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CHAPTER INTRODUCTION

Course has five chapters. Under this theme we have covered the following topics:

S. No Module No Unit No

01 Module 01 Atmospheric Environment and Chemistry
Unit 01 Introduction to the Atmosphere
Unit 02 Biogeochemical Cycles
Unit 03 Atmospheric Chemistry
Unit 04 Air pollution and control strategies

02 Module 02 Agquatic Chemistry and water Pollution
Unit 05 Chemical Composition of Water Bodies
Unit 06 Aquatic Pollution
Unit 07 Water Quality Parameters
Unit 8 Heavy Metal Pollution

03 Module 03 Industrial Pollution and soil contamination
Unit 09 Industrial Pollution
Unit 10 Soil Pollution
Unit 11 Environmental Disasters

04 Module 04 Fuel analysis and Energy Resources
Unit 12 Analysis of Fuels
Unit 13 Energy Resources and Environmental Impact
Unit 14 Sustainable energy sources

05 Module 05 Environmental and Industrial Law
Unit 15 Environmental Protection Act (1986)
Unit 16 Public Liability Insurance Act (1991)
Unit 17 Pollution Control Boards
Unit 18 Important Environmental Rules and Notifications

The theme of Environmental and analytical chemistry focuses on understanding chemical processes
in the environment, developing analytical methods to study them, and addressing environmental
issues through chemical solutions. This book is designed to help you think about the topic of the
particular Unit. We suggest you do all the activities in the Units, even those which you find
relatively easy. This will reinforce your earlier learn



MODULE 1

ATMOSPHERIC ENVIRONMENT AND CHEMISTRY NOTES

ENVIROMENTAL
1.0 Objectives & ANALYTICAL
CHEMISTRY
e To understand the composition of the atmosphere, including major

and minor gases, trace elements, and particulates.

e To analyze the vertical temperature profile of the atmosphere and
the impact of temperature inversions on atmospheric stability and
vertical mixing.

e To investigate the Earth's radiation budget, taking into account
how greenhouse gases control radiation entering and leaving the
planet.

e To investigate the basic mechanisms of biogeochemical cycles,
including the nitrogen, phosphorus, sulphur, and carbon cycles,
and their importance in atmospheric chemistry.

e To look into the chemical and photochemical processes that take
place in the atmosphere, such as the production of smog, the ozone
hole, and the effects of CO, SOx, and NOx pollutants

e To assess analytical approaches for air quality monitoring,
environmental impacts of air pollutants, and air pollution control

strategies.
UNIT 01
Introduction to the Atmosphere

The atmosphere, an intangible but essential component of the Earth's
system, envelops our planet in a vast and ever-changing shield of gases.
In addition to being the source of life for all terrestrial organisms, the
atmosphere serves as a crucial barrier that protects life from the harsh
environment of space. The Earth is covered by this veil of life-sustaining
material from the surface to the edges, where it progressively disappears

into the boundless void of space. The atmosphere is by no means a
1
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constant, homogeneous layer, though. In actuality, it is a very dynamic and
complex system that fluctuates in temperature, pressure, density, and
composition both vertically from the planet's surface to the upper reaches

of space and horizontally throughout the planet.

A combination of biological activity and geological processes have shaped
Earth's atmosphere over billions of years, turning what was once a hostile
and harsh environment into the life-supporting atmosphere that keeps
Earth's ecosystems alive today. Due in large part to the introduction of
photosynthesis by early organisms such as cyanobacteria, these changes
have included the emergence of oxygen as a crucial component. The
composition of Earth's atmosphere is still changing today due to both
natural processes like volcanic activity and human activities like burning

fossil fuels, deforestation, and industrial emissions.

Understanding the atmosphere is crucial for more than just weather
prediction and climate studies. It is fundamental for grasping how humans
interact with and influence the environment. Atmospheric processes are
intricately tied to numerous environmental challenges, including air
pollution, ozone depletion, and climate change, which have wide-reaching

consequences for both human health and biodiversity.

Functions of the Atmosphere

The atmosphere plays a wide range of critical functions that are vital to

the survival of life on Earth:

1. Gas Exchange for Life:
o The atmosphere provides essential gases such as oxygen
(O,), necessary for respiration in animals and humans, and
carbon dioxide (CO,), which plants use for photosynthesis.
Nitrogen (N) makes up the majority of the atmosphere and
is crucial for the nitrogen cycle, enabling biological
processes that are critical for plant growth and the

functioning of ecosystems.
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2. Temperature Regulation:

o One of the most important functions of the atmosphere is

to regulate the planet's temperature. The gases present in NOTES

the atmosphere, notably greenhouse gases such as CO,, ENVIROMENTAL
& ANALYTICAL

methane (CH,), and water vapor (H,0), trap heat from the CHEMISTRY

Sun, preventing it from escaping into space. This process,
known as the greenhouse effect, helps to maintain Earth’s
average temperature within a range that supports life.
Without this heat retention, Earth would experience
extreme temperature variations between day and night,
making it difficult for life to thrive.

3. Solar Radiation Protection:

o The atmosphere acts as a protective filter that shields living
organisms from harmful solar radiation, particularly
ultraviolet (UV) rays, which can cause severe damage to
living tissues. The ozone layer, located in the stratosphere,
plays a particularly important role in absorbing much of the
Sun's harmful UV radiation, preventing it from reaching
the Earth's surface. Without this protection, life on Earth
would be at serious risk of genetic damage, skin cancer,
and other health issues.

4. Water Cycle Regulation:

o The atmosphere is central to the global water cycle, which
is essential for maintaining the planet’s water resources.
The atmosphere supports the processes of evaporation,
condensation, and precipitation that allow water to
circulate through the environment. This cycle is
responsible for distributing freshwater across continents,
replenishing rivers, lakes, and aquifers, and providing the

necessary moisture for plant growth and agriculture.

Composition of the Atmosphere

3
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Composition of the Earth's Atmosphere
1.6 1007 B 1

Major and Minor Gases

The majority of the atmosphere is a mixture of a variety of gases,
maintained a quarter of the Earth to the surface, with the gravitational
attraction of vigorous gas. The composition of this gas form has remained
relatively stable for millions of years, in equilibrium due to a balance of
input and removal processes carried out by geological and biological
processes. Today, the atmosphere is mostly composed of nitrogen and

oxygen, with traces of carbon dioxide, argon, and other gases.

Nitrogen: The most common gas in the Earth's atmosphere, nitrogen (N2),
makes up 78.08% of dry air by volume. The strong triple bond between
the nitrogen atoms, which requires a lot of energy to break, makes nitrogen
comparatively inert even though it is the planet's oldest atmosphere. The
majority of organisms are unable to directly utilise atmospheric nitrogen
due to its stability. Rather, through a process called nitrogen fixation,
specialised bacteria and archaea transform nitrogen into forms that plants
can use. Nitrogen oxides are produced when nitrogen bonds are broken by
lightning and certain industrial processes. The nitrogen cycle—which
includes mechanisms of nitrogen fixation, nitrification, denitrification,
and ammonification—does just that by balancing atmospheric nitrogen
reservoir with biological demands.Oxygen(O2) is the second most
plentiful gas in our atmosphere, with a volume of about 20.95% of dry air.
Numerous microorganisms and animals use this diatomic molecule, which
is necessary for aerobic respiration. Surprisingly, the majority of the
oxygen in the Earth's atmosphere is biogenic, originating from the

photosynthesis of the planet's plants, algae, and cyanobacteria. Beginning
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with the Great Oxygenation Event, which occurred about 2.4 billion years
ago, when photosynthetic life started to produce significant amounts of
oxygen, the present atmosphere, which is rich in oxygen, also developed
gradually. Prior to this shift, the Earth's atmosphere contained no free
oxygen. The concentration of oxygen in the modern atmosphere is
comparatively stable because it is continuously produced by
photosynthesis and consumed by respiration and the oxidation of both
organic and inorganic substances.At around 0.93% (by volume) of the
atmosphere, argon (Ar) is the third most abundant gas. Since argon is a
noble gas with a full valence shell of electrons, it is completely chemically
inert and cannot participate in biological or chemical processes like
nitrogen and oxygen can. The argon in the atmosphere comes mostly from
radioactive decay of potassium-40 in Earth’s crust, which has been
gathering in the atmosphere for billions of years. The buildup of argon is

ongoing and increases at very low rates as this radiogenic process persists.

The atmosphere is formed by a variety of gases, and although carbon
dioxide (CO2) only accounts for approximately 0.04% (or 420 parts per
million) of the atmosphere by volume, CO2 is a vital greenhouse gas that
is a major contributor to the earth's climate system. Plants, algae and
cyanobacteria take up carbon dioxide during photosynthesis, while all
aerobic organisms, including humans, release it during respiration. Carbon
dioxide enters the atmosphere also from volcanic eruptions, oceanic
emissions and the decomposition of organic matters. As a large reservoir,
the ocean takes in carbon dioxide and releases it in order to equilibrate
with atmospheric concentrations. Human-caused deforestation and the use
of fossil fuels have significantly raised atmospheric carbon dioxide levels
from the beginning of the Industrial Revolution to enhance greenhouse
effect and resulting into global climate change.Water vapor (H:0) is
extremely variable in the atmosphere, usually between 0-4% by volume,
with the most extensive amounts in foaming, humid regions around the
equator and the least in frozen, arid polar regions. Water vapour is the
only atmospheric gas that can phase change in accordance with

5

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

characteristic conditions of Earth. It is the dominant greenhouse Infrared
radiation is absorbed and re-emitted by gas in the atmosphere. The
evaporation of water and condenses, it carries latent heat energy,
redistributing heat throughout the atmosphere. Through evaporation and
transpiration, condensation, precipitation and runoff, Water is
continuously moved from the atmosphere into the hydrosphere and then
into the biosphere by the hydrologic cycle. Other gases like neon (Ne),
helium (He), methane (CH4), krypton (Kr), hydrogen (H2), nitrous oxide
(N20), xenon (Xe), and ozone (O2) are present in the atmosphere in trace
concentrations. Some of these gases, like methane and nitrous oxide, are
potent greenhouse gases that significantly affect the Earth's radiative
balance when present in trace amounts. Ozone is worth special mention
too, as it acts as an important protective layer in our stratosphere,
absorbing high-energy, damaging ultraviolet radiation, but is a pollutant

at ground level that damages tissue, both respiratory and in plants.

Permanent Gases of the Atmosphere

Constituent Formuda | Percentage by Volume
."-'if.:«-,:l'n [ N, [ 78,08
Oxygen 0, 20.95
Argon g'u.' 093
Carbon dloxide CoO, 0.0356
Neon Ne 0.002
Hellum He 0.0005
Krypto Kr 0.00]
Xenon Xe 0.00009

Hydrogen H, 0.00005

Trace Elements and Particulates

In addition to gases, the atmosphere contains many different types of tiny
liquid and solid particles that are floating in the atmosphere, which we call
aerosols or particulate matter. These particles can take the form of fine
dust just a few nanometers wide to larger pollen grains and droplets of rain
with millimeter-scale diameters. Atmospheric particulates are produced

from both natural and anthropogenic sources and differ significantly in
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concentration, composition, and size distribution depending on location,
altitude, and time.Natural sources of particulates in the atmosphere include
volcanic eruptions, which pump ash, sulfur dioxide and a range of
minerals into the air; desert storms, which kick up massive amounts of
mineral dust; sea spray, which releases salt particles when seawater
evaporates; wildfires, which emit smoke and ash; biological processes,
which generate pollen, spores and microbial cells; and cosmic sources,
which provide micrometeorites and space dust. These natural aerosols
have existed in Earth’s atmosphere for its whole history, with impacts on
climate and surfaces for chemical reactions.In many areas, human
activities have created new sources of particulate material, radically
changing the composition of the atmosphere. Industrial activities emit
soot, metals, and other chemicals, burning fossil fuels leads to black
carbon and sulfate aerosols, agriculture releases dust and biological
aerosols, burning of biomass results in smoke aerosols, and mining and
construction activities disturb soils creating more dust. These
anthropogenic aerosols tend to accumulate within urban and industrial
regions, leading to air pollution issues and potentially impacting human
health.

Atmospheric particulates, acting as nuclei for droplet formation, have a
significant impact on cloud characteristics and precipitation patterns.
Different kinds of particles have different hygroscopic properties, or the
ability to draw in water molecules, so the relative effectiveness of said
particles as cloud condensation nuclei varies. Aerosols’ interaction with
cloud formation is one of the biggest unknowns in today’s climate
models.Particles also directly affect Earth's radiative balance because they
both scatter and absorb solar radiation. Furthermore, there is a cooling
effect because lighter particles, such as sulphates, reflect more solar
radiation back into space. In contrast, the atmosphere warms due to the
absorption of radiation by black carbon and other dark particles. The size,
shape, vertical distribution, reflectivity, and net radiative effect of the
substrate that the particles settle on are all influenced by their

7

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

type.Particulates in the atmosphere have an effect on visibility and air
quality in addition to the climate. Particulate matter, specifically PM2, has
the ability to deeply enter respiratory systems and cause health risks like
cardiovascular and respiratory disorders. Increased particulate matter
scatters light, making it harder to see and producing the typical haze found
in contaminated areas. Additionally, particles that fall to the ground can
damage crops, rust objects, and change the chemistry of soil and
water.Depending on atmospheric conditions and particle properties,
particle residence time in the atmosphere can vary significantly. While
fine particles can remain in the air for days or weeks, larger particles
typically fall out of the atmosphere fairly quickly due to gravity. Aerosols
can linger for years and momentarily change the global climate, especially
those released into the stratosphere by massive volcanic eruptions. Wet
deposition (scavenging by precipitation), dry deposition (settling under
gravity), and different chemical transformations that may change particle
properties or turn particulates into gases are examples of removal
mechanisms.Using satellite remote sensing, aircraft measurements, and
ground-based sampling stations, atmospheric particulate matter (PM)
monitoring has advanced to a highly sophisticated level, documenting
temporal trends and global distributions. These observations provide
crucial information for managing air quality, studying climate change, and
validating atmospheric models. The interaction of particulates and
atmospheric processes (e.g., precipitation) has complex interactions that
continue to be a field of ongoing study with implications on environmental

policy and public health.

Vertical Temperature Profile

The atmosphere is not uniform with altitude, rather shows a stratification
of different physical features mainly driven by temperature gradients.
These regimes produce a thermal vertical structure that affects
atmospheric circulation, chemical, and energy transfer. The layers of the
atmosphere that can be divided based on temperature gradients,

composition, and other factors are the troposphere, stratosphere,
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mesosphere, and thermosphere. From the Earth's surface upward, these
layers are arranged.
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Troposphere: The lowest layer of the atmosphere, the troposphere extends
from the Earth's surface to a height of about 8 to 18 kilometres, with the
equator being the highest and the poles the lowest. The air column's
subsequent thermal expansion and differential solar heating are the causes
of this variation. Seasons affect the tropopause’s height, with summertime
typically seeing higher levels. The troposphere's average temperature
decreases with altitude at a rate of about 6.5°C per kilometre. This decrease
— described as the environmental lapse rate — takes place mainly because
the troposphere is warmed from below by the surface of the Earth, which
absorbs solar radiation and gives up its heat to the overlying air by
conduction and convection. Since there is less pressure higher in the
atmosphere, air expands and cools as it climbs. The real lapse rate varies
widely by place, season, and conditions, and sometimes temp increases
with height (inversions).About 75-80% of the atmosphere's mass is
located in the troposphere, where almost all weather and 95% of the
atmosphere's water vapor exists. Convection brought on by the surface

heating creates a strong vertical mixing in this layer, allowing heat,

9
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humidity, and pollutants to move throughout it. Clouds, precipitation, and
various weather systems, ranging from localised thunderstorms to fronts
that can span continents, are caused by this mixing in addition to an
abundance of water vapour. The troposphere is primarily affected by
human activity, which introduces pollutants, greenhouse gases, and other
particulates that cause air pollution and climate disruption.The tropopause
IS a temperature minimum and a barrier that restricts vertical mixing
between these layers. However, this boundary is not constant or fixed; it
fluctuates in height and structure, particularly in the vicinity of weather
systems and jet streams. By acting as a “cold trap," the tropopause keeps
water vapour from condensing into the stratosphere and descending as
precipitation of moisture that rises through the troposphere. The extremely
low levels of water vapour in the stratosphere relative to the tropospheric

air below it are caused by this mechanism.

