many adsorbent materials can be
regenerated and reused by heating or pressure treatment, reducing operational costs
over time. However, adsorbents gradually become saturated with pollutants, reducing
efficiency, and therefore periodic replacement or regeneration 1is necessary.
Additionally, adsorption systems may become less effective when exposed to high

humidity or excessively high pollutant concentrations.
Sensor-Based Equipment for Monitoring Gaseous Pollutants

While absorption and adsorption focus primarily on removing pollutants from
emissions, sensor-based monitoring equipment plays a critical role in detecting,
measuring, and continuously monitoring gaseous pollutants in the atmosphere. These
devices provide real-time information about pollutant concentration, allowing
industries and regulatory agencies to assess air quality conditions and ensure
compliance with environmental standards. Air pollution monitoring systems use
different sensing technologies depending on the gas being measured, the required
sensitivity, and environmental conditions. Electrochemical sensors are among the most
commonly used sensors for gases such as Carbon Monoxide (CO), Sulfur Dioxide
(S0O2), Nitrogen Dioxide (NO-), and Hydrogen Sulfide (H2S). These sensors operate by
allowing the gas to undergo a chemical oxidation or reduction reaction at an electrode
surface, generating an electrical current proportional to the gas concentration. Infrared
(IR) sensors are widely used for detecting gases such as Carbon Dioxide (CO2),
Methane (CH.), and certain hydrocarbons. These sensors measure the absorption of

infrared radiation by gas molecules at specific wavelengths. Photoionization Detectors
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(PIDs) are highly sensitive instruments used to detect Volatile Organic Compounds
(VOCs). They function by exposing gas molecules to ultraviolet light, causing
ionization, and then measuring the electrical current produced by the ions.
Semiconductor gas sensors are also widely used, especially in portable detectors and
indoor air quality monitors, for detecting gases such as NO., CO, and combustible

gases at low concentrations.

These sensors are commonly integrated into industrial systems known as
Continuous Emission Monitoring Systems (CEMS), which are installed directly on
factory chimneys or industrial exhaust stacks to continuously monitor emissions
before they enter the atmosphere. Environmental agencies such as the Central
Pollution Control Board also install Ambient Air Quality Monitoring Stations across
cities and industrial regions to continuously measure pollutant concentrations in the
surrounding atmosphere. Sensor-based systems provide highly accurate and immediate
pollution data, enabling industries to adjust processes in real time and helping
regulatory authorities enforce emission standards effectively. However, these systems
require regular calibration, maintenance, technical expertise, and protection from
environmental factors such as humidity, temperature fluctuations, dust contamination,
and cross-sensitivity between gases, which may affect measurement accuracy. The
control and monitoring of gaseous pollutants require the combined use of multiple
technologies because no single method is effective for every pollutant under all
conditions. Absorption is highly suitable for removing soluble and chemically reactive
gases, especially in large-scale industrial emissions. Adsorption provides a flexible
and efficient solution for trapping pollutants present at low concentrations,
particularly volatile organic compounds and odorous gases. Sensor-based monitoring
equipment provides continuous, real-time measurement of pollutant concentrations,
making it essential for environmental surveillance, regulatory compliance, and
industrial process control. When these technologies are used together as part of an
integrated air pollution management system, they significantly reduce harmful
emissions, improve environmental quality, protect public health, support regulatory
enforcement, and contribute toward sustainable industrial development and a cleaner

atmosphere for future generations.

EVSM301: Air & Soil Quality 103



MULTIPLE CHOICE QUESTIONS

1. Which method removes gaseous pollutants by dissolving them into a liquid

medium?

a. Adsorption

b. Absorption

c. Filtration

d. Cyclone Separation

Answer: b. Absorption

2. Which material is commonly used as an adsorbent for removing VOCs?

a. Limewater

b. Activated Carbon
c. Water

d. Cotton Filter

Answer: b. Activated Carbon

3. Which monitoring system is installed on industrial chimneys for continuous

emission monitoring?
a. ESP

b. CEMS

c. BAM

d. TEOM

Answer: b. CEMS

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is absorption and how is it used in gaseous pollutant control?
Answer: Absorption is a method used to remove gaseous pollutants by dissolving
them into a liquid absorbent. It is a mass transfer process where gas molecules
move into a liquid phase. The process usually takes place in absorption towers or
wet scrubbers. Polluted gas moves upward while liquid flows downward inside the
chamber. Maximum contact between gas and liquid increases removal efficiency.
It is effective for soluble gases like sulfur dioxide, ammonia, and chlorine.
Alkaline solutions such as sodium hydroxide are commonly used. Industries like
power plants and refineries widely use this method. It is highly effective for large-

scale pollution control. However, it produces liquid waste that needs treatment.

2. Explain the adsorption process in air pollution control.

EVSM301: Air & Soil Quality

104



Answer: Adsorption is a process where gas molecules stick to the surface of a
solid material called an adsorbent. Unlike absorption, pollutants do not dissolve
but accumulate on the surface. Common adsorbents include activated carbon,
silica gel, zeolites, and activated alumina. Polluted air passes through an
adsorption bed filled with adsorbent material. Harmful gases become trapped on
the solid surface. It is highly effective for volatile organic compounds (VOCs),
odorous gases, and hydrogen sulfide. Adsorbents can often be regenerated and
reused by heating. This reduces operational cost over time. Adsorption works best
for low pollutant concentrations. Periodic replacement is needed when adsorbents

become saturated.

3. What are electrochemical sensors used for monitoring gaseous pollutants?
Answer: Electrochemical sensors are commonly used to detect gases like carbon
monoxide, sulfur dioxide, nitrogen dioxide, and hydrogen sulfide. These sensors
work through oxidation or reduction reactions at an electrode surface. When the
target gas enters the sensor, it reacts chemically at the electrode. This reaction
generates an electrical current. The magnitude of current is proportional to gas
concentration. These sensors provide accurate and real-time monitoring data. They
are widely used in portable gas detectors and industrial monitoring systems. They
are compact, sensitive, and easy to operate. Regular calibration is necessary for

accuracy. They play an important role in pollution monitoring systems.

01-04-04: EQUIPMENT FOR CONTROL AIR POLLUTION -VEHICULAR EXHAUST

Vehicular exhaust emissions are one of the primary contributors to urban air
pollution, especially in cities with high traffic density. Internal combustion engines
emit various harmful pollutants such as carbon monoxide (CO), unburnt hydrocarbons
(HC), nitrogen oxides (NOy), particulate matter (PM), and volatile organic compounds
(VOCs). These emissions originate from incomplete combustion, high engine
temperatures, and the burning of fossil fuels. The pollutants pose serious health risks
such as respiratory and cardiovascular diseases, and also contribute to environmental
problems like smog, acid rain, and climate change. To reduce these adverse effects,
modern vehicles are equipped with various exhaust control and monitoring systems.
The most important technologies among them include the catalytic converter, diesel

particulate filter (DPF), and the positive crankcase ventilation (PCV) valve.
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A catalytic converter is a crucial device designed to reduce the toxicity of emissions
from petrol and diesel engines. It is installed in the vehicle’s exhaust system and
contains a ceramic or metallic honeycomb structure coated with precious metals such
as platinum, palladium, and rhodium, which act as catalysts. Catalytic converter
shown in fig.01-04.06.

CATALYTIC CONVERTER
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Fig. 01-04.06. Catalytic Converter
(Source: posts/what-is-a-catalytic-converter-and-what-does-it-doa-catalytic-converter-is-an-
ess/1071885794948321/)

The converter operates through two main stages. First, the reduction catalyst
(using rhodium) converts nitrogen oxides (NOy) into harmless nitrogen (N:) and
oxygen (O2) gases. Then, the oxidation catalyst (using platinum and palladium)
converts carbon monoxide (CO) into carbon dioxide (CO-), and unburnt hydrocarbons
(HC) into carbon dioxide (CO2) and water vapor (H:0). This dual-stage process
dramatically lowers the emission of harmful gases and helps vehicles comply with
modern emission norms like Bharat Stage VI (BS-VI) in India or Euro 6 in Europe.
Catalytic converters are especially effective in petrol engines, although advanced

diesel vehicles also use them in combination with other systems.

For diesel engines, Diesel Particulate Filters (DPFs) are used to trap and remove
particulate matter from exhaust gases. Diesel engines naturally produce more soot and
fine particles due to the combustion process. DPFs are made of materials like
cordierite or silicon carbide and have a porous, honeycomb-like structure that
physically captures soot particles. Over time, these filters accumulate particulate
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matter and need to be cleaned through a process called regeneration. Fig.01-04.07

shows Diesel Particulate Filters (DPFs).
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Fig.01-04.07 shows Diesel Particulate Filters (DPFs)
(Source:https://www.autoevolution.com/news/how-the-diesel-particulate-filter-works-
90866.html)

Regeneration can occur in three ways: passively, when the exhaust temperature
is high enough to burn off the soot during regular driving; actively, when the vehicle’s
control unit temporarily alters engine parameters to increase exhaust temperature; or
forcibly, using external heat sources or service tools if the filter is severely clogged.
DPFs are essential in diesel vehicles for meeting strict PM emission limits, and their
proper maintenance is necessary to prevent performance issues and ensure emission
compliance. The Positive Crankcase Ventilation (PCV) valve is another essential
emission control component, especially for controlling internal engine emissions.
During the combustion process, a small portion of gases known as blow-by gases
escapes past the piston rings into the crankcase. These gases contain unburnt fuel, oil
vapours, and moisture, which can contaminate engine oil, increase pressure inside the
crankcase, and, if released, contribute to air pollution. Fig.01-04.08 Shows Positive

Crankcase Ventilation (PCV) valve.

EVSM301: Air & Soil Quality 107



POSITIVE CRANKCASE VENTILATION Sy STEM

PCL Dalve
Minimum flow at idle/low speed

Breather hose ﬁr'—/‘—J_:Lg

Sealed ol IWEJ

filler cap

Closed System

Pcy hﬂ

PCU Dalve

Maximum flow at high speed/load

I (i
Cee &

Blowby vapors
siphoned up to
PCL valve in cover

Blowby vapors
entering crankcase

Flow orifice Spring FPlunger

Fig.01-04.08 Positive Crankcase Ventilation (PCV) valve

(Source: https://www.aalcar.com/library/pcv.htm)

The PCV system addresses this by channelling these gases from the crankcase back
into the engine’s intake manifold, where they are mixed with the air-fuel mixture and
combusted again in the cylinders. The PCV valve is a one-way, vacuum-operated valve
that regulates the flow of these gases based on engine load and speed. This not only
reduces emissions but also improves engine efficiency, prevents sludge formation, and

extends engine life.

To ensure that these emission control systems work effectively, modern vehicles
are integrated with On-Board Diagnostics (OBD) systems. These systems use various
sensors such as oxygen (O2) sensors, NOy sensors, and particulate matter sensors to
continuously monitor the performance of the catalytic converter, DPF, PCV valve, and
other components. If any malfunction or emission limit is detected, the OBD system
triggers a warning light on the dashboard (commonly the “Check Engine” light) and
records a Diagnostic Trouble Code (DTC) to help mechanics identify and resolve the
issue. This real-time monitoring plays a crucial role in maintaining emission standards
and ensuring that vehicles remain environmentally compliant throughout their
operational life. In addition to technological advancements, strict government
regulations and emission standards drive the implementation of these systems.
Standards such as the Bharat Stage Emission Norms (BS-1V to BS-V1) in India, Euro 6

in Europe, and the EPA Tier standards in the United States set limits on allowable
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emissions of CO, HC, NO,, and PM. These standards are periodically updated to
reflect environmental priorities and encourage the development of cleaner vehicle
technologies. Automobile manufacturers are required to design vehicles that meet
these limits through the use of catalytic converters, DPFs, PCV systems, and
electronic control units for precise emission regulation. Controlling and monitoring
vehicular exhaust emissions is a complex but essential task in minimizing the
environmental and health impacts of transportation. Devices such as the catalytic
converter, diesel particulate filter (DPF), and positive crankcase ventilation (PCV)
valve work together with modern monitoring systems to drastically reduce the number
of harmful gases and particles released into the atmosphere. These technologies,
supported by legal regulations and diagnostic tools, are integral to achieving cleaner
air, sustainable transportation, and improved public health in both urban and rural

areas.

MULTIPLE CHOICE QUESTIONS
1. Which device converts harmful gases like CO and NOy into less harmful
substances in vehicle exhaust?
a. Diesel Particulate Filter
b. Catalytic Converter
c. PCV Valve
d. Cyclone Separator
Answer: b. Catalytic Converter
2. Which device is mainly used in diesel vehicles to remove soot and particulate
matter?
a. Catalytic Converter
b. Positive Crankcase Valve
c. Diesel Particulate Filter (DPF)
d. Oxygen Sensor
Answer: Diesel Particulate Filter (DPF)
3. What is the main function of the PCV valve in an engine?
a. Reduce fuel consumption
b. Control blow-by gases from crankcase
c. Filter diesel soot particles

d. Measure oxygen concentration
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Answer: b. Control blow-by gases from crankcase

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain the working of a Catalytic Converter.
Answer: A catalytic converter is an important emission control device installed in
a vehicle exhaust system. It contains a ceramic honeycomb structure coated with
platinum, palladium, and rhodium. These metals act as catalysts for chemical
reactions. In the reduction stage, rhodium converts nitrogen oxides (NOy) into
nitrogen and oxygen. In the oxidation stage, platinum and palladium convert
carbon monoxide into carbon dioxide. Unburnt hydrocarbons are converted into
carbon dioxide and water vapor. This process significantly reduces harmful
exhaust emissions. Catalytic converters are mainly used in petrol vehicles. They
help vehicles meet standards like Bharat Stage VI. They play an important role in

reducing urban air pollution.

2. What is a Diesel Particulate Filter (DPF) and how does it work?
Answer: Diesel Particulate Filter (DPF) is used in diesel engines to remove
particulate matter from exhaust gases. Diesel engines produce soot and fine
particles during combustion. The DPF contains a porous honeycomb structure
made of cordierite or silicon carbide. Exhaust gases pass through the filter while
soot particles become trapped inside. Over time the filter becomes full and
requires cleaning. This cleaning process is called regeneration. Regeneration can
occur passively during normal driving at high temperature. It can also occur
actively by increasing exhaust temperature artificially. DPF helps reduce
particulate emissions from diesel vehicles. It is necessary for meeting strict

emission regulations.

3. Explain the function of Positive Crankcase Ventilation (PCV) valve.
Answer: The Positive Crankcase Ventilation valve controls gases formed inside
the engine crankcase. During combustion, some gases escape past piston rings into
the crankcase. These gases are called blow-by gases and contain fuel vapors and
oil particles. If released directly, they contribute to air pollution. The PCV system
redirects these gases back into the intake manifold. The gases mix with the air-fuel
mixture and burn again inside the cylinders. The PCV valve controls gas flow
according to engine speed and load. This reduces harmful emissions released from

the engine.
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SUMMARY

Air pollution control involves a combination of regulatory standards and technological
measures aimed at reducing the emission of harmful pollutants into the atmosphere.
Air quality standards are set by national and international agencies to define safe
levels of pollutants such as particulate matter (PM2.5, PM10), SO., NOx, CO, and
ozone, ensuring public and environmental health. To control particulate matter,
various mechanical and electrical devices are employed. Settling chambers use gravity
to remove larger particles, while cyclones use centrifugal force for medium-sized
particles. Fabric filters (baghouse filters) trap fine dust through filtration, and
scrubbers clean air by passing it through a liquid medium. Electrostatic precipitators
use electrical charges to collect fine particles efficiently. For gaseous pollutants,
absorption and adsorption are commonly used methods. Absorption dissolves gases
into liquids, while adsorption traps gases on solid surfaces like activated carbon.
Sensor-based equipment monitors gas levels for real-time control and regulation.
Vehicular pollution is addressed through exhaust treatment devices. Catalytic
converters convert harmful gases like CO, NOx, and hydrocarbons into less toxic
compounds. Diesel Particulate Filters (DPFs) trap and burn soot particles from diesel
engines. Positive Crankcase Ventilation (PCV) systems reduce emissions by rerouting
unburnt vapors back into the engine for combustion. Together, these systems and
standards play a crucial role in minimizing air pollution and protecting both human

health and the environment.

END OF UNIT EXERCISES

1) What are air quality standards, and how do they help in managing air pollution
levels in the environment?

2) Explain the various equipment used for controlling particulate matter in
industrial emissions.

3) Describe in detail the control methods used for gaseous pollutants, including
absorption, adsorption, and sensor-based systems.

4) Discuss the different technologies used for controlling vehicular exhaust
emissions.

5) Compare and contrast different particulate matter control devices such as
settling chambers, fabric filters, scrubbers, cyclones, and electrostatic

precipitators.
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UNIT 02-01: INTRODUCTION TO SOIL

LEARNING OBJECTIVES
After successful completion of this unit, you will be able to
< ldentify the different types of soil and their basic properties.
% Explain the role and importance of soil in ecosystems and agriculture.
% Classify soil samples based on texture and structure using standard methods.

« Differentiate between various soils horizons and describe their characteristics.

INTRODUCTION

Soil is one of the most essential natural resources on Earth, often described as
the "skin of the Earth™ due to its role as the uppermost layer of the crust that interacts
with the atmosphere, hydrosphere, and biosphere. Far beyond being just a layer of dirt,
soil is a living, dynamic, and complex system composed of mineral particles, organic
matter, air, and water. It forms over thousands of years through a process called
pedogenesis, which involves the weathering of parent rocks and the integration of
biological materials under the influence of climate, organisms, topography, and time.
These factors shape the texture, structure, fertility, and composition of soil, making it

an incredibly diverse and vital component of the environment.

Soil performs several critical functions that support life on Earth. Ecologically,
it provides habitat for billions of organisms, including bacteria, fungi, earthworms,
insects, and plant roots. These organisms contribute to essential processes like nutrient
cycling, decomposition of organic matter, and enhancement of soil fertility. Soil also
acts as a natural filter and reservoir, regulating water flow, storing nutrients,
supporting vegetation, and even playing a significant role in mitigating climate change
through carbon sequestration. In agriculture, soil is the cornerstone of food
production. It supplies nutrients, water, and anchorage to plants, directly influencing
crop yield and quality. The health of soil determines agricultural productivity and
sustainability. Degraded soils caused by erosion, overuse, and poor management can
lead to reduced fertility and food insecurity. Therefore, understanding soil properties
and types is crucial for adopting suitable farming techniques, conserving soil quality,
and ensuring long-term land productivity. Soils vary greatly across regions depending
on environmental conditions, and are classified into different types such as alluvial

soil, black soil, red soil, laterite soil, and desert soil. Each type has unique physical
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and chemical properties that affect its agricultural and ecological potential. For
instance, black soils are clay-rich and moisture-retentive, ideal for cotton farming,
whereas sandy desert soils have low fertility and poor water-holding capacity.

Beneath the surface, soils are organized into layers called soil horizons, which
collectively form a soil profile. These include the O Horizon (organic matter), A
Horizon (topsoil), B Horizon (subsoil), C Horizon (weathered parent material), and R
Horizon (bedrock). Each horizon differs in texture, colour, composition, and
biological activity, offering insights into the soil’s development and use potential. Two
key physical properties of soil are texture and structure. Soil texture refers to the
relative proportions of sand, silt, and clay, which affect water retention, drainage,
aeration, and root penetration. Sandy soils drain quickly and are easy to till but may
lack nutrients. Clay soils retain water and nutrients better but can become compacted.
Soil structure, on the other hand, describes how soil particles group together into
aggregates or "peds,” influencing porosity and permeability. A well-structured soil
supports better root growth, water infiltration, and microbial activity. soil is not just
the foundation for agriculture it is the foundation of terrestrial life. Its careful study
and management are vital for conserving biodiversity, supporting sustainable
agriculture, combating land degradation, and protecting our environment. By
understanding soil’s formation, classification, horizons, texture, and structure, we gain
the knowledge necessary to use this resource wisely and preserve it for future

generations.

02-01-01: INTRODUCTION TO SOILAND ITS IMPORTANCE IN ECOSYSTEM AND
AGRICULTURE.

Introduction to Soil and its importance

Soil is one of the most fundamental natural resources on Earth, serving as the
foundation for life on land. It is the uppermost layer of the Earth’s crust, composed of
a mixture of minerals, organic matter, water, air, and countless living organisms.
Formed over thousands of years through the physical and chemical weathering of
rocks and the decomposition of organic materials, soil is a dynamic and living system
that supports a wide range of biological, chemical, and physical processes. the
importance of soil extends far beyond being a medium for plant growth. It is a crucial

component of terrestrial ecosystems, playing multiple roles such as supporting
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vegetation, regulating water cycles, recycling nutrients, and serving as a habitat for a
vast array of organisms from microscopic bacteria and fungi to insects and burrowing
animals. Soil also plays a key role in filtering pollutants, storing carbon, and
mitigating the effects of climate change. in agriculture, soil is the primary resource for
crop cultivation. Fig.02-01.01. shows functions and ecosystem services performed by

soil

Medium for
plant growth

Recycling system
- for nutrients and
organic wastes

Modifier of
the atmosphere

Habitat for
b soil organisms

System for
water supply
and purification = = 2

Engineering medium

Fig.02-01.01. Functions and Ecosystem Services Performed by Soil
(Source: https://www.researchgate.net/figure/The-many-functions-and-ecosystem-services-
performed-by-soil-can-be-grouped-into_figl 287493209)
It provides essential nutrients, moisture, and physical support to plants. The fertility
and health of the soil directly influence crop yield and food production. Different
types of soil are suitable for different crops, depending on their texture, structure,
nutrient content, and moisture-retention capacity. Maintaining soil health through
sustainable agricultural practices such as crop rotation, organic farming, and soil
conservation is critical for long-term food security. Moreover, soil is a non-renewable
resource on a human timescale. Once degraded or eroded, it takes centuries to
regenerate. Therefore, understanding the characteristics of soil its types, layers
(horizons), texture, and structure is vital not only for agriculture but also for
environmental conservation, land management, and combating land degradation and

desertification.
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Importance of Soil

1.

Supports Plant Growth

Soil is the primary medium in which plants grow. It provides vital nutrients,
water, oxygen, and anchorage to the root systems of plants. The fertility and
physical structure of soil determine the type and productivity of vegetation that
can thrive, which in turn supports entire food chains and ecosystems.

Habitat for Organisms

Soil is a living environment teeming with biodiversity. It hosts a wide variety
of organisms such as bacteria, fungi, algae, protozoa, insects, and earthworms.
These organisms play essential roles in breaking down organic matter, forming
humus, fixing nitrogen, and maintaining soil health and structure.

Regulates the Water Cycle

Soil acts as a natural sponge that absorbs and holds water, facilitating
groundwater recharge and maintaining moisture in the ecosystem. It regulates
surface runoff, reduces the risk of floods, and helps maintain the flow of rivers
and lakes during dry periods. It also ensures plants have access to moisture
between rainfalls.

Nutrient Cycling and Decomposition

Soil is the site of numerous biological and chemical processes that decompose
organic matter and recycle essential nutrients like nitrogen, phosphorus, and
potassium. These nutrients are critical for plant growth and are passed through
the food chain, supporting animals and humans alike.

Climate Regulation and Carbon Sequestration

Soils play a crucial role in global climate regulation by storing carbon in the
form of organic matter. Healthy soils act as carbon sinks, absorbing carbon
dioxide from the atmosphere and mitigating the impacts of climate change.
Poor soil management, on the other hand, can release stored carbon and
accelerate global warming.