Stratosphere: The stratosphere extends from the tropopause to a height of
roughly 50 kilometres above Earth's surface. A temperature inversion that
prevents vertical mixing and produces a stable atmosphere is caused by
the stratosphere's temperature rising with altitude in contrast to the
troposphere. The primary causes of this temperature increase are the
conversion of incoming radiant energy into thermal energy and the
absorption of UV sun radiation by ozone (Os3).The most significant
warming is in the ozone layer, where the ozone is at its maximum
concentration, between 15-35 kilometers altitude.Ozone is also found in
the stratosphere, where it forms through a series of photochemical
reactions that use solar ultraviolet radiation to split Ozone is created when
oxygen molecules (O2) split into individual oxygen atoms, which then
combine with other oxygen molecules. This absorption of high-energy
ultraviolet radiation shields Earth’s surface from harmful impacts, such
as damage to organisms’ DNA. The Chapman cycle — a description of
naturally occurring processes that produce/consume ozone (O3) — keeps
the stratospheric ozone (O3) concentrations in a dynamic balance.
However, anthropogenic substances, primarily CFCs, have disturbed this
balance by catalyzing the breakdown of ozone, resulting in ozone

MATS Centre for Distance & Online Education, MATS University



depletion, which is most noticeable in the polar regions in the
spring.Verical motion and turbulence are discouraged in this stable
atmosphere, so we see horizontal laminar flow dominating airflow in the
stratosphere. This layer of stability enables materials injected into the
stratosphere, whether they be volcanic aerosols or aircraft emissions, to
remain for extended periods of time — sometimes years — as opposed to
Removal in the form of precipitation takes place in days or weeks in the
troposphere, the part of the atmosphere nearest to the earth's surface.
Strong stratospheric winds, in particular polar night jet streams that form
during winter around the polar vortices, can reach speeds greater than 300
kilometers per hour, impacting the weather in the troposphere
below.Although it has very little water vapor, the stratosphere can form
clouds when it is very cold. Polar stratospheric clouds form mainly in the
Antarctic winter and are key to the chemistry of ozone destruction.
Nacreous or “mother-of-pearl” clouds can occasionally be seen altitudes
up within the stratosphere, displaying rainbow-colored hues resulting
from diffraction of sunlight from similarly sized particles. Megavolcanic
eruptions, moreover, can force aerosols directly into the stratosphere,
where they might globalize, reflecting incoming solar radiation and
temporarily cooling the planet’s climate.The boundary separating these
two layers, the stratopause, represents a maximum, with temperatures

again declining At rising altitude in the mesosphere above.

Mesosphere: The mesosphere is located between the stratopause, which
is around 50 kilometers above Earth, and an altitude of about 85
kilometers. In this layer, temperature once again decreases with altitude,
but now the coldest temperatures anywhere in the whole atmosphere occur
just below the mesopause and readings can drop below —100 °C especially
during the polar summer. This frigid air forms because the temperatures
up this high are far removed from heat sources of any kind: it is too high
up to receive much warming through convection or conduction from the
Earth itself, and too poor in ozone or other radiatively active gases to
absorb much sunlight directly. The mesosphere is the “middle sphere” of

11
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the atmosphere, and its thin air—Iless than 0.1% of atmospheric pressure
at sea level—hosts several unique phenomena. The bright trails known as
"shooting stars" are caused by meteors disintegrating in this layer, where
friction with atmospheric molecules converts their kinetic energy into
heat. These meteor smoke-derived particles serve as condensation nuclei
for noctilucent clouds, also known as polar mesospheric clouds, which
form in the summer months at high latitudes close to the mesopause. At
twilight, when the Sun is below the horizon and illuminating the clouds
from below, they appear as silvery-blue formations visible from the Earth's
surface. They are composed of ice crystals on meteor dust
particles.Additionally, there are numerous kinds of atmospheric waves
that ascend from the troposphere and stratosphere into the mesosphere.
These waves' amplitudes grow as they move through the increasingly
rarified air until they become unstable and shatter, releasing momentum
and energy that support a large portion of the mesospheric circulation. In
contrast to what would normally happen due to solar sunlight heating, this
wave-driven circulation creates an amazing thermal structure where the
summer mesopause becomes colder than the winter mesopause. The lower
limit of the ionosphere, which travels upward through the thermosphere,
is formed by this area, which is dense with charged particles. These ions
are the result of photoionisation, which is the process by which solar
radiation—uparticularly ultraviolet and X-rays—removes electrons from
atmospheric molecules. Since certain frequencies will be reflected back to
Earth, the fluctuating density of these plasma ions affects how radio waves
travel and makes long-distance communication easier.Because it is too
low for satellites to orbit and too high for aeroplanes or weather balloons
to reach, the mesosphere is a difficult region of the Earth's atmosphere to
study. For direct measurements, remote sensing methods, and the
observation of natural phenomena like meteor trails and noctilucent
clouds, research therefore depends on rocket-borne instruments. This
previously under-observed atmospheric region is better understood thanks

to new suborbital research platforms and remote sensing capabilities.
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Thermosphere: The thermosphere is located between 500 and 1000
kilometres above the Earth's surface and above the mesopause at about 85
kilometres. Its upper boundary, also referred to as the thermopause or
exobase, marks the boundary with outer space. The temperature in this
layer increases dramatically with altitude, reaching up to 2000 °C at times
when solar activity is at its highest.However, this clevated “temperature”
is representative of the average kinetic energy of individual molecules and
is not thermodynamic energy that might be detected as heat. Since the
density within the thermosphere is very low (molecules can be several
kilometers apart), heat transfer through collisions between atoms is

minimal, meaning that an object in this region does not experience

Unit 2

Biogeochemical Cycles

1.2 Biogeochemical Cycles

Biodistribution of Elements—how elements are distributed in ecosystems
and biomes. intertwined, each affecting and contributing towards the
global environment. It covers the 4 major biogeochemical cycles: Carbon,
Nitrogen, Phosphorus, and Sulfur and the larger umbrella topic of and
ensure a variety of biogeochemical functions are contributed to enable life.
Representing systems that span from the atomic level to the molecular to
the biological level, the biogeochemical cycles are the Earth’s crust. All
cycles are important to keep ecological balance, support biodiversity, the
movement and transformation of elements in the environment,
maintaining the cycles of life on earth. These cycles describe the
movement of vital elements — carbon, nitrogen, phosphorus and sulfur —
which are constantly exchanged among living organisms, the atmosphere,
the oceans and Biogeochemical cycles are natural processes that
allowwith the continuous availability of nutrients for biological processes.
to grow and thrive. Biogeochemical cycles are vital as they help the earth
to continue supporting life elements. These cycles help recycle essential

13
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nutrients back into the ecosystems to allow other life forms these
movements of matter within and between ecosystems are called
biogeochemical cycles. This includes processes such as biological uptake,
decay, atmospheric transport and geological cycling of Elements are
cycled through ecosystems, biota (living organism) and abiotic

components(water air soil) and
Carbon Cycle

A series of interconnected processes allow carbon to flow through the
atmosphere, hydrosphere, lithosphere and biosphere, which is critical for
is the fundamental component of living cells. Environmental Carbon
Forms: carbon dioxide (CO:), methane (CHai), organic compounds
maintaining the Earths climate, providing photosynthesis, and regulating
biological productivity. Carbon Cycle: The carbon cycle is one of the
most important biogeochemical cycles because carbon is a vital element
of the process of life and(carbohydrates, proteins, lipids), inorganic

carbonates.

Carbon Cycle
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Key Components of the Carbon Cycle

1. Atmosphere: A large portion of the carbon in the atmosphere is
found in the form of carbon dioxide, a greenhouse gas that is
crucial in controlling the planet's temperature. Natural activities
like respiration release carbon dioxide into the atmosphere, decay

of organic matter, and volcanic activity. However, human
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activities, such as burning fossil fuels (coal, oil, and natural gas)
and deforestation, have significantly increased atmospheric carbon
concentrations, contributing to climate change.

Photosynthesis and Respiration: One of the most important
biological processes in the carbon cycle is photosynthesis, where
plants, algae, and certain bacteria convert carbon dioxide and
sunlight into organic compounds (glucose), releasing oxygen as a
byproduct. Through photosynthesis, carbon is removed from the
atmosphere and incorporated into plant biomass. After herbivores
eat plants, this carbon is subsequently transferred up the food chain
by carnivores that eat herbivores.

The process by which living things expel energy from organic
compounds, known as respiration, also makes a substantial
contribution to the carbon cycle. As a result of the breakdown of
glucose and other organic molecules during respiration, carbon
dioxide is released back into the atmosphere. Both plants and
animals breathe in addition to decomposers that break down dead

organic materials, such as bacteria and fungi.

Decomposition: When a species dies, its corpse is broken down
by decomposers like fungi and bacteria, which returns carbon
dioxide to the atmosphere. Over geological time scales, some of
the carbon is also stored as fossil fuels (coal, oil, and natural gas)
or assimilated into the soil as humus.

Carbon Sequestration: The process of storing carbon in long-
term reservoirs like soil, forests, and oceans is known as carbon
sequestration, and it is a crucial component of the carbon cycle. By
absorbing more carbon dioxide through photosynthesis than they
expel through respiration, forests serve as carbon sinks, lowering
atmospheric CO, concentrations. In a similar vein, the oceans
remove significant amounts of carbon dioxide from the

atmosphere, acting as carbon sinks.
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Human Impact on the Carbon Cycle: The primary ways that
human activities have significantly changed the natural carbon
cycle are through the burning of fossil fuels, deforestation, and
industrial processes that release enormous amounts of carbon
dioxide into the atmosphere. This excess carbon exacerbates the
greenhouse effect, which leads to climate change and global
warming. Furthermore, by reducing the planet's capacity to absorb
and store carbon, the loss of forests—natural carbon sinks—

exacerbates the issue.
The Role of the Carbon Cycle in Climate Change

Climate change and the carbon cycle are closely related. The amount of
carbon dioxide in the atmosphere has a major influence on the world
temperature. Higher concentrations of carbon dioxide keep heat inside
Earth’s atmosphere, resulting in the greenhouse effect that causes the
planet to warm. But while human activities may be raising concentrations
of carbon dioxide, and hence the Earth’s average temperature, leading to
weather changes, increasing sea levels, as well as disturbances to
biodiversity and ecosystems, the world remains just as complex, just as

beautiful and just as interesting.
U ITNitrogen Cycle

Another vital biogeochemical cycle is the nitrogen cycle which converts
nitrogen into a variety of chemical forms to include organisms to grow
and reproduce. Nitrogen, abundant in the atmosphere, is present in
proteins, nucleic acids (such as DNA and RNA), and other biomolecules
necessary for life. Yet, nitrogen gas (N2) constitutes up to The majority of
species and 78% of the Earth's atmosphere are unable to directly utilize it
in its chemical form. Consequently, nitrogen has to be transformed into
its reactive forms by a broad range of procedures that are collectively

referred to as the nitrogen cycle.
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Key Components of the Nitrogen Cycle

1. Nitrogen Fixation: The nitrogen cycle begins with nitrogen
fixation, in which atmospheric nitrogen gas (N2) is transformed
into ammonia (NHs) or ammonium (NH.4"). This process is carried
out by nitrogen-fixing bacteria, which can be found in the soil or
in the root nodules of leguminous plants (e.g., peas, beans). The
bacteria possess the enzyme nitrogenase, which catalyzes the
conversion of atmospheric nitrogen into a biologically available
form.

2. Nitrification: Nitrite-oxidizing bacteria (NOB) further oxidise
nitrites to nitrates (NOs~), while ammonia-oxidizing bacteria
(AOB) first oxidise ammonia to nitrites (NO,"). Plants use nitrate,
the most easily absorbed form of nitrogen, to produce proteins and
other essential nutrients.

3. Assimilation: During this phase, plants use the nitrates (NO3)
they extract from the soil to make nitrogen-containing compounds
such as proteins and amino acids. Herbivores absorb nitrogen
molecules from plants and use them in their own bodies.
Carnivores subsequently consume herbivores, moving nitrogen up
the food chain.

4. Ammonification (Decomposition): Dead plants, animals, and
microorganisms release nitrogen back into the soil through

decomposition.  Nitrogen is released as ammonia (NH3) or
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ammonium (NH,*) when decomposers such as bacteria and fungi
break down organic matter. We call this process ammonification.
Denitrification: Nitrates (NO3~) are converted back into nitrogen
gas (N_) by denitrifying bacteria in the final stage of the nitrogen
cycle. These bacteria are typically found in anaerobic (oxygen-
deficient) environments, such as moist soils. Denitrification
returns nitrogen to the atmosphere, completing the nitrogen cycle.
Human Impact on the Nitrogen Cycle: The nitrogen cycle has
been drastically changed by human activity, especially the
combustion of fossil fuels and the application of fertilizers
containing nitrogen. Eutrophication results from the introduction
of excess nitrogen into streams by fertilizer runoff from
agricultural areas, where nutrient overload promotes excessive
algal growth and depletes oxygen levels in aquatic ecosystems.
Additionally, industrial Nitrogen oxides (NOy) are released by

processes, which contribute to acid rain and air pollution.

Phosphorus Cycle

Phosphorus Cycle

Rocks &

Inorganic
Phosphate

The phosphorus cycle is the process of movement of phosphorus

throughout the biosphere, atmosphere, and geosphere. The phosphorus

MATS Centre for Distance & Online Education, MATS University



cycle primarily involves soil, water, and living things. In contrast to carbon

and nitrogen, phosphorus does not exist in a gaseous form.
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1. Weathering of Rocks: The phosphorus cycle begins when rocks CHEMISTRY

that contain phosphate minerals weather. Physical and chemical
weathering releases phosphate ions (PO,37) into the soil and water
over time. Plants can then absorb these phosphates.

2. Absorption by Plants: Plants absorb phosphate ions from the soil
and incorporate them into their biomass. Phosphorus is essential
for plant growth, particularly for the formation of roots, flowers,
and seeds.

3. Consumption by Animals: As they eat plants, herbivores absorb
the phosphorus found in plant tissues. Phosphorus is passed up the
food chain by carnivores, which in turn eat herbivores.

4. Decomposition: Dead organisms' corpses are broken down by
decomposers, which releases phosphorus as phosphate back into
the soil. Some phosphorus may also be washed into water bodies
through surface runoff.

5. Sedimentation: Phosphates in water bodies may settle and form
sedimentary rock deposits over geological timescales. This
delayed phosphorus cycle process can have long-term
consequences storage of phosphorus in marine sediments.

6. Human Impact on the Phosphorus Cycle: The phosphorus cycle
has been heavily impacted by human activities, especially by the
application of fertilizers based on phosphorus in farming.
Excessive phosphorus runoff from farms can cause eutrophication

and water contamination, and algal blooms in aquatic ecosystems.

Sulfur Cycle

The group of mechanisms that transfer sulfur is known as the sulfur cycle.

between the land, ocean, and atmosphere of Earth in multiple oxidation
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states. Sulfur is an important element for life due to its presence in amino
acids (cysteine and methionine), vitamins and coenzymes. Another
important element is sulfur, which can form sulfur dioxide (SO.) and

other compounds crucial to the Earth's climate system.

Sulfur Cycle
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Key Components of the Sulfur Cycle

1. Volcanic Activity: Sulfur compounds are released into the

atmosphere through volcanic eruptions, mostly in the form of SO-,
or sulfur dioxide. Acid rain is a result of the oxidation of this sulfur
dioxide, which produces sulfuric acid (H2SOs4).

Biological Processes: Microorganisms play a critical role in the
sulfur cycle. In anaerobic settings like wetlands, certain bacteria
and fungi contribute to the reduction of sulphate (SO427) to
hydrogen sulphide (H,S). After that, hydrogen sulphide is
transformed into sulphur compounds, which are used by plants and
other living things.

Decomposition: As organic matter breaks down, sulphur is
released into the atmosphere. Bacteria break down sulphur
compounds found in dead organisms, releasing sulphur as sulphate
or hydrogen sulphide.

Human Impact on the Sulphur Cycle: Human activity has had a
significant impact on the sulphur cycle, especially the burning of
fossil fuels (coal, oil, and gas), which releases a lot of sulphur
dioxide into the atmosphere. Acid rain, which can harm soil,

aquatic systems, and ecosystems, is a result of this.
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Biodistribution of Elements

The concept of biodistribution of elements refers to how elements are
distributed across different ecosystems and biomes, depending on the
available resources, climatic conditions, and biological activity. The
distribution of elements like carbon, nitrogen, phosphorus, and sulfur can
vary widely across different regions, influencing ecosystem functions and
biodiversity.Some elements may be more readily available for biological
uptake than in some ecosystems, while limiting factors (e.g., nutrient
scarcity or environmental conditions) may restrict the availability of some
specific elements. Understanding the biodistribution of elements is
essential for managing natural resources, biodiversity conservation, and
amelioration of anthropogenic effects on global biogeochemical
cycles.The carbon, nitrogen, phosphorus, and sulfur biogeochemical
cycles are the fundamental processes that sustain life on Earth by
providing a steady supply of the vital elements needed for various life
forms. Environmental cycles are complex, interlinked systems that control
the movement of nutrients through various ecosystems, with influences
on biodiversity, climate, and ecological processes. Some of these human
activities (especially burning fossil fuels, agriculture, and deforestation)
impact these cycles, causing environmental changes like climate change,
nutrient pollution, and acid rain. Knowledge of these cycles and their
portal connections is crucial for maintaining a healthy balance of natural
resources and protecting biodiversity as well as compensating the

destructive effect of human changes on the systems on the planet.

Unit 3

Atmospheric Chemistry

1.3 Atmospheric Chemistry

Atmospheric chemistry is focused on the chemicals in our atmosphere and
the reactions that occur. It offers a deeper understanding of the

mechanisms in play that affect the behavior of the atmosphere, such as
21
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how pollutants are formed, the role of trace gases, and how human
activities influence air quality and climate. As a gaseous, particulate, and
aerosol complex, the atmosphere is pivotal for Earth climate regulation
and sustenance of life. The atmospheric composition is constantly being
changed by numerous natural and anthropogenetic processes, many of
which occur through chemical reactions. Since atmospheric chemistry
can also concern the reaction of light with constituents in the atmosphere
(which can be either beneficial or harmful to human health, ecosystems,
and the climate), research relies on both scientific and socioeconomic

research.

Chemical Composition of the Atmosphere

Nitrogen (78%) and oxygen (21%), with trace amounts of other gases
including argon (0.93%), carbon dioxide (CO:), and neon, make up the
majority of the atmosphere on Earth, helium, methane, and ozone.
Atmospheric chemistry, however, also includes trace elements, ions,
radicals, and particulate matter. These constituents may vary widely in
concentration depending on the altitude, geographical location, and a

wide variety of pollutants or natural phenomena.

Particles, lons, and Radicals

1. Particles (Aerosols): Aerosols are microscopic solid and liquid
particles that are suspended in the atmosphere. These particles
include dust, soot, water droplets, pollen, and pollutants from both
man-made (such as industrial pollutants, automobile exhaust) and
natural (such as volcanic eruptions, wildfires) sources). Because
they scatter sunlight, affect regional and global climates, and
influence cloud formation, aerosols are essential to the atmosphere.
Aerosols can also act as locations for chemical reactions,

especially those involving gaseous pollutants.

2. lons: Charged particles called ions are present in the atmosphere and

can be created by a number of processes, including chemical reactions,
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cosmic rays, and solar radiation. These ions are involved in lightning,
ionisation, and aerosol formation, and they also contribute to the
atmosphere's electrical characteristics. They also aid in the synthesis of
acidic compounds like sulphuric and nitric acids, which can result in acid

rain.

3. Radicals: Free radicals are extremely reactive atoms or molecules with
unpaired electrons. Due to their ability to start and spread numerous
chemical reactions, these species are essential to atmospheric chemistry.
Both the natural processes of the atmosphere and the breakdown of
pollutants depend on radicals such as the hydroxyl radical (OH¢), nitrogen
oxides (NOe, NO;), ozone (O3), and chlorine (Cle). Although radicals
usually have a brief lifespan, they can have a significant impact on the
composition of the atmosphere, including the production of smog and the

breakdown of greenhouse gases.

Formation Mechanisms

1. The chemistry that goes on behind the scenes as various
chemistries, elements, chemicals, and compounds are formed in
the atmosphere from both natural and man-made sources should be
understood by aspiring chemists. For instance, human activities
like burning fossil fuels can release gases like carbon dioxide and
methane in addition to biological processes like respiration and
decay. Among the factors influencing chemical reactions in the
atmosphere are temperature, sunlight, and reactant availability.
Atmospheric changes are also greatly influenced by physical
processes like combustion and wind erosion. Condensation and
mechanical processes can also produce aerosols and particulate
matter, which adds to the chemistry of the atmosphere.
Understanding these connections, environmental shifts, and
pollution prevention techniques is necessary for air quality

analysis.
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2. Photochemical Reactions: Chemical reactions fuelled by sunlight
are known as photochemical reactions. The creation and depletion
of ozone (O3) is the most prominent photochemical process in the
atmosphere. The Sun's ultraviolet (UV) radiation breaks down
molecular oxygen (O,) into individual oxygen atoms (O), which
subsequently react with other O, molecules to form ozone. This
process plays a major role in protecting life on Earth by absorbing
harmful UV rays.

3. Emissions that are biogenic: Wetlands, vegetation, and other
biological processes all naturally release volatile organic
compounds (VOCs), including methane (CH,), one of the
chemical species in the atmosphere. These substances have the
ability to interact with atmospheric radicals and play a role in the
production of secondary pollutants such as particulate matter and
ozone.

4. Human Activities: A large number of chemicals found in the
atmosphere, including carbon monoxide (CO), sulphur oxides
(SOx), nitrogen oxides (NOx), and chlorofluorocarbons (CFCs),
are byproducts of human activity, specifically transportation,
industry, and agriculture. Significant atmospheric changes, such as
the thinning of the ozone layer and the formation of smog, have
been caused by the increased concentration of these compounds,

especially in urban and industrial areas.

Chemical and Photochemical Reactions

Pollutant breakdown, ozone production, and smog are all caused by
atmospheric chemical and photochemical reactions. Because these
reactions are frequently intricate and multi-step, catalysts and
intermediates are used. Below is a description of some of the major

reactions that influence atmospheric chemistry.

Smog Formation (Photochemical and Classical Smog)
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Smog is a term used to describe a mixture of air pollutants that can harm
human health, the environment, and visibility. Itis a term that describes the
hazy, smoky air often seen in urban areas with high levels of
industrialization and emissions from vehicles. There are two primary

categories of smog: photochemical smog and classical smog.

1. Photochemical Smog: Photochemical smog, often associated with
urban areas, originates from the reaction of sunlight with nitrogen
oxides (NOx) and volatile organic compounds (VOCs) released by
automobiles, factories, and other sources. The response results in
the formation of a variety of secondary pollutants, including ozone
(03), peroxyacetyl nitrates (PANs), and other reactive compounds.
Photochemical smog is most prevalent in areas with high levels of
sunlight and significant vehicular traffic, as The sun's heat propels
the photochemical processes that result in the creation of

pollutants.

The formation of photochemical smog is exemplified by the subsequent

response:

e NO: + sunlight - NO + O

¢ O+ 02— 0Os(ozone)

That forms over cities through sunlight-activated chemical reactions);
ozone is a beneficial gas when located where it makes up the ozone layer
in the stratosphere; however as an air pollutant at ground level (where it
forms because of gas vehicle emissions) it will harm human beings (by
causing respiratory problems) and will also harm plant life. The ozone
that results from that reaction is one of the main chemicals that make up

photochemical smog (i.e. smog

2. Classical Smog: Classical smog, also known as London-type
smog, is defined by the presence of particulate particles and sulfur
compounds, especially sulfur dioxide (SO2). It typically occurs in

cool, humid environments where the combination of sulfur dioxide
25
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emissions from coal combustion and fog or mist leads to the
formation of a thick haze. Acid rain is a result of sulfur dioxide's
reaction with atmospheric water vapor to produce sulfuric acid
(H2S0s).

The reactions involved in classical smog formation are as follows:

o SOz + 02 — SOs
e SOs + H20 — HaSO4 (sulfuric acid)

Classical smog may be detrimental to human health, causing respiratory

problems and irritation, and it can also damage vegetation and buildings.
Reactions of NOx, SOx, CO, and Ozone Formation

The atmospheric concentrations of sulfur oxides (SOx), nitrogen oxides
(NOx), and carbon monoxide (CO), and ozone (Os) are closely
interconnected. These pollutants play central roles in both air quality and

climate change.

1. Nitrogen Oxides (NOx): Fossil fuel combustion in power plants,
automobiles, and industrial processes is the primary source of
NOXx. The two main elements that make up NOX are nitrogen oxide
(NO) and nitrogen dioxide (NO,). These compounds contribute to
the production of particulate matter and ozone. Smog and ground-
level ozone pollution can result from NOX's reaction with volatile
organic compounds (VOCs) in the presence of sunlight.

2. Sulphur Oxides (SOx): Burning coal and oil in power plants and
other industrial operations releases sulphur oxides, mainly sulphur
dioxide (SO,). When SO, and atmospheric water vapour combine,
sulphuric acid (H,SO,) is produced, which causes acid rain.
Additionally, sulphur oxides contribute to the formation of
aerosols, which impacts air quality and the climate.

3. Carbon Monoxide (CO): This colourless, odourless petrol is

created when fossil fuels are not completely burned, primarily in
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cars and industrial operations. Because CO lowers the amount of
oxygen in the blood, it can have an impact on human health.
Carbon dioxide (CO,) is created in the atmosphere when CO
combines with hydroxyl radicals (OH), which raises the levels of
greenhouse gases in the atmosphere.

4. Formation of Ozone (O3): Both natural and man-made processes
can produce this extremely reactive gas. In the stratosphere, ozone
forms a protective layer that takes in the Sun's ultraviolet (UV)
rays. At ground level, though, ozone is a harmful pollutant formed
through complex photochemical reactions. The presence of NOx
and When sunshine is present, VOCs cause 0zone to develop in the
lower atmosphere. The reaction mechanism is complex, involving
the conversion of nitrogen dioxide (NO2) into nitric oxide (NO)

and ozone (03).

Chlorofluorocarbons (CFCs) and Ozone Depletion

Ozone (O3) is so closely related that their concentrations in atmospheric
will influence each other. These are all important air pollutants that
contribute The chemical equilibria and reactions between Carbon
monoxide (CO), sulfur oxides (SOx), and nitrogen oxides (NOXx),lower
atmosphere, leading to smog and ground-level ozone pollution. Produce
particulate matter and ozone. When exposed to sunlight, NOx can react
with volatile organic compounds (VOCs) to create nitrogen dioxide (NO,)
and ozone (NO). These substances support fossil fuels in power plants,
industry, and automobiles. Nitrogen oxide is commonly referred to as
NOx.Oxides of nitrogen (NOXx): Nitrogen oxides mostly come from

burning

Cle + 03 — CIOe + Oz

e ClO*+ 03 — Cl* + 202
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Depletion of the ozone layer causes serious environmental problems,
particularly in polar regions. It increases the amount of harmful ultraviolet
(UV) light that reaches the Earth's surface, increasing the risk of skin
cancer, cataracts, and harm to plants and animals. A single chlorine atom
can destroy thousands of ozone molecules before they become inactive,

which is a major factor in ozone thinning.

stratosphere

Environmental Effects

The implications of what takes place in the atmosphere through the
interaction of chemicals does result in changes on the environment.
Pollutants that enter the air from both human and natural sources can result
in adverse effects on human health, the environment, and the Earth’s
climate. These itself leads to a number of phenomena like acid rain, green
house effect, air pollution from industrial sources and petroleum sources,

etc.
Acid Rain and Its Consequences

Acid rain is any precipitation—rain, snow, sleet, or fog—that is more
acidic than usual and brought on by air pollutants such as nitrogen oxides
(NOxy) and sulphur dioxide (SO,). Fossil fuel combustion in power plants,
automobiles, and industrial processes is the main source of these

pollutants. When SO, and NOy are released into the atmosphere, they
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react with water vapour to form acid rain on the surface of the Earth,
producing sulphuric acid (H,SO,) and nitric acid (HNO3).

Acid rain has many detrimental effects on the environment. In
environments that are aquatic: The pH value of water bodies decreases as
seawater gets more acidic, changing the reproductive structure of aquatic
life and killing fish and other creatures. Through the removal of vital
nutrients from the soil and the release of toxic metals like aluminium,
which are detrimental to plant life, acid rain can also damage forests. On
land-based ecosystems, the acid rain can affect the health of trees by
depleting the soil of nutrients and damaging leaves and needles so they
can’t do as much photosynthesis. Also, acid rain can damage buildings,
monuments, and other structures by dissolving limestone and marble in

the rock as acid reacts with calcium carbonate.
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Greenhouse Effect and Global Warming

The natural process by which some gases in the Earth's atmosphere retain
heat and maintain a temperature that is suitable for life is known as the
"greenhouse effect. The main greenhouse gases are Ozone (Os), water
vapor (H20), nitrous oxide (N:20), carbon dioxide (CO:), and methane
(CH4). These gases allow sunlight to enter the atmosphere, but they also
retain and re-emit heat from the Earth's surface in the form of infrared
radiation, holding it closer to the planet and preventing its escape into
space. This process keeps the global temperature average stable, which is

crucial for living beings to survive.

29

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

Although greenhouse gases are naturally occurring, human activities, most
notably Deforestation, industrial operations, and the burning of fossil
fuels have all significantly increased the amount of greenhouse gases in
the atmosphere. An increase in mean temperatures of the Earth due to
enhanced greenhouse effect (nicknamed global warming)has numerous
effects on the environment. Sea levels are increasing along with rising
global temperatures from polar ice caps melting, destroying coastal
environments. Temperature changes also disturb ecosystems, causing
changes in plant and animal distributions; changes in weather patterns; and
increased extreme weather events, such as heat waves, droughts and
storms. Global warming does not only affect the climate, it can also
threaten human communities' food, water, and health. In addition, higher
temperatures exacerbate air pollution, which can lead to respiratory
ailments, and aid in the spread of insect-borne diseases like dengue fever
and malaria. Global warming would therefore be resolved by lowering
greenhouse gas emissions, for example, through the use of renewable

energy, more economical energy use, or laws to prevent

The Greenhouse Effect

Some sunlight that hits Earth
is reflected back into space,
while the rest becomes heat

Greenhouse gases absorb
and redirect heat radiated
by Earth, insulating it

from heat loss to space

deforestation.

Air Pollution from Industries and Petroleum Sources
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factories and transportation facilities. Carbon dioxide (CO,) and
volatile organic compounds (VOCs). Because of industrial and
petroleum emissions, these pollutants are created when fossil fuels
are burned in power plants and refineries, contaminating the
environment, particularly in urban and industrialised areas. These
sources release a number of dangerous pollutants into the
atmosphere, including particulate matter (PM), sulphur oxides
(SOy), nitrogen oxides (NOy), carbon monoxide (CO), and
volatileOne important source is air pollution.

Particulate Matter (PM): Particulate matter (PM) is the term for
the fine particles released into the atmosphere by industrial
activities and the burning of fossil fuels. These particles have the
ability to be inhaled into the lungs, causing serious health
problems, particularly respiratory and cardiovascular diseases. PM
is separated into two categories: PM2.5, which are particles with a
diameter of 2.5 micrometres or less, and PM10, which are particles
with a diameter of 10 micrometres or less. The latter is more
dangerous because it has the ability to penetrate deeper into the
lungs and circulation.

* Nitrogen oxides (NOy) and sulphur oxides (SOx): When fossil
fuels are burned in power plants, automobiles, and industrial
processes, NOx and SOy are released. Along with smog, these
pollutants also contribute to the formation of ground-level ozone
and acid rain. Nitrogen oxides also contribute to the creation of
particulate matter, which makes air quality problems worse.
 Carbon Monoxide (CO): This colourless and odourless petrol is
created when fossil fuels are not completely burned. It can be
harmful when inhaled because it reduces the blood's ability to carry
oxygen, which can result in symptoms like nausea, dizziness, and
in extreme cases, death.

Volatile Organic Compounds (VOCs): A class of chemicals
known as volatile organic compounds (VOCs) readily evaporate

into the atmosphere. They are emitted by automobile emissions,
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industrial operations, and the use of paints, solvents, and cleansers.
Ground-level ozone is formed in part by VOCs, which is a key
component of smog.

e Carbon Dioxide (CO:): One of the main sources of the
greenhouse gas CO: is the burning of fossil fuels. that contributes
to global warming. CO: emissions from industrial and petroleum
sources are a primary driver of the enhanced greenhouse effect,

which leads to climate change.