Foundation for Agriculture

Soil is the base of all agricultural practices. It influences the types of crops that
can be grown, the need for fertilizers, irrigation practices, and overall food
productivity. Without fertile soil, food production would decline, directly

affecting global food security and livelihoods of farming communities.
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7. Natural Filter and Environmental Cleanser
Soil filters water by trapping pollutants such as heavy metals, pesticides, and
bacteria as water percolates through its layers. This filtering process helps in
the purification of groundwater and protects aquatic ecosystems and human
health from harmful contaminants.

8. Base for Infrastructure and Construction
Soil provides the foundation for buildings, roads, bridges, and other
infrastructure. Its composition and strength are vital for determining
construction techniques and ensuring the safety and durability of structures.
Engineers study soil profiles to design stable and sustainable foundations.

9. Preservation of Cultural and Historical Records
Soil layers often contain archaeological remains such as fossils, pottery, tools,
and ancient structures. These layers help scientists and historians reconstruct
past environments, understand early human civilizations, and study climate and
ecological changes over millennia.

10.Prevents Land Degradation and Desertification
Healthy soil with good organic matter and structure resists erosion and
degradation. It supports plant cover that protects against wind and water
erosion. Sustainable soil management is key to preventing land desertification,
especially in arid and semi-arid regions.

Importance of soil in agriculture

Soil is the cornerstone of agriculture, serving as the fundamental resource that
supports crop and livestock production. It provides a medium in which plants anchor
their roots and gain access to essential nutrients and water. Without healthy, fertile
soil, agriculture cannot thrive. The fertility of the soil determined by its nutrient
content, texture, structure, and organic matter is a critical factor in determining crop
yield and quality. Nutrients such as nitrogen, phosphorus, potassium, calcium,
magnesium, and sulphur are naturally present in soil and are vital for plant growth.
These nutrients are absorbed by plant roots from the soil, making it the primary source
of nutrition for most cultivated plants.

Moreover, soil plays a vital role in water management in agriculture. It acts like
a sponge, absorbing and storing rainwater or irrigation water, and gradually making it

available to plants. This water retention capacity of soil is crucial, especially in
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regions with irregular rainfall. Good soil structure improves infiltration and minimizes
water runoff, thereby reducing erosion and increasing the efficiency of irrigation.

Soil is also home to a vast community of microorganism’s bacteria, fungi, and
other microbes which contribute to soil fertility and plant health. These organisms
decompose organic matter, recycle nutrients, and enhance the biological activity of the
soil. Some microbes even fix atmospheric nitrogen into forms that plants can use,
reducing the need for synthetic fertilizers. Another key role of soil in agriculture is its
ability to support sustainable farming practices. Techniques like crop rotation, cover
cropping, composting, and minimal tillage rely on the natural functions of soil to
improve productivity and maintain long-term soil health. Healthy soils can resist
degradation and erosion, store more carbon, and retain higher levels of moisture and
nutrients, all of which are essential for resilience in the face of climate change.
Economically, the quality of soil directly influences the productivity and profitability
of farms. Fertile soil enables higher crop yields, improves the quality of produce, and
reduces the need for chemical inputs like fertilizers and pesticides. This not only
benefits farmers by reducing input costs but also ensures a steady supply of food to
meet the growing demands of the global population. soil is not just a medium for
growing crops it is a living, dynamic system that supports the entire agricultural
ecosystem. Protecting and managing soil health is essential for ensuring food security,

economic stability, and environmental sustainability.

MULTIPLE CHOICE QUESTIONS
1. Which layer of the Earth is referred to as soil?
a. Core
b. Mantle
c. Uppermost layer of Earth’s crust
d. Atmosphere
Answer: c. Upper-most layer of Earth’s crust
2. Which process helps soil act as a carbon sink and reduce climate change?
a. Nitrogen fixation
b. Carbon sequestration
c. Soil erosion
d. Weathering

Answer: b. Carbon sequestration
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3. Which organisms present in soil help in decomposition of organic matter?
a. Fish and reptiles
b. Bacteria and fungi
c. Birds and mammals
d. Algae only
Answer: b. Bacteria and fungi

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is soil and why is it important?
Answer: Soil is the uppermost layer of the Earth’s crust made of minerals, organic
matter, water, air, and living organisms. It is formed through weathering of rocks
and decomposition of organic materials over long periods. Soil is essential
because it supports plant growth and terrestrial life. It provides nutrients, water,
and physical support to plants. Soil also regulates water movement and nutrient
cycling. It serves as a habitat for many microorganisms and insects. It helps filter
pollutants and purify water. Soil stores carbon and helps reduce climate change. It
supports ecosystems and biodiversity. Therefore, soil is one of the most valuable

natural resources on Earth.

2. Explain the importance of soil in agriculture.

Answer: Soil is the foundation of agriculture and crop production. It provides
essential nutrients such as nitrogen, phosphorus, potassium, calcium, and sulfur to
plants. Plant roots absorb these nutrients for growth and development. Soil also
stores water and supplies moisture to crops during dry periods. Good soil structure
improves water infiltration and reduces erosion. Fertile soil increases crop yield
and improves food quality. Soil microorganisms decompose organic matter and
recycle nutrients. Healthy soil reduces the need for chemical fertilizers. It supports
sustainable farming practices like crop rotation and composting. Healthy soil is
essential for long-term food security.

3. How does soil help regulate the water cycle?
Answer: Soil plays an important role in regulating the water cycle in ecosystems.
It acts like a natural sponge by absorbing rainwater and irrigation water. This
water is stored temporarily and released slowly to plants. Soil allows water to
infiltrate underground and recharge groundwater reserves. It reduces surface

runoff during heavy rainfall. This helps in preventing floods and soil erosion.
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Moisture stored in soil supports plant growth during dry periods. Soil also helps
maintain water availability in rivers and lakes. Good soil structure improves water
retention capacity. Thus, soil is essential for water conservation and ecosystem

balance.

02-01-02: TYPES OF SoIL
Types of soil

Soil is a natural body made up of mineral particles, organic materials, water,
and air. It plays a vital role in supporting life by providing nutrients, water, and a
medium for plant growth. Soils vary widely in texture, structure, moisture retention,

and fertility depending on their composition and formation process. The major types

of soil are sandy, clayey, loamy, silty, peaty, and saline/alkaline shown in fig.02-01.02

Loam Clny Soncy St

well-draining gets waterlogged drains quickly easily compacted
holds moisture holds nutrients holds fewer nutrients fertile

Fig.02-01.02. Types of soil

(Source: https://www.ksgindia.com/blog/indian-soil.html)
1. Sandy Soil

Sandy soil is composed of large, coarse particles derived from weathered rocks like
granite, quartz, and sandstone. It has a gritty texture and is one of the lightest and
driest soil types. Due to the large particle size, sandy soil has large pore spaces,
resulting in quick drainage and low water retention. While this helps prevent
waterlogging, it also means the soil cannot retain nutrients effectively, making it less
fertile. Sandy soil is easy to work with and warms up quickly in spring, which helps in
early planting. However, it requires frequent watering and fertilization to support
healthy plant growth. It is most suitable for drought-resistant and deep-rooted crops

EVSM301: Air & Soil Quality 122



such as groundnuts, potatoes, carrots, and watermelon. Improving its structure with

organic compost or mulching helps retain moisture and increase fertility.
2. Clayey Soil

Clayey soil is made up of very fine mineral particles and has a smooth, sticky texture
when wet. It is one of the heaviest and most compact soil types, with little air space
between particles. This structure allows it to retain water for long periods, making it
ideal for crops that require consistent moisture. However, poor drainage and aeration
can lead to waterlogging and root suffocation. When dry, it becomes hard and may
form deep cracks. Clayey soil is naturally rich in essential nutrients like potassium,
iron, and calcium, contributing to its high fertility. It supports crops such as rice,
wheat, sugarcane, and cotton. Though difficult to manage, proper tilling, the addition

of sand, and organic matter can greatly improve its structure and productivity.
3. Loamy Soil

Loamy soil is considered the most fertile and ideal soil type for agriculture. It contains
an almost balanced mixture of sand, silt, and clay, combining the advantages of each
component. This soil has a soft, crumbly texture and excellent water-holding capacity
while still allowing excess water to drain. It also has good aeration and is rich in
humus, which enhances soil structure and fertility. Loamy soil supports deep root
growth, provides essential nutrients, and retains moisture, making it perfect for a wide
range of crops. Farmers prefer it for cultivating vegetables, cereals, pulses, oilseeds,
and fruits. Due to its structure, it is easy to plough, till, and manage. Regular addition

of compost and crop rotation helps maintain the fertility and health of loamy soil.
4. Silty Soil

Silty soil is finer than sandy soil and feels smooth or soapy to the touch. It contains
medium-sized particles that are smaller than sand but larger than clay, offering a
balance between moisture retention and drainage. This soil type is fertile and rich in
nutrients, making it beneficial for plant growth. However, it tends to compact easily,
which can reduce air circulation and water infiltration. Silty soil forms crusts when
dry and is vulnerable to erosion if not protected by vegetation or mulching. It is
suitable for crops like maize, rice, sugarcane, and pasture grasses, especially when
located near riverbanks or lowland areas. To enhance its structure and prevent

compaction, adding organic matter such as compost or green manure is recommended.
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5. Peaty Soil
Peaty soil is dark brown or black in color and contains a high percentage of organic

matter, primarily from decayed plant material. It is found mostly in marshy and cold,
humid regions where the decomposition rate is slow due to low temperatures and poor
drainage. This soil has a soft, spongy feel and retains a large amount of moisture.
While peaty soil is rich in humus, it is often acidic, which can limit the availability of
certain nutrients. Liming is usually required to neutralize the acidity and make it
suitable for agriculture. With proper treatment, peaty soil becomes highly productive
and supports crops such as tea, spices, carrots, lettuce, and other root vegetables. It is

also used in horticulture and floriculture due to its high organic content.
6. Saline and Alkaline Soil

Saline and alkaline soils are found in arid and semi-arid regions where high
evaporation rates and poor drainage lead to the accumulation of salts on the soil
surface. These soils often have a white or greyish crust and are either salty (saline) or
have a high pH (alkaline), both of which inhibit plant growth. Saline soil contains
soluble salts like sodium chloride and sulphate, while alkaline soil is dominated by
sodium carbonate and has a poor structure that resists water infiltration. These soils
are low in fertility and microbial activity, and they are not suitable for most
conventional crops without treatment. However, with reclamation techniques like
gypsum application, deep ploughing, good drainage, and the use of organic
amendments, their productivity can be restored. After treatment, salt-tolerant crops

like barley, sugar beet, date palm, and certain grasses can be grown successfully.

MULTIPLE CHOICE QUESTIONS
1. Which soil type is considered the most fertile and best for agriculture?
a. Sandy Soil
b. Clayey Soil
c. Loamy Soil
d. Saline Soil
Answer: c. Loamy Soil
2. Which soil type has large particles and drains water very quickly?
a. Clayey Soil
b. Sandy Soil
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c. Peaty Soil
d. Silty Soil
Answer: b. Sandy Soil
3. Which soil type contains a high amount of organic matter and is usually
acidic?
a. Peaty Soil
b. Loamy Soil
c. Saline Soil
d. Clayey Soil
Answer: a. Peaty Soil

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Why is Loamy Soil considered best for agriculture?
Answer: Loamy soil is considered the most fertile soil because it contains a
balanced mixture of sand, silt, and clay. It combines the advantages of all three
components. It has excellent water-holding capacity but also allows proper
drainage. The soil contains humus, which increases fertility and improves
structure. It provides sufficient oxygen to plant roots for healthy growth. It
supports deep root development and nutrient absorption. Farmers prefer loamy soil
because it is easy to plough and manage. It is suitable for vegetables, cereals,
fruits, and pulses. Crop rotation and composting help maintain its fertility. It is the

ideal soil for agriculture.

2. What are the properties of Peaty Soil?
Answer: Peaty soil is dark brown or black in color and contains a high amount of
organic matter. It forms mainly in marshy and humid regions where decomposition
occurs slowly. It has a soft and spongy texture because of decayed plant material.
This soil can hold large amounts of water for long periods. Peaty soil is rich in
humus, which improves fertility. However, it is usually acidic and may reduce
nutrient availability to plants. Liming is often used to reduce acidity. It is suitable
for crops like tea, spices, carrots, and lettuce. It is also useful in horticulture and

floriculture. Proper treatment makes it highly productive.

3. Explain Saline and Alkaline Soil.
Answer: Saline and alkaline soils are found mainly in dry and semi-arid regions.

These soils develop when salts accumulate due to poor drainage and high
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evaporation. Saline soil contains soluble salts such as sodium chloride and
sulphates. Alkaline soil contains sodium carbonate and has high pH levels. These
conditions reduce plant growth and lower soil fertility. Such soils often have poor
microbial activity and poor water infiltration. They are unsuitable for many crops
without treatment. Reclamation methods include gypsum application and deep
ploughing. Organic matter improves their structure and productivity. Salt-tolerant
crops like barley and sugar beet can grow after treatment.

02-01-03: SOIL HORIZONS; SOIL TEXTURE & STRUCTURE.

Soil Profile and soil horizons

A soil profile is a vertical section of the earth’s soil that displays all of the layers or
horizons present in a particular soil. It represents the complete sequence of soil
horizons from the surface to the unaltered bedrock beneath. Just like the pages of a
book tell a story, a soil profile tells the story of the soil's formation, development, and
evolution over time. By examining a soil profile, scientists and agriculturists can
understand the physical, chemical, and biological characteristics of the soil. This helps
in determining the soil’s fertility, texture, drainage capacity, and potential use in

agriculture, forestry, or construction. Fig.02-01.03 shows soil horizon and soil profile
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Fig.02-01.03 Soil Horizon and Soil Profile

(Source:https://studywrap.com/soil-profile-characteristics-types-of-soil-in-india-soil-
profile-defination-soil-charactersitcs-soil horizon)

EVSM301: Air & Soil Quality 126



Each layer in the profile differs in properties such as color, texture, moisture
content, organic matter, mineral composition, and biological activity. Typically, a
well-developed soil profile consists of six main horizons: O, A, E, B, C, and R. These
layers are the result of thousands of years of natural processes such as weathering,
leaching, organic matter accumulation, and biological interactions. The soil profile
provides crucial information about the environmental history of the region, including

past vegetation, climate patterns, and human activities.
Soil Horizons

Soil horizons are the distinct layers of the soil profile, formed over time by
physical, chemical, and biological processes such as weathering, leaching,
accumulation of materials, and organic decomposition. Each horizon has unique

properties in terms of color, texture, composition, structure, and thickness.

» O Horizon: The Organic Layer

The O horizon is the topmost layer of the soil profile and is rich in organic matter. It is
composed primarily of decomposed and partially decomposed plant and animal
remains, such as leaves, twigs, and insects. This layer is dark in color due to the high
amount of humus, a substance formed from the decomposition of organic material. The
O horizon plays a vital role in nutrient cycling and supports a wide variety of soil
organisms, including bacteria, fungi, earthworms, and insects. It is particularly
prominent in forested and grassland ecosystems, where litter from trees and plants

accumulates regularly.

» A Horizon: The Topsoil

Just beneath the O horizon lies the A horizon, commonly referred to as topsoil. This is
the most fertile and biologically active layer of the soil. It contains a mixture of
minerals and decomposed organic matter, making it ideal for plant growth. This is the
layer where most roots are found, and it supports a high population of microorganisms
and soil fauna. Due to its fertility and loose texture, it is the layer most affected by
human activities such as farming, gardening, and landscaping. Topsoil is critical for

agriculture and is often removed or degraded due to erosion and overuse.

» E Horizon: The Eluviation Layer
The E horizon is a lighter-colored layer found beneath the A horizon in some well-
developed soils. The letter ‘E’ stands for eluviation, which refers to the leaching or
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washing out of minerals and nutrients such as clay, iron, and aluminium by water. As
these materials are transported downward, the E horizon becomes pale or ashy in
appearance and relatively poor in nutrients. It is typically found in forest soils,
especially in temperate and humid regions, where rainfall promotes significant
leaching. Though not always present, when it does occur, it marks an important

transition between topsoil and subsoil.

» B Horizon: The Subsoil

The B horizon, also known as the subsoil, lies beneath the A or E horizon. This layer
is the zone of accumulation, where materials leached from the upper layers such as
clay, iron, aluminium oxides, and organic compounds are deposited. This process is
known as illuviation. The B horizon is typically denser, more compact, and less fertile
than the A horizon, though it may still support deeper roots of trees and large plants. It
often has a reddish or brownish color due to the presence of iron oxides. While not as
biologically active as the topsoil, it plays a role in the storage and movement of water

and minerals.

» C Horizon : The Parent Material

Beneath the B horizon lies the C horizon, which consists of weathered parent material
such as partially disintegrated rocks and minerals. This layer is only slightly affected
by soil-forming processes and contains little to no organic matter. The parent material
in this horizon determines the mineral content and texture of the soil above. It may
consist of glacial deposits, alluvium, volcanic ash, or bedrock fragments, depending
on the location. This horizon serves as the base from which the upper soil layers

gradually develop through processes like weathering and biological activity.

» R Horizon : The Bedrock

The R horizon is the unweathered bedrock found at the bottom of the soil profile. It
consists of hard, consolidated rock such as granite, basalt, limestone, or sandstone.
This layer is not considered part of the soil in the true sense, as it is unaffected by
soil-forming processes and has no biological activity. However, over geological time,
the R horizon can undergo weathering and contribute to the formation of the C
horizon. It forms the foundation of the soil profile and is significant for understanding

geological structure and landform stability.
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Soil Texture

Soil texture is the relative proportion of mineral particles of different sizes in the soil.
It is one of the most fundamental physical properties of soil and plays a key role in
determining how the soil behaves under various environmental and management
conditions. The mineral particles are classified into three main types based on their

diameter:
e Sand (0.05 mm to 2 mm): Coarse particles, feel gritty to touch.
e Silt (0.002 mm to 0.05 mm): Medium-sized particles, feel smooth or floury.
e Clay (<0.002 mm): Very fine particles, feel sticky and plastic when moist.

The combination of these three components determines the soil's textural class, such
as sandy loam, silty clay, or loam. Loam is considered ideal for most crops because it
has a balanced texture that allows both water retention and drainage. A soil texture
triangle is used to determine the textural class by plotting the percentages of sand, silt,
and clay. Texture directly influences the soil's porosity, permeability, water holding

capacity, nutrient availability, and ease of tillage. For example:

e Sandy soils have large pores, leading to rapid drainage and low water-holding
capacity. These soils warm up quickly in spring but require frequent irrigation

and fertilization.

o Clay soils have very small pores, leading to slow drainage but high nutrient and

water retention. However, they can be hard to till and may compact easily.

e Silty soils hold more water and nutrients than sandy soils but may have poor

drainage if compacted. Soil textural triangle shown in fig.26
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Fig.02-01.04 Soil Textural Triangle
(Source: https://soilsensor.com/articles/soil-textures/)

Soil texture is inherent and unchangeable by ordinary agricultural practices, although

adding organic matter or mixing soils can temporarily modify the effects of texture.
Soil Structure

Soil structure refers to the way individual soil particles bind together to form
aggregates or "peds". These aggregates form as a result of natural processes such as
wetting and drying, root growth, microbial activity, and organic matter decomposition.
Unlike soil texture, soil structure is not permanent and can be improved or degraded
by human activities like tillage, irrigation, or compaction. Soil aggregates vary in
shape and size, and their arrangement is classified into different types of structures

and fig.27 shows soil structure.
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e Granular (crumb): Small, rounded aggregates, common in surface soils rich in

organic matter. Excellent for root growth and water infiltration.

o Blocky: Irregular blocks, common in subsoils. Can be good or poor depending

on aggregation and compaction.

o Platy: Thin, flat plates of soil stacked horizontally. Often the result of

compaction, and restricts water movement and root penetration.

e Prismatic or Columnar: Vertical structures usually found in subsoil with high

clay content.

Examples of Soil Structure Types

Granular Blocky
- (Subangular) (Angular)

T ——

(Soil aggregates)

Lenticular

— =
Columnar
Wedge
7
Structureless Types
Single Grain Massive
(Loose mineral/rock grains) (Continuous, unconsolidated mass)

Fig.02-01.05. Soil Structure
(Source:https://geo.libretexts.org/Bookshelves/Soil_Science/Soils_Laboratory_Manual_%28
Moorberg_and_Crouse%29/03%3A_Soil_Physics/03.1%3A_Soil_Texture_and_Structure)

Good soil structure allows water to infiltrate easily, provides adequate air space for
root respiration, supports microbial life, and enhances overall soil health. Conversely,
poor soil structure may lead to problems such as waterlogging, erosion, crusting, and

poor root development.

Factors that influence and improve soil structure include:
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+ Organic matter: Acts as a binding agent, encourages aggregation.

+ Soil organisms: Earthworms, fungi, and bacteria play a vital role in forming

and stabilizing soil structure.

+ Avoiding over-tillage: Excessive tilling breaks down aggregates and can lead

to compaction and erosion.
+ Proper irrigation and drainage: Prevents soil crusting and waterlogging.

Soil structure plays a critical role in soil fertility, as it directly influences the
movement of air, water, and nutrients within the soil profile, as well as the ease with
which roots can grow and explore their environment. Soil texture and structure are
essential physical characteristics that govern the productivity and health of soils.
While texture is an inherent property that determines the soil’s basic capabilities,
structure is a dynamic property that can be managed and improved over time.
Together, they influence key aspects like aeration, water movement, nutrient
dynamics, root growth, microbial activity, and ultimately plant productivity. A deep
understanding of both helps in making informed decisions in agriculture, forestry,

horticulture, and land management practices.

MULTIPLE CHOICE QUESTIONS
1. Which soil type is considered the most fertile and best for agriculture?
a. Sandy Soil
b. Clayey Soil
c. Loamy Soil
d. Saline Soil
Answer: c. Loamy Soil
2. Which soil type has large particles and drains water very quickly?
a. Clayey Soil
b. Sandy Soil
c. Peaty Soil
d. Silty Soil
Answer: b. Sandy Soil
3. Which soil type contains a high amount of organic matter and is usually
acidic?

a. Peaty Soil
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b. Loamy Soil
c. Saline Soil
d. Clayey Soil
Answer: d. Clayey Soil

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1.

3.

Explain the characteristics of Sandy Soil.

Answer: Sandy soil is made up of large and coarse mineral particles formed from
weathered rocks. It has a rough and gritty texture and is one of the lightest soil
types. Due to large pore spaces, water drains very quickly through sandy soil. It
has low water retention capacity and cannot hold nutrients for long periods. As a
result, sandy soil is generally less fertile. It warms up quickly, making it suitable
for early planting. Farmers need frequent irrigation and fertilizer application. It is
suitable for crops like potatoes, carrots, groundnuts, and watermelon. Organic
compost improves its moisture retention. Sandy soil is ideal for drought-resistant
crops.

Describe Clayey Soil and its importance in agriculture.

Answer: Clayey soil contains very fine mineral particles and has a sticky texture
when wet. It is heavy and compact because particles are closely packed together.
This soil can retain water for long periods, making it useful for crops needing
continuous moisture. However, poor drainage can cause waterlogging and reduce
oxygen supply to roots. When dry, clayey soil becomes hard and develops cracks.
It is naturally rich in nutrients such as calcium, potassium, and iron. This makes it
highly fertile for farming. It is suitable for crops like rice, wheat, sugarcane, and
cotton. Proper tilling improves aeration and drainage. It is one of the most
nutrient-rich soils.