Must involve factors such as cleaner technologies, stricter regulations, and
increased public awareness of air pollution's effects. among the primary
environmental problems we are facing today, such as global warming, acid
rain and the formation of smog. Controlling industrial and petroleum
source air pollution Not only do these pollutants threaten human health as

well as ecosystem health, they are also responsible for some

Unit 4
Air pollution and control strategies

Various air pollution control techniques have been developed and
implemented over industries to counteract the adverse effects of air
pollution. They work to stop dangerous pollutants from being released into

the atmosphere, which is bad for the environment and human life.
Scrubbers, Electrostatic Precipitators, Catalytic Converters

1. Scrubbers: Before being released into the atmosphere, industrial
exhaust gases are cleaned of impurities using scrubbers. They work
especially well at eliminating sulphur dioxide (SO-) and other acidic
gases. Scrubbers operate by directing exhaust gases through a liquid
that absorbs the pollutants, typically water or an alkaline solution.
After treatment, the gas is released into the atmosphere with much

lower pollution levels.
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* Wet Scrubbers: These scrubbers collect pollutants using a liquid.
Hazardous chemicals are absorbed by a solution through which the
exhaust gases are bubbled. Particulate matter, SO,, and other gases are

frequently removed using wet scrubbers.

* Dry Scrubbers: These scrubbers absorb gases using a solid or dry
material, like sodium bicarbonate or lime. They are more frequently

employed in industrial processes to regulate pollutants like acid gases.

Electrostatic Precipitators: Particulate matter from industrial exhaust
gases is removed by devices known as electrostatic precipitators
(ESPs). These gadgets charge the gas stream's particles with an electric
field. Following their attraction to oppositely charged plates or
collectors, the charged particles are extracted from the gas stream.
ESPs are frequently utilised in cement factories and power plants due
to their high efficacy in eliminating fine particulate matter (PM2.5).

Catalytic Converters: These components, which reduce harmful
pollutants, are installed in vehicle exhaust systems. They speed up
chemical reactions that transform hazardous gases into less hazardous
materials by using a catalyst, usually composed of platinum,
palladium, and rhodium. For example, catalytic converters can reduce
nitrogen oxides (NOXx), carbon monoxide (CO), and hydrocarbons
(HC) into nitrogen (N2), carbon dioxide (CO-), and water vapor. This
technology has been instrumental in reducing air pollution from

automobiles.

Legislation and Regulatory Frameworks

The control of air pollution depends on legislation, regulatory frameworks,
and technological solutions. Governments, along with international
organizations, have implemented rules and guidelines to enhance air

quality and lower emissions of pollutants.

1. Clean Air Act (CAA): One important piece of law in the US that

aims to safeguard public health and reduce air pollution is the
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Clean Air Act (CAA). The CAA establishes air quality guidelines,
establishes emission limits for various pollutants, and mandates the
implementation of control technologies in industrial and
automotive sectors. The law has led to significant reductions in
contaminants include particulate particles, nitrogen oxides (NOy),
and sulfur dioxide (SO2).

2. International Agreements: Global efforts to control air pollution
and mitigate climate change include international accords like the
Paris Agreement and the Kyoto Protocol. These agreements
establish enforceable goals for carbon gas emissions reduction and
encourage countries to adopt measures to reduce their
environmental impact.

3. Emission Standards: Many countries have established strict
emission standards for industries and vehicles to reduce the release
of pollutants. These standards are enforced through regular

monitoring and penalties for non-compliance.

Analytical Methods for Air Pollution Monitoring

Accurate monitoring of air pollution is essential for understanding
pollution levels in the atmosphere, assessing the effectiveness of pollution
control measures, and informing policy decisions. Several analytical
methods are employed to monitor air quality and identify the sources of

pollutants.
Spectroscopy, Chromatography, Continuous Monitoring Instruments

1. Spectroscopy: Spectroscopic methods are widely used for
analyzing air pollutants. Methods like infrared spectroscopy, UV-
visible spectroscopy, and gas chromatography allow for the
detection and quantification of gases in the atmosphere, including
nitrogen oxides, sulfur dioxide, ozone, carbon monoxide, and

volatile organic compounds (VOCs).
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2. Chromatography: Another effective method for determining and
measuring the gases in the atmosphere is gas chromatography (GC).
A sample of air is passed through a column that is filled with a
stationary phase. Pollutant concentrations can be determined by
separating the different components of the sample as they interact

with the stationary phase.

3. Continuous Monitoring Devices: Real-time air quality measurements
are made using continuous monitoring devices. Numerous pollutants,
including carbon monoxide, sulphur oxides, nitrogen oxides, particulate
matter, and ozone, can be detected by these devices. They offer useful
information for evaluating adherence to air quality standards and are

frequently utilised in urban air quality monitoring networks.

The environment and human health are now seriously threatened by
environmental hazards like acid rain, global warming, and air pollution
from the production of industrial and petroleum products. Effective
control technologies that are frequently used to lessen these impacts
include scrubbers, electrostatic precipitators, and catalytic converters.
Laws and regulations also aid in ensuring compliance. Analytical
techniques that help identify air pollutants and support environmental
protection by precisely tracking air contamination include spectroscopic
analysis, chromatographic separation, and continuous monitoring devices.
Air pollution is still an issue. People face every day, and it is important
that some solutions are already in place while more research is being done

to tackle the issue.

The Earth's atmosphere is a vital, multilayered envelope of gases that
sustains life by regulating temperature, enabling weather patterns, and
filtering harmful solar radiation. Composed primarily of nitrogen and
oxygen, with trace gases like carbon dioxide, methane, and ozone, it plays
a key role in maintaining Earth's energy balance through the greenhouse
effect. Atmospheric dynamics are closely linked to natural cycles such as
the carbon, nitrogen, phosphorus, and sulfur cycles, which together form

the foundation of biogeochemical processes. These cycles ensure the
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continuous movement and transformation of essential elements through
the biosphere, atmosphere, lithosphere, and hydrosphere. For instance, the
carbon cycle facilitates the exchange of carbon between the atmosphere,
oceans, and living organisms, while human activities such as fossil fuel
combustion have significantly increased atmospheric CO: concentrations.
Similarly, the nitrogen cycle transforms inert atmospheric nitrogen into
biologically usable forms, with agricultural practices contributing to
imbalances like eutrophication. The phosphorus and sulfur cycles, though
not involving major atmospheric pathways in the case of phosphorus, are

crucial for nutrient availability and atmospheric interactions, respectively.

The chemistry of the atmosphere is driven by complex interactions
between natural processes and human-induced emissions. One prominent
feature is ozone behavior: while stratospheric ozone protects life by
absorbing ultraviolet radiation, ground-level ozone is a harmful secondary
pollutant formed by photochemical reactions involving nitrogen oxides
and volatile organic compounds. Greenhouse gases such as water vapor,
carbon dioxide, methane, and nitrous oxide are increasingly significant
due to their ability to trap heat and drive global climate change. In addition,
reactions between sulfur dioxide and nitrogen oxides with atmospheric
moisture lead to acid rain, which damages aquatic systems, forests, and
infrastructure. Atmospheric aerosols also affect radiation balance and

cloud formation, contributing variably to climate forcing.

Air pollution, largely a product of industrialization, urbanization, and
vehicular emissions, has emerged as a major environmental and public
health issue. Major pollutants include particulate matter, sulfur dioxide,
carbon monoxide, lead, and ozone precursors, which are linked to
respiratory diseases, cardiovascular problems, and ecosystem degradation.
Addressing these challenges requires a combination of regulatory and
technological strategies. Regulatory frameworks like ambient air quality
standards, vehicle emission norms, and environmental protection acts
form the backbone of pollution control. Technological solutions—such as
electrostatic precipitators, scrubbers, and catalytic converters—have been

deployed to reduce emissions at the source. Broader policy instruments
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including cap-and-trade systems, promotion of clean energy, sustainable
urban planning, and public awareness campaigns are essential for long-
term improvement. Ultimately, understanding the interconnectedness of
atmospheric structure, chemistry, elemental cycles, and pollution control
is critical for mitigating climate change and fostering environmental

sustainability.

SELF ASSESSMENT QUESTIONS

Multiple-Choice Questions (MCQs)

1. The Earth's atmosphere is primarily composed of:

a) Oxygen and Carbon Dioxide

b) Nitrogen and Oxygen

c¢) Argon and Methane

d) Hydrogen and Helium

2. The layer of the atmosphere where most weather phenomena occur is:
a) Stratosphere

b) Mesosphere

c¢) Thermosphere

d) Troposphere

3. The primary greenhouse gas responsible for global warming is:
a) Ozone (0s)

b) Carbon Dioxide (COz)

c) Nitrogen (N2)

d) Argon (Ar)

4. The lapse rate in the atmosphere refers to:
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a) The decrease in temperature with increasing altitude

b) The increase in temperature with altitude

NOTES ™ Cofa
ENVIROMENTAL ¢) The movement of air masses
& ANALYTICAL d) The rate of pollutant dispersion
CHEMISTRY

5. Which of the following is not a part of the biogeochemical cycles?
a) Carbon Cycle

b) Nitrogen Cycle

¢) Hydrogen Cycle

d) Sulfur Cycle

6. Photochemical smog is primarily caused by:

a) Nitrogen oxides (NOx) and volatile organic compounds (VOCs)
b) Sulfur dioxide (SOx2)

¢) Methane (CHa4)

d) Carbon monoxide (CO)

7. The major cause of ozone layer depletion is:

a) Carbon dioxide emissions

b) Chlorofluorocarbons (CFCs)

c¢) Nitrogen oxides

d) Sulfur dioxide

8. Acid rain is primarily caused by emissions of:

a) Carbon dioxide (CO-)

b) Nitrogen oxides (NOx) and sulfur oxides (SOx)

¢) Methane (CHa4)

d) Ozone (0O3)
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9. Electrostatic precipitators are used to control:

a) Gaseous pollutants

b) Particulate matter emissions

c¢) Water pollution

d) Soil contamination

10. The most commonly used method for continuous air pollution

monitoring is:

a) Chromatography

b) Spectroscopy

¢) Remote sensing instruments

d) Gravimetric analysis

Short Answer Questions

1.

What are the major gases in Earth's atmosphere, and what are their
approximate percentages?

Explain the concept of lapse rate and its role in atmospheric
stability.

What is the greenhouse effect, and how do greenhouse gases
contribute to global warming?

Differentiate between troposphere and stratosphere in terms of
composition and function.

Explain how temperature inversions affect air pollution levels.
Describe the carbon cycle and its role in atmospheric chemistry.
What are the key chemical reactions involved in the formation of
photochemical smog?

How do chlorofluorocarbons (CFCs) contribute to ozone layer
depletion?

What are the environmental impacts of acid rain, and how can it be

controlled?
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10. List three analytical techniques used for air pollution monitoring

and briefly describe their applications.

Long Answer Questions

1.

10.

Explain the vertical temperature profile of the Earth's atmosphere,
including the characteristics of the troposphere, stratosphere,
mesosphere, and thermosphere.

Describe the heat and radiation budget of the Earth-atmosphere
system and the role of greenhouse gases in regulating temperature.
Discuss the biogeochemical cycles of carbon, nitrogen,
phosphorus, and sulfur and their significance in atmospheric
chemistry.

Explain the formation and environmental impacts of
photochemical smog and classical smog.

Describe the key chemical reactions of NOx, SOx, and ozone
formation in the atmosphere.

Explain the mechanisms behind ozone depletion and the role of
CFCs in this process.

Discuss the causes and consequences of acid rain and how it affects
ecosystems, buildings, and human health.

Explain the different air pollution control techniques, such as
scrubbers, electrostatic precipitators, and catalytic converters.
How do legislation and regulatory frameworks help in controlling
air pollution? Provide examples of international agreements and
national policies.

Describe the working principles of spectroscopy and
chromatography in air pollution monitoring and give examples of

how they are used.
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MODULE 2

AQUATIC CHEMISTRY AND WATER POLLUTION

NOTES
2.0 Objectives ENVIROMENTAL
& ANALYTICAL
e To study the chemical composition of different water bodies and CHEMISTRY

understand the hydrological cycle's role in maintaining water
balance.

e To identify and analyze the sources and types of water pollutants,
including heavy metals, pesticides, and industrial/agricultural
runoff.

e To assess key water quality parameters, such as dissolved oxygen
(DO), biochemical oxygen demand (BOD), and chemical oxygen
demand (COD), and their relevance in determining water pollution
levels.

e To explore the toxicity and public health impact of heavy metal
pollution, focusing on elements like cadmium, lead, mercury, and
arsenic.

e To evaluate different water pollution control techniques, including
chemical, biological, and physical remediation methods.

e To familiarize with instrumental techniques like Atomic
Absorption Spectroscopy (AAS) and Inductively Coupled Plasma

(ICP) for analyzing heavy metal contamination in water.

Unit 5

2.1 Chemical Composition of Water Bodies

Water bodies are the most vital and abundant resource available on our
planet, making up more than 70% of its surface, and being pivotal in
nurturing all forms of life. But as demonstrated here for the water bodies
of Earth, these chemical mixtures vary tremendously, ranging from an
enormous ocean to a small mountain stream, and drive ecosystem

processing, climate moderation, and human societies. Characterizing the
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chemical composition of water bodies is foundational to disciplines like
environmental science, ecology, hydrology, and public health. It covers
the chemistry of different types of water bodies, their relevance to the
water hydrological cycle, and the multifactorial determinants of water
quality in each type of aquatic environment.And the chemical composition
of natural waters is much more complicated than the simple H.O formula
we learn in introductory chemistry. Rather, water bodies are mixtures of
dissolved ions, organic compounds, gases, and particulates that are not
only diverse but also highly variable depending on geological setting,
climatic conditions, biological action, and, to a growing extent,
anthropogenic impacts. These chemical constituents dictate water’s
physical characteristics, ecological vitality and safety for drinking,
farming and industrial use. Hearkening to David Cohen’s and my idea of
watersheds: As water travels through the hydrological cycle, its chemistry
alters in the processes of interaction with the atmosphere or lithosphere or
biosphere, forming unique chemical signatures of water bodies.Lakes,
rivers, streams, and wetlands all have unique chemical signatures, based
on their origins, flow patterns, and surrounding environments. Freshwater
systems account for only about 2.5 percent of Earth's total water, yet
represent the most accessible and widely-used water resources for global
human populations. As the chemical characteristics of these systems have
important consequences for aquatic organisms, watershed health, and
downstream water quality, understanding these systems is critical for
managers and conservationists to promote best practices around water

resources.

Chemistry of Natural Waters

Natural waters are complex mixtures of many dissolved substances
acquired through interactions with air, soil, rocks, and +living organisms.
Major ions, trace elements, nutrients (such phosphorus (P) and nitrogen
(N)), organic compounds, dissolved gases, and suspended solids are the
main components that characterize the chemical composition of water

bodies. These constituents are in a state of dynamic equilibrium because
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aquatic ecosystems' physical, chemical, and biological activities
constantly change them. The main ions are bicarbonate (HCOs"), calcium
(Ca?"), magnesium (Mg?"), sodium (Na*), potassium (K*), chloride (CI"),
and sulfate (SO4>") are among the most abundant dissolved constituents
of natural waters. The ions are a natural product where water interacts with
the weathered substrate in the watershed, and their concentrations can vary
significantly depending on geological composition. In areas where
limestone (CaCOs) dominates, such as, you know, calcium and
bicarbonate ions dominate the chemical profile typically, which is why we
refer to "hard-water" conditions. In contrast, regions with granitic bedrock
typically yield softer waters with lower ionic concentrations.Hardness,
defined as the concentration of calcium and magnesium ions is among the
most common characteristics of water chemistry measured. Hard waters
generally show values greater than 120 mg/L as CaCOs and soft waters
less than 60 mg/L (Cline & Bates 2018); Water hardness affects many
ecological processes, including bioavailability of metals, photosynthetic
rates and distribution of organisms. For people, hard water can create
scaling in pipes and lessen the effect of soaps and detergents, but

frequently also delivers valuable consumptive minerals.

Trace elements — iron, manganese, copper, zinc, lead, arsenic and
mercury — are found in many lower concentrations, but their impacts on
ecosystem and human health can be disproportionately large. Many trace
elements are micronutrient for aquatic organisms at low concentrations
that become toxic in elevated levels. Their bioavailability and toxicity
largely depend on the water chemistry parameters including pH, hardness,
and organic substance that has disintegrated. For example, copper's
toxicity to aquatic organisms decreases considerably with increasing
water hardness, which is due to competitive interaction between calcium
and copper ions at a binding site on biological membranes.One group of
pollutants with significant impact on aquatic systems are nutrients
(particularly compounds of nitrogen and phosphorus), which are necessary

for productivity, but in excess can change biodiversity and ecosystem
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functioning. These elements enter water bodies naturally through
weathering, atmospheric deposition, and organic matter decomposition.
Nitrogen is often present in water as ammonia (NHs), nitrite (NO2),
nitrate (NOs") or as organics, while phosphorus can exist as phosphate
(PO+*") or as part of organic molecules. Because nutrients are necessary
for the growth of aquatic plants, nutrient loading is not an unsolvable
problem—agricultural runoff, wastewater discharge, urban stormwater,
and more all contribute to the potential for eutrophication, which leads to
algae blooms, depletion of oxygen in the water, and degradation of the
ecosystem as a whole. Organic material that is dissolved in seawater, or
dissolved organic matter (DOM), including the products of decomposition
of plant and animal tissue. Polysaccharides, humic substances, and
protein-derived compounds, among others, serve as precursors of DBPs
and affect multiple water quality parameters including color, light
attenuation, metal complexation, and microbial activity. In many
freshwater systems, DOM causes a yellowish brown colour humiliated
referred to as “tea-staining” and may complicated with metals, decreasing
their bioavailability and toxicity. Furthermore, dissolved organic matter
(DOM) represents a critical source of energy for microbial communities,
driving decomposition and nutrient cycling dynamics within aquatic

systems.

Dissolved Gases like carbon dioxide (CO-) and oxygen (O-) are at the core
of aquatic chemistry and biology. Oxygen enters the water chiefly via
atmospheric diffusion and photosynthesis, the solubility of oxygen in
water decreases with rising temperature and salinity. Dissolved oxygen
(DO) concentrations need to be high enough (generally above 5 mg/L) to
support aerobic organisms and affect many chemical processes such as
redox reactions, nutrient cycling, etc. The carbonate buffering system,
where When carbon dioxide and water combine, a weak acid known as
carbonic acid (H2CO:s) is created, is responsible for stabilizing the pH of
water and as such and is a strong-participator of mineral dissolution, and
precipitation reactions.One of the most important chemical equilibria in
natural waters is the carbonate buffering system, which controls pH via
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the interconversion of CO-, bicarbonate (HCOs") and carbonate (COs*")

species according to the subsequent responses:

CO: + H20 = H.COs = H" + HCOs™ = 2H* + COs*

This system fosters resistance to changes in pH (buffering capacity) in
many natural water bodies, in the pH range from approximately 6.5 to 8.5,
the range that dominates freshwater ecosystems bicarbonate normally
predominates. The capacity to buffer acid inputs, measured as alkalinity,
is highly variable among water bodies and depends upon watershed
geology, where limestone regions generally have higher alkalinity than

granitic or sandstone bedrock.

pH of water is a master variable in aquatic chemistry affecting almost all
chemical and biological processes. The pH of most natural freshwaters
falls between 6.5 and 8.5, although extremes exist in specialized
ecosystems, such as the acidic waters of bogs (pH 9). Indeed, pH
influences chemical speciation, mineral solubility and biological
availability of several compounds, especially metals and nutrients. While
ammonium (NH,") is transformed into toxic ammonia (NHs) at higher pH
values, aluminium can seep from soils into solutions at lower pH values,

reaching concentrations that may be harmful to aquatic life.

The sorption-desorption, light attenuation, and sedimentation processes
are all impacted by suspended particulates, which can transform into clay
minerals, organic debris, and living microbes. These particles provide a
lot of surface area for microbial colonisation and chemical reactions. They
are measured as turbidity or suspended solids. Fine clay particles have a
special effect on the chemistry of water because of cation exchange
processes, which ionise cations like calcium, magnesium, and potassium
onto negatively charged particle surfaces, affecting transport and

bioavailability.

Inorganic Nutrients in Lakes and Reservoirs
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In temperate climates, lakes are semi-enclosed bodies of water that exhibit
distinct chemical stratification regimes that vary with the seasons. Lakes
and other bodies of standing water allow for longer residence times of
water than flowing systems, which enables biological interactions,
chemical transformations, and gradients of light, temperature, nutrients,
and dissolved gases. These characteristics produce unique chemical
environments that influence ecological processes and environmental
change sensitivity.During the warmer months, distinct chemical zones are
produced by thermal stratification, particularly in deeper lakes. Thanks to
photosynthesis and exchange with the atmosphere, the warm, well-mixed
surface layer (epilimnion) remains aerobic, creating a favourable
environment for a wide variety of aquatic life. The hypolimnion may
become anaerobic beneath the cooler thermocline because organic matter
decomposition uses up dissolved oxygen more quickly than it can be
restored. Phosphorus, iron, manganese, and other redox-sensitive elements
may be released from sediments into the water column as a result of the
drastic changes in redox chemistry brought on by the thinning of
oxygen.The geological setting, watershed characteristics, and water inputs
all affect the chemistry of lakes. Oligotrophic lakes, which are typically
found in mountainous regions and on igneous bedrock, are characterised
by low nutrient concentrations, high transparency, and low productivity.
These lakes are often soft waters with low dissolved solids (300 mg/L),
and substantial buffer capacity from the presence of carbonates and
bicarbonates.Meromictic lakes are specialized systems that maintain
chemical stratification throughout the year, achieved by density-induced
layering of water masses often traced to differences in salinity. The deeper,
denser water (monimolimnion) is chemically and physically isolated from
waters mixing in from the surface to establish a specialized, distinctive,
and chemically stratified body of water, developing highly anoxic
conditions, specialized mineral concentrations, and microbial
communities. This gradient wields steep dissolved oxygen, redox
potential, and nutrient concentrations as well as establishes unique habitats

for specialized organisms (the chemocline) between these layers.
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Complementing these terrestrial records, lake sediments act as both
chemical sinks and reactive interfaces that record watershed inputs and
directly cycle nutrients. When anoxic the sediment-water flux can release
considerable amounts of phosphorus due to the reductive dissolution of
iron oxides that previously sorbed phosphate ions. This internal loading
process can perpetuate high phosphorus concentrations in lake waters long
after external inputs have been controlled, making lake restoration more
difficult. Likewise, heavy metals and organic contaminants in sediments
may remobilize due to altering redox or pH conditions in both freshwater
and coastal environments thereby potentially remobilizing legacy
pollutants back into the water column.The unique chemistry of saline lakes
is determined in large part by their surrounding geology and degree of
hydrological isolation; saline lakes tend to have their highest concentration
of salts in arid regions with high evaporation conditions. These systems
vary from mildly brackish to hypersaline, with total dissolved solids
sometimes surpassing seawater concentrations (>35,000 mg/L). In
contrast to oceans, which have fairly constant ionic proportions between
places, saline lakes are extremely diverse in their chemistry. Some find
carbonate-rich chemistry (soda lakes) with highly alkaline conditions (pH
> 10), others concentrate sulfates or chlorides. Such extreme chemical
environments sustain unique biological communities that have acclimated
to osmotic strain, such as halophilic microorganisms that may flourish in

contentedly saturated salt solutions.

Seasonal turnover events in dimictic lakes (lakes mixing twice a year)
cause dramatic redistributions of chemicals through the water column. In
spring and fall mixing periods, oxygen rich surface waters travel to the
bottom while bottom waters that are rich in nutrients rise to the surface,
temporarily homogenizing lake chemistry. By delivering nutrients to the
photic zones and restoring benthic oxygen stores, these mixing events
support biological productivity. Iron and manganese oxidation,
phosphorus cycling, and methane efflux from sediments are just a few of
the biogeochemical processes that are impacted by turnover's frequency

and duration.There are several ways that human activity is gradually
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altering the chemistry of lakes. The global scourge of lakes, cultural
eutrophication, is brought on by nutrient credits from sewage, agricultural
runoff, and urban runoff, which leads to hypoxia and excessive algal
blooms. Even with emissions controls in place, acid precipitation still
sickens lakes with inadequate buffers in North America and Europe by
raising water temperatures, releasing aluminium, and lowering
biodiversity. Little is known about the ecological effects of recently
identified pollutants, such as microplastics, personal hygiene products,
and medications. These pollutants pose new chemical challenges.Lake
chemistry is further complicated by climate change due to altered
stratification patterns, increased precipitation or drought events that
change watershed inputs, and warming waters that decrease oxygen

solubility.
Chemical and biological processes in rivers and streams

Because of their constant, unidirectional flow and the ensuing ephemeral
temporal and spatial patterns, rivers and streams have special chemical
properties. In contrast to lakes, flowing waters undergo continuous
chemical changes while integrating inputs from their whole watersheds
and moving dissolved and particulate matter downstream. Compared to
standing waters, this dynamic condition results in shorter water residence
times and generally higher oxygenation; however, the chemical
characteristics of headwaters and river mouths differ significantly.The
concepts of the river continuum use longitudinal profiles to explain
predictable patterns of physical and chemical parameters. Since headwater
streams frequently come from groundwater springs or montane runoff,
they have cool temperatures, high dissolved oxygen, low nutrient
concentrations, and chemistry regulated by local geology. Greater width
causes riparian vegetation to have less of an impact and more sunlight to
illuminate streams as they converge to form rivers. This changes
temperature regimes, primary productivity, and consequently the cycling
of carbon and nutrients. Above the water column, tributaries may have
higher dissolved and suspended loads, warmer temperatures and lower

oxygen levels in lower reaches due to cumulative organic loading and
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longer distances travelled from headwater streams.Through dilution
effects, sediment transport and residence time, flow regime has a
powerful effect on river chemistry. While suspended sediment loads
significantly rise as a result of both erosion and resuspension processes,
concentrations of dissolved constituents are diluted during high flow
events. On the other hand, during low flows, groundwater contributions
increase proportionately and frequently push up concentrations of
geologically-channelled elements like silica, calcium, and magnesium.
These flow-dependent concentration patterns, also known as
chemodynamics, result in complex interactions between chemical

transport and discharge that defy simple mass-balance calculations.

Concentration-discharge (C-Q) relationships describe the form of a power
function that frequently represents the relationship of discharge to various

chemical constituents:
C=axQ™
Q.C:a.C+b.Q

where a and b are empirically determined coefficients, Q is for discharge,
and C is for concentration. While constituents derived from parallel runoff
or erosion processes tend to show positive b values, those primarily
gaining from point sources or groundwater usually show negative b values
(decreasing concentration as flow approaches). As flow conditions
change, the relationships help track constituent sources and estimate

chemical loading.

Critical chemical processing zones are created in flowing systems by
hyporheic exchange, which is the two-way movement of water between
streams and sediments beneath the streambed. Surface water is exposed to
microenvironments with different microbial communities, reaction rates,
and redox conditions when it penetrates streambed sediments and
resurfaces downstream (possibly in a matter of minutes). Numerous
biogeochemical transformations, such as the breakdown of organic matter,

nitrification-gentrification coupled processes, and the degradation of
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contaminants, depend on these exchanges. The effectiveness of hypothetic
processing is related to streambed permeability, hydraulic gradients, and
sediment biogeochemistry, leading to spatial heterogeneity of such

processes across river corridors.

Concepts such as nutrient spiraling describe the coupled transport and
cycling of elements in flowing waters. In contrast to terrestrial systems,
where nutrient cycling is relatively closed within local topographic units,
stream nutrients have helical pathways as downstream transport occurs
concurrently with biological uptake and release. Spiraling metrics quantify
the efficiency of nutrient retention across systems using measures such as
the average downstream distance a solute travels, or uptake length before
being taken up) and uptake velocity (the mass transfer rate to the benthos).
Nutrient spiraling efficiency generally increases as biological activity
increases and as physical retention features (for example, debris dams or
beaver ponds) increase, and decreases with increasing discharge, leading
to predictable seasonal patterns in nutrient retention and export.Urban
stream chemistry typically shows a distinctive set of changes known as
urban stream syndrome, including increased conductivity from road salt
and wastewater additions, higher nutrient loads from fertilizer and sewage,
organic pollutants flushed in stormwater pulses, and changed thermal
regimes from decreased riparian shading and runoff from warm
impervious surfaces. These chemical alterations, along with altered
hydrology and habitat simplification, have detrimental effects on
ecological communities and ecosystem functions. Ongoing efforts
regarding green infrastructure seek to address these chemical effects by
use of biofiltration systems, which can retain pollutants ahead of stream
networks.Nonpoint inputs of nutrients, pesticides, sediments, and fecal
bacteria from agricultural influences stream chemistry. Fertilizers and
animal wastes increase nitrogen and phosphorus concentrations in surface
waters far above naturally occurring background levels, especially in
intensively-farmed watersheds where concentrations exceed drinking
water standards or ecological thresholds. The effects of agriculture on

water bodies are often seasonal, correspond to the timing of applications,
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and follow precipitation patterns, with the highest chemical loading
expected during spring planting and rainfall events early in the growing
season. Managed well, agricultural systems that contribute chemicals to
stream systems can have their loads reduced by best management
practices such as the utilization of riparian buffers, cover crops, and

controlled drainage.

In developed countries (where industry is becoming better regulated),
industrial discharges continue to experience decreasing chemical
compounds changing the chemistry of the river via point-source
pollution. Metals from mining and manufacturing, synthetic organic
compounds from the chemical industry, thermal pollution from cooling
water discharge, and other process chemicals with particular applications
are examples of inputs. While wastewater treatment regulations have
significantly decreased the acute toxicity of individual industrial
discharges, it is still challenging to monitor and control more subtle
disturbances brought on by the intricate co-discharge of low-concentration
chemicals. We can learn more about the growing number of man-made
substances entering river systems by using innovative analytical methods
like non-targeted screening techniques.The chemistry of rivers is greatly
influenced by the interactions between surface water and groundwater,
particularly when baseflow contributions from groundwater dominate
streamflow. Chemical signatures created by interactions at these locations
provide details about geological contacts, residence times, and subsurface
flow routes. The stream usually exhibits consistent temperature patterns
where groundwater discharges to the channel, along with heightened
concentrations of weathering products, such as calcium and silica.
Chemical signatures of sectional losses of streams, where surface water
inputs recharge groundwater systems, indicate longer exposure to the
surface, higher dissolved oxygen, diurnal temperature variation, and

occasionally higher anthropogenic constituents from watershed land use.
Unit 6

2.2 Aquatic Pollution
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The contamination of water bodies, including rivers, lakes, seas, and
groundwater, by toxic compounds is known as aquatic pollution. It is
important that the increase of pollution in freshwater environments (water
pollution) should take precedence as an environmental issue as we move
forward, considering the increasing damage to human health, agricultural
practices, and economic activities. Pollutants and their sources are highly
variable in natural water bodies, including inorganic and organic
chemicals, and pathogens. The alarming fact is that with a growing global
population and rapid industrialization, billions of tons of water pollutions

are dumped into water bodies.

Sources of Water Pollution

Both natural and man-made sources can contaminate water-made sources.
Although water pollution was caused in ancient times, human activities,
particularly in industrial, agricultural, and urban areas, have been
instrumental in increasing levels of pollution. Inorganic and organic
pollutants, as well as agricultural runoff, industrial discharges, and the
release of detergents, oil spills, and radioactive waste, are the main sources

of water pollution.

Inorganic, Organic, and Pesticides

1. 1. Inorganic pollutants are composed of metals, salts, and other
substances that lack carbon-hydrogen bonds. Inorganic pollution
comes from mining activities, wastewater treatment plants, and
industrial discharges. Even at low concentrations, some of those
substances—such as lead (Pb), mercury (Hg), arsenic (As),
chromium (Cr), and other heavy metals—as well as inorganic
contaminants are harmful to humans and aquatic life. These metals
are typically released into water bodies as a result of mining,
industrial effluents, and negligent disposal.

2. Organic Pollutants: Organic pollutants are chemical compounds
that have carbon in their molecular structure and are released
primarily by the release of untreated effluents from factories,
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domestic sewage, and chemical products used in agriculture.
Organic pollutants are oils, solvents, detergents and hydrocarbons,
they can be harmful to aquatic living organisms because they
decrease oxygen levels, disrupt the food chain and also pollute
drinking water. Eutrophication, which is the excessive growth of
algae in water bodies due to excessive nutrients entering the water
often due to urban runoff or sewage, is another negative
consequence of organic matter entering water bodies.

Pesticides are used extensively in agriculture and contaminate a
wide range of water sources. Pesticides (herbicides, insecticides,
fungicides, etc.) are intended to kill pests, but because of the runoff
of fields, they often end up in neighbouring water bodies. These
substances can persist in the environment and are detrimental to
aquatic life. Given that pesticides are accumulating in drinking
water sources and that they are washing into rivers and streams
from gardens, lawns, and agricultural fields, this is particularly
depressing news.

Industrial and Agricultural Runoff

Particularly in regions with a high concentration of industrial and
agricultural activity, water pollution has detrimental direct and
indirect effects on the health of people, plants, and animals.
Numerous pollutants are frequently present in this runoff from
cities, farms, and industries, which contaminates nearby
waterways.