Why is Loamy Soil considered best for agriculture?

Answer: Loamy soil is considered the most fertile soil because it contains a
balanced mixture of sand, silt, and clay. It combines the advantages of all three
components. It has excellent water-holding capacity but also allows proper
drainage. The soil contains humus, which increases fertility and improves
structure. It provides sufficient oxygen to plant roots for healthy growth. It
supports deep root development and nutrient absorption. Farmers prefer loamy soil

because it is easy to plough and manage. It is suitable for vegetables, cereals,

EVSM301: Air & Soil Quality 133



fruits, and pulses. Crop rotation and composting help maintain its fertility. It is the
ideal soil for agriculture.
4. What are the properties of Peaty Soil?

Answer: Peaty soil is dark brown or black in color and contains a high amount of
organic matter. It forms mainly in marshy and humid regions where decomposition
occurs slowly. It has a soft and spongy texture because of decayed plant material.
This soil can hold large amounts of water for long periods. Peaty soil is rich in
humus, which improves fertility. However, it is usually acidic and may reduce
nutrient availability to plants. Liming is often used to reduce acidity. It is suitable
for crops like tea, spices, carrots, and lettuce. It is also useful in horticulture and
floriculture. Proper treatment makes it highly productive.

SUMMARY

Soil is the top layer of the Earth’s surface that plays a vital role in both ecosystems
and agriculture. It supports plant growth, provides habitat for organisms, and
contributes to essential processes like nutrient cycling, water filtration, and carbon
storage. In agriculture, soil is indispensable for crop production, supplying nutrients
and moisture while anchoring plant roots. Soils vary in type such as alluvial, black,
red, laterite, desert, and mountain soils each with unique characteristics that determine
their fertility and crop suitability. Understanding these types is important for effective
land use and sustainable farming. A soil profile is made up of different layers called
horizons: the O Horizon (organic matter), A Horizon (topsoil), B Horizon (subsoil), C
Horizon (weathered parent material), and R Horizon (bedrock). These layers differ in

texture, composition, and function, influencing soil behaviour and productivity.

END OF UNIT EXERCISES

1) Describe the structure of a soil profile and its horizons.

2) What is soil texture and how does it affect plant growth?

3) Explain the concept of soil structure and its significance.

4) What are the roles of soil organisms in maintaining soil health?

5) How does soil contribute to carbon sequestration and climate regulation?
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UNIT 02-02: SOIL NUTRIENTS

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to

% Explain the roles and functions of essential nutrients in plant growth and how
soil properties such as pH, lime content, and soluble salts influence nutrient

availability.

s Apply knowledge of soil chemistry to interpret soil test reports and recommend

suitable nutrient and lime amendments for enhancing soil fertility.

X/
°e

Analyze the interactions between various soil components (e.g., silica, salts,
pH) and nutrient uptake efficiency in different soil types.

INTRODUCTION

Soil nutrients are essential chemical elements that plants require for growth,
reproduction, and overall physiological functions. These nutrients are either absorbed
directly from the soil solution or derived through chemical interactions within the soil
environment. The availability and balance of nutrients in the soil determine plant
health, crop yield, and long-term soil fertility. One of the primary factors influencing
nutrient availability is soil pH, which affects the solubility of many essential elements.
A slightly acidic to neutral pH is generally optimal for most crops, as extreme pH
levels can lead to nutrient deficiencies or toxicities. To correct acidic soils, lime
(usually calcium carbonate) is applied to raise pH and improve nutrient uptake.
Another important but often overlooked component is silica (Si), which, although not
universally classified as essential, enhances structural integrity in plants and improves
their resistance to diseases and environmental stresses. Soluble salts refer to the
concentration of dissolved ions such as sodium, potassium, chloride, and nitrate in the
soil. While these are necessary for plant nutrition, excessive levels can lead to salinity
issues, negatively affecting plant growth and microbial activity. Plant nutrients are
divided into two broad categories: macronutrients and micronutrients, based on the
quantities needed by plants. Macronutrients include elements like nitrogen (N), which
is vital for leaf development and chlorophyll synthesis; phosphorus (P), which plays a
key role in root development and energy transfer; and potassium (K), which is
important for stomatal regulation, enzyme activation, and resistance to pests and

diseases. These nutrients are required in large amounts and are often supplemented
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through fertilizers to maintain soil fertility. Micro-nutrients are required in minute
amounts but are equally critical for plant function. These include sulphur (S),
necessary for amino acid and protein synthesis; manganese (Mn), involved in
photosynthesis and enzyme activation; iron (Fe), crucial for the formation of
chlorophyll and electron transport in photosynthesis; and zinc (Zn), which influences
growth hormone production and enzyme systems. Deficiency or excess of any of these
nutrients can result in visible symptoms in plants, such as chlorosis, stunted growth, or
poor yield. Soil nutrient dynamics is fundamental for effective soil management,
precision agriculture, and environmental sustainability. Regular soil testing, balanced
fertilization, and appropriate soil amendments help ensure that plants receive adequate

nutrition while preserving soil health for future generations.

02-02-01: SoIL NUTRIENTS

Soil Nutrients

Soil nutrients are chemical elements present in the soil that are essential for the
growth, development, and reproduction of plants. Plants absorb these nutrients mainly
through their roots in dissolved ionic form along with water. These nutrients support
various physiological processes such as photosynthesis, respiration, enzyme
activation, cell division, and protein synthesis. Based on the quantity required by
plants, soil nutrients are classified into macronutrients and micronutrients.
Macronutrients are required in large quantities and include nitrogen, phosphorus, and
potassium, which are responsible for leaf growth, root development, flowering, and
overall plant vigor. Secondary nutrients such as calcium, magnesium, and sulfur help
in cell wall formation and metabolic activities. Micronutrients like iron, zinc, copper,
boron, manganese, and molybdenum are required in smaller quantities but are equally
important for enzyme functions and plant health. Apart from these nutrients, soil
chemical properties such as pH, lime content, silica, and soluble salts strongly
influence nutrient availability, soil fertility, and crop productivity. Proper nutrient
balance in soil is essential for healthy plant growth and sustainable agricultural
production.

Soil pH
Soil pH refers to the measure of acidity or alkalinity of the soil and is expressed on a

scale ranging from 0 to 14, where 7 is neutral, values below 7 indicate acidic soil, and
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values above 7 indicate alkaline soil. Soil pH is one of the most important factors
affecting plant growth because it determines the availability of nutrients in the soil.
Most crops grow best in slightly acidic to neutral soils with a pH range of 6.0 to 7.5,
as this range provides ideal conditions for nutrient solubility, root absorption, and
microbial activity. In acidic soils, essential nutrients such as phosphorus, calcium, and
magnesium become chemically fixed and unavailable to plants, while toxic metals like
aluminium and manganese become more soluble and can damage roots. In alkaline
soils, important micronutrients such as iron, zinc, and manganese become less
available, resulting in nutrient deficiencies and poor plant growth. Soil pH also affects
beneficial microorganisms that decompose organic matter and participate in nitrogen
fixation. Therefore, maintaining proper soil pH is crucial for preserving soil fertility,

supporting healthy crop growth, and ensuring better agricultural productivity.
Lime (Calcium Carbonate)

Lime is a common soil amendment mainly composed of calcium carbonate (CaCOs)
and is widely used to correct soil acidity. When soils become too acidic due to factors
such as heavy rainfall, fertilizer application, or nutrient leaching, lime is added to
neutralize excess acidity and raise the soil pH to a more suitable level for plant
growth. By increasing soil pH, lime improves the availability of essential nutrients and
creates favourable conditions for root development and beneficial soil
microorganisms. Lime also helps improve soil structure by reducing compaction and
promoting the decomposition of organic matter, which increases aeration and water
movement within the soil. Another important benefit of lime is that it provides
calcium, an essential nutrient that strengthens plant cell walls and supports healthy
root and shoot growth. In some cases, dolomitic lime is used because it contains both
calcium and magnesium, supplying two important nutrients simultaneously. Lime
application is particularly important in areas with heavy rainfall where continuous

leaching gradually makes the soil acidic and less fertile.
Silica (Silicon Dioxide)

Silica, chemically known as silicon dioxide (SiOz), is naturally present in most soils
and has recently been recognized as a beneficial element for plant growth. Although it
is not traditionally considered an essential nutrient for all plants, silica plays an

important role in improving the strength and resistance of many crops, especially
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grasses and cereals such as Rice, wheat, and sugarcane. Silicon absorbed by plants
becomes deposited in plant tissues and strengthens cell walls, making stems more rigid
and reducing the risk of lodging, where plants bend or fall due to weak support. Silica
also helps plants resist pests, fungal diseases, and insect attacks by creating a
protective barrier within plant tissues. It increases tolerance to environmental stresses
such as drought, salinity, high temperatures, and heavy metal toxicity. Additionally,
silica improves photosynthetic efficiency, promotes better nutrient utilization, and
contributes to increased crop yield and productivity. Although natural soils usually
contain sufficient silica, continuous intensive cultivation and repeated harvesting can

gradually reduce its availability, especially in heavily farmed agricultural lands.
Soluble Salts

Soluble salts in soil refer to mineral salts that dissolve in soil water and include ions
such as sodium (Na*), calcium (Ca%"), magnesium (Mg?*), chloride (CI"), sulphate
(S04%7), and nitrate (NOs"). In small amounts, these salts are beneficial because they
provide essential nutrients required for plant growth and help maintain osmotic
balance within plant cells. However, when soluble salts accumulate excessively, they
cause a condition known as soil salinity, which can seriously affect crop growth and
agricultural productivity. High salt concentration in the soil creates osmotic stress,
making it difficult for plant roots to absorb water even when moisture is present.
Excess sodium is particularly harmful because it causes soil particles to disperse,
destroying soil structure and reducing water infiltration, aeration, and root penetration.
Soil salinity is commonly measured using electrical conductivity (EC), where high EC
values indicate excessive salt accumulation. Salinity problems are especially common
in arid and semi-arid regions where evaporation rates are high and drainage is poor. To
control excess soluble salts, farmers use proper irrigation practices, improve drainage
systems, apply gypsum to reduce sodium effects, and cultivate salt-tolerant crops.
Effective management of soluble salts is essential for maintaining soil fertility,
protecting crop health, and ensuring long-term agricultural sustainability.

MULTIPLE CHOICE QUESTIONS

1. Which of the following is a primary macronutrient required by plants in large
guantities?
a. lron
b. Zinc
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c. Nitrogen
d. Copper
Answer: c. Nitrogen
2. Soil pH between which range is considered ideal for most crop growth?
a. —4.5

b. —7.5
c. 85-95
d. 10.0-12.0

Answer: b.6.0-7.5
3. Excess accumulation of soluble salts in soil causes which condition?
a. Soil erosion
b. Soil salinity
c. Soil compaction
d. Soil aeration

Answer: b. Soil salinity

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain Soil Nutrients.
Answer: Soil nutrients are chemical elements present in soil that are essential for
plant growth and development. Plants absorb these nutrients mainly through roots
in dissolved form along with water. Nutrients help in important processes such as
photosynthesis, respiration, protein synthesis, and cell division. They are
classified into macronutrients and micronutrients. Macronutrients include
nitrogen, phosphorus, and potassium, required in large amounts. Secondary
nutrients include calcium, magnesium, and sulfur. Micronutrients such as iron,
zinc, copper, boron, and manganese are needed in small quantities. These nutrients
maintain plant health and growth. Soil fertility depends on the proper balance of
nutrients. Balanced nutrients are essential for sustainable agricultural production.

2. What is Soil pH and why is it important?
Answer: Soil pH is the measure of acidity or alkalinity of soil on a scale of 0 to
14. A pH of 7 is neutral, below 7 is acidic, and above 7 is alkaline. Soil pH
controls the availability of nutrients for plants. Most crops grow best in soil with
pH between 6.0 and 7.5. In acidic soil, nutrients like phosphorus and calcium

become unavailable. Toxic metals like aluminium may become more soluble and
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harm roots. In alkaline soils, micronutrients such as iron and zinc become less
available. Soil pH also affects beneficial microorganisms. Proper pH improves
nutrient absorption and crop productivity. Maintaining soil pH is important for soil
fertility.
3. Write a short note on Soluble Salts in Soil.

Answer: Soluble salts are mineral salts present in soil water in dissolved form.
Common salts include sodium, calcium, magnesium, chloride, sulphate, and nitrate
ions. In small amounts, these salts provide nutrients required for plant growth.
Excess accumulation causes soil salinity, which reduces crop productivity. High
salt concentration creates osmotic stress and prevents roots from absorbing water.
Excess sodium damages soil structure and reduces aeration. Soil salinity is
measured by electrical conductivity (EC). Salinity problems are common in dry
regions with poor drainage. Proper irrigation and drainage help control excess
salts. Managing soluble salts is important for maintaining healthy soil and

sustainable agriculture.

02-02-02: MACRONUTRIENTS

Macronutrients are essential mineral nutrients that plants require in relatively
large quantities for proper growth, development, reproduction, and completion of their
life cycle. These nutrients are directly involved in important physiological and
biochemical processes such as photosynthesis, respiration, energy transfer, enzyme
activation, cell division, and the synthesis of organic compounds. Among the various
nutrients required by plants, the three primary macronutrients are Nitrogen (N),
Phosphorus (P), and Potassium (K), commonly referred to as NPK. These nutrients are
considered primary because plants require them in the highest amounts and
deficiencies can significantly reduce growth, crop yield, and overall plant health.
Balanced availability of macronutrients is essential for maintaining soil fertility and

achieving healthy agricultural production.
Nitrogen (N)

Nitrogen is one of the most essential macronutrients required by plants and plays a
fundamental role in their growth and development. It is a major component of amino
acids, which are the building blocks of proteins, and is also necessary for the

formation of nucleic acids (DNA and RNA) that control genetic functions and cell

EVSM301: Air & Soil Quality 142



division. Nitrogen is an important constituent of chlorophyll, the green pigment
responsible for photosynthesis, through which plants convert sunlight into chemical
energy. Adequate nitrogen availability promotes vigorous vegetative growth,
particularly the development of healthy leaves and stems, resulting in rapid plant
growth, increased leaf area, and improved crop productivity. Nitrogen is especially
important during the early stages of plant development because it stimulates cell
division and tissue formation. When plants suffer from nitrogen deficiency, their
growth becomes stunted and older leaves begin to turn pale green or yellow, a
condition known as chlorosis, because nitrogen is transferred from older tissues to
younger growing parts. Severe nitrogen deficiency can reduce flowering, fruit
development, and final crop yield. Since nitrogen is highly mobile in the soil, it is
easily lost through processes such as leaching, where water carries nitrogen below the
root zone, and volatilization, where nitrogen escapes into the atmosphere as gaseous
compounds. To maintain sufficient nitrogen levels in soil, it is commonly supplied
through fertilizers such as urea, ammonium nitrate, ammonium sulphate, and organic
sources like compost, farmyard manure, green manure, and decomposed plant
material. Proper nitrogen management is therefore essential for maintaining soil

fertility and ensuring healthy plant growth.
Phosphorus (P)

Phosphorus is another major macronutrient that plays a vital role in several metabolic
and energy-related processes within plants. Its primary function is involvement in
energy transfer mechanisms, particularly through ATP (Adenosine Triphosphate),
which serves as the main energy carrier in plant cells. ATP provides energy for various
biological activities such as nutrient absorption, cell division, respiration, and
photosynthesis. Phosphorus is essential for root development, particularly during the
early stages of plant growth, as it stimulates strong and extensive root formation that
helps plants absorb water and nutrients efficiently. It also plays a critical role in
flowering, seed formation, fruit development, and crop maturity, making it highly
important for reproductive growth. In addition, phosphorus is an important component
of DNA, RNA, and cell membranes, contributing to proper genetic functioning and
healthy cell structure. One major challenge with phosphorus is that it often becomes
chemically fixed in soil, especially in highly acidic or alkaline conditions, making it

unavailable for plant uptake even when present in sufficient amounts. Deficiency of
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phosphorus causes plants to grow slowly, develop weak root systems, and show
purplish discoloration of leaves, particularly older leaves, due to the accumulation of
anthocyanin pigments. Plants may also show delayed flowering and delayed maturity,
reducing crop yield. Phosphorus is commonly supplied through fertilizers such as
Diammonium Phosphate (DAP), Single Superphosphate (SSP), and Triple
Superphosphate (TSP). Adequate phosphorus supply is important for strong root
development, reproductive growth, and improved crop production.

Potassium (K)

Potassium is the third major macronutrient required by plants in large quantities
and is essential for maintaining many physiological processes related to plant health
and productivity. Unlike nitrogen and phosphorus, potassium does not become part of
plant structural compounds, but it plays a critical role in regulating water balance
within plant cells by controlling the opening and closing of stomata, the small pores
present on leaves. Through this regulation, potassium helps plants control water loss
and improves tolerance to drought conditions. Potassium is also responsible for
activating more than sixty different enzymes involved in photosynthesis, protein
synthesis, carbohydrate metabolism, and respiration. It strengthens plant tissues and
improves stem rigidity, reducing the risk of lodging in crops. Another important
function of potassium is increasing resistance against plant diseases, insect attacks,
and environmental stresses such as heat, drought, frost, and salinity. In fruit and
vegetable crops, potassium improves fruit size, color, taste, sugar content, texture, and
shelf life, thereby increasing market quality. Potassium deficiency causes
characteristic symptoms such as yellowing or scorching of leaf margins, weak stems,
reduced growth, poor root development, and low-quality fruits or grains. Crops
lacking sufficient potassium often become more susceptible to diseases and
unfavourable environmental conditions. Potassium is commonly supplied through
fertilizers such as Muriate of Potash (KCI) and Sulphate of Potash (K.SO.). Proper
potassium management is essential for maintaining plant health, improving crop
quality, and increasing resistance to stress conditions. Fig. 02-02.01 shows the
functions of macronutrients in plant growth and development. Potassium plays a key
role in regulating water balance in plant cells and activating various enzymes. It
strengthens plant tissues, enhances resistance to diseases and environmental stress,

and improves fruit size, color, and shelf life. A deficiency of potassium results in leaf
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scorching, weak stems, and poor fruit quality. Potassium is supplied to crops using
muriate of potash (KCI) and sulphate of potash (K.SO.).

* Functions of macronutrients

\

-2
NITROGEN (N)

* Involved in photosynthesis

\. Promotes vegetative growth

- N
PHOSPHORUS (P)

* Stimulates root development
* Promotes maturity

4
/e B
POTASSIUM (K)

* Improves quality of fruits
* Increases disease resistance

- N
MAGNESIUM (Mg)

* Regulates uptake of other
nutrients

* Key nutrient in chicrophyll
production (green plants)

/SULFUR (s) b

* Promotes nodule formation
on legumes
* Aids in root growth and seed
\_ formation Y,

7
CALCIUM (Ca) h

* Increases fruit setting
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TIP BOX:

GOOD WATER MANAGEMENT
ensures
GOOD PLANT NUTRITION.

Fig.02-02.01 Functions of Macronutrients
(Source: /DIASgeneralStudies/posts/macronutrients-and-micronutrients-in-plants-brief-
outlinemacronutrients-as-the-n/729621782627767/)

MULTIPLE CHOICE QUESTIONS
1. Which of the following macronutrients is a major component of chlorophyll
and proteins in plants?
a. Potassium
b. Nitrogen
c. Phosphorus
d. Calcium
Answer: b. Nitrogen

2. Which nutrient plays a major role in ATP formation and energy transfer in

plants?
a. Nitrogen
b. Sulfur
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c. Phosphorus
d. Magnesium
Answer: c. Phosphorus
3. Potassium mainly helps plants in:
a. Root development and seed formation
b. Protein synthesis and chlorophyll formation
c. Water regulation and disease resistance
d. DNA formation only

Answer: c. Water regulation and disease resistance

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain the role of Nitrogen in plant growth.
Answer: Nitrogen is one of the most essential macronutrients required by plants
for growth and development. It is a major component of amino acids, proteins,
DNA, and RNA. Nitrogen is also an important part of chlorophyll, which helps
plants perform photosynthesis. It promotes vigorous vegetative growth, especially
healthy leaves and stems. Nitrogen supports cell division and tissue formation
during early growth stages. Deficiency of nitrogen causes stunted growth and
yellowing of older leaves (chlorosis). Severe deficiency reduces flowering and
fruit development. Nitrogen can be lost from soil through leaching and
volatilization. It is supplied through fertilizers like urea and ammonium sulphate.

Proper nitrogen management improves crop productivity.

2. Describe the importance of Phosphorus in plants.
Answer: Phosphorus is an important macronutrient involved in energy transfer
within plants. It forms part of ATP, which stores and transfers energy for
biological activities. Phosphorus helps in strong root development, especially
during early plant growth. It is essential for flowering, seed formation, fruit
development, and crop maturity. It is also a component of DNA, RNA, and cell
membranes. Phosphorus deficiency causes slow growth and weak root systems.
Leaves may develop a purplish color due to anthocyanin accumulation. It can
become chemically fixed in acidic or alkaline soils. Fertilizers like DAP and SSP
provide phosphorus. Adequate phosphorus improves reproductive growth and crop

yield.
3. Write the functions of Potassium in plants.
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Answer: Potassium is a major macronutrient needed in large quantities by plants.
It helps regulate water balance by controlling the opening and closing of stomata
in leaves. Potassium activates more than sixty enzymes involved in
photosynthesis, respiration, and metabolism. It strengthens plant tissues and
improves stem rigidity. Potassium increases resistance against plant diseases,
insect attacks, drought, heat, and salinity. It improves fruit size, color, taste, sugar
content, and shelf life. Deficiency causes yellowing or scorching of leaf margins.
Plants may develop weak stems and poor-quality fruits. Potassium is supplied
through muriate of potash and sulphate of potash fertilizers. Proper potassium

supply improves plant health and productivity.