1. Industrial Discharge: Metals, organic chemicals, solvents, and
suspended solids are regularly released into water bodies by
industrial operations, such as factories, power plants, and chemical
processing facilities. These contaminants can accumulate in the
environment and damage aquatic life, contaminate drinking water,
and upset ecosystems. In addition to direct discharges, rainwater
from nearby rivers, lakes, and oceans can carry industrial runoff

into them.
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3. Agricultural Runoff: One of the main causes of water pollution is
agriculture, which releases fertilisers, pesticides, herbicides, and
animal waste into adjacent water bodies. Ints or phosphorus, when
washed into rivers and lakes, can cause nutrient pollution that fuels
algal blooms and depletes oxygen in the water. These nutrient rich
conditions generate “dead zones,” where there is so little oxygen
available that aquatic life cannot endure. Animal waste generated
by livestock farms also contain harmful pathogens that can
contaminate water, and when the contaminated water enters the

water supply, it represents a public health threat.

Detergents, Oil Spills, Radioactive Waste

1. Detergents: Detergents, commonly used in household cleaning
products, laundry detergents, and industrial cleaning agents, can
contribute to water pollution when they enter wastewater systems.
Phosphates, which were once widely used in laundry detergents, promote
eutrophication in water bodies, as they act as a nutrient source for algae.
Additionally, detergents can be toxic to aquatic organisms, disrupting the

balance of ecosystems.

2. Oil Spills: Oil spills, typically resulting from industrial accidents,
shipping, or offshore drilling activities, pose a significant threat to marine
and freshwater ecosystems. A film of oil accumulates on the surface of
water as it is released, obstructing sunlight. from penetrating the water and
affecting photosynthesis in aquatic plants. Oil can be toxic to marine life,
causing respiratory problems, reproductive issues, and death in fish, birds,
and other organisms. Cleaning up oil spills is a challenging task, and the
long-term environmental impact can be severe, affecting biodiversity and

food chains for years.

3. Radioactive Waste: The disposal of radioactive waste into water
bodies has serious environmental and health implications. Radioactive
materials can taint water sources, posing long-term health hazards like
cancer and genetic mutations, for both humans and wildlife. Water sources
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used for drinking or irrigation can become unsafe when contaminated with
radioactive substances, and the effects on aquatic ecosystems can persist
for generations. Nuclear power plants' radioactive waste disposal, medical
institutions, and industrial processes has been a subject of concern and

requires strict regulations to prevent contamination.
Types of Water Pollutants

Water pollutants can be divided into a number of groups according to their
source, chemical makeup, and environmental effects. The most prevalent
kinds of contaminants found in water include organic chemicals, heavy

metals, and pathogens.
Heavy Metals (Cd, Cr, Pb, Hg, As)

One of the most harmful and enduring contaminants in aquatic
environments is heavy metals. Cadmium (Cd), chromium (Cr), lead (Pb),
mercury (Hg), and arsenic (As) are among the metals that can build up in

water bodies and seriously endanger aquatic life. humans.

1. Cadmium (Cd): Cadmium is discharged into bodies of water as a
result of industrial operations like mining, metal refining, and the
use of cadmium-based products, such as batteries. It is toxic to
aquatic life, affecting their reproduction and growth, and can
accumulate in the food chain, eventually reaching humans who
consume contaminated fish.

2. Chromium (Cr): Chromium is commonly found in industrial
waste, especially in the tanning and plating industries. Chromium's
hexavalent version (Cr VI) is especially harmful and carcinogenic.
It can contaminate drinking water supplies and harm aquatic life,
leading to liver damage, kidney dysfunction, and genetic
mutations.

3. Lead (Pb): Lead is a highly toxic metal that can enter water bodies
through industrial discharges, the corrosion of plumbing systems,

and the runoff of lead-based products. Lead is harmful to both
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aquatic organisms and humans, causing neurological damage,
developmental delays, and reproductive problems. It can build up
in fish and other aquatic species' bodies, which can cause
bioaccumulation and food chain biomagnifications.

Mercury (Hg): Mercury is released into water bodies through
industrial operations include garbage incineration, gold mining,
and coal combustion. Mercury canbioaccumulate in aquatic
organisms, particularly in the form of methyl mercury, which is
highly toxic. Exposure to methyl mercury can cause neurological
damage in humans and animals, and it poses a special risk to
expectant mothers and small children.

Arsenic (As): Water sources may get contaminated by the
naturally occurring element arsenic, especially in regions where
soil arsenic concentrations are high. Mining and the application of
insecticides containing arsenic are examples of industrial
operations, can exacerbate the contamination of water bodies. An
elevated risk of skin cancer is linked to prolonged contact to water

tainted with arsenic, lung cancer, and other health issues.

Organic Compounds and Pathogens

1. Chemicals: He chemical compounds can contaminate water bodies

and threaten aquatic life. They can affect biological processes,
deplete dissolved oxygen in waters and inhibit the growth and
reproduction of aquatic organisms. Certain organic pollutants,
such as persistent organic pollutants (POPs), can have long
residence times at environmental levels, concentrate in the food
chain, and cause long-term ecological damage.

Pathogens: Pathogens such as pathogenic microorganisms
(bacteria, viruses, and protozoa) are among the most significant
contaminants linked to water contamination, especially in
sanitation deprived areas. Human and animal waste, alongside
agricultural runoff, is a common way for pathogens to reach water

sources and transfer disease such as cholera, dysentery, and
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typhoid fever. As blue-green algae blooms release toxins into the
water, the pathogens can then contaminate the drinking water
supply and render it unsafe for human consumption, and Kill

organisms around them.

Agquatic Pollution is a serious environmental issue that negatively impacts
ecosystems health, drinking water quality, and human health. Water
pollution has many different causes, including industrial discharges,
agricultural runoff, disposals of detergents, oil leakage, radioactive waste
disposal, etc. Pathogens, organic chemicals, and heavy metals are some of
the most dangerous water contaminants, with dire implications for both
aquatic organisms and human health. To combat aquatic pollution, we
need coordinated efforts among industry, agriculture, and government to
reduce pollution at source, deploy effective water treatment technologies,
and ensure application of stricter laws to save and protect our water

resources for generations to come.
Unit 7

2.3 Water Quality Parameters

Water quality is the equivalent of purity of water, and is determined by the
existence of physical, chemical, biological, and radioactive contaminants
in the water. These factors establish if the water is fit for human
consumption, agricultural, industrial and environmental uses among
others. Characteristics of Water The condition of water is mainly defined
by a series many chemical and physical characteristics that impact the
water's overall health. Dissolved oxygen (DO), chemical oxygen demand
(COD), biochemical oxygen demand (BOD), and total solids (both
dissolved and suspended) are some of the most important parameters used
in the overall assessment of water quality. These elements are crucial for
assessing the health of aquatic ecosystems and the sustainability of water

resources.

The Physical and Chemical Parameters
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Water quality is influenced by a number of physical and chemical factors,
which provide important information about the water quality. Total solids
(suspended and dissolved), dissolved oxygen demand (DO), and chemical
and biochemical oxygen demand (COD) are among the most commonly
measured physical and chemical parameters [62]. In order to determine
whether water can be reused, it is important to understand its oxygen
balance, organic load, and general cleanliness. These parameters can be
used to assess the composition of water contaminated with organic matter,

such as urban wastewater.

Dissolved Oxygen (DO)

One of the most important parameters for evaluating the quality of the
water, especially in aquatic settings, is dissolved oxygen (DO).
Furthermore, dissolved oxygen (DO), which is essential for the survival
of the majority of aquatic organisms, including fish, invertebrates, and
microorganisms, is a measure of the amount of oxygen in the water. Both
aerobic microorganisms that break down organic matter and aquatic
organisms need oxygen to breathe. Many factors, such as organic matter,
water flow velocity, temperature, and salinity, affect the amount of DO in
water.A healthy and functioning aquatic ecosystem is indicated by
appropriate dissolved oxygen levels. High DO levels generally signify that
the water is pure and suitable for a diverse range of aquatic life.
Conversely, lower DO levels signify water pollution from the breakdown
of organic waste, which depletes oxygen and is detrimental to aquatic life.
Since most aquatic life cannot survive on the limited amount of dissolved
oxygen, hypoxia (a free-water oxygen shortage) brought on by low DO
concentrations can kill fish. In waterways, extreme hypoxia can produce

"dead zones" where life is essentially extinct.

Numerous factors can affect DO concentrations, including:

* Temperature: Water loses its ability to dissolve oxygen as the
temperature rises. As a result, DO levels are generally lower in warmer
waters than in cooler ones.
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» Salinity: When salts are present in water, oxygen becomes less soluble.

Generally speaking, freshwater has higher DO levels than saltwater.

NOTES
» Water Movement: Because moving water (like that found in rivers and ENVIROMENTAL
streams) has more aeration, which permits more oxygen to dissolve, it & ANALYTICAL
CHEMISTRY

typically has higher DO levels.

* Organic Matter: Bacteria that break down organic matter use oxygen,

which lowers the DO levels in the water.

BOD (Biochemical Oxygen Demand)

levels of organic pollution in water, where higher BOD indicates higher
levels of organic pollution.biodegradable substance, making it a gauge of
the degree of organic pollution in the water. BOD is commonly used to
represent microorganisms. It is the sum of the chemical and biochemical
oxygen demands (BOD and COD). The minimum amount of oxygen
needed to break down organic matter in water is determined by these two
important water quality parameterswater dissolved oxygen in the water.
is measured; high BOD values imply greater oxygen demand and
consequently more organic material in the water. High BOD values
indicate that the water is polluted with organic matter been the sewage and
decomposing food or factory discharges, leading to a decrease in standard
laboratory conditions, through the microbial breakdown of organic matter
(BOD5) in a water sample. The oxygen that the microbes have depleted
at the conclusion of this time is called Biochemical Oxygen Demand
(BOD). Typically, BOD is measured over a 5 day period, underaddition,
elevated BOD may also contribute to eutrophication, where nitrogen and
phosphorus compounds stimulate algal bloom as a consequence of an
increase in nutrients, ultimately resulting in oxygen depletion, and
therefore the creation of hypoxic or anoxic conditions of oxygen
necessary to survive. In is useful as it sheds light on water bodies'
potential for oxygen depletion. If the BOD is too high, the DO levels can
drop to levels that are unhealthy for aquatic life, starving organisms The
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BOD testof 1-2 mg/L indicates clean, unpolluted water. in water bodies
with BOD 10 mg/L. BOD value in mg/L. BOD values in water bodies
above 5 mg/L signify a lot of organic pollution, and some contamination

is suspected The amount of oxygen that bacteria eat is measured by BOD.

Chemical Oxygen Demand (COD)

Dissolved oxygen demand associated with biodegradable organic matter,
COD quantifies all oxidizable components of water including industrial
chemicals, pharmaceuticals, and other non-biodegradable organic
pollutants. the total oxygen needed to Utilize a potent chemical oxidant,
such as potassium dichromate, to oxidize both organic and inorganic
molecules in water. In contrast to BOD which only quantifies the
parameter, indicating the amount of organic and inorganic substances in
the water our respective sources. COD evaluates Chemical Oxygen
Demand (COD) is also an important water qualityin mg/L, with higher
COD levels signifying higher pollution and higher oxygen demand.
method is especially useful to assess the overall pollution load of industrial
effluent, sewage, and water bodies. The COD units are noted water
pollution more thoroughly. This COD is an important measure, as it
assessesthat it has a large number of pollutants, which need to be removed
prior to its discharge into the environment. and regulating the wastewater
treatment plants' effectiveness. Water with a high COD value indicates
pollutants, unlike BOD. The COD test is a very commonly used test for
monitoring is quicker than BOD test and it indicates both biodegradable
and non-biodegradable materials. But it gives no clue as to the
biodegradability of the Why COD test is better than BOD test: COD test

COD values vary depending on the source of the pollution:

e Industrial wastewater: The COD of industrial effluents can be
significantly higher than that of domestic sewage due to the
presence of chemicals, solvents, and non-biodegradable

substances.
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e Agricultural runoff: Runoff from farms, especially those using
fertilizers and pesticides, can increase the COD levels in nearby
water bodies.

e Municipal wastewater: Domestic sewage typically contributes to
moderate increases in COD, but the concentration of pollutants is

often lower than in industrial wastewater.

clean water. water and above 500 mg/L is the indication of highly polluted
water. Ordinary water is 10mg/L COD value for Even COD above 100
mg/L is a sign of polluted

Total Solids (Suspended and Dissolved)

A turbidity or murkiness in water, which the aquatic life relies on to be
healthy and proactive in the cycle of life.Organic and inorganic, such as
sand, silt, salts, organic matter, and dissolved chemicals. Notably, high
levels of total solids can yield that indicates the potential for total solids

that can contain both suspended and dissolved solids.

1. Suspended Solids: These are particles that are present in suspension but
are not dissolved in water. These particles, which make the water murky,
include dirt, algae, plant matter, and other debris. High concentrations of
suspended solids can restrict light penetration in water, which can have an
adverse effect on fish and other organisms' access to oxygen and
photosynthesis in aquatic plants. Additionally, suspended solids can

obstruct fish gills, making it impossible for them to breathe and survive.

2. A common indicator of water pollution is suspended solids, which
are expressed in milligrammes per litre. Numerous sources,
including construction sites, industrial effluents, and agricultural
runoff, can contribute to high concentrations of suspended solids.
Because filtration and chemical treatment are required to remove

these solids from drinking water, the cost of water treatment goes

up.
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3. Dissolved Solids: Substances that dissolve in water and cannot be
filtered out are referred to as dissolved solids (DS). These consist
of minerals, salts, and other dissolved substances that enhance
water's conductivity. Elevated dissolved solids can affect the taste
of drinking water and may indicate the presence of dangerous
materials like chemicals, heavy metals, or industrial
pollutants.Suspended solids, measured in mg/L, are a common
indicator of water pollution. High concentrations can come from
a number of sources, including as construction, agricultural
runoff, and industrial effluents. These solids increase water
treatment costs due to the need for filtration and chemical
treatment to remove particles from drinking water.Dissolved
solids (DS) refer to salts, minerals, and other dissolved substances
in water that cannot be removed by filtration. High levels of The
flavor of drinking water can be impacted by dissolved particles.
TDS, or total dissolved solids, level above 500 mg/L may indicate
water quality issues, while the general guideline for drinking
water is a maximum of 1,000 mg/L. However, if dissolved solids
include harmful chemicals or heavy metals, even lower TDS levels

can pose health risks.

Chemical Constituents

The upper reveal pollution sources and the condition from aquatic
ecosystems. it you have vs. how much you need), the extent of
contamination, and potential for it to support life. The occurrence and
abundance of these chemical constituents can sulfate, phosphate, and
nitrate are all important chemical constituents in water. Common
measurements of these include water quality (how much of natural
processes and anthropogenic sources. Chloride has a number of dissolved
chemical components that are essential to its quality and applicability for

different applications. Depending on the source, location, and ambient
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conditions, the precise components of air pollution can change and may

include both.Since water is a universal solvent,

Chloride

Dissolved solids can damage the environment, especially freshwater
ecosystems, at high concentrations. High levels of dissolved solids in
water can be caused by human activities like road salt, industrial
discharges, sewage effluents, and agricultural runoff. Seawater contains
high levels of chloride, but natural processes like rock weathering can also
cause low levels of chloride to exist in freshwater environments. Despite
this, low levels of chloride in drinking water are generally not considered
to be a major health risk, though they can corrode pipes and add an
unwanted taste. Human levels of chloride are a naturally occurring
substance that is created when chlorine combines with other elements,
most notably when it binds with sodium to form sodium chloride (NaCl),
or table salt. The ion Chloride (CI'), a chemical materialfish adapted to
low chloride conditions cannot regulate chloride homeostasis and face
physiological stress, mortality, and decreased reproductive rates, ability
to properly balance fluids and salts. Freshwater chloride levels in ambient
water should be lower when exposed to high concentrations of chloride.
Excessive chloride concentrations can disrupt freshwater species’
osmoregulation, preventing theirAquatic life will also be threatened by
high chloride concentrations in a body of water, particularly in freshwater
ecosystems where levels of 250 mg/L or more are typically considered a

sign of pollution or saline intrusion.