02-02-03: SoIL MICRONUTRIENTS
Micronutrients in Plants (Elaborated)

Micronutrients are essential mineral elements required by plants in very small
quantities compared to macronutrients, but they play a highly significant role in
maintaining proper growth, metabolism, and physiological functioning. Although
plants need micronutrients in trace amounts, their absence can severely affect plant
development, yield, and overall health. Micronutrients mainly function as enzyme
activators, catalysts in biochemical reactions, and important components of plant
hormones and proteins. Some of the important micronutrients include Sulfur (S),
Manganese (Mn), Iron (Fe), and Zinc (Zn). These nutrients support various metabolic
processes such as photosynthesis, respiration, protein synthesis, nitrogen metabolism,

and chlorophyll formation.
1. Sulfur (S)

Sulfur is an essential nutrient required for the synthesis of proteins and the
formation of important amino acids such as cysteine and methionine, which are the
building blocks of proteins. It also contributes to the formation of vitamins, enzymes,
and certain oils present in plants. Sulfur plays an important role in chlorophyll
formation, even though it is not a direct component of chlorophyll. It improves the
efficiency of nitrogen utilization, which enhances overall plant growth and increases
crop productivity. Sulfur is particularly important in crops such as onion, garlic,
mustard, and legumes because these plants require sulfur-containing compounds for

proper development. When plants suffer from sulfur deficiency, the younger leaves
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begin to turn pale green or yellow because sulfur is not easily transported from older
tissues to younger tissues. Growth becomes weak, plant vigor decreases, and crop
maturity may be delayed. Sulfur deficiency can reduce protein content and overall
yield. Farmers commonly supply sulfur through fertilizers such as gypsum, elemental

sulfur, and ammonium sulphate to maintain adequate sulfur levels in the soil.
2. Manganese (Mn)

Manganese is another important micronutrient required by plants for several
enzymatic and physiological activities. It acts as an activator for many enzymes
involved in carbohydrate metabolism, nitrogen assimilation, and respiration.
Manganese is especially important for photosynthesis, where it participates in the
splitting of water molecules during the light reaction and helps release oxygen. It also
contributes to chloroplast formation and supports plant defence mechanisms against
stress and disease. Deficiency of manganese generally appears as interveinal chlorosis,
where the area between leaf veins turns yellow while the veins remain green. Small
brown or necrotic spots may also develop on leaves. Younger leaves are often more
affected, and overall growth becomes reduced. Manganese availability is strongly
influenced by soil pH, with greater availability in acidic soils and reduced availability
in alkaline soils. To correct manganese deficiency, farmers apply manganese sulphate

fertilizers or use foliar sprays for faster nutrient absorption.
3. Iron (Fe)

Iron is an essential micronutrient that plays a critical role in chlorophyll
synthesis and energy transfer within plant cells. Although iron is not a structural part
of chlorophyll, it is necessary for chlorophyll production and proper functioning of
photosynthesis. Iron is involved in oxidation-reduction reactions, respiration, electron
transport, and enzyme activities that help plants produce energy. It also supports
nitrogen fixation in leguminous plants and contributes to overall healthy leaf
development. Iron deficiency is commonly seen in soils with high lime content or
alkaline conditions, especially in calcareous soils, where iron becomes unavailable to
plants. The most common symptom of iron deficiency is interveinal chlorosis in young
leaves, where leaves become yellow while the veins remain green. Severe deficiency

can slow growth and reduce crop productivity. Iron deficiency is usually corrected by
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applying ferrous sulphate fertilizers or chelated iron compounds, which improve iron

availability and absorption by plant roots.
4. Zinc (Zn)

Zinc is a vital micronutrient involved in enzyme activation and the synthesis of
important plant growth hormones such as auxins, which regulate cell elongation and
growth. Zinc helps in protein synthesis, carbohydrate metabolism, chlorophyll
production, and seed development. It plays a major role in internode elongation, leaf
expansion, and proper reproductive development of plants. Zinc is particularly
important for cereal crops such as rice, wheat, and maize, where deficiency can
significantly reduce yield. Zinc deficiency causes plants to become stunted and results
in smaller, narrow, or distorted leaves. In cereal crops, deficiency often causes the
appearance of white stripes or chlorotic bands on leaves. The distance between nodes
decreases, resulting in shortened stems and poor overall development. Zinc deficiency
is commonly found in alkaline soils or soils with high phosphorus content, which
reduces zinc availability. To overcome deficiency, farmers apply zinc sulphate
fertilizers, zinc chelates, or foliar sprays to restore normal plant growth.

Importance of Balanced Nutrient Management

Each soil nutrient performs a unique and irreplaceable role in plant growth and
development. Along with nutrient availability, soil properties such as soil pH, silica
content, lime concentration, organic matter, and soluble salts greatly influence nutrient
uptake by plant roots. Macronutrients such as Nitrogen (N), Phosphorus (P), and
Potassium (K) are required in large quantities because they support major growth
processes like cell division, root development, and energy transfer. Micronutrients,
though needed only in trace amounts, are equally important because they regulate
enzyme function, hormone production, metabolic activities, and plant defence
systems. A balanced nutrient management strategy is essential for maintaining healthy
crops and sustainable agriculture. This includes soil testing, proper use of organic
manure, application of chemical fertilizers, crop rotation, and suitable soil
amendments based on nutrient deficiencies. Proper management of both macro and
micronutrients improves soil fertility, enhances crop yield, maintains plant health, and
supports long-term agricultural sustainability. Deficiency or excess of any nutrient can

disturb plant metabolism, making balanced nutrition one of the most important factors
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in successful crop production.

Macronutrients & Micronutrients in Plants © PMF IAS
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Fig.02-02.02 Macro and Micronutrients in Plants and their role

(Source: https://www.pmfias.com/macro-micro-nutrients/)

Zinc is essential for the activity of several enzymes and for the synthesis of growth
hormones like auxins. It affects internode elongation and leaf development. Zinc
deficiency leads to stunted growth, small and distorted leaves, and in cereals, the
appearance of white stripes. Zinc can be supplied through zinc sulphate or zinc chelate
formulations. Each soil nutrient plays a unique and irreplaceable role in plant growth
and development. Soil pH, lime content, silica, and soluble salts influence the
chemical and physical environment of the soil, affecting nutrient uptake and plant
health. Macronutrients like nitrogen, phosphorus, and potassium are required in large
quantities and support core growth functions, while micronutrients, though needed in
small amounts, are equally critical for enzyme function, hormone production, and

overall plant metabolism. A balanced nutrient management strategy tailored through
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soil testing, organic and inorganic fertilization, and soil amendments is essential for

sustainable crop production and soil health.

MULTIPLE CHOICE QUESTIONS
1. Which micronutrient is essential for the formation of amino acids like

cysteine and methionine?

a.
b.
C.
d.

Iron
Sulfur
Zinc

Manganese

Answer: b. Sulfur

2. Which micronutrient helps in splitting water

photosynthesis?

a.
b.
C.
d.

Zinc

Iron
Manganese
Sulfur

Answer: c. Manganese

3. Zinc deficiency in cereal crops commonly causes:

a.
b.
C.
d.

Purple leaves
White stripes on leaves
Leaf scorching

Root swelling

Answer: b. White stripes on leaves

SHORT ANSWER QUESTIONS WITH MODEL ANSWER
1. Explain the role of Sulfur in plants.

molecules

during

Answer: Sulfur is an essential micronutrient required for protein synthesis in

plants. It helps in the formation of amino acids such as cysteine and methionine,

which are important building blocks of proteins. Sulfur also contributes to the

formation of vitamins, enzymes, and plant oils. It plays an indirect role in

chlorophyll formation and improves nitrogen utilization efficiency. Sulfur is

especially important in crops like onion, garlic, mustard, and legumes. Deficiency

causes yellowing of young leaves because sulfur is not easily transported in

plants. Plant growth becomes weak and crop maturity may be delayed. Sulfur
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deficiency reduces protein content and overall crop yield. It is commonly supplied
through gypsum, elemental sulfur, and ammonium sulphate fertilizers. Proper

sulfur supply improves plant growth and productivity.

2. Write the functions of Iron in plant growth.
Answer: Iron is an important micronutrient necessary for chlorophyll synthesis
and photosynthesis in plants. Although it is not a structural part of chlorophyll, it
helps in its production. Iron is involved in oxidation-reduction reactions and
electron transport during respiration. It helps plants produce energy and supports
various enzyme activities. Iron also plays a role in nitrogen fixation in leguminous
plants. Deficiency is common in alkaline and calcareous soils where iron becomes
unavailable. The main symptom is interveinal chlorosis in young leaves, where
leaves turn yellow but veins remain green. Severe deficiency slows plant growth
and reduces crop yield. Iron is supplied through ferrous sulphate and chelated iron
fertilizers. Adequate iron improves healthy leaf development and plant

metabolism.

3. Describe the importance of balanced nutrient management in agriculture.
Answer: Balanced nutrient management means providing plants with both macro
and micronutrients in correct amounts for healthy growth. Each nutrient has a
unique role in plant metabolism and development. Macronutrients such as
nitrogen, phosphorus, and potassium support major growth processes.
Micronutrients regulate enzyme activities, hormone production, and defence
mechanisms. Soil properties like pH, organic matter, lime content, and soluble
salts influence nutrient availability. Deficiency or excess of nutrients can disturb
plant metabolism and reduce crop productivity. Balanced nutrient management
includes soil testing, use of organic manure, chemical fertilizers, and crop
rotation. It helps maintain soil fertility and improve nutrient availability. Proper
nutrient management increases crop yield and plant health. It is essential for
sustainable agriculture and long-term soil productivity.

SUMMARY
Soil nutrients are vital for plant growth and are influenced by various chemical
and physical factors. Soil pH affects the availability of essential nutrients; most plants

prefer a slightly acidic to neutral pH (6.0-7.5). Lime is used to reduce soil acidity,
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improve structure, and enhance nutrient availability. Silica, though not essential,
benefits plant strength, pest resistance, and stress tolerance. Soluble salts, in
moderation, support growth, but excess can cause salinity stress, reduce water
absorption and cause toxicity. Macronutrients include Nitrogen, Phosphorus, and
Potassium (NPK). Nitrogen promotes vegetative growth and chlorophyll formation;
phosphorus supports root development and energy transfer; potassium aids in water
regulation, enzyme activation, and stress resistance. Micronutrients such as Sulphur,
Manganese, Iron, and Zinc are required in small quantities but are crucial for
metabolic functions, enzyme activities, chlorophyll synthesis, and hormone
production. Deficiencies in any nutrient lead to specific plant disorders, reduced yield,
and poor growth. Proper soil testing and nutrient management are essential for

maintaining soil health and productivity.

END OF UNIT EXERCISES

1) Explain the concept of soil pH and its role in determining nutrient availability to
plants.

2) Discuss the importance of lime in soil management and its effects on soil
properties and plant growth.

3) What is the role of silica in soils, and how does it benefit plant health and
productivity?

4) Describe how soluble salts influence soil fertility and plant water uptake, and how
salinity is managed.

5) Explain the functions of primary macronutrients nitrogen, phosphorus, and

potassium in plant growth and development.

KEeYy WORDS
Soil pH, Lime, Silica, Soluble salts, Nitrogen, Phosphorus, Potassium, Sulfur,
Manganese, Iron, Zinc, Macronutrients, Micronutrients, Soil fertility, Nutrient

availability, Soil amendments.
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UNIT 02-03: SOIL POLLUTION

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to

% Define soil pollution and list its major causes, including natural and

anthropogenic sources.

X/
°e

Explain the concept of soil sickness and describe how toxic substances affect

soil health and productivity.

s Illustrate with examples how different types of waste (industrial, agricultural,

municipal) contribute to soil pollution and degradation.

% Differentiate between soil pollution and soil sickness, and analyze their

interrelationship in affecting crop yields and soil fertility.

INTRODUCTION

Soil is one of the most vital components of the natural ecosystem, playing a key role
in supporting plant growth, maintaining ecological balance, and providing a
foundation for agricultural production. However, in recent decades, the quality of soil
has been increasingly compromised due to various human activities. This degradation,
known as soil pollution, refers to the accumulation of harmful substances such as
chemicals, heavy metals, radioactive materials, and pathogenic organisms in the soil to
levels that negatively affect its physical, chemical, and biological properties. The
causes of soil pollution are diverse and often interlinked. Industrialization and
urbanization have led to the release of large quantities of hazardous waste into the
environment. Inappropriate disposal of industrial effluents, mining operations, and
leakage of petroleum products introduce toxic elements into the soil. Agricultural
practices also contribute significantly through excessive and improper use of chemical
fertilizers, pesticides, herbicides, and insecticides, which build up harmful residues in
the soil over time. Additionally, improper solid waste disposal, especially in urban
areas, has resulted in heavy loading of non-biodegradable and toxic materials into the
soil system. One of the critical consequences of persistent soil contamination is soil
sickness a condition in which soils exhibit reduced fertility, disturbed microbial
balance, and poor plant growth due to repeated exposure to harmful substances. This

condition is particularly common in intensively cultivated lands where continuous
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monoculture and heavy chemical input disturb the natural soil balance.

Soil toxicology, an emerging branch of environmental science, focuses on
understanding how toxic substances interact with soil organisms and how these
interactions affect soil health and food safety. Moreover, the use of soil as a dumping
site for various types of waste ranging from household garbage and construction
debris to electronic and hazardous waste has intensified the problem. When soils are
used as waste disposal grounds without proper management, pollutants can leach into
deeper layers, contaminating groundwater and affecting the surrounding ecosystem.
This not only reduces the productive capacity of the soil but also poses serious risks to
human and animal health. In the face of growing population pressures and the need for
increased food production, it is vital to address the problem of soil pollution through
sustainable land management practices. Awareness, education, policy enforcement,
and scientific intervention are key to reversing the damage and ensuring that soil

remains a healthy and productive resource for future generations.

02-03-01: SolL POLLUTION: DEFINITION &CAUSES OF SOIL POLLUTION
Definition

Soil pollution refers to the degradation of the earth’s surface soil layer due to the
presence of harmful and toxic substances. These pollutants are mainly the result of
human activities, such as industrialization, urbanization, and intensive agricultural
practices. When contaminants like heavy metals, pesticides, plastics, petroleum
products, or chemicals accumulate in the soil in excessive quantities, they disrupt the
natural balance of soil ecology. Soil pollution not only reduces soil fertility and crop
productivity but also affects human health and the environment by contaminating the
food chain and groundwater.

Causes of Soil Pollution

Soil pollution refers to the contamination of the soil ecosystem by harmful chemical
substances, heavy metals, pathogens, and other pollutants that degrade its natural
properties and reduce its productivity and biological activity. This problem has
become increasingly serious due to expanding human activities such as
industrialization,  urbanization,  unsustainable agricultural  practices, and
mismanagement of waste. The following are the major and most critical causes of soil

pollution:
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1. Industrial Activities and Chemical Waste Disposal

Industries are among the largest contributors to soil pollution globally. Many
manufacturing and processing industries discharge a wide range of toxic substances
directly into land or water bodies. These include heavy metals like lead (Pb), mercury
(Hg), arsenic (As), cadmium (Cd), chromium (Cr), as well as hazardous organic
compounds such as polychlorinated biphenyls (PCBs), dyes, solvents, and petroleum
by-products. Industrial effluents and solid wastes, when dumped improperly in open

landfills or unlined pits, seep into the soil, altering its physicochemical characteristics.

Industrial waste

Causes of
Soil Pollution

Agriculture

Agricultural pollutants

Fig. 02-03.01 Causes of Soil Pollution
(Source: https://theiashub.com/upsc/upsc-notes/soil-pollution-india/)

In industrial belts of Maharashtra and Gujarat, several areas have been
identified with toxic contamination in the topsoil due to poor handling of effluents and
solid waste. The contamination leads to the death of beneficial microbes, reduction in

soil fertility, and bioaccumulation of toxins in the food chain.
2. Unsustainable Agricultural Practices

The use of synthetic fertilizers, chemical pesticides, herbicides, fungicides, and
growth regulators has dramatically increased to meet the growing food demands.
While these agrochemicals temporarily improve crop yields, their long-term overuse
contributes heavily to soil degradation. For example, nitrogenous fertilizers lead to

nitrate accumulation in the soil, which not only alters pH but also leaches into
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groundwater, causing eutrophication. Persistent pesticides like DDT, organochlorines,
and organophosphates remain in the soil for years, affecting microbial communities
and soil fauna such as earthworms. These chemicals also disrupt the natural nutrient
cycling, reduce organic carbon levels, and cause toxicity in food crops. Additionally,
practices such as monoculture (growing the same crop repeatedly) and over-irrigation
contribute to nutrient depletion, salinization, and hardening of soil layers, further

weakening its ecological balance.
3. Improper Urban Waste Disposal

Urbanization has led to a massive increase in the generation of municipal solid waste,
including plastics, glass, metal scraps, paper, textiles, and household e-waste. A
significant proportion of this waste ends up in open dumps or unscientific landfills,
which often lack protective liners or leachate collection systems. As the waste
decomposes, it produces leachate a toxic liquid containing a mix of organic and
inorganic pollutants. This leachate percolates through the soil layers, carrying with it
heavy metals, pathogens, endocrine-disrupting chemicals, and micro-plastics. Over
time, this renders the soil infertile and contaminates underground aquifers. Plastic and
electronic waste are especially problematic as they contain persistent organic
pollutants (POPs), flame retardants, lead, mercury, and cadmium all of which can

enter the soil and persist for centuries.
4. Deforestation and Soil Exposure

Deforestation, often carried out to make way for agriculture, mining, or urban
development, leads to the removal of vegetation that protects the topsoil. When trees
are removed, the root systems that hold the soil together are destroyed, making the soil
vulnerable to erosion by wind and water. Moreover, the loss of forest cover means less
organic matter (like leaf litter and decayed biomass) is returned to the soil, leading to
a decrease in humus content, soil aeration, and water retention. Exposed soil is not
only more prone to erosion but also to contamination, as it becomes more accessible

for pollutants to settle and leach into deeper layers.
5. Mining and Quarrying Activities

Mining, whether for coal, iron, limestone, or other minerals, involves the removal of
topsoil and subsoil to access underground resources. This results in massive land

degradation, stripping away the fertile upper layers of soil. During mining operations,
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waste rock, tailings, and chemical leachates containing sulphides, arsenic, cyanide,
and heavy metals are released. For example, acid mine drainage occurs when sulfide
minerals react with air and water to form sulfuric acid. This acid leaches heavy metals
from rocks and contaminates soil and water around mining sites. Once contaminated,
the land is often rendered unfit for agriculture or habitation for decades unless costly

reclamation efforts are made.
6. Petroleum Hydrocarbons and Oil Spills

Oil spills, whether on land or offshore, have devastating effects on the environment. In
terrestrial ecosystems, leakage of petroleum during extraction, refining, or
transportation can result in hydrocarbon pollution of the soil. These hydrocarbons are
not only toxic and carcinogenic but also interfere with soil aeration and microbial
activity. A common example is the contamination of soil near fuel stations, pipelines,
or refineries, where the leaked oil forms an impermeable layer, choking soil pores and
reducing oxygen exchange. This condition leads to poor water infiltration, microbial

death, and loss of vegetation.
7. Acid Rain and Atmospheric Pollutants

Industrial emissions of sulfur dioxide (SO:) and nitrogen oxides (NOy) lead to the
formation of acid rain when they combine with water vapor in the atmosphere. Acid
rain lowers the pH of the soil, dissolving essential nutrients such as calcium,
potassium, and magnesium, and making them unavailable to plants. Increased acidity
also releases toxic metals like aluminum and manganese into the soil, which can
damage plant roots, inhibit microbial activity, and severely reduce agricultural
productivity. Long-term exposure to acid rain transforms fertile lands into barren

patches.
8. Radioactive Contamination

Radioactive pollution is rare but extremely dangerous. Sources include nuclear power
plants, medical laboratories, research facilities, and nuclear weapons testing sites.
Radioactive substances like cesium-137, plutonium-239, and strontium-90, once
released, bind with soil particles and persist for hundreds to thousands of years. This
contamination renders the soil unusable for agriculture or construction and poses long-

term health risks such as cancer, genetic mutations, and birth defects. For instance,
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large tracts of land around Chernobyl (Ukraine) and Fukushima (Japan) remain

uninhabitable due to radioactive soil contamination.
9. Untreated Sewage and Sludge Application

In many regions, especially in developing countries, untreated or partially treated
sewage is directly applied to land for irrigation or dumped in open fields. While it may
provide some nutrients, it often contains pathogens, antibiotic-resistant bacteria, heavy
metals, and organic pollutants. Repeated application of such waste leads to the build-
up of toxic elements in the soil. This not only affects crop quality but also creates a

serious risk of disease transmission through contaminated produce and groundwater.
10. Construction and Demolition Waste

Rapid urban expansion brings with it the problem of construction waste, which
includes cement, bricks, concrete, tiles, plaster, asbestos, and paints. These materials
contain substances like asbestos fibers, lead-based paints, and solvents that are
harmful to soil health. When dumped indiscriminately at construction sites or in the
periphery of cities, these wastes harden the soil, reduce its porosity, and interfere with
vegetation growth. Dust from construction activities also settles on nearby land,

contributing to heavy metal accumulation and loss of microbial activity.

Soil pollution is a silent but deadly threat that undermines the very foundation
of terrestrial ecosystems. It not only reduces agricultural productivity but also affects
human health, groundwater quality, and biodiversity. While the causes of soil pollution
are many and interlinked ranging from industrial effluents and pesticides to urban
waste and radioactive leaks they all point to one urgent need: sustainable management
of land and waste. Prevention, treatment, and restoration of polluted soils must
become a national and global priority to ensure food security, environmental

protection, and intergenerational equity.

MULTIPLE CHOICE QUESTIONS
1. Which of the following is a major cause of soil pollution due to agriculture?
a. Afforestation
b. Overuse of pesticides and fertilizers
c. Rainwater harvesting
d. Organic farming

Answer: b. Overuse of pesticides and fertilizers
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2. Acid rain is mainly caused by industrial emissions of:
a. Oxygen and Hydrogen
b. Sulfur dioxide and Nitrogen oxides
c. Carbon dioxide and Methane
d. Chlorine and Fluorine
Answer: b. Sulfur dioxide and Nitrogen oxides
3. Which heavy metal commonly contaminates soil due to industrial waste?
a. Sodium
b. Potassium
c. Lead
d. Calcium

Answer: c. Lead

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Define soil pollution and explain its effects.
Answer: Soil pollution refers to the contamination and degradation of soil due to
harmful chemicals, heavy metals, pesticides, plastics, and other toxic substances.
It mainly occurs because of human activities such as industrialization,
urbanization, and intensive agriculture. Polluted soil loses its natural fertility and
ability to support plant growth. It affects beneficial microorganisms and disturbs
soil ecology. Toxic substances can enter crops and contaminate the food chain.
Soil pollution also causes groundwater contamination when chemicals seep into
underground water. It reduces crop productivity and biodiversity. Harmful
pollutants may cause health problems in humans and animals. Long-term soil
pollution damages ecosystems permanently. Therefore, controlling soil pollution is

important for environmental safety and agriculture.

2. Explain how industrial activities cause soil pollution.
Answer: Industries are one of the major causes of soil pollution because they
release harmful chemical wastes into the environment. Industrial waste often
contains toxic heavy metals such as lead, mercury, cadmium, chromium, and
arsenic. Chemicals like dyes, solvents, petroleum by-products, and hazardous
compounds may also contaminate soil. Improper disposal of industrial waste in
open landfills allows pollutants to seep into the soil. These pollutants change the

physical and chemical properties of soil. Beneficial soil microorganisms are
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destroyed, reducing soil fertility. Toxic substances can accumulate in crops and
enter the food chain. Industrial contamination may also pollute groundwater
sources. Agricultural land near industries becomes unsuitable for farming. Proper

waste treatment is necessary to reduce industrial soil pollution.

3. Write the importance of controlling soil pollution.
Answer: Controlling soil pollution is essential for protecting agriculture, human
health, and the environment. Healthy soil is necessary for plant growth and food
production. Soil pollution reduces soil fertility and decreases crop productivity.
Toxic chemicals present in polluted soil can enter food crops and affect human
health. Pollutants can also seep into groundwater and contaminate drinking water
sources. Soil pollution harms beneficial microbes, insects, and other organisms
that maintain soil balance. Preventing pollution helps conserve biodiversity and
ecosystem stability. Methods such as proper waste management, reduced pesticide
use, organic farming, and soil testing can help control pollution. Restoring
polluted soil improves long-term land productivity. Effective soil management

supports sustainable agriculture and environmental protection.