Sulfate

Sulphates (SO,27) are sulphuric acid salts that are frequently found in
water as a result of the weathering of rocks that contain sulphate minerals,
such as pyrite and gypsum (calcium sulphate). Sulphur compounds, which
come from both natural and man-made sources, such as burning fuel and
industrial processes, oxidise to produce sulphates in the atmosphere.
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Runoff from mines, wastewater treatment plant outflows, and industrial
effluents are frequently the causes of elevated sulphate levels in water.
Low concentrations of sulphates are usually safe, but high concentrations
in drinking water can lead to a bitter taste and other digestive issues,
particularly in young children. Because concentrations above this
threshold can alter the taste of drinking water, the US Environmental
Protection Agency (EPA) established a maximum contaminant level of
250 mg/L for sulphate. Excess sulphate can interfere with natural chemical
processes in aquatic environments, endangering aquatic life, particularly
for organisms that are sensitive to alterations in the chemistry of the water.
High sulfate levels can also contribute to environmental degradation by

altering the natural balance of water bodies

Phosphate

They may also be the result of human activities, specifically due to
agricultural runoff, wastewater discharges, and industrial effluents. due to
the erosion of phosphate-bearing rocks and decay of organic matter.
Whereas phosphates are naturally leaching into water bodies, serves as
critical nutrient for plant growth (phosphate, PO.*). Phosphates are
naturally present in water bodies. This chemical component is made up
of oxygen and phosphorus (P), and harmful algal blooms (HABS) release
toxins that are hazardous to human health and aquatic life. method
whereby water systems' nutrient enrichment results in excessive algae
growth and oxygen level depletion, and the consequent death of aquatic
organisms. The problem is harmful to the health of aquatic ecosystems and
can lead to in eutrophication. Eutrophication refers to the Phosphates
help to grow plant and algae but in excess they resultaquatic systems and
is also an important part of water quality management and combatting
eutrophication. phosphate concentrations in drinking water can also alter
taste and further quality, however, they do not pose a distinguishing hazard
to general health at typical concentrations. Management of phosphate

levels is key in and concentrations above 0.1 mg/L can pose a possible
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risk to the water quality. High Usually, the phosphate levels are expressed

in mg/L.

Nitrate

Dramatic increases in the amount of nitrate in water. water through
biological procedures like the breakdown of organic materials and
nitrogen-fixation by bacteria. But human activities, such as nitrogen-based
fertilizer use in agriculture, wastewater discharge, and industrial activities,
can cause and algae. Nitrates occur naturally in Nitrate (NOs) is a
chemical species that is part of the nitrogen cycle which serves as an
important nutrient for plantsissue as fertilizer runoff can lead to elevated
nitrate levels in surface and ground waters. The oxygen-carrying capacity
of the blood results in bluish skin and respiratory distress. In agricultural
regions nitrate contaminated drinking water represents a major health
water can be harmful to human especially to infants. If they drink water
high in nitrates, they can develop a serious condition called
methemoglobinemia or "blue baby syndrome,"” which limits High nitrate
concentrations into fish Kills and degradation of aquatic habitats.
Toeutrophication. Nitrate, an important element for algae, can increase
algal growth with high proportions of nitrate in water bodies, which can
then deplete oxygen in the water that leads Apart from the detrimental
implications on human health, elevated nitrate levels in aquatic
environments may indicate pollution, and concentrations exceeding 10
mg/L may have adverse ecological effects. The maximum contamination
level (MCL) for nitrate-nitrogen in public water systems has been set at
10 mg/L. According to the U.S. Environmental Protection Agency (EPA),
nitrate concentrations in natural water bodies more than 1 mg/L are

regulates nitrate levels in drinking water and

Microbial Analysis

Pathogens in water also act as indicators of contamination and can be used

to assess the effectiveness microorganisms of all kinds are found in water
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bodies and provide an important influence on water quality. Particularly
pathogenic microorganisms, are dangerous because they induce a range
life. Bacteria, viruses, protozoa, and other Microbial testing of water is
critical to determining water safety and use for drinking, recreation, and
aquaticPathogens in Water Indicators ofwith infected water, is a major
public health concern, as pathogens in the water related to fecal material
contamination. disposal of waste. Waterborne disease, where pathogenic
microorganisms are transmitted through contact hepatitis. These
pathogens are generally introduced into a water source by human or
animal feces, industrial discharges, agricultural runoff or the inappropriate
Certain bacteria, viruses, protozoa, and helminths can cause a variety of
waterborne diseases, e.g., gastrointestinal diseases and cholera, dysentery,
typhoid fever, andthe most widely used pathogenic indicators in water are
Escherichia coli (E. coli), fecal coliforms, and coliform bacteria.
Thecondition of the skin are more easy to detect compared to the
pathogens themselves and give a quick estimate of the life-threatening
potential of pollution. Some of they are representative of a whole
population of microorganisms, and they usually do not cause harm. These
indicators corresponding to Microbiologists use indicator organisms for

evaluating potential compromise of water quality.

e Coliform Bacteria: These microorganisms are frequently used as
markers of water contamination from faeces. They are typically
found in high concentrations in faecal matter and reside in the
intestines of both humans and animals. Faecal and non-fecal
bacteria known as coliforms are general markers of water quality.
Since some coliforms can come from decomposing vegetation,
faecal coliforms—one type of coliform—offer a more accurate
indicator of faecal contamination.

e - Faecal Coliforms: The genus Enterococci is used to assess
possible gastrointestinal disorders as well as other waterborne
diseases. This indicates that faecal matter, which may contain
bacteria, viruses, and parasites, has contaminated the water.

Testing for faecal coliform is frequently done in a variety of

MATS Centre for Distance & Online Education, MATS University



locations, such as parks, drinking water sources, and wastewater
treatment plants.

e Escherichia coli (E. coli): E. coli is a subgroup of coliform bacteria
found in feces, and it is frequently employed as a more precise
measure of fecal contamination in water. Though strolling the
laboratory of E. coli fatality rates are normally safe, some have
been known to kill casing instances of very alarming to be E. coli
0157: H7. Readout containing E. coli in indicator water infers the
presence of harmful pathogens, and its presence is commonly
used as a default standard for the determination of the safety of

drinking water and waters used for recreational purposes.

Water quality to be categorized according to the detected concentration of
indicator organisms, because higher concentrations imply the existence of
a higher level of contamination and a higher risk of waterborne diseases.
water quality is generally evaluated by microbiological testing methods
such as membrane filtration, the most probable number (MPN) method or

enzyme substrate tests. These methods enable Microbial

Salts like chloride, sulfate, phosphate, and nitrate, chemical constituents
of water, are among the key parameters to monitor water quality. They can
be released from natural processes or due to anthropogenic activities, and
their concentrations can impact, significantly, aquatic systems, human
health, and the quality of water overall. Continuous data and monitoring
of these constituents can help find their sources and allow for pollution
prevention and reduction in a water system (waterbody).Microbial
analysis is also very important in ensuring that water is safe for drinking
and recreational use. The presence of pathogenic markers like coliforms,
fecal coliforms, and E. coli can give insights into the risks of waterborne
diseases and can indicate the efficiency of water treatment processes.
Chemical constituents and microbial contamination should be monitored
regularly and managed to maintain water quality and protect public health

and the environment.
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Unit 8

2.4 Heavy Metal Pollution

Heavy metal pollution is among the biggest risks to the environment and
public health of the modern era. Heavy metals differ from organic
pollutants because they cannot be broken down or destroyed, so they
remain in the environment forever. Toxicants accumulate in living
things' tissues through the food chain, causing numerous health
complications: results range from the delicate to chronic disease and, in
some cases, death. AbstractThis review highlights the public health
implications of eight important heavy metals, including Cd, Cr, Cu, Pb,
Zn, Mn, Hg, and As, and the instrumental techniques used to detect and
measure them, particularly Atomic Absorption Spectroscopy (AAS) and

Inductively Coupled Plasma (ICP), quantification.

The release of Because of rapid industrialization, urbanization, and other
human activities, heavy metals have emerged as a significant
environmental problem on a global scale. Although minute levels of some
heavy metals, like copper and zinc, are required as micronutrients, the
existence of excess amounts of these elements can prove hazardous to
both human life and ecological systems. Heavy metals is a collective name
for very dense metals, also including metalloids, which occur in, or are
used in, different technological processes, which can have harmful effects
on, some, living organisms.It was during the industrial revolution that
considerable heavy metal contamination began with the mining, smelting,
and production processes releasing large amounts of these elements into
the environment. The problem has gotten disproportionately worse in
recent decades due to poor waste management, electronic waste,
agricultural practices (such as the use of fertilisers and pesticides that
contain metals), and the burning of fossil fuels. While heavy metals are
permanently present in the environment, cycling through different
ecosystem compartments and being deposited in biota, organic pollutants
can be broken down by biological or chemical processes. There are several

ways that heavy metals enter the environment, including direct disposal,
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water runoff, and atmospheric deposition. Once expelled, they have the
ability to travel great distances by air and water, infecting locations that
are relatively distant from their point sources. Numerous elements affect
the mobility and bioavailability of heavy metals in the environment,
including their chemical forms, pH, organic matter content, and redox
conditions. As a result, they can accumulate in soil, sediment, water, and
living things, creating a complicated contamination chain that affects
many trophic levels.Because of their bioaccumulation in living things and
biomagnifications through the food chain, heavy metals are extremely
toxic, pervasive in the environment, and persistent. High concentrations of
top predators, such as humans, can arise from even low environmental
concentrations.. As a result, there is increasing concern regarding the long-
term effects of heavy metal exposure on human health, wildlife and
biological diversity.The next sections review the public health
importance of eight key heavy metals: we detail their environmental
sources, mechanisms of toxicity, health effects, and regulatory standards.
The first will be on the source into the methods of their detection and
quantification with particular emphasis on the application of Inductively
Coupled Plasma (ICP) with Atomic Absorption Spectroscopy (AAS)

methods.

Public Health Significance of Heavy Metals

Cadmium (Cd)

Cadmium is one of the most dangerous environmental pollutants because
of its widespread industrial use and extreme toxicity at low levels of
exposure. Cadmium pollution originates mainly from mining and
smelting, nickel-cadmium battery production, electroplating, phosphate
fertilizers, and the improper disposal of electronic waste. Cadmium is also
present in cigarette smoke, and smokers carry nearly twice the body
burden of cadmium as non-smokers.Cadmium is mainly toxic due in part
to its chemical similarity to zinc, allowing it to substitute for zinc in many

biological systems and interfere with critical cellular processes. In
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humans, cadmium's biological half-life falls between 10-30 years and the
major organs of accumulation are the kidney and the liver. Because PFAS
are only slowly excreted from the body, this long retention time also
contributes to chronic toxicity; repeatedly Low levels of PFAS exposure
can cause substantial accumulation over time.Acute inhalational cadmium
poisoning can lead to severe pulmonary symptoms including chemical
pneumonitis and pulmonary edema. Acute or chronic exposures to
cadmium can lead to various adverse adverse effects with phtosensitivity,
do direct toxic effects on the kidney, lungs, and bones, and chronic
exposure to lower levels of cadmium can also be associated with
significant glomerular lesions. The disease of cadmium that iss been a
world-renowned example of chronic cadmium poisoning is the so-called
"Itai-itai" disease, which occurs in Japan residents of the Jinzu River basin
in 1950 showed to patients -- and was not new as "Osteomalacia” (painful
deformation of sore bone) with renal tubule dysfunction and osteoporosis
of post-menstrual women.Cadmium is a heavy metal that, upon chronic
exposure, acts in many ways, particularly affecting the renal system, by
leading to tubular dysfunction, a decreased glomerular filtration rate, and
an increased urinary excretion of proteins and calcium. This may
ultimately lead to permanent renal injury and contribute to hypertension
and cardiovascular diseases. Cadmium also inhibits calcium metabolism,
resulting in decreased bone mineral content, increased fragility and

fracture risk.

The International Agency for Research on Cancer (IARC) has designated
cadmium as a Group 1 carcinogen, indicating that cadmium causes cancer
in humans. Epidemiological studies have linked cadmium exposure to an
increased incidence of lung, prostate, and kidney malignancies. Cadmium
is also an endocrine disruptor that affects the synthesis and regulation of
key hormones (including testosterone and estrogen), thereby contributing
to reproductive disorders.Various countries around the world have
implemented stringent standards for cadmium in drinking water, food,
and occupational exposures. The U.S. Environmental Protection Agency
(EPA) set a maximum contaminant level of 5 pg/L for drinking water, but
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the World Health Organization (WHO) states that there is a preliminary
acceptable monthly intake of 25 pg/kg body weight. That said, exposure
to cadmium is still a public health challenge, especially in populations
that live close to industrial sites and in regions where the cadmium

exposure was historically high.

Chromium (Cr)

Chromium has various Trivalent chromium (Cr(111)) and hexavalent
chromium (Cr(VI1)) are the two oxidation states that most important
environmentally and biologically. The contrasting action of these two
forms illustrates how critically important speciation is in heavy metal
toxicology; whereas One of the most hazardous heavy metals is Cr(V1),
while Cr(111) is a necessary micronutrient for the metabolism of glucose.
The primary sources of chromium pollution include pigments, stainless
steel manufacturing, leather tanning, chromium plating, and wood
preservation. The weathering of rocks containing chromium and volcanic
eruptions are examples of natural sources. Due to its high toxicity and
ability to migrate within the environment, chromium cannot be completely
removed from the environment and chromium pollution (especially Cr(\VI)
pollution) is a serious problem.Because of its potent oxidizing properties
and capacity to permeate cell membranes through sulfate channels, Cr(\V1)
is hazardous. Cr(VI1) is converted to Cr(l11) inside cells, and this reduction
produces reactive oxygen species that can oxidatively stress cells, damage
DNA and change the way we send signals from one part of the cell to
another. This intracellular reduction process, which ironically detoxifies
the toxic Cr(VI) to less toxic Cr(l11), generates free radicals and reactive

intermediates that damage cellular components.

High doses of Cr(VI) in acute exposure may lead to severe respiratory,
gastrointestinal and dermal adverse events. Inhaling Cr(\VI) compounds
causes perforation of the nasal septum and chronic bronchitis, as well as
decreased pulmonary function and increased risk of lung cancer. (Chrome

ulcers are the characteristic deep, penetrating sores that heal slowly.
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Cr(VI) when ingested can cause gastric ulcers, convulsions, kidney and
liver damage, and in severe cases, death.Extended exposure to Cr(VI) has
been associated with various adverse effects, such as respiratory problems,
immune system changes, Kidney injury, and reproductive toxicity. It has
shown that occupational exposures to An elevated risk of lung cancer is
associated with Cr(VI), and Cr(VI) received IARC Group 1 classification
as a carcinogen based on extensive epidemiological evidence. Cr(M) has
carcinogenic potential based on its ability to cause DNA damage,
chromosomal aberrations and genomic instability.Speciation of
chromium is very crucial for both environmental and biological
monitoring giving the reason behind vastly different toxicological profiles
of Cr(lll) and Cr(VI1). Since speciation analysis is essential as a risk-
oriented comparison, most regulatory standards address total chromium
but do not consider its separate chemical forms which demonstrate diverse
toxicological behaviour. The U.S. contaminant level for The maximum
amount of chromium allowed by the EPA in drinking water is currently
100 pg/L, but stricter standards for Cr(VI) are in consideration by many

jurisdictions.
Copper (Cu)

Copper is an essential micronutrient with the potential for toxicity among
heavy metals. Copper acts as an essential part of many enzymes involved
in energy production, iron metabolism, connective tissue formation and
neurotransmitter synthesis, deficiency can serious health problems. Yet, it
is well known that excess copper exposure can overwhelm homeostatic
systems and lead to toxicity.Primary environmental sources of copper are
mining and smelting operations, electronics manufacturing, agricultural
uses of copper-based pesticides and plumbing copper corrosion. Natural
sources are volcanic eruptions, weathering of copper-containing rocks
and forest fires. With its extensive use in multiple utilities and consumer
products, copper has been increasingly detected in the
environment.Copper homeostasis in humans is highly regulated by
absorption, distribution, and excretion mechanisms. In the absence of

disease, the body regulates copper homeostasis through tight control of gut
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absorption and biliary excretion. But prolonged exposure can exceed

these regulatory systems, resulting in copper buildup and toxicity.