02-03-02: SOIL SICKNESS & SOIL TOXICOLOGY

Soil Sickness

Soil sickness, also known as soil fatigue or replant problem, is a progressive
condition of soil deterioration, especially seen in agricultural ecosystems with
repetitive cropping. Though often overlooked, it poses a significant challenge to long-
term soil productivity and sustainability. It typically affects horticultural crops, fruit
orchards, greenhouses, and vegetable farming systems where land is not rested or
diversified.

Causes of Soil Sickness
a. Monoculture and Repetitive Cropping

Growing the same crop season after season depletes specific nutrients and encourages
the multiplication of crop-specific pathogens, insects, and nematodes. For example,
repeated tomato or chili cultivation leads to high populations of Fusarium fungi.

b. Allelopathy

Some plant species release allele chemicals toxic organic compounds through roots,
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leaves, or decaying residues that inhibit the growth of surrounding plants. Eucalyptus,
walnut (Juglans nigra), and sorghum are known for such allelopathic effects, which

contribute to soil sickness.
c. Imbalance in Soil Microbial Communities

Soil contains millions of microorganisms that help in nutrient cycling and disease
suppression. Continuous chemical use and cropping disturb this balance, reducing
beneficial microbes (like Rhizobium, Azotobacter) and promoting harmful ones.

d. Excessive Use of Chemicals

Heavy applications of nitrogenous fertilizers and synthetic pesticides can lead to soil
acidification, salinization, and accumulation of chemical residues. This toxic

environment hampers root growth and beneficial microbial activity.
e. Lack of Organic Matter

Without regular addition of organic residues (like compost or manure), soils become
biologically inactive, compact, and structurally weak. Organic matter acts as a buffer

and detoxifying agent its absence accelerates the onset of soil sickness.
Symptoms of Soil Sickness

1. Reduced crop yields despite use of fertilizers and irrigation.

2. Poor seed germination and patchy emergence.

3. Stunted plant growth, yellowing of leaves, and wilting.

4. Increased disease and pest pressure (e.g., root rot, damping-off).

5. Crusting and hard pan formation due to physical degradation.
Examples

« Apple replant disease (ARD): In temperate orchards, replanting apple trees on
the same soil leads to stunted growth due to buildup of harmful microbes and

nutrient imbalance.

e Greenhouse crops: In places like Maharashtra or Punjab, overused soils in
polyhouses show signs of sickness in bell peppers, tomatoes, and cucumbers

due to high input load and lack of rotation.

Management Practices
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1. Diversified Crop Rotation: Legume cereal or vegetable-pulse rotation

improves soil structure and biological balance.

2. Soil Solarization: Covering moist soil with clear plastic during summer to trap
solar heat (45-55°C), which Kills pathogens.

3. Use of Biofertilizers and Biopesticides: Products containing Trichoderma,

Bacillus subtilis, and mycorrhizae help restore microbial balance.

4. Application of Organic Matter: FYM, vermicompost, green manures, and leaf

litter improve nutrient buffering and detoxification.

5. Reduced Chemical Dependence: Use integrated pest management (IPM)

techniques to minimize synthetic input load.
Soil Toxicology
Definition of Soil Toxicology:

Soil toxicology is the branch of environmental science that focuses on studying
toxic substances present in the soil and their harmful effects on soil organisms, plants,
animals, and humans. It explores the origin, behavior, transformation, movement, and
fate of these toxic substances within the soil ecosystem. These substances can disrupt
ecological balance and affect soil productivity, making toxicology a crucial aspect of

soil science and environmental health.
Sources of Soil Contaminants:

The toxic substances found in soil often originate from a variety of human and
natural activities. Industrial processes release heavy metals like lead, mercury,
cadmium, and arsenic into the environment. Agricultural practices introduce
pesticides, herbicides, and chemical fertilizers into the soil. Improper disposal of
municipal and electronic waste adds further toxic load, while mining and quarrying
activities expose and release harmful compounds. Even atmospheric deposition from

vehicles and factories contributes to soil contamination over time.
Behavior and Movement of Toxins in Soil:

Toxic substances in soil may remain bound to soil particles or move through the
soil profile via water leaching. Some toxins are persistent and remain in the soil for

decades, while others undergo chemical or biological transformations that may
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increase or reduce their toxicity. Factors like soil pH, moisture content, temperature,
organic matter, and microbial activity influence the mobility and reactivity of these
toxicants. Understanding their behavior is vital for assessing environmental risk and

planning remediation strategies.
Effects on Soil Microorganisms and Soil Health:

Toxic pollutants adversely affect the microbial community in soil by reducing
the diversity and activity of beneficial organisms. Microorganisms responsible for
essential processes like nitrogen fixation, organic matter decomposition, and
phosphorus solubilization become inactive or die. This microbial imbalance leads to
reduced soil fertility, nutrient cycling disruption, and deterioration of overall soil
health, making the land less productive and more dependent on external inputs.

Toxic Effects on Plants:

Plants growing in contaminated soils may suffer from poor germination, stunted
root growth, leaf discoloration, and reduced resistance to diseases. Heavy metals can
interfere with nutrient uptake and photosynthesis, leading to symptoms such as
chlorosis (yellowing of leaves), necrosis (dead tissue), and even plant death. In some
cases, plants absorb these toxins and store them in edible tissues, posing serious risks

to food safety and human health.
Entry into Food Chain and Human Impact:

One of the most dangerous aspects of soil toxicology is the entry of toxicants
into the food chain. Contaminated crops or water sources used for irrigation can lead
to the accumulation of heavy metals and persistent organic pollutants in the bodies of
humans and animals. Chronic exposure to these toxins is linked to a range of health
problems, including neurological damage, kidney and liver failure, reproductive
disorders, cancer, and birth defects. Children and pregnant women are especially

vulnerable to such toxic effects.
Environmental Consequences:

Beyond harming individual organisms, toxic substances in soil lead to broader
ecological damage. They can degrade soil structure, increase erosion, and contribute to
land degradation. When pollutants leach into groundwater or are washed into nearby

water bodies through runoff, they can contaminate drinking water sources and affect
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aquatic ecosystems. These cumulative effects reduce biodiversity and ecological

resilience in both terrestrial and aquatic environments.
Remediation and Management Strategies:

Managing soil toxicity requires both preventive and corrective measures.
Phytoremediation involves the use of certain plants to absorb and store toxic metals
from the soil. Bioremediation employs beneficial microbes to break down organic
pollutants. Soil washing and chemical immobilization can remove or neutralize
contaminants in heavily polluted soils. Additionally, adopting sustainable agricultural
practices, regulating industrial waste, and improving waste disposal systems are

essential to prevent further soil contamination.
Importance of Monitoring and Regulation:

Regular soil testing and monitoring help detect contamination early and guide
appropriate action. Governments and environmental agencies enforce regulations to
limit the release of pollutants and mandate clean-up in contaminated areas. Public
awareness, scientific research, and technological innovations also play a crucial role
in reducing the impact of toxic substances on soil ecosystems and ensuring food and

environmental safety.

MULTIPLE CHOICE QUESTIONS
1. Soil sickness caused by growing the same crop repeatedly is known as:
a. Soil erosion
b. Monoculture effect
c. Soil salinity
d. Acidification
Answer: b. Monoculture effect
2. Which beneficial microorganism helps in nitrogen fixation and is reduced
during soil sickness?
a. Rhizobium
b. Salmonella
c. E.coli
d. Aspergillus
Answer: a. Rhizobium

3. Which method uses plants to remove toxic substances from contaminated soil?
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a. Solarization

b. Phytoremediation
c. lIrrigation

d. Mulching

Answer: b. Phytoremediation

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. What is soil sickness? Explain its major causes.
Answer: Soil sickness is a condition where soil gradually loses productivity due
to repeated cropping and poor management practices. It is also called soil fatigue
or replant problem. One major cause is monoculture, where the same crop is
grown continuously, leading to nutrient depletion and buildup of crop-specific
pathogens. Allelopathy is another cause, where plants release harmful chemicals
that affect growth of nearby plants. Excessive use of fertilizers and pesticides
disturbs soil health and microbial balance. Lack of organic matter reduces soil
structure and biological activity. Harmful microorganisms increase while
beneficial microbes decrease. Soil becomes compact and less fertile over time.
This reduces crop growth and agricultural productivity. Proper soil management is

needed to prevent soil sickness.

2. Explain the harmful effects of toxic substances on soil and plants.
Answer: Toxic substances in soil include heavy metals, pesticides, industrial
chemicals, and waste contaminants. These substances damage soil microorganisms
responsible for nutrient cycling and decomposition. Beneficial microbes involved
in nitrogen fixation and phosphorus solubilization become inactive. Soil fertility
gradually decreases and crop production is reduced. Plants growing in
contaminated soil show poor germination and weak root development. Toxic
chemicals interfere with nutrient absorption and photosynthesis. Symptoms such
as chlorosis, necrosis, stunted growth, and leaf discoloration may appear. Some
plants absorb toxic substances into edible parts. These contaminants can enter the
food chain and affect animal and human health. Long-term soil contamination

causes severe ecological damage.

3. Write management practices to control soil sickness and soil toxicity.

Answer: Management of soil sickness and toxicity requires sustainable
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agricultural practices. Crop rotation helps restore nutrient balance and reduces
pathogen buildup. Soil solarization uses solar heat to kill harmful microorganisms
present in soil. Biofertilizers and biopesticides such as Trichoderma and Bacillus
subtilis help restore beneficial microbial balance. Adding organic matter like
farmyard manure, compost, and vermicompost improves soil structure and
detoxification. Reducing excessive use of chemical fertilizers and pesticides
prevents chemical accumulation. Phytoremediation uses plants to absorb toxic
substances from soil. Bioremediation uses beneficial microbes to break down
pollutants. Regular soil testing helps detect contamination early. Proper

management improves soil health, crop yield, and environmental safety.

02-03-03: SolL AS WASTE DISPOSAL

Soil as Waste Disposal

Soil serves as an important medium for the disposal of various types of waste
due to its natural ability to absorb, filter, and degrade materials. From ancient times to
modern urban systems, soil has been used for disposing of household waste, sewage,
agricultural by-products, and industrial residues. The unique composition of soil
comprising minerals, organic matter, air, and microorganisms makes it capable of
breaking down many forms of biodegradable waste and minimizing their harmful
impacts. However, its use as a waste disposal medium must be balanced and regulated

to avoid long-term environmental degradation.
1. Role of Soil in Waste Disposal

Soil is a vital component in the natural ecosystem and serves as a receptacle and
purifier for various types of waste. It performs multiple biological, chemical, and
physical processes to treat, transform, and stabilize waste materials.

a) Natural Filter

Soil has a porous structure made up of particles and spaces filled with air and water.
As liquid waste percolates through these layers, soil acts as a filter, removing solids,
suspended particles, and some chemical impurities. Fine soil particles, especially clay
and organic matter, play a crucial role in trapping contaminants and preventing them

from reaching groundwater.

b) Microbial Breakdown
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Soil contains diverse microbial communities—bacteria, fungi, actinomycetes—that
help in breaking down organic waste such as food leftovers, feces, crop residues, and
animal dung. These microbes metabolize organic compounds into simpler, less harmful
substances like water, carbon dioxide, and stable organic matter (humus), thereby

naturally sanitizing waste.
c¢) Nutrient Recycling

During decomposition, microbes release essential nutrients like nitrogen (N),
phosphorus (P), potassium (K), sulfur, calcium, and magnesium. These nutrients are
absorbed by plant roots and reused in plant growth, creating a sustainable nutrient

cycle. Properly managed organic waste turns into a natural fertilizer.
d) Pollutant Immobilization

Soil has the ability to immobilize or adsorb certain pollutants. Toxic substances like
heavy metals (lead, cadmium, and mercury), pesticides, or hydrocarbons can be bound
to soil particles. This limits their mobility, bioavailability, and entry into food chains,

reducing environmental and health hazards.
2. Types of Waste Disposed into Soil

Various forms of waste are commonly disposed of in soil, either directly or indirectly.

The nature of the waste influences how it interacts with the soil environment.
a) Domestic Waste

This includes biodegradable materials such as kitchen waste, vegetable peels, leftover
food, and human excreta. In many rural areas, domestic waste is composted or buried
in pits where soil decomposes it naturally. Septic tanks and pit latrines also rely on

soil to absorb and treat wastewater from households.
b) Agricultural Waste

Farms generate large quantities of waste including crop residues (like straw, husks),
animal manure, excess fertilizers, and pesticides. Manure is often returned to the soil
to enrich fertility. However, improper disposal of chemical pesticides and synthetic
fertilizers can degrade soil health and pollute water.

c¢) Industrial Waste

Industries generate hazardous and non-hazardous waste, such as fly ash, heavy metals,
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effluents, oils, and dyes. Some of this is disposed of in landfills or through land
application. However, without proper treatment, industrial waste can contaminate the

soil and render it toxic for plants and organisms.
d) Municipal Solid Waste (MSW)

Municipalities collect solid waste from urban areas and dispose of it in landfill sites.
These contain a mixture of organic and inorganic waste, plastics, metals, glass, etc.
Soil acts as a cover layer in landfills and plays a role in reducing odor, aiding

decomposition, and minimizing vector breeding.
3. Methods of Soil-Based Waste Disposal

There are different methods by which soil is used to dispose of and manage waste.
Each method has its own benefits and risks.

a) Landfilling

This is a widespread method where waste is deposited in layers and covered with soil
daily. It helps to control odor, fire, and scavenger animals. Engineered or sanitary
landfills include protective liners and leachate management systems to reduce
pollution. However, improperly managed landfills can become major pollution

sources.
b) Composting

Composting is the biological breakdown of organic matter under aerobic conditions to
form nutrient-rich compost. The resulting compost is applied to soil, improving its
structure, water retention, and fertility. Composting reduces waste load and is a

sustainable soil-based method for biodegradable waste.
c) Septic Tanks and Soak Pits

These are commonly used in rural or semi-urban areas to dispose of human
wastewater. Septic tanks store and partially treat sewage. The overflow is released into
soak pits where soil filters and further decomposes waste using microbial action.
Proper design and maintenance are essential to prevent contamination.

d) Open Dumping

In many developing regions, waste is dumped openly on land without any treatment or

soil cover. This poses major environmental risks such as soil and groundwater
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pollution, foul odor, and breeding of disease-carrying insects. Open dumping should

be discouraged and replaced with controlled methods.

4. Advantages of Using Soil for Waste Disposal

When properly managed, soil offers multiple advantages in waste disposal.
a) Environmentally Friendly

Soil provides a natural and sustainable solution for the decomposition of organic waste
without the need for complex infrastructure. It mimics natural ecosystems that recycle

biomass back into the soil.
b) Cost-Effective

Especially in rural and low-income areas, using soil for waste disposal (compost pits,
soak pits, biogas systems) is economical and requires little investment compared to

engineered waste treatment systems.
c¢) Fertility Enhancement

Decomposed waste adds humus and nutrients to the soil, improving its structure,
porosity, and water-holding capacity. This enhances soil fertility and boosts crop

yields.
d) Reduces Waste Volume

Through microbial degradation, a large portion of organic waste is broken down and

absorbed, significantly reducing the total volume of waste that needs disposal.
5. Environmental Issues and Limitations

Despite its usefulness, unregulated use of soil for waste disposal can lead to several

environmental and health concerns.
a) Soil Pollution

Continuous dumping of non-biodegradable and hazardous waste, such as plastics, oils,
paints, or heavy metals, leads to the accumulation of toxins that disrupt soil

ecosystems and reduce productivity.
b) Groundwater Contamination

Leachate from landfills and septic systems can percolate into groundwater, introducing

harmful pathogens, nitrates, and chemicals that pose health risks when used for
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drinking or irrigation.
c¢) Soil Sickness

When soil is exposed to excessive waste or harmful substances, it becomes infertile or
“sick.” This condition is marked by loss of beneficial microbes, compacted structure,

and poor aeration, resulting in reduced plant growth.
d) Air and Odor Pollution

Anaerobic decomposition of organic waste in soil can produce methane, ammonia, and
hydrogen sulphide gases, which contribute to foul smells, air pollution, and

greenhouse gas emissions.
6. Need for Sustainable Waste Disposal Practices

To ensure long-term use of soil for waste management, sustainable practices must be

adopted.
a) Waste Segregation

Waste must be separated at the source into biodegradable, recyclable, and hazardous
categories. This ensures that only suitable waste is directed to soil-based systems like
composting or land application.

b) Pre-treatment of Hazardous Waste

Industrial and chemical waste must undergo treatment processes like neutralization,
stabilization, or incineration before being released into the soil, to avoid pollution and
health risks.

c) Engineered Landfills

Modern landfills should be constructed with geomembrane liners, gas vents, and
leachate collection systems to protect soil and groundwater from contamination and
allow for safer long-term disposal.

d) Regular Monitoring

Routine testing of soil and groundwater around disposal sites can detect early signs of
pollution and help in taking preventive or corrective actions. It ensures environmental

safety and public health.

e) Community Awareness and Participation
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People should be educated about the importance of proper waste management,
composting, and the safe use of soil for waste disposal. Community participation

ensures better segregation and sustainable practices.

Soil is a valuable resource for managing waste through natural filtration,
microbial decomposition, and nutrient recycling. It supports the sustainable treatment
of biodegradable waste and reduces reliance on expensive infrastructure. However, the
increasing complexity and quantity of modern waste pose significant challenges.
Irresponsible dumping and lack of regulation can degrade soil quality and threaten
public health. Therefore, a combination of scientific waste management practices,
environmental education, and community involvement is essential to ensure that soil

continues to serve as a safe and productive medium for waste disposal in the future.

MULTIPLE CHOICE QUESTIONS
1. Which property of soil helps in removing suspended particles from liquid
waste?
a. Photosynthesis
b. Natural filtration
c. Respiration
d. Evaporation
Answer: b. Natural filtration
2. Which microorganisms mainly help in decomposition of organic waste in soil?
a. Viruses
b. Bacteria and fungi
c. Algae only
d. Protozoa only
Answer: b. Bacteria and fungi
3. Which waste disposal method involves biological breakdown of organic matter
to form nutrient-rich material?
a. Landfilling
b. Composting
c. Open dumping
d. Incineration

Answer: b. Composting
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SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain the role of soil in waste disposal.
Answer: Soil plays an important role in waste disposal because it acts as a natural
medium for filtering, decomposing, and stabilizing waste materials. Its porous
structure helps filter liquid waste by trapping suspended particles and impurities.
Soil contains microorganisms such as bacteria and fungi that break down organic
waste into simpler substances. During decomposition, nutrients like nitrogen,
phosphorus, and potassium are released and recycled back into the ecosystem. Soil
can also adsorb harmful pollutants like heavy metals and pesticides, reducing their
movement. It helps reduce waste volume naturally through microbial activity.

2. What are the environmental problems caused by improper waste disposal in
soil?
Answer: Improper waste disposal in soil can create serious environmental
problems. Continuous dumping of plastics, heavy metals, chemicals, and
hazardous waste leads to soil pollution. Toxic substances accumulate in soil and
reduce fertility. Harmful chemicals can seep into underground water and
contaminate groundwater sources. Excessive waste exposure can cause soil
sickness by reducing beneficial microbes and damaging soil structure. Anaerobic
decomposition produces gases such as methane, ammonia, and hydrogen sulphide,
causing foul smell and air pollution. Waste dumps attract insects and disease-

causing organisms.

3. Write sustainable practices for safe soil-based waste disposal.
Answer: Sustainable waste disposal practices help protect soil and the
environment. Waste segregation is important to separate biodegradable, recyclable,
and hazardous waste. Organic waste should be composted to produce nutrient-rich
manure. Hazardous industrial waste must be treated before disposal to reduce
toxic effects. Engineered landfills with protective liners and leachate collection
systems help prevent groundwater contamination. Septic tanks and soak pits

should be properly designed for safe wastewater disposal.

SUMMARY
Soil pollution is the degradation of soil quality due to the presence of harmful

chemicals, waste materials, or biological agents that disrupt its natural structure and
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fertility. It is a growing environmental concern that adversely affects plant growth,
food safety, groundwater quality, and overall ecosystem health. Major causes of soil
pollution include industrial discharges, excessive use of chemical fertilizers and
pesticides in agriculture, improper disposal of municipal and plastic waste, mining
activities, acid rain, and oil spills. These pollutants accumulate in the soil, making it
toxic and unproductive over time. Soil sickness occurs when soil loses its natural
fertility due to repeated cropping, chemical overuse, and accumulation of toxic
residues. It results in poor plant health, lower yields, and higher vulnerability to pests
and diseases. Soil toxicology is the study of toxic substances in the soil and their
effects on plants, animals, humans, and microbes. It helps in identifying contaminants,
assessing environmental risks, and formulating remediation strategies. Soil is
commonly used for waste disposal through methods like landfilling and composting.
However, excessive or unscientific dumping leads to contamination, reduced soil
health, and long-term ecological damage. Proper waste management, sustainable
farming practices, and pollution control measures are essential to protect and restore

soil health.

END OF UNIT EXERCISES

1) What is soil pollution? Explain its definition, causes, and major environmental
impacts.

2) Discuss in detail the various causes of soil pollution and their effects on soil
health and productivity.

3) Explain the concept of soil sickness. What are its causes, symptoms, and how can
it be managed or prevented?

4) Define soil toxicology. Describe its significance in understanding soil
contamination and protecting ecosystem health.

5) How is soil used as a medium for waste disposal? Discuss the benefits and

potential environmental risks associated with this practice.

KeYy WORDS
Soil sickness, soil toxicology, toxic substances, waste disposal, land pollution,
monoculture, pesticides, heavy metals, ecosystem impact, soil degradation,

environmental health.
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UNIT 02-04: SOIL CONSERVATION TECHNIQUES

LEARNING OBJECTIVES

After successful completion of this unit, you will be able to

« Demonstrate the application of a suitable mechanical measure (e.g., contour

bund) in a given topographic condition.

% Differentiate between vegetative and mechanical soil conservation techniques

in terms of cost, effectiveness, and sustainability.

« Evaluate the effectiveness of different soil conservation practices in reducing

erosion and improving soil health.

« Design an integrated soil conservation plan combining vegetative,

mechanical, and soil management practices for a given degraded land area.

INTRODUCTION

Soil is one of the most essential natural resources, forming the foundation of
agriculture, forestry, and biodiversity. However, increasing population pressure,
deforestation, improper land use, and intensive farming practices have led to the rapid
degradation of soil quality. Soil erosion, nutrient depletion, compaction, and
contamination are major issues that threaten food security and ecological balance. In
this context, soil conservation becomes a critical practice aimed at protecting the soil
from both natural forces like wind and water and human-induced threats. Soil
conservation refers to a set of strategies and methods designed to prevent soil erosion,
enhance soil fertility, and ensure sustainable land productivity over the long term. To
effectively conserve soil, a variety of techniques are employed, broadly classified into
vegetative measures, mechanical measures, and soil management practices. Vegetative
measures involve using plants and cropping systems to reduce the velocity of surface
runoff, bind the soil particles, and prevent erosion. Techniques like contour
cultivation, strip cropping, vegetative barriers, shelterbelts, and windbreaks make use
of natural vegetation to stabilize the soil and improve moisture retention. In regions
practicing shifting cultivation, vegetative strategies also help in reducing the negative
impacts of land clearing. Mechanical measures, on the other hand, include physical
structures that alter the landscape to control the movement of water and minimize soil

displacement. These structures include contour bunds, graded bunds, broad beds and
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furrows, basin listing, random tie ridging, contour trenches, bench terraces, and
contour stone walls. These interventions are especially effective on sloped terrains
where water runoff poses a significant threat to soil stability. In addition to vegetative
and mechanical measures, good soil management practices such as gully plugging,
mulching, residue management, and diverse crop rotations are equally important.
These practices improve soil structure, enhance organic matter, conserve moisture, and
maintain biological activity, all of which contribute to the overall resilience and
productivity of the land. Overall, soil conservation is a multidimensional approach
that not only protects soil from degradation but also promotes sustainable land use,
boosts agricultural productivity, supports ecological health, and contributes to climate
change mitigation. By adopting appropriate soil conservation techniques, farmers, land
managers, and policymakers can ensure that the soil remains a valuable and productive

resource for current and future generations.

02-04-01: VEGETATIVE MEASURES
Vegetative Measures for Soil Conservation

Vegetative measures are biological techniques employed to conserve soil using
various forms of vegetation. These methods help reduce soil erosion, improve water
infiltration, enhance soil fertility, and maintain ecological balance. As they rely on
natural processes, they are environmentally friendly, cost-effective, and sustainable
over the long term. Such techniques are especially valuable in agricultural lands,

hilly terrains, and forested areas where maintaining soil health is crucial.
1. Contour Cultivation (Contour Farming)

Contour cultivation is a vital vegetative measure used for soil and water
conservation, particularly on sloping and undulating lands. This method involves
aligning all agricultural activities such as ploughing, sowing, planting, intercultural
operations, and harvesting parallel to the natural contour lines of the landscape,
rather than up and down the slope. These contour lines are imaginary lines joining
points of the same elevation on a slope, essentially following the shape of the land.
This alignment helps in slowing down the movement of water across the surface,

thereby reducing its erosive force.

Importance and Principle
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In sloped areas, water from rainfall tends to flow rapidly downward, washing away
the topsoil which is rich in nutrients and organic matter. This not only causes soil
erosion but also leads to a decline in land productivity, increased runoff, and

reduced groundwater recharge.

Contour Interval

contour lines .
‘ gontour Line

slop&1%

vertical

i |
e distance between

barriers (6.5 m)

Fig. 02-04.01 Contour cultivation
(Source:https://lwww.echocommunity.org/resources/9facalc2-bdal-42be-9aba-
dbaelaf62f8a)

Contour cultivation breaks this slope length into smaller segments by creating
ridges and furrows that run across the slope rather than down it. These act as small
physical barriers, reducing the velocity of surface runoff, increasing the infiltration
of water, and trapping eroded soil particles in place. This technique transforms a
potentially erosive slope into a series of micro-basins that hold water and soil in

place.
Agronomic and Environmental Benefits:

Contour cultivation offers multiple agronomic, environmental, and economic
advantages. It plays a crucial role in soil conservation by minimizing sheet and rill
erosion, which are common in sloping lands. The water-retaining furrows enhance
moisture availability in the soil, creating a favourable microenvironment for root
development and plant growth. With better retention of moisture and nutrients, crops
grow more vigorously, leading to increased crop yields and reduced dependency on
irrigation and chemical fertilizers. Moreover, contour farming contributes to
groundwater recharge as more water seeps into the soil instead of running off the
surface. It also promotes organic matter accumulation in the topsoil, which improves

the soil structure, aeration, and microbial activity. These changes ultimately enhance
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the soil’s fertility and resilience, making it better suited for long-term cultivation.
From an environmental perspective, contour cultivation reduces sediment loads in
downstream water bodies, thus improving water quality in nearby streams, rivers,
and reservoirs. It helps in stabilizing slopes, controlling floods, and mitigating the

risk of landslides in hilly regions.
Advantages:

1. Soil Erosion Control:
e Contour cultivation significantly reduces both sheet and rill erosion.
e It helps conserve the topsoil, which is rich in organic matter and
nutrients.
2. Water Conservation:
e The furrows created along the contour lines trap rainwater and give it
time to infiltrate.
e This increases soil moisture availability during dry periods, reducing
the need for irrigation.
3. Improved Soil Fertility:
e As erosion is minimized, essential nutrients like nitrogen and
phosphorus remain in the root zone.
e Organic matter accumulation is promoted, improving soil structure and
fertility.
4. Enhanced Crop Productivity:
e Healthier soils with better moisture lead to improved crop yields.
e Roots have better access to nutrients and water, supporting vigorous
plant growth.
5. Cost-Effective and Eco-Friendly:
e This technique does not require expensive infrastructure or equipment.
e It uses the natural landscape efficiently and promotes sustainable
farming practices.
Suitable Conditions for Adoption:
Contour cultivation is best suited for:
« Gently to moderately sloping lands with gradients typically ranging between
2% to 10%.
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o Rain-fed agricultural areas, particularly where erratic or heavy rainfall
increases erosion risks.
e Erosion-prone soils, such as sandy loam or silt loam soils with weak

structural stability.

It is especially effective in regions cultivating dryland crops like sorghum, millets,
pulses, maize, oilseeds, and even certain horticultural crops like citrus, mango, or
guava. It is also used in afforestation and reforestation projects to improve survival

rates of tree saplings and prevent gully formation.
Challenges and Limitations:

Despite its effectiveness, contour cultivation has certain limitations. The technique
requires accurate layout of contour lines, which may need the use of surveying tools
like A-frame levels, dumpy levels, or laser levels. This can be time-consuming and
may require skilled labour. On very steep slopes (more than 10%), the method
becomes less effective, and mechanical conservation structures such as bench
terraces or contour bunds may be more appropriate. In addition, if the soil has poor
drainage or if the region receives excessive rainfall, there could be a risk of
waterlogging along the contour furrows. Without proper drainage arrangements, this
can damage crops and lead to fungal or bacterial soil diseases. Another challenge
lies in land fragmentation and small holdings where aligning farm operations
exactly along contours may be difficult. However, these challenges can often be
addressed through farmer training, community-based implementation, and
integrating the practice with other conservation techniques like vegetative barriers

or strip cropping.

Contour cultivation is a low-cost, sustainable, and eco-friendly agricultural
practice that helps protect soil and water resources while improving crop
productivity. By harmonizing agricultural operations with the natural topography, it
conserves the environment and enhances the long-term resilience of farming
systems. When implemented correctly and combined with other soil conservation
methods, it becomes a powerful tool in combating land degradation, promoting
climate-resilient agriculture, and ensuring sustainable land management, particularly

in rain-fed and marginal areas.
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Strip Cropping

Strip cropping is a highly effective vegetative soil conservation technique wherein
different types of crops are cultivated in alternating, parallel strips across a slope or
perpendicular to the prevailing wind direction. This method is designed to check soil
erosion by breaking the force of water runoff or wind, thereby protecting the topsoil

and preserving soil fertility.

In this approach, erosion-prone row crops such as maize, sorghum, or cotton are
alternated with dense, soil-conserving cover crops like grasses (e.g., Napier grass)
or legumes (e.g., clover, alfalfa). The cover crops act as a natural barrier, reducing
the speed of water flow, filtering sediments, and preventing the wind from blowing
away loose soil particles. This arrangement helps in trapping soil and retaining

organic matter and nutrients that would otherwise be lost.
There are different types of strip cropping depending on the purpose and the terrain:

1. Contour Strip Cropping — Strips are laid out along the contour lines of a hill
slope to slow down water runoff and encourage water percolation into the
soil.

2. Field Strip Cropping — Practiced on more gentle slopes or flat lands, where
strips are aligned across the general slope without strict adherence to contour
lines.

3. Wind Strip Cropping — Strips are laid perpendicular to the prevailing wind
direction in arid and semi-arid regions to act as windbreaks and reduce wind
erosion.

Benefits of Strip Cropping

« Reduces both water and wind erosion significantly.

o Improves soil moisture retention and encourages groundwater recharge.

e Enhances soil fertility by reducing nutrient runoff and encouraging organic
matter build-up.

e Promotes biodiversity and supports sustainable agriculture.

o Suitable for sloping lands, marginal soils, and dry regions with erosion risk.

By combining both soil-protective and cash crops, strip cropping ensures

productivity along with ecological stability. It is an important technique in
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sustainable land management practices, particularly useful in hilly, undulating, or

erosion-prone areas.
Cropping Systems

Cropping systems refer to the methodical planning, arrangement, and sequence of
crops cultivated on a particular parcel of land over time. These systems are
thoughtfully designed to optimize the utilization of natural resources like soil,
water, sunlight, and nutrients, while simultaneously enhancing soil fertility,
reducing erosion, and maintaining agro-ecological balance. They play a pivotal role
in increasing productivity, lowering input costs, and ensuring sustainable farming
outcomes over the long term. A well-structured cropping system takes into account
several factors such as climatic conditions, soil type, topography, market demand,
and the growth habits and nutrient requirements of the crops involved. With the
right combination and sequencing, farmers can address multiple challenges in
agriculture including soil degradation, pest and disease management, and economic

vulnerability.
Types of Cropping Systems and Their Benefits
1. Intercropping

Intercropping is the practice of growing two or more crops together in the same field
during a single growing season. The crops are selected based on their
complementary characteristics such as differing root structures, canopy heights,
nutrient needs, and growth durations so that they do not compete aggressively with

one another and instead synergize for mutual benefit.

Benefits:

« Maximizes space and resource use: Efficient use of sunlight, water, and
nutrients across plant layers.

e Weed suppression: Dense canopy cover reduces sunlight penetration to
weeds.

e« Pest and disease control: Diverse crop environment interrupts pest life
cycles.

o Soil fertility enhancement: Legumes in intercrops fix atmospheric nitrogen,
improving soil nitrogen content for the benefit of companion crops.

e Risk reduction: Multiple crops offer economic insurance if one fails.
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Example: Maize + Cowpea or Sorghum + Groundnut intercropping

Soybean+pearl millet intercropping (2:1)

Fig. 02-04.02. Intercropping

(Source: https://link.springer.com/chapter/10.1007/978-981-13-0253-4_11)

2. Crop Rotation

Crop rotation involves growing different crops on the same land in a systematic,

recurring sequence across seasons or years. Each crop in the rotation is selected to

perform a particular function such as improving soil fertility, breaking pest cycles,

or enhancing soil structure.

Benefits:

Disrupts pest and disease cycles: Different crops host different pathogens,
reducing buildup of specific pests.

Maintains and restores soil fertility: Rotating legumes with cereals
replenishes nitrogen.

Improves soil structure: Alternating deep- and shallow-rooted crops balances
nutrient uptake and prevents compaction.

Enhances water efficiency: Rotations improve water retention and

infiltration by altering root structures and residue levels.

Example: Wheat — Chickpea — Sorghum — Green gram.
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3. Cover Cropping

Cover crops are grown not for harvest but to cover the soil during fallow periods
between main crops. Common cover crops include legumes (like clover or cowpea),
grasses (like rye or oats), and mustard or buckwheat. These crops play a vital role in
conserving and regenerating soil health.

b BENEFITS OF COVER CROPS
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(Source: https://mandako.com/agripedia/what-are-cover-crops/)
Benefits:
« Erosion control: Protects bare soil from wind and water erosion.
« Soil fertility: Adds organic matter and fixes nitrogen (in case of legumes).
e Weed suppression: Outcompetes weeds through quick canopy development.
e Moisture retention: Reduces evaporation and enhances infiltration.

Example: Mustard or rye grown in the off-season after harvesting a cash crop.

Role of Cropping Systems in Soil Conservation
Cropping systems contribute significantly to soil conservation and sustainability by
ensuring continuous ground cover, promoting biodiversity, and maintaining a
balance in nutrient cycling. Here's how:
o Reduces erosion: Vegetative cover shields the soil from raindrop impact and
wind force.
e Improves soil structure: Crop residues add organic matter, which binds soil
particles and enhances aggregation.
« Enhances infiltration: Root systems create channels in the soil, facilitating

water absorption and reducing runoff.
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e Prevents nutrient leaching: Rotational and cover crops trap nutrients in the
soil profile.
o Stabilizes soil biota: Diverse cropping supports a robust microbial

community essential for nutrient cycling.

cropping systems are not just arrangements of crops they are strategic tools for
sustainable land management. By integrating intercropping, crop rotation, and cover
cropping, farmers can achieve higher vyields, better soil health, and economic
resilience. These systems offer long-term solutions to pressing challenges like land
degradation, low productivity, and climate stress, thus fostering a more sustainable

and ecologically sound approach to agriculture.
Vegetative Barriers

a widely used biological method for soil conservation, particularly effective on
sloped or erosion-prone land. These barriers consist of narrow strips of dense, low-
growing vegetation typically grasses or shrubs planted along the contour lines of a
slope. Their main function is to act as physical barriers that intercept surface runoff,
slow its velocity, and allow water to percolate into the soil. This not only reduces
soil erosion but also enhances water infiltration and helps in retaining soil moisture.
By slowing down the speed of runoff, vegetative barriers decrease the water’s
ability to carry soil particles, thereby allowing sediment to settle behind the barriers.
Over time, this results in the formation of natural terraces and helps in the
conservation of fertile topsoil. The vegetation used in these barriers, such as vetiver
grass (Chrysopogon zizanioides), napier grass (Pennisetum purpureum), and lemon
grass (Cymbopogon spp.), is chosen for its deep, fibrous root systems that provide
excellent soil-binding properties. These roots hold the soil firmly, reducing the risk

of landslides and mass movement on steep slopes.
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Fig.02-04.04 Vegetative Barrier

(Source:https://agritech.tnau.ac.in/agriculture/agri_majorareas_dryland_agro

measures_veg_barriers.html)

Vegetative barriers are not only cost-effective but also require minimal
maintenance once established, making them ideal for use by small and marginal
farmers. They are environmentally friendly and offer additional benefits such as
fodder, fuelwood, or essential oils, depending on the plant species used. Their
application is widespread, ranging from farm fields and hillsides to road
embankments and canal banks. They are also a key component in watershed
management projects, promoting slope stability and long-term soil productivity.
Overall, vegetative barriers serve as a sustainable and eco-friendly solution for soil

and water conservation in various landscapes.
Windbreaks and Shelterbelts

Windbreaks and Shelterbelts are important vegetative methods used in soil and crop
protection, especially in areas prone to wind erosion. They consist of rows of trees,
shrubs, or tall grasses strategically planted to act as barriers against strong winds.
These structures play a crucial role in reducing wind speed over agricultural fields,
thereby preventing the detachment and transportation of topsoil particles. The two

terms are often used interchangeably, but they differ slightly in design and function.
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Fig.02-04.05 Windbreaks and Shelterbelts
(Source: http://article.sapub.org/10.5923.j.ije.20160601.02.html)

Windbreaks are usually narrow and are planted around the outer edges or
boundaries of a field. Their main function is to shield the field from incoming winds,
protecting crops and reducing the mechanical damage caused by blowing dust and
debris. They typically consist of one to three rows of fast-growing, wind-tolerant

species that can withstand harsh conditions.

Shelterbelts, on the other hand, are broader and more extensive in design.
They are often planted within large fields at regular intervals and can have multiple
rows of trees and shrubs arranged in a specific pattern. Shelterbelts provide deeper
and more widespread wind protection by slowing down wind velocity over a larger
area. They not only protect the soil but also improve the overall microclimate by
reducing temperature extremes, conserving soil moisture, and reducing evaporation

losses.

Both windbreaks and shelterbelts contribute to improved crop productivity by
creating a more favourable environment for plant growth. In addition to protecting
soil and crops, they offer several other benefits. These include serving as habitats
for birds and beneficial insects, reducing noise pollution, acting as visual screens,
and providing resources like fuelwood, fodder, and small timber. In regions with dry

climates and frequent dust storms, such as parts of Rajasthan, Gujarat, and the
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Deccan Plateau in India, these measures are vital for sustainable land management

and long-term agricultural stability.

Careful planning is essential for the effective establishment of windbreaks and
shelterbelts. This includes selecting suitable native or adaptable plant species,
maintaining proper spacing, and ensuring regular management practices like pruning
and pest control. With proper design and maintenance, these vegetative barriers
become long-term assets that not only enhance soil conservation but also contribute

significantly to ecological and economic resilience in rural landscapes.
Shifting Cultivation

Shifting cultivation, also known as slash-and-burn agriculture, jhum, podu, or
bewar (depending on the region), is an ancient form of subsistence farming
practiced primarily by tribal and indigenous communities inhabiting forested and
hilly regions. This method is characterized by the cyclical use of forest land for
cultivation, where a piece of land is cleared of vegetation, used for agriculture for a

few years, and then left fallow to allow for natural ecological regeneration.

Young secondary forest

Shifting cultivation

Fallow land

hlaize field

Fig.02-04.06. Shifting Cultivation
(Source: researchgate.net/figure/The-shifting-cultivation-cycle-The-secondary-
forests-that-are-central-to-this-thesis_figl 283319634)

Process and Methodology

The process of shifting cultivation generally involves the following steps:

EVSM301: Air & Soil Quality 191



1. Selection of Land: A patch of forest is selected, usually on hill slopes, where

the soil is less prone to flooding but susceptible to erosion.

2. Cutting and Burning (Slash-and-Burn): The natural vegetation trees,
shrubs, and grasses is cut and left to dry. This dried biomass is then burned,
and the resulting ash serves as a natural fertilizer, rich in minerals like

potassium, calcium, and phosphorus.

3. Sowing and Cultivation: Traditional crops like millets, maize, upland rice,
pulses, vegetables, and tubers are sown directly into the soil without plowing,
often using sticks or digging tools. No chemical fertilizers or pesticides are

used; the method relies entirely on organic and ecological processes.

4. Short-term Use: The land is cultivated for 2 to 3 years, after which the

fertility declines due to nutrient depletion, weed growth, and pest build-up.

5. Fallow Period: The area is then abandoned and allowed to lie fallow for 7 to
20 years, depending on land availability, population pressure, and traditional
norms. During this period, natural vegetation regenerates, soil nutrients are

replenished, and the ecosystem gradually restores itself.

6. Rotation: The cultivators then move to a new patch of land, repeating the
same cycle. Once the original plot recovers, it may be reused, completing the

rotation.
Ecological Significance and Sustainability

Although modern perspectives often view shifting cultivation as environmentally
destructive, this criticism largely stems from unsustainable adaptations of the
traditional practice. In its original form, with adequate fallow periods and
community regulation, shifting cultivation was a sustainable and ecologically

adaptive system. It allowed:

e Maintenance of soil fertility through the natural accumulation of organic
matter during the fallow phase.

o Protection of biodiversity, as forest patches were never permanently cleared,
and a mosaic of habitats was created.

e Water regulation, as fallow forests helped retain moisture and reduce surface

runoff.
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Low-input farming, with no dependency on chemical inputs or

mechanization.

Cultural and Socioeconomic Dimensions

Shifting cultivation is not merely an agricultural method but is deeply embedded in

the cultural, spiritual, and social fabric of tribal communities. It reflects:

Traditional ecological knowledge, passed down through generations
regarding seasonal cycles, weather patterns, soil behavior, and crop varieties.
Community cooperation, where land is often managed collectively, and
decisions regarding rotation, cropping, and harvest are taken communally.
Livelihood security, providing food, fuel, fodder, and medicinal resources to
families who are otherwise dependent on forests and natural systems.

Cultural identity, as rituals, festivals, and oral traditions are tied to the

agricultural calendar and the practice of jhum.

Challenges and Modern Concerns

With increasing population density, land scarcity, government restrictions, and

conversion of forests for commercial use, the fallow periods have drastically

reduced in many areas from the traditional 10-15 years to as little as 2-3 years. This

has resulted in:

Loss of soil fertility and organic matter.

Increased erosion and siltation of downstream rivers.

Deforestation and habitat loss.

Decline in traditional crop diversity.

Marginalization of tribal communities who are now often seen as encroachers

on forest land.

Towards Sustainable Shifting Cultivation

To make shifting cultivation ecologically and economically viable in today’s

context, the following steps are essential:

Revival of traditional knowledge systems and community-led governance.
Agroforestry integration, combining trees with crops to ensure continuous

land cover and resource output.
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o Scientific land use planning, mapping suitable zones and monitoring soil
health.

e Supportive government policies, including land rights recognition (e.g., Forest
Rights Act, 2006) and sustainable development schemes.

o Education and awareness, encouraging eco-friendly modifications like

improved fallow management, multi-layer cropping, and contour farming.

Shifting cultivation, when practiced traditionally with long fallow periods and
community-based management, represents a resilient and adaptive land-use system
that is aligned with the principles of sustainable agriculture, biodiversity
conservation, and cultural preservation. Rather than being eradicated, it should be
understood, respected, and adapted using both traditional wisdom and modern
ecological science to ensure both environmental integrity and tribal livelihood

security.

MULTIPLE CHOICE QUESTIONS
1. Which vegetative method involves carrying out farming operations along
lines of equal elevation?
a. Strip Cropping
b. Contour Cultivation
c. Shifting Cultivation
d. Shelterbelt
Answer: b. Contour Cultivation
2. Which grass is commonly used as a vegetative barrier for soil conservation?
a. Vetiver grass
b. Wheat grass
c. Bamboo grass
d. Rice grass
Answer: a. Vetiver grass
3. Windbreaks and shelterbelts are mainly used to control:
a. Waterlogging
b. Wind erosion
c. Acid rain
d. Soil salinity

Answer: b. Wind erosion
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SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain contour cultivation as a vegetative measure for soil conservation.
Answer: Contour cultivation is a soil conservation method in which farming
activities like ploughing, sowing, and planting are carried out along contour
lines instead of up and down the slope. Contour lines join points of equal
elevation on sloping land. This method slows down the movement of rainwater
and reduces its erosive force. It prevents the loss of fertile topsoil and reduces
sheet and rill erosion. Water gets more time to infiltrate into the soil, improving
soil moisture. It also helps groundwater recharge and improves nutrient

retention.

2. What are the benefits of strip cropping in soil conservation?
Answer: Strip cropping is a soil conservation technique where different crops
are grown in alternating strips across slopes or against wind direction. Erosion-
prone crops are alternated with soil-protective crops like grasses or legumes.
These protective crops act as natural barriers that slow down water runoff and
wind speed. This helps reduce both water and wind erosion. Strip cropping
improves soil moisture retention and encourages groundwater recharge. It

reduces nutrient loss by trapping sediments and organic matter.

3. Describe the role of windbreaks and shelterbelts in soil conservation.
Answer: Windbreaks and shelterbelts are rows of trees, shrubs, or grasses
planted to reduce wind speed and protect soil. Windbreaks are narrow rows
planted along field boundaries, while shelterbelts are broader and cover larger
areas. Their main function is to control wind erosion by preventing soil particles
from being blown away. They reduce evaporation and help conserve soil
moisture. These barriers also protect crops from physical damage caused by
strong winds and dust storms. Shelterbelts improve the microclimate by reducing

temperature extremes.

02-04-02: MECHANICAL MEASURES

Mechanical measures are structural techniques employed on farmlands and hilly
terrains to reduce soil erosion, regulate surface runoff, and enhance moisture
retention. These practices involve earth-moving activities like shaping land, building
physical barriers, or redirecting water flow. They are especially important in areas
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with steep slopes or where vegetative measures alone are insufficient. Mechanical
measures are engineering-based soil conservation techniques that involve modifying
the physical structure of the land to control the movement of water, reduce runoff
velocity, prevent soil erosion, and promote moisture retention. These methods are
especially effective in undulating, hilly, or semi-arid regions where natural
vegetation may not be sufficient to check erosion. They form the backbone of land
management practices, especially in rainfed agriculture and watershed development

programs.
1. Contour Bunding (Contour Bunds)

Contour bunding is one of the most effective and widely adopted mechanical soil
conservation techniques, especially suited for sloping agricultural lands in semi-arid
and sub-humid regions. It involves the construction of earthen embankments, known
as bunds, along the contour lines of a slope these are imaginary lines that connect
points of equal elevation. By following the natural shape of the land, contour bunds
help in slowing down the movement of surface runoff during rainfall, thereby
reducing the velocity of water that would otherwise wash away the fertile topsoil.
This reduced velocity allows more time for water to infiltrate into the soil,

significantly improving soil moisture retention.

Oivers ion kl llH

_,,—;r'«_,» - Lateral

{\’lﬁ-
7 5 _ \ liv /7 v' \\ -3l '

*{\f. S \
Y»_{Y&HY *m % ﬂ;,’ /a\y
wk:n:: : U} YH H\{ ] *\ AN
o v\
Earth e .:j fY’ ‘{V\t" Vi ’

ounc

Fig. 02-04.07 Contour bunds
(Source:https://www.researchgate.net/figure/Contour-bunds-for-field-
crops_figh_254426136)

The main objectives of contour bunding are to check soil erosion, conserve
rainwater, enhance groundwater recharge, and increase agricultural productivity. The
bunds intercept surface runoff, reduce both sheet and rill erosion, and promote in-

situ water conservation by creating small catchments that trap rainfall. As a result,
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the soil between the bunds remains moist for a longer period, supporting better crop
establishment and growth. Additionally, contour bunds trap sediments and nutrients
carried by runoff, thus preventing soil fertility loss and improving the overall health
of the land. Contour bunding is most suitable for areas with gentle to moderate
slopes ranging from 2% to 6%, and where the annual rainfall falls between 600 mm
and 1000 mm. It is especially beneficial in regions where rainfed agriculture is
predominant, and irrigation facilities are limited. The design and construction of
contour bunds begin with a careful contour survey using tools like levelling
instruments or A-frames to mark the exact contour lines. Earthen bunds are then
constructed along these lines, typically in a trapezoidal cross-section for enhanced
stability. The height of the bunds usually ranges from 30 to 60 cm, with a base width
of about 1 to 1.5 meters, depending on the slope, soil type, and expected runoff. The
spacing between bunds is determined by the steepness of the land closer spacing is

adopted on steeper slopes.

To further increase their effectiveness, contour bunds can be supported by
shoulder bunds or diversion ditches on the upslope to safely handle excess water
during heavy rains. Vegetative reinforcement using grasses like vetiver or other
locally adapted species can be planted along the bunds. These grasses have strong
root systems that bind the soil and protect the structure from erosion, while also
adding organic matter to the soil over time. Maintenance of contour bunds is crucial,
especially after heavy rainfall events. Regular inspection, prompt repair of breaches
or erosion damage, and periodic desilting of the catchment areas are essential to

sustain the effectiveness of the bunds.
Contour bunding advantages

It is a low-cost, eco-friendly technique that uses local resources and labour,
making it highly suitable for small and marginal farmers. It not only conserves soil
and water but also leads to improved crop yields, reduced input costs, and long-term
sustainability of farmland. By preserving topsoil and enhancing moisture
availability, contour bunding contributes significantly to sustainable agriculture,
drought resilience, and environmental conservation. In conclusion, contour bunding
is a practical, farmer-friendly method that plays a vital role in integrated watershed
management and soil conservation, especially in rainfed regions where land

degradation is a major challenge.
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2. Graded Bunding (Graded Bunds)

Graded bunding is a specialized soil and water conservation technique that
closely resembles contour bunding in structure and purpose but differs in its design
due to the inclusion of a slight, controlled gradient. While contour bunds are
constructed exactly along contour lines to hold water in place and promote
infiltration, graded bunds are built with a mild longitudinal slope usually 0.2% to
0.4% to allow the safe and gradual drainage of excess surface runoff toward
designated outlets such as natural streams, grassed waterways, or farm ponds. The
primary objective of graded bunding is to regulate surface runoff in areas where
water stagnation must be prevented, particularly in regions with high rainfall or low-
permeability soils such as black cotton soils, which tend to swell and crack. In such
conditions, standing water can cause waterlogging, reduce aeration, and damage
crops. The gentle gradient in graded bunds allows excess water to flow slowly along
the bund channel rather than accumulate, thereby reducing the risk of erosion while

still retaining sufficient moisture in the soil to support healthy crop growth.

Graded bunds serve multiple important functions. They help to control the
velocity and direction of water flow, thereby minimizing erosion, especially in
places with heavy and frequent rainfall. They prevent gully formation and
channelized flow, which are common in poorly drained soils or improperly managed
lands. At the same time, by encouraging lateral water spread and slow movement,
they improve soil moisture distribution across the field, supporting uniform plant
growth. Graded bunding also helps trap sediments and nutrients, especially when
combined with vegetative barriers or silt traps, thereby preserving the soil’s fertility.
This technique is most suitable for lands with gentle to moderate slopes, typically
ranging between 2% and 6%, where annual rainfall exceeds 1000 mm, or where the
soils have poor infiltration capacity. The design of graded bunds requires careful
surveying to ensure the correct gradient is maintained throughout the length of the
bund. An overly steep slope may accelerate runoff and cause erosion, while too flat a
gradient may lead to stagnation. Therefore, precision in layout using levelling
instruments or laser levels is essential. The construction process involves excavating
soil to build earthen embankments in a trapezoidal or rectangular cross-section, with
dimensions similar to contour bunds 30-60 cm in height and 1.0-1.5 meters in base

width. The graded bunds are spaced according to slope, soil type, and rainfall
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intensity. In high-rainfall areas or where the risk of waterlogging is high, the spacing

is designed to allow quick drainage without causing erosion.

Supporting features such as outlet structures, grassed water channels, or stone
spillways are often integrated into the design to guide excess water away from the
fields in a controlled manner. Like other conservation structures, regular
maintenance is crucial to ensure the effectiveness and longevity of graded bunds.
This includes checking for breaches or sediment build-up, reinforcing weak sections,
and ensuring the outlet channels remain unblocked. Planting stabilizing vegetation
like grasses or legumes along the bunds is a good practice, as it enhances bund

stability and provides additional organic matter.
Graded bunding advantages

It is a simple, adaptable, and cost-effective method for managing excess
water in problematic soils and high rainfall zones. It enhances water use efficiency,
prevents nutrient loss, reduces erosion, and contributes to sustainable land and crop
management. When implemented properly, graded bunds play a vital role in
integrated watershed development, particularly in black soil regions and other
landscapes prone to poor drainage or water-induced degradation. In conclusion,
graded bunding is a critical soil conservation practice that not only protects
farmlands from water damage but also promotes balanced moisture availability,
making it a valuable tool for rainfed and irrigated farming systems alike.

3. Broad Beds and Furrows (BBF)

The Broad Beds and Furrows (BBF) system is an efficient mechanical soil and water
management technique designed primarily for deep, heavy clay soils particularly
black cotton soils (Vertisols) which are prone to waterlogging, cracking, and poor
drainage. This method involves constructing wide, raised beds known as broad beds,
alternated with sunken channels or furrows, laid across the slope or in a gentle
gradient to manage excess surface water effectively. The raised beds serve as the
planting zone, while the furrows act as drainage channels, guiding surplus water
away from the root zone and into appropriate disposal or recharge structures. The
BBF system addresses several critical issues associated with black soils. These soils
tend to retain water during the rainy season, leading to waterlogging and poor
aeration, which adversely affects crop roots and microbial activity. During dry
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periods, they shrink and crack, which can disturb plant stands and affect yields. The
BBF method balances moisture levels by allowing excess water to drain through the
furrows, while the elevated beds remain sufficiently aerated for healthy root

development.

1.5m >

Fig.02-04.08. Broad bed furrows

(Source:https://lwww.researchgate.net/figure/Broad-bed-and-furrow-
system_fig4 374060109)

It is particularly suitable for regions with moderate to high rainfall (above 800
mm annually) and flat to gently sloping lands with 0.5% to 3% slope. Functionally,
the broad beds typically 1.2 to 1.5 meters wide are used for sowing and cultivating
crops such as cotton, soybean, sorghum, and pulses. The furrows usually about 0.3 to
0.4 meters wide are designed to carry away excess water slowly without causing
erosion. The layout ensures that runoff is not only drained away efficiently but also
contributes to groundwater recharge as water percolates through the furrows into
deeper soil layers. This enhances soil moisture in the root zone during dry spells and
supports longer cropping periods in rainfed farming systems.

The construction of BBF requires precise levelling and shaping using
mechanical implements such as a BBF plough or tractor-mounted ridger. The
orientation is generally across the slope or in the direction of the least gradient to
allow controlled water flow while maximizing water use efficiency. During heavy
rainfall, furrows can also be connected to field drains or recharge pits to dispose of
excess runoff safely, preventing ponding or bund overtopping. In terms of soil
conservation, BBF significantly reduces sheet and rill erosion by dispersing runoff

across a broader surface and breaking its velocity. The furrows act as miniature
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waterways that prevent the accumulation of surface water, reducing erosion risk and
soil compaction. The system also supports nutrient conservation by reducing
leaching and runoff losses, leading to improved soil fertility and higher yields.
Maintenance of the BBF layout is essential for sustained performance. The beds and
furrows should be reshaped periodically, especially before the onset of the rainy
season. Desilting of furrows, repair of bunds or channels, and the use of green
manure or cover crops on fallow beds can further enhance soil structure and fertility.
Crop rotation and intercropping on the beds also help in maintaining soil health and

breaking pest cycles.
Advantages:

The BBF system is known for preventing waterlogging, improving aeration,
enhancing root growth, and boosting crop yields under rainfed conditions. It is
particularly recommended in Vertisols of central and southern India and similar agro-
ecological zones. The method is also adaptable to mechanized farming, making it
suitable for both smallholders and large-scale farms. Broad Beds and Furrows (BBF)
is a scientifically designed, practical, and productive land management technique
that effectively combines drainage control, erosion prevention, and moisture
conservation. Its ability to improve crop performance and sustainability in
problematic soils makes it an essential component of integrated watershed

management and dryland agriculture.
4. Basin Listing

Basin Listing is a mechanical soil and water conservation practice that involves
creating a series of small, shallow basins or depressions in the field using a
specialized implement called a basin lister, ridger, or disc plough. These basins are
arranged in a regular pattern across the field often between crop rows or in staggered
alignment to intercept rainfall and surface runoff, slow down water movement, and
promote infiltration into the soil profile. This practice is particularly useful in semi-
arid and dryland regions where rainfall is sparse, erratic, and often lost quickly
through surface runoff. The main function of basin listing is to maximize in-situ
water harvesting. By collecting rainfall where it falls, the basins reduce water loss,
conserve soil moisture, and improve the availability of water to plant roots during

dry spells.
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Fig.02-04.09 Basin listing method
(Source: https://www.fao.org/4/s8684e/s8684e03.htm)

This significantly enhances seed germination, root development, and crop
establishment, especially for row crops like maize, sorghum, cotton, and pulses.
Additionally, basin listing minimizes nutrient leaching and topsoil loss, contributing
to improved soil fertility and productivity over time.

The technique is well-suited to gently sloping lands and light to medium textured
soils. It can be performed manually or with the help of animal- or tractor-drawn
equipment. Basin dimensions are usually shallow (5-15 cm deep) and spaced
according to crop spacing and rainfall conditions. Maintenance is minimal but may
include reshaping or reforming the basins before each cropping season. Overall,
basin listing is a low-cost, effective, and easy-to-implement method for improving

water use efficiency and supporting sustainable dryland agriculture.
5. Random Tie Ridging

Random Tie Ridging is a practical and farmer-friendly soil conservation technique
used primarily in dryland and rainfed farming systems. In this method, ridges are
created during ploughing, typically along the slope or across the field. These ridges
are then intermittently "tied" at random or irregular intervals by constructing small
cross-ridges, forming closed depressions or micro-basins that act as water-holding

pockets.
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Fig.02-04.10 Random Tie Ridging
(Source:https://www.researchgate.net/figure/Tied-ridging-with-ridges-built-at-a-slight-
angle-to-the-contour-line_fig25_265360009)

These tied ridges effectively trap rainwater and surface runoff, reducing its
speed and allowing more time for infiltration into the soil. This not only conserves
soil moisture but also prevents erosion and enhances the availability of water during
critical crop growth stages. It is particularly effective in areas with light to moderate
slopes (2-5%) and medium to low rainfall zones, where conserving every drop of
water is vital for crop success. The term "random™ refers to the flexible placement of
the ties, which can be adjusted based on field conditions, crop layout, or rainfall
intensity. The simplicity and low cost of random tie ridging make it highly accessible
to small and marginal farmers. In addition to improving moisture retention, this
method helps in reducing runoff-induced nutrient losses, preventing crust formation,
and enhancing crop resilience during dry spells. It is most commonly practiced in the

cultivation of cereals, pulses, and oilseeds.
6. Contour Trenching

Contour Trenching is a widely used mechanical measure for soil and water
conservation on sloping and degraded lands. It involves the excavation of trenches
either continuous or staggered along the contour lines of a hill or slope. These
trenches are designed to intercept surface runoff, reduce its velocity, and store water
temporarily, allowing it to percolate slowly into the subsurface. This helps in

recharging groundwater, reducing erosion, and improving soil moisture levels.
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Fig.02-04.11. Contour Trenching

(Source:https://agritech.tnau.ac.in/agriculture/agri_majorareas_dryland_enggmeasures_cont

our_trenches.html)
There are two main types of contour trenches:

e Continuous Trenches: Used in low rainfall areas for maximum water

retention.

o Staggered Trenches: Used in higher rainfall zones to prevent overflow and

provide controlled water storage.

Contour trenches are typically 50-100 cm wide and 30-60 cm deep, with spacing
determined by the slope and rainfall pattern. The excavated soil is placed on the
downslope edge to form a bund that acts as an additional barrier. These structures are
especially valuable in afforestation, pasture development, silvipasture systems, and
land reclamation projects, particularly in hilly and degraded catchments. Over time,
the trenches trap silt and organic matter, creating a fertile bed for natural or planted
vegetation. This encourages plant growth, which further stabilizes the soil and
enhances ecological restoration. Contour trenching is a proven, cost-effective
method that contributes to both ecological regeneration and agricultural

sustainability in fragile ecosystems.

7. Bench Terracing

EVSM301: Air & Soil Quality 204



Bench Terracing is an intensive and highly effective soil conservation method used
on steep slopes, especially in hilly and high rainfall regions, to make land cultivable
and stable. It involves cutting the slope into a series of step-like flat or gently
sloping platforms, called terraces, with retaining embankments. These terraces break
the slope length, drastically reduce surface runoff velocity, and allow rainwater to

infiltrate, thereby preventing severe erosion.

There are several types of bench terraces, including:
e Inward sloping: Directs water toward the hillside to encourage infiltration.
e Outward sloping: Used in high rainfall areas to drain excess water away.
e Level terraces: Designed for maximum moisture retention.

The construction of bench terraces requires substantial planning, surveying, and
investment. The width of the terrace and the height of the riser depend on slope
gradient and soil depth. Though initially expensive and labour-intensive, bench
terraces offer long-term benefits such as increased cultivable area, soil moisture
conservation, reduced erosion, and improved crop yields on previously unproductive
slopes. Bench terracing also allows for multiple cropping, agroforestry, and
horticultural plantations on hillsides, thereby supporting both livelihood and
ecological goals. Regular maintenance includes checking for riser stability, repairing
any breaches, and controlling weeds or pests on the terrace bunds. In summary,
bench terracing is a transformational land management practice that turns steep,

erosion-prone hills into fertile and productive farmland.

Bench terracing also allows for multiple cropping, agroforestry, and horticultural
plantations on hillsides, thereby supporting both livelihood and ecological goals.
Regular maintenance includes checking for riser stability, repairing any breaches,
and controlling weeds or pests on the terrace bunds. In summary, bench terracing is a
transformational land management practice that turns steep, erosion-prone hills into

fertile and productive farmland.
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Fig.02-04.12 Bench Terracing
(Source:https://www.researchgate.net/figure/Stages-in-construction-of-bench-terraces-
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8. Contour Stone Walls

Contour Stone Walls, also known as stone bunds or stone lines, are structures made
by arranging locally available stones along the contour lines of sloping agricultural
lands. These walls act as physical barriers to slow down the movement of surface
runoff, trap eroded soil, and enhance moisture retention. They are particularly well-
suited for rocky or semi-arid terrains, especially where stones are readily available

and conventional earthen bunds are difficult to maintain.
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Contour stone walls

Fig.02-04.13. Contour Stone Walls
(Source:https://www.indiawaterportal.org/agriculture/farm/techniques-slow-runoff-and-
erosion-steeply-sloping-land)

By reducing runoff velocity, contour stone walls help in preventing sheet and
rill erosion, retaining nutrients, and improving soil structure over time. The space
behind the stone walls gradually fills up with silt and organic matter, raising the
fertility of the land and creating a step-like natural terrace over years of use. These
walls also promote the natural regeneration of vegetation, making them valuable in
land restoration and rehabilitation efforts. Construction is straightforward, using flat
stones stacked to a height of 20-50 cm without mortar. Proper contour alignment is
crucial to ensure effectiveness. Vegetative measures such as planting grass or shrubs
behind the stone lines further improve their function and stabilize the soil.
Maintenance needs are minimal, usually involving the repositioning of dislodged
stones and clearing accumulated debris during the rainy season. Contour stone walls
are an economical, durable, and low-maintenance conservation method. They not
only improve agricultural productivity but also help in the long-term sustainability
of marginal lands, making them ideal for smallholder farmers and community-based

watershed management programs.

MULTIPLE CHOICE QUESTIONS
1. Which soil conservation method involves construction of earthen
embankments along lines of equal elevation?
a. Bench Terrace
b. Contour Bunding
c. Basin Listing
d. Mulching
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Answer: b. Contour Bunding
2. Broad Beds and Furrows (BBF) system is mainly suitable for which type of
soil?
a. Sandy soil
b. Black cotton soil (Vertisols)
c. Desert soil
d. Saline soil
Answer: b. Black cotton soil (Vertisols)
3. Which mechanical measure converts steep slopes into step-like flat surfaces
for cultivation?
a. Random Tie Ridging
b. Contour Trenching
c. Bench Terracing
d. Basin Listing
Answer: c. Bench Terracing

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain contour bunding as a mechanical measure of soil conservation.
Answer: Contour bunding is an important mechanical method used to control
soil erosion on sloping agricultural land. It involves constructing earthen
embankments called bunds along contour lines, which connect points of equal
elevation. These bunds slow down the movement of rainwater and reduce runoff
velocity. Reduced runoff allows more water to infiltrate into the soil, improving
soil moisture retention. Contour bunds help prevent sheet and rill erosion and
conserve fertile topsoil. They also enhance groundwater recharge and trap

sediments carried by water.

2. What is Bench Terracing? Write its advantages.
Answer: Bench terracing is a soil conservation method used on steep slopes in
hilly regions. In this method, slopes are cut into a series of flat or gently sloping
step-like structures called terraces. These terraces reduce the speed of runoff
water and prevent severe soil erosion. Rainwater gets more time to infiltrate into
the soil, improving moisture conservation. Bench terracing makes steep land

suitable for farming and horticulture. It increases cultivable area on hillsides and
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reduces loss of fertile topsoil. The method supports multiple cropping and

agroforestry. It improves crop yields and prevents land degradation.

3. Describe the Broad Beds and Furrows (BBF) system.
Answer: Broad Beds and Furrows (BBF) is a mechanical soil and water
conservation technique mainly used in black cotton soils. It consists of raised
broad beds alternated with furrows or channels. Crops are grown on the raised
beds while furrows carry excess water away. This system prevents waterlogging
and improves soil aeration around plant roots. Furrows help drain excess
rainwater safely and reduce erosion. It conserves soil moisture by improving
water infiltration into deeper layers. BBF supports healthy root development and

increases crop productivity.

02-04-03: SOIL MANAGEMENT PRACTICES

Soil management practices are a set of strategic techniques and approaches employed
by farmers, land managers, and agricultural professionals to protect and enhance the
health, structure, and fertility of the soil. These practices are foundational to
sustainable agriculture, as they not only aim to increase crop productivity but also
focus on preserving the natural resource base for future generations. Effective soil
management helps in controlling erosion, enhancing water infiltration, preventing
nutrient leaching, and promoting beneficial microbial activity in the soil. It involves
a combination of physical, chemical, and biological methods to maintain the balance
of essential nutrients, improve soil structure, and regulate pH levels. By adopting
these practices, farmers can reduce dependency on synthetic inputs, minimize
environmental degradation, and adapt to changing climatic conditions. components
of soil management include techniques like gully plugging, mulching, residue
management, crop rotation, cover cropping, green manuring, and conservation
tillage. Each of these methods serves a unique purpose from reducing water runoff
and soil erosion to improving organic matter content and moisture conservation. In
regions prone to land degradation or with poor soil fertility, proper soil management
becomes even more critical. These practices contribute significantly to enhancing
soil resilience, supporting biodiversity, and ensuring long-term agricultural
sustainability. Ultimately, soil management is not just a farming necessity it is an
environmental imperative that supports food security and ecosystem stability. The

following are key practices widely used in various agricultural systems:
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1. Gully Plugging

Gully plugging is a crucial soil and water conservation technique aimed at
controlling gully erosion and restoring degraded land. Gully erosion typically results
from the unregulated flow of water, especially during heavy rainfall, which cuts deep
and wide channels into the soil. These gullies progressively expand and can cause
massive loss of fertile topsoil, thereby reducing the productivity of agricultural
fields, degrading forest lands, and damaging grazing areas. The sediment eroded
from these gullies often ends up in rivers and reservoirs, causing siltation and

affecting water quality and storage capacity.
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Fig.02-04.14. Check dams and gully plugs
(Source:https://sswm.info/sswm-solutions-bop-markets/improving-water-and-sanitation-

services-provided-public-institutions-0/check-dams-%26-gully-plugs)

The primary objective of gully plugging is to prevent further erosion by
stabilizing the gully beds and sidewalls. This is achieved by reducing the velocity of
surface runoff and encouraging the deposition of eroded material. Through a
combination of mechanical and biological measures, gully plugging not only halts
the expansion of gullies but also facilitates the gradual recovery of the affected area,

eventually making it suitable for productive uses such as farming or afforestation.

Techniques Used in Gully Plugging
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Earthen bunds are one of the simplest and most cost-effective structures used in
gully plugging. These are embankments constructed from compacted soil and placed
across the gully or slope. Their main function is to obstruct the flow of water,
thereby reducing its velocity and allowing suspended sediments to settle. Earthen
bunds are particularly effective in controlling erosion in small or shallow gullies
where the water flow is moderate. To increase their strength and durability,
vegetation can be planted on and around the bunds. The plant roots bind the soil,

reducing the risk of collapse and enhancing long-term stability.

Check dams are widely used structures built across the bed of a gully to regulate
water flow and encourage sediment deposition. These can be made from a variety of
materials including earth, wood, stone, concrete, or masonry, depending on the
specific site conditions, availability of resources, and budget. Check dams’ function
by breaking the flow of water, which diminishes its erosive force. The reduction in
velocity promotes the settling of silt and sediments behind the dam. Over time, this
deposition raises the gully bed level and facilitates the growth of vegetation, thereby
promoting land restoration and ecological stability.

Gabion structures are another highly effective mechanical method for stabilizing
deep or steep gullies. These are wire mesh boxes filled with rocks or stones, placed
strategically across the gully bed. Gabions are strong, flexible, and resistant to water
pressure, making them ideal for areas experiencing intense water flow. They absorb
and dissipate the energy of moving water without breaking apart, and the gaps
between the stones allow water to percolate through while trapping silt. These
structures can be stacked in multiple layers to address large vertical drops in the
gully profile and are known for their longevity and minimal maintenance

requirements.
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Fig.02-04.15 Gabion Structures
(Source:https://web.mst.edu/rogersda/umrcourses/ge441/online_lectures/retention_structure
s/GE441-Lecture6-3.pdf)

Brushwood dams are made by bundling together small branches, twigs, and logs and
anchoring them across the gully. These semi-permeable structures are particularly
useful for controlling erosion in small gullies with lower water flow. Brushwood
dams reduce the speed of the runoff, which helps in trapping fine sediments and
organic matter behind the dam. Over time, the decomposing organic material
enriches the soil, and the accumulated silt provides a base for vegetation to grow,

further stabilizing the gully area.

Loose boulder check dams are simple structures built by loosely arranging medium-
sized stones across the gully bed. These are suitable for rocky terrains and hilly
regions where stones are easily available. The gaps between the stones slow down
water flow and facilitate its infiltration into the ground. These dams are easy to
construct, require minimal technical input, and are quite effective in semi-arid zones

where they help in stabilizing gully beds and reducing soil erosion.

Vegetative Plugging (Biological Measures): Planting fast-growing grasses and
shrubs is a key biological method in gully plugging. Vegetation serves to bind soil
particles together through their extensive root systems, thereby preventing the
collapse of gully sides and further erosion. Commonly used plant species include
vetiver grass, leucaena, napier grass, and stylo, among others. Vetiver grass is

especially valuable due to its deep and fibrous root system, which can anchor the soil
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even on steep and unstable slopes. In addition to stabilizing the soil, vegetation also
reduces the impact of raindrops and surface runoff on the soil, while enhancing water

infiltration and maintaining soil moisture.

Live check dams are an innovative biological technique where rows of shrubs or
small trees are planted across the gully. These living barriers function similarly to
physical check dams. As the plants grow, they form a dense network of stems and
roots that trap silt and reduce the velocity of water flowing through the gully. This
promotes sediment deposition and improves soil fertility, while also contributing to
the ecological restoration of the area. Common species used for live check dams
include ipil-ipil (Leucaena leucocephala) and cassia, which grow quickly and have
strong soil-binding capabilities.

Benefits of Gully Plugging

One of the major benefits of gully plugging is that it reduces the speed and volume
of surface runoff. Both physical and biological barriers obstruct the direct flow of
water, forcing it to slow down and spread out. Slower runoff results in less soil
displacement and significantly reduces the erosive power of water. Moreover, by
minimizing the volume of water entering the gully, the chances of the gully
deepening or expanding are considerably reduced. Another important advantage is
that gully plugging prevents further erosion and sedimentation downstream. By
trapping soil and sediments within the gully system, it prevents them from being
carried away into rivers, lakes, and reservoirs. This not only protects aquatic
ecosystems but also helps maintain the water-holding capacity of storage structures,
reducing the risk of flooding and waterlogging in low-lying areas. Gully plugging
also aids in water percolation and groundwater recharge. Many of the structures,
such as check dams and boulder barriers, promote infiltration by slowing down water
flow and allowing it to seep into the ground. This process increases the soil’s
moisture content and helps replenish underground aquifers. In water-scarce regions,
this can lead to improved well yields and better availability of water for irrigation

and domestic use.

Over time, the accumulated sediments behind the barriers and the growth of
vegetation help in restoring the gully to a productive landform. As the gully bed rises
and stabilizes, the land becomes suitable for cultivation, grazing, or tree plantation.
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Improved soil structure and fertility contribute to long-term productivity and
sustainability of the land, offering economic and ecological benefits to the

community.
Suitable Regions for Gully Plugging

Gully plugging is especially effective in hilly and mountainous regions where the
velocity of runoff is naturally high due to steep slopes. In these areas, unchecked
runoff can rapidly create deep and wide gullies. It is also highly beneficial in semi-
arid and arid regions, where sparse vegetation and infrequent but intense rainfall
events often lead to severe erosion. These landscapes are particularly vulnerable and

benefit greatly from soil conservation efforts.

In agricultural catchments, where farming activities dominate, gully plugging helps
in protecting farmlands from erosion and maintaining soil fertility. This is critical for
sustaining agricultural productivity and rural livelihoods. Additionally, gully
plugging is a central component of watershed management projects, which aim for
the integrated development and conservation of land and water resources. These
projects often include a combination of engineering, vegetative, and community-

based approaches to ensure long-term environmental and economic sustainability.
2. Mulching

Mulching is the agricultural and ecological practice of covering the soil surface with
natural or synthetic materials to create a protective layer. This method serves as an
integral component of soil and water conservation strategies and is widely adopted in
agriculture, horticulture, agroforestry, and landscaping. Mulching helps in preserving
moisture, improving soil health, regulating temperature, suppressing weed growth,
and enhancing plant productivity. Over time, this sustainable practice contributes
significantly to improved crop performance, environmental protection, and climate

resilience.
Types of Mulches

Mulches are broadly classified into two categories based on their origin and

decomposition behaviour:
1. Organic Mulches

Organic mulches are biodegradable materials that decompose over time and
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contribute to soil fertility. They include:

e Straw or Hay: Effective in reducing weed emergence and evaporation losses,
straw and hay also add organic matter to the soil as they decompose.

Types of organic mulch

Fig.02-04.16. Types of organic mulch
(Source:https://geopard.tech/blog/what-is-organic-mulching-and-its-benefits/)

« Dry Leaves: Abundantly available in many regions, they improve soil

structure and texture, and are ideal for composting or surface mulching.

e« Compost: Rich in nutrients and microorganisms, compost improves soil

fertility and boosts microbial activity, promoting healthy root growth.

« Wood Chips/Bark: Slow to decompose, these are useful in orchards, tree
plantations, and ornamental landscapes. They provide long-lasting ground

cover and suppress weed growth.

e Grass Clippings: High in nitrogen, grass clippings decompose rapidly and are
ideal for nutrient recycling. However, they should be applied in thin layers to

prevent anaerobic decomposition.

e« Crop Residues: Common in conservation tillage systems, these protect the
soil during fallow periods, enhance soil organic carbon, and reduce erosion.
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2. Inorganic Mulches

These mulches are non-biodegradable and generally synthetic or mineral-based.
While they don’t enrich the soil, they offer other benefits:

INORGANIC MULCHES

Landscape Fabric

Rubber Mats

Fig.02-04.17. types of inorganic mulch

(Source: https://tractorkarvan.com/blog/types-of-mulch-used-in-agriculture)

e Plastic Films (Black or Transparent): Widely used in commercial
agriculture, plastic mulches suppress weeds, retain soil moisture, and increase

soil temperatures particularly beneficial for early season crops.

o Geotextiles (Woven Fabrics): These materials control erosion, allow water

and air to permeate the soil, and are often used in steep slopes or landscaping.

e Gravel and Stones: Common in xeriscaping and arid environments, they help
in reducing surface evaporation and add decorative value without needing

regular replacement.
Functions and Advantages of Mulching
Mulching delivers multiple ecological, agronomic, and environmental benefits:
1. Protection Against Soil Erosion

o Reduces Raindrop Impact: The mulch acts as a cushion, lessening the force of

falling raindrops and preventing soil particle displacement.

e Minimizes Surface Runoff: By slowing water flow, mulch enhances water

infiltration into the soil, reducing surface wash and gully formation.
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Prevents Soil Crusting: Mulch prevents the formation of hard crusts on the

soil surface, which often restrict seedling emergence and water absorption.

2. Moisture Conservation

Reduces Evaporation: Mulch provides a barrier between the soil and sun,

reducing water loss through evaporation.

Improves Water Use Efficiency: With moisture retained longer in the root
zone, irrigation frequency is reduced especially beneficial in rainfed and arid

agriculture.

Stabilizes Soil Moisture Levels: Continuous mulching ensures consistent

water availability, minimizing plant stress during dry spells.

3. Soil Fertility and Structural Enhancement

Adds Organic Matter: Decomposing organic mulches improve humus content

and release nutrients into the soil.

Enhances Soil Texture and Structure: Improved aggregation and friability of

the soil enhance root penetration and aeration.

Boosts Nutrient Retention: Higher organic matter improves the soil’s cation

exchange capacity (CEC), leading to better nutrient availability.

4. Weed Suppression

Blocks Sunlight: By shading the soil surface, mulch prevents the germination
of weed seeds and stunts existing weeds.

Reduces Herbicide Dependency: Natural suppression of weeds decreases

reliance on chemical herbicides, supporting sustainable and organic farming.

Decreases Weed-Crop Competition: With fewer weeds, crops have greater

access to nutrients, light, and water, improving growth.

5. Soil Temperature Regulation

Moderates Temperature Extremes: Mulch acts as an insulator, protecting roots

from excessive heat in summer and frost damage in winter.

Facilitates Early Germination: Warm, protected soil accelerates seed

germination and supports early plant development.
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Promotes Microbial Activity: Consistent temperatures favor microbial

populations that play vital roles in nutrient cycling and soil health.

6. Enhanced Biological Activity

Encourages Microbial Proliferation: Organic mulch becomes a food source for

bacteria, fungi, and actinomycetes that enhance nutrient dynamics.

Increases Earthworm Activity: Earthworms are attracted to mulched soils,
where they aerate the soil and contribute to decomposition.

Stimulates Root-Symbiont Interactions: Healthy microbial environments

support symbiotic relationships like mycorrhizae that boost nutrient uptake.

7. Reduces Soil Compaction

Cushions Soil Surface: Mulch absorbs impact from foot traffic and

agricultural machinery, reducing compaction.

Improves Porosity and Drainage: Protecting the soil structure helps maintain

pore space for air and water movement.

Prevents Surface Hardening: By preventing surface sealing, mulch maintains a
loose, friable topsoil favourable for seedling emergence.

8. Aesthetic and Environmental Contributions

Enhances Landscape Appearance: Neatly mulched areas offer a uniform, clean

look to gardens, parks, and public spaces.

Reduces Chemical Inputs: With lower needs for herbicides and fertilizers,

mulch helps reduce chemical runoff and environmental contamination.

Supports Climate-Smart Agriculture: Mulching aligns with climate-resilient
strategies by conserving water, building soil organic carbon, and improving
land productivity under changing climate conditions.

Long-Term Benefits of Mulching

Increased Soil Organic Carbon: Repeated organic mulching enhances carbon

sequestration, contributing to better soil health and climate mitigation.

Higher Agricultural Yields: Improved soil fertility, moisture availability, and

reduced stress translate to better plant growth and productivity.
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e Promotion of Sustainable Agriculture: Mulching enables low-input farming,

especially beneficial for smallholders and dryland farmers.

o Drought and Climate Change Resilience: Consistent mulch use buffers the
effects of unpredictable rainfall, temperature shifts, and prolonged dry

periods, ensuring crop survival and productivity.

mulching is a multi-functional and environmentally sound practice that not
only conserves natural resources but also improves soil health and crop performance.
Whether through decomposing organic matter or durable synthetic coverings, the
strategic use of mulch plays a pivotal role in sustainable soil management and long-

term agricultural resilience.
3. Residue Management

Residue management is the practice of handling and utilizing the remnants of crops
such as stems, stalks, roots, leaves, husks, cobs, and pods after harvest in a
sustainable and resource-efficient manner. Rather than disposing of these residues
through burning or complete removal (which leads to nutrient loss and pollution),
residue management involves leaving them on the soil surface or incorporating them
into the soil through conservation tillage methods. This approach aligns with the
principles of conservation agriculture and climate-smart farming, contributing

significantly to soil health, water retention, carbon storage, and ecosystem resilience.

Fig.02-04.18. Crop residue management

(Source: https://shapiroe.com/blog/crop-residue-management-guide/)
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Detailed Importance and Impacts of Residue Management
1. Natural Mulching Effect

Residues act as a biological mulch, shielding the soil from direct exposure to
sunlight, wind, and raindrops. They prevent soil crusting by reducing the kinetic
impact of raindrops that compact the soil surface. This protective layer creates a
microclimate around the root zone, buffering against extreme temperatures. It also

reduces weed germination by limiting sunlight penetration to the soil surface.
2. Soil Erosion Control and Moisture Conservation

By covering the soil, residues protect it from wind and water erosion especially in
vulnerable areas like slopes, drylands, and degraded fields. They intercept rainwater,
slowing runoff, allowing more water to percolate and recharge groundwater. The
organic cover reduces evaporative water loss, improving soil moisture retention,

particularly in arid and semi-arid climates.
3. Organic Matter Enrichment

As residues decompose, they become an important source of soil organic carbon
(SOC) and other nutrients. This enrichment leads to better soil aggregation, enhances
cation exchange capacity (CEC), and improves nutrient retention and availability.
Organic matter also buffers soil pH, improving overall soil chemical properties and

making it more resilient to acidification.
4. Soil Structure Improvement and Increased Water-Holding Capacity

The incorporation of residues enhances soil tilth making it looser, more porous, and
better aerated. It improves infiltration rates and reduces surface sealing, which is
common in degraded or compacted soils. This structural improvement increases the

field capacity of soils, enabling them to store more water for crop use.
5. Enhanced Soil Biological Activity

Decomposing residues serve as a continuous food source for diverse soil organisms’
bacteria, fungi, protozoa, nematodes, and macro-fauna such as earthworms and
termites. Their activity promotes biological nitrogen fixation, nutrient
mineralization, and disease suppression through natural antagonists. Fungal hyphae
and microbial secretions (glomalin) help form stable soil aggregates and organic

matter complexes.
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6. Carbon Sequestration and Climate Change Mitigation

Residues contribute to long-term carbon storage in the form of humus helping soils
act as carbon sinks. This slows the emission of greenhouse gases like CO2 and N:O,
mitigating the impact of agriculture on global warming. Residue management
supports low-emission farming systems aligned with international commitments like

the Paris Agreement.
7. Reduction in Soil Compaction and Improved Root Growth

Biological activity stimulated by residues, especially from earthworms and root
decomposition, helps to break compacted layers or hardpans. The enhanced porosity
allows deeper root penetration, better water uptake, and improved access to subsoil
nutrients. Reduced reliance on heavy tillage preserves soil structure and reduces

energy costs in land preparation.
8. Improved Fertility and Reduced Chemical Dependency

Decomposition releases essential nutrients like nitrogen (N), phosphorus (P),
potassium (K), calcium (Ca), and magnesium (Mg) into the root zone. This reduces
the need for synthetic fertilizers, lowering production costs and reducing the risk of
soil and water pollution due to leaching or runoff. Residue retention supports

nutrient cycling and enhances the efficiency of fertilizer use.
9. Biodiversity Conservation and Habitat Creation

Residue-covered fields support habitats for beneficial insects, birds, and soil
organisms. Increased above- and below-ground biodiversity promotes ecological
balance and natural pest control. It also supports pollinator species, essential for

crop productivity and ecosystem health.
10. Economic and Operational Advantages

Reduces the labour and fuel costs associated with residue collection, burning, or
disposal. Enhances long-term soil productivity, leading to increased crop yields and
profitability. Encourages sustainable mechanization practices like zero-till and strip-

till farming, improving input efficiency.
Methods of Residue Management

1. Surface Retention: Residues are left undisturbed on the soil surface.
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2. Incorporation: Residues are mixed into the soil using ploughs or rotavators.
3. Zero/No-Till Farming: Seeds are directly drilled into residue-covered fields.
4. Mulch Farming: Deliberate use of residues as mulch between crop rows.

5. Composting and Vermicomposting: Turning residues into compost to be

reapplied to fields.

6. Biochar Production: Pyrolyzing residues to produce a stable carbon-rich

amendment.
4. Diverse Crop Rotation

Diverse crop rotation is a strategic agricultural practice involving the planned
cultivation of different types of crops such as cereals, legumes, oilseeds, vegetables,
and cover crops on the same piece of land over successive seasons or years. This
method mimics natural ecosystem processes and is particularly beneficial in dryland

and rainfed systems, where conservation of soil and water resources is vital.
Ecological and Economic Benefits of Diverse Crop Rotation

1. Breaks Pest and Disease Cycles: Avoids continuous build-up of crop-specific
pests and pathogens in the soil. Interrupts pest and disease life cycles through
crop variation. Reduces dependence on chemical pesticides, promoting

ecological pest control.

2. Enhances Nutrient Cycling and Soil Fertility: Different crops have varying
nutrient needs and root depths. Deep-rooted crops (e.g., maize, sunflower)
extract nutrients from deeper layers, while shallow-rooted crops (e.g.,
vegetables, pulses) utilize surface nutrients. Helps balance soil nutrient levels

and prevent specific nutrient depletion.

3. Biological Nitrogen Fixation by Legumes: Leguminous crops (e.g., groundnut,
soybean, and lentil) fix atmospheric nitrogen via Rhizobium bacteria in their
root nodules. Enriches the soil with nitrogen naturally, reducing the need for

synthetic fertilizers.

4. Improves Soil Structure and Organic Matter: Diverse root systems improve soil
porosity and aeration. Fibrous roots (e.g., millets, sorghum) enhance soil

aggregation. Decomposed crop residues add organic matter, improving microbial
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activity and water infiltration.

. Suppresses Weed Growth Naturally: Different crops offer varying canopy cover
and growth habits, disrupting weed life cycles. Fast-growing intercrops and
cover crops (e.g., ryegrass, cowpea) suppress weeds by occupying space and

limiting sunlight.

Enhances Farm Resilience and Risk Management: Reduces the risk of total crop
failure due to pests, disease, or extreme weather affecting a single crop. Provides
income stability through staggered harvesting and crop diversity. Encourages

balanced use of farm resources across the year.

Improves Input Efficiency and Reduces Costs: Lower reliance on chemical
fertilizers and pesticides due to improved soil health and natural pest
suppression. Enhances long-term soil productivity, reducing the need for
corrective inputs. Makes farming more cost-effective and environmentally

sustainable.

. Opens Better Market Opportunities: Provides access to diverse markets with a
range of crops. Increases profitability by including high-value crops like
vegetables, spices, or herbs. Enables farmers to adapt to changing consumer

demands and market trends.

Diverse crop rotation is a cornerstone of sustainable agriculture, enhancing

ecological health, resource efficiency, and farm profitability. It supports soil

conservation, pest management, nutrient recycling, and economic resilience.

Especially in fragile and rainfed ecosystems, this practice is crucial for ensuring

long-term agricultural sustainability and climate-smart food production.

MULTIPLE CHOICE QUESTIONS
1. Which soil management practice helps control gully erosion by reducing

water flow velocity?

a. Mulching

b. Gully Plugging

c. Composting

d. Crop Rotation
Answer: b. Gully Plugging

2. Which of the following is an example of organic mulch?
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a. Plastic film
b. Gravel
c. Straw or dry leaves
d. Geotextile
Answer: c. Straw or dry leaves
3. Leguminous crops in crop rotation help in:
a. Increasing soil salinity
b. Nitrogen fixation in soil
c. Soil erosion
d. Reducing water infiltration

Answer: b. Nitrogen fixation in soil

SHORT ANSWER QUESTIONS WITH MODEL ANSWER

1. Explain the importance of gully plugging in soil conservation.
Answer: Gully plugging is an important soil and water conservation practice
used to control gully erosion. Gullies are formed by fast-moving runoff water
during heavy rainfall, which removes fertile topsoil. Gully plugging reduces the
speed of water flow and prevents further soil erosion. Structures such as check
dams, earthen bunds, gabions, and brushwood dams are commonly used. These
structures help trap sediments and restore degraded land. Gully plugging
improves water infiltration and increases groundwater recharge. It prevents

sediment deposition in rivers and reservoirs.

2. What are the advantages of mulching in agriculture?
Answer: Mulching is the practice of covering soil with organic or inorganic
materials to protect the soil surface. It helps reduce soil erosion by minimizing
the impact of raindrops and reducing surface runoff. Mulch conserves soil
moisture by reducing evaporation. Organic mulch improves soil fertility as it
decomposes and adds organic matter. Mulching suppresses weed growth by
blocking sunlight. It regulates soil temperature by protecting roots from heat and

cold. Mulch improves soil structure, aeration, and water-holding capacity.

3. Describe the benefits of diverse crop rotation.
Answer: Diverse crop rotation means growing different crops on the same land
in different seasons. It helps break the life cycle of pests and diseases, reducing

crop damage. Different crops use nutrients from different soil depths, improving
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nutrient balance. Leguminous crops such as soybean and groundnut fix
atmospheric nitrogen and improve soil fertility. Crop rotation improves soil
structure and increases organic matter content. It suppresses weed growth
naturally by changing crop patterns. Farmers become less dependent on chemical

fertilizers and pesticides.

SUMMARY

Soil conservation is a critical aspect of sustainable land management, aiming to
prevent soil erosion, maintain fertility, and ensure long-term agricultural productivity.
The techniques used for soil conservation can be broadly categorized into vegetative
measures, mechanical measures, and soil management practices, each contributing
uniquely to land protection. Vegetative measures utilize plant cover to shield the soil
from erosive forces like wind and water. Techniques such as contour cultivation and
strip cropping slow down water runoff, while vegetative barriers and
windbreaks/shelterbelts help stabilize soil and reduce erosion. Additionally, adopting
diverse cropping systems and even controlled shifting cultivation can help preserve
soil fertility and structure by enhancing nutrient cycling and ground cover.
Mechanical measures involve the construction of physical structures to control surface

runoff, manage water flow, and stabilize the terrain.

These include contour bunds, graded bunds, broad beds and furrows, contour
trenches, bench terraces, and stone walls. Such structures are especially effective in
sloped and erosion-prone areas, helping reduce the impact of rainfall and runoff while
improving water infiltration. Soil management practices focus on improving the health
and structure of the soil through organic and biological means. Key practices include
gully plugging, which halts erosion in deeply eroded channels; mulching, which
conserves moisture and adds organic matter; residue management, which improves soil
texture and fertility; and diverse crop rotation, which enhances nutrient availability
and breaks pest and disease cycles. An integrated approach, combining vegetative,
mechanical, and management techniques, provides the most effective and sustainable
solution to soil conservation. By using these methods in a complementary way,
farmers and land managers can protect the soil, improve agricultural productivity, and

ensure long-term environmental health.
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END OF UNIT EXERCISES

1) What are soil conservation techniques and why are they important for sustainable
land management?
2) How do vegetative measures contribute to soil conservation? Explain with
suitable examples.
3) What are mechanical soil conservation measures and how do they help in
controlling soil erosion?
4) Discuss various soil management practices and their role in maintaining soil
health.
5) Why is an integrated approach combining vegetative, mechanical, and
management practices important in soil conservation?
KEY WORDS
Soil conservation, vegetative measures, mechanical measures, soil management, gully

plugging, mulching, crop rotation, bunds, terraces, windbreaks, integrated approach,

sustainability, erosion control, fertility improvement.
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