Acute copper poisoning, which is considered rare, can be caused by
drinking food or drink that had contact with copper, especially when acidic
solutions are stored in copper containers, but even in small amounts over
time, excess acute copper exposure can be detrimental. Symptoms include
severe abdominal pain, nausea, vomiting, diarrhea, headache, dizziness,
and in severe cases, hemolytic anemia, liver and kidney damage and in
some cases death. Gastrointestinal irritation and mucous membrane injury
may result.Chronic copper toxicity is not common in the general
population but can sometimes be found in patients with genetic disorders
that impair copper metabolism (e.g., Wilson's disease). Mutations in the
ATP7B gene cause this disorder to be autosomal recessive, and result in
inability to excrete copper, which causes copper to build up in the brain,
liver, and other tissues. The clinical manifestations(most commonly
present at age 20-30 years) include liver disease, neurological symptoms
like dystonia, Parkinsonism, hepatic and psychiatric manifestations.
Kayser-Fleischer rings in the cornea are characteristic.Copper is an
essential nutrient; however, high levels of copper have been shown to
negatively affect aquatic organisms and ecosystems as a whole, making
environmental copper pollution of great concern. Copper is known to be
extremely harmful to aquatic life, especially invertebrates and algae. and
fish, and toxicity generally decreases with increasing water hardness. In
agriculture, over time, long-term application of copper-based fungicides
can cause too much copper to build up in the soil, which is said to be
phytotoxic and thus affect crop productivity adversely.Regulatory
standards for copper in drinking water are mainly based on aesthetic
factors rather than on health effects, because copper gives water an
undesirable metallic taste at levels far lower than those known to cause
acute health effects. Guideline value for The U.S. EPA has set an action
threshold of 1.3 mg/L for copper in drinking water, whereas the WHO has
placed it at 2 mg/L. to prevent taste problems and protect against

gastrointestinal effects of short-term exposure.
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Lead (Pb)

Moreover One of the most researched environmental pollutants, lead has
a lengthy history of exposure in humans and is known to have harmful
health effects. Lead exposure remains a public health concern despite
significant governmental efforts to reduce it. problem, especially in
developing countries and those with older infrastructure.Main sources of
lead pollution are emissions from the past use of leaded gasoline, lead-
based paints, lead-acid batteries, electronic waste, mining and smelting
plants, as well as contaminated soil and dust. Many countries have
eliminated the application of lead-based paints and leaded gasoline, but
legacy contamination remains in the environment. Moreover, lead is still
used in many applications, leading to continued occupational and
environmental exposures.Lead poisoning may occur via several
mechanisms, including enzyme activity repression, essential metal
disruption, cellular signaling disruption, and oxidative stress induction.
Lead has a high affinity for sulfhydryl groups in proteins, which inhibits
enzymes and modulates protein function. It is also a mimic of calcium in
biological systems and disrupts calcium-dependent processes and

neurotransmitter release.

In children especially, the effects of lead poisoning are neurotoxic and
debilitating. Lead is sedulously permeable across the blood-brain barrier
and the placenta and thereby affects neurodevelopment during central
nervous system (CNS) growth spurts. Low-level exposure to lead in
childhood has been linked to lower 1Q, poor cognitive function, deficits in
attention, problem behavior and increased probability of learning
disabilities. These neurodevelopmental effects are thought to be lifelong
and irreversible, continuing well into adulthood.Lead exposure in adults
can result in various health effects, including hypertension,
cardiovascular disease, renal impairment, reproductive toxicity, and
neurological impairment. Chronic lead exposure is associated with a
higher risk of chronic kidney disease, gout and cognitive decline in older
adults. Occupational lead exposure has been linked to decreased fertility,

pregnancy-related complications and increased rates of hypertension and

MATS Centre for Distance & Online Education, MATS University



heart disease.Lead’s multisystem toxicity emphasizes the need to include
prevention and exposure reduction as a primary prevention strategy. No
safe blood lead level is known, especially in children, and effects of health
deterioration have been observed at blood lead levels lower than 5 pg/dL.
This is motivating regulatory agencies to repeatedly revise down action
levels and intervention thresholds for lead.Regulatory strategies to limit
lead exposure have shifted from preventing severe, outwardly obvious
clinical poisoning to addressing less obvious, subclinical effects. Call to
Action: In recent years, CDC has continued to lower the blood lead level
of concern, and currently applies Children with elevated blood lead levels
are identified using a reference level of 3.5 pg/dL. The U.S. EPA has a
zero lead action level and a maximum contaminant level aim of zero in
drinking water, but the WHO has established a provisional acceptable
weekly intake of 25 pg/kg body weight83, indicative of no safe exposure
threshold.

Zinc (Zn)

Zinc is an essential trace element needed for many biological functions.
Zinc, which serves as a cofactor for more than 300 enzymes and forms a
structural component of nearly 2,000 transcription factors, is critically
crucial for DNA, protein synthesis, and immunological function synthesis,
cell division, and wound healing.Mining and smelting operations,
products made using galvanized steel, rubber and batteries, and
agricultural activities involving the application of zinc-containing
fertilizers and pesticides are noted as the primary sources of zinc
contamination. The concentrations of zinc in municipal wastewater and
sewage sludge can be high as well. Zinc enters the environment from both
natural and anthropogenic sources and is a ubiquitous element in the
earth's crust, with natural sources including weathering of zinc-containing
rocks and volcanic eruptions, and anthropogenic activities have drastically
raised concentrations of zinc in many compartments of the environment.In
humans, homeostasis of zinc is carefully maintained through mechanisms

for absorption, distribution and excretion. Under basal conditions, zinc
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homeostasis is regulated through specific intestinal absorption and release
via feces, urine, sweat, and exfoliated skin cells. Nevertheless, chronic
high exposure can saturate this regulation, resulting in dangerous

concentrations.

Even with acute zinc poisoning, the cause of acute poisoning is rare and
occurs via ingestion of food or beverages that are contaminated with zinc,
especially acidic solutions that have been stored in galvanized containers.
Abdominal pain, headache, dizziness, nausea, vomiting, and diarrhea are
possible symptoms. Zinc oxide fume inhalation has been linked to metal
fume fever, which manifests as fever, chills, malaise, myalgia, and
respiratory distress.Chronic zinc toxicity is rare in the general population,
but can occur with chronic high-dose supplementation or occupational
exposure to high levels of zinc. Very high levels of zinc can inhibit
absorption and metabolic processes involving copper and cause copper
deficiency with possible hematological and neurological manifestations.
Chronic zinc toxicity may also diminish immune function, lower high-
density lipoprotein (HDL) cholesterol levels, and affect iron
metabolism.Zinc toxicity in humans are less pernicious than those of many
other heavy metals but in the environment it can have some significant
ecological effects, especially in aquatic ecosystems. Zinc is toxic to
aquatic organisms (algae, invertebrates, fish) and toxicity generally
diminishes with increasing water hardness. In terrestrial ecosystems,
higher soil zinc accumulation increases the risk of phytotoxicity and
lowers of crops.Guidelines for zinc are mainly related to aesthetic issues
in drinking water and prevention of aquatic environments. The WHO has
not developed a health-based guideline value for zinc for drinking-water
because concentrations giving rise to health effects are well above those
causing aesthetic effects. U.S. EPA establish 5 mg/L as the secondary
maximum contamination threshold for zinc in drinking water. based less

on health effects that the aesthetic characteristics of taste.

Manganese (Mn)
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Manganese is another trace element that is essential both nutritionally and
in terms of toxicity, similar to zinc. Manganese is a cofactor for a number
of enzymes involved in antioxidant defense, metabolism, and bone
mineralization, and is thus important for normal physiological
functioning. But excessive exposure — especially via inhalation — can
induce a unique neurological syndrome akin to
Parkinson’s.Environmental manganese is released primarily from mining
and processing of manganese ores, steel production, guy manufacturing,
and and burning fossil fuels that have been supplemented with manganese.
The weathering of rocks and soil that contain manganese is one of the
natural sources. Manganese, the 12th most prevalent element in the crust
of the Earth, is found everywhere in the environment.Absorption,
distribution and excretion are mechanisms for human manganese
homeostasis. Normally, dietary manganese is absorbed in the small
intestine, and absorption rates vary depending on dietary factors and body

stores.

Water bodies, which include oceans, rivers, lakes, and groundwater, are
essential to life on Earth. The chemical composition of water plays a
critical role in sustaining ecosystems and human health. Water primarily
consists of H.O, but it also contains dissolved gases like oxygen and
carbon dioxide, essential for aquatic organisms. Additionally, it holds
various dissolved ions and minerals such as calcium, magnesium, sodium,
chloride, and sulfate. These components influence water's physical and
chemical properties, affecting its ability to support life. The concentration
of these substances, as well as other dissolved organic matter, determines
the overall health of aquatic systems and their ecological balance.
Variations in water composition, often due to natural and anthropogenic
factors, directly impact its use for drinking, irrigation, and industrial

purposes.

Aquatic pollution is a significant concern, with both natural processes and
human activities contributing to the degradation of water quality.

Pollutants from industries, agriculture, and urban runoff introduce harmful
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substances into water bodies, including organic and inorganic compounds,
pathogens, and plastics. These pollutants can disrupt aquatic ecosystems
by depleting oxygen levels, promoting harmful algal blooms, and causing
long-term changes to biodiversity. In particular, eutrophication, often
triggered by excessive nutrients like nitrogen and phosphorus from
agricultural runoff, leads to oxygen depletion and loss of aquatic life.
Furthermore, toxic chemicals, such as pesticides, industrial effluents, and
untreated sewage, not only degrade water quality but also pose serious

risks to both aquatic life and human health.

The quality of water is determined by a variety of parameters, including
pH, dissolved oxygen (DO), biochemical oxygen demand (BOD),
temperature, turbidity, and the concentration of various ions and
pollutants. These parameters help assess the health of water bodies and
their ability to support aquatic life. pH levels indicate the acidity or
alkalinity of water, with extreme pH levels affecting the survival of aquatic
organisms. Dissolved oxygen is crucial for respiration in aquatic
organisms, and a decrease in its concentration can lead to hypoxia and the
death of marine species. Biochemical oxygen demand (BOD) measures
the amount of oxygen consumed by microorganisms during the
decomposition of organic material. High BOD values indicate high levels
of organic pollution. Turbidity, or cloudiness of water, is often caused by
suspended particles and can impede sunlight penetration, affecting

photosynthesis in aquatic plants.

Heavy metal pollution is a particularly dangerous form of aquatic
contamination, as metals like mercury, lead, arsenic, cadmium, and
chromium can accumulate in water bodies and enter the food chain. These
metals are toxic to aquatic life, causing developmental and reproductive
issues, and can also pose serious risks to human health through the
consumption of contaminated water or fish. Heavy metals often enter
water bodies through industrial discharge, mining activities, and the use
of contaminated fertilizers and pesticides. Unlike organic pollutants,

heavy metals do not degrade and tend to accumulate over time, leading to
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long-term environmental and health problems. The ability to monitor and

control heavy metal concentrations in water bodies is essential for

ensuring the safety of both ecosystems and human populations. NOTES
ENVIROMENTAL
Addressing these challenges requires comprehensive water management & ANALYTICAL
CHEMISTRY

strategies that focus on reducing pollution at the source, improving waste
treatment technologies, and monitoring water quality parameters
regularly. Effective regulations, such as wastewater treatment standards,
pollution control measures, and stricter industrial regulations, are essential
in mitigating the harmful effects of pollution on water bodies and

safeguarding aquatic resources for future generations.

SELF ASSESSMENT QUESTIONS
Multiple-Choice Questions (MCQs)

1. The hydrological cycle primarily involves which of the following
processes?
a) Photosynthesis and Respiration
b) Evaporation, Condensation, Precipitation, and Infiltration
¢) Erosion and Deposition

d) Nuclear Reactions

2. Which of the following is a major source of inorganic water
pollution?
a) Industrial and agricultural runoff
b) Oil spills
c) Pathogenic bacteria

d) Organic fertilizers

3. Heavy metals such as cadmium (Cd) and lead (Pb) primarily
come from:
a) Household waste
b) Agricultural pesticides
¢) Industrial discharge and mining activities

d) Fish excretion
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4. Which of the following is an indicator of organic pollution in
water?

a) Dissolved Oxygen (DO)

NOTES
ENVIROMENTAL b) Chemical Oxygen Demand (COD)
& ANALYTICAL c¢) Total Solids
CHEMISTRY

d) Chloride concentration

5. The presence of high Biochemical Oxygen Demand (BOD) levels
in a water body indicates:
a) High dissolved oxygen levels
b) Low organic pollution
c¢) High organic pollution and microbial activity

d) High metal contamination

6. Which of the following does not contribute to water pollution?
a) Agricultural runoff
b) Evaporation from lakes
¢) Industrial effluents

d) Oil spills

7. The most toxic heavy metal in water pollution is:
a) Zinc (Zn)
b) Manganese (Mn)
c¢) Mercury (Hg)
d) Sodium (Na)

8. Pathogenic indicators in water are used to determine:
a) Heavy metal contamination
b) Presence of disease-causing microorganisms
c) Salinity levels

d) pH of water

9. Atomic Absorption Spectroscopy (AAS) and Inductively Coupled
Plasma (ICP) are primarily used for:
a) Monitoring organic pollutants

b) Detecting heavy metal concentrations in water
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10.

¢) Measuring BOD and COD

d) Analyzing microbial content

Which of the following compounds contributes to eutrophication
in water bodies?

a) Sulfate

b) Phosphate and Nitrate

c¢) Chloride

d) Carbonate

Short Answer Questions

1.

2.

10.

What are the major types of water bodies, and how do they differ?

Explain the hydrological cycle and its significance in aquatic

chemistry.

What are the primary sources of water pollution, and how do they

impact ecosystems?

Define Dissolved Oxygen (DO) and explain its importance in

water quality assessment.

What is Biochemical Oxygen Demand (BOD), and why is it an

important water quality parameter?

List three heavy metals commonly found in polluted water and

their sources.
How dooil spills impact aquatic ecosystems?

Explain the role of nitrates and phosphates in water pollution and

eutrophication.
What is the significance of pathogenic indicators in water testing?

Briefly describe the instrumental techniques used for heavy metal

analysis in water.

Long Answer Questions
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10.

Explain the chemical composition of different water bodies (lakes,

streams, rivers, wetlands) and their importance in the environment.

Discuss the major sources of water pollution, categorizing them

into inorganic, organic, pesticides, and industrial pollutants.

Describe the various types of water pollutants, including heavy

metals, organic compounds, and microbial contaminants.

Explain the significance of Dissolved Oxygen (DO), Biochemical
Oxygen Demand (BOD), and Chemical Oxygen Demand (COD)

in determining water quality.

Discuss the role of heavy metals (Cd, Cr, Pb, Hg, As) in water

pollution and their impact on public health.

Explain the public health risks associated with heavy metal

contamination and how they can be mitigated.

Describe the process of eutrophication, its causes, and its

environmental consequences.

Compare Atomic Absorption Spectroscopy (AAS) and Inductively
Coupled Plasma (ICP) in terms of their working principles and

applications in water analysis.

Explain different air and water pollution control techniques,

including scrubbers, filtration, and bioremediation.

Discuss the current regulations and policies for water pollution

control, both at national and international levels.
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MODULE 3

INDUSTRIAL POLLUTION AND SOIL CONTAMINATION NOTES
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3.0 Objectives & ANALYTICAL
CHEMISTRY
e To identify major polluting industries and analyze the types of

pollutants they release, including heavy metals, organic
compounds, and thermal discharges.

e To understand the impact of industrial pollutants on air, water, and
soil quality, emphasizing their long-term environmental and health
consequences.

e To explore the chemical composition and characteristics of soil,
including essential macro and micronutrients, and assess how
pollutants alter soil properties.

e To investigate different sources of soil pollution, including
excessive use of fertilizers, pesticides, plastics, and heavy metals.

e To examine soil remediation techniques such as bioremediation,
phytoremediation, and soil washing, and evaluate their
effectiveness in restoring soil quality.

e To analyze case studies of major industrial disasters like the
Bhopal Gas Tragedy and Chernobyl Disaster, assessing their
environmental and socio-economic impacts.

Unit 9
3.1 Industrial Pollution

It has to understand its processes and environmental impacts generated. It
is a significant contributor of pollution and if the environment is to be
saved, then metallurgy and polymers. All these industries have their own
pollution sources and effects which differ with respect to the processes
adopted and wastes and ecosystems potentially far reaching. Important
polluting industries are cement, sugar, distillery, medicines, paper and
pulp, thermal and nuclear power plants, and other passives that negatively
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impact the quality of the air, water, and soil, such as chemicals, heavy
metals, particulate matter, and gases. Because of the size of their
operations, companies frequently contribute significantly to
environmental pollution, which has an adverse effect on wildlife, human
health, and the environment in addition to industrial operations. Pollution
in the air can be The source of industrial pollution is the discharge of

harmful substances into

Cement Industry

Matter are released during combustion from cement Kkilns. As a
byproduct, many contaminants such nitrogen oxides (NOXx), sulfur dioxide
(SO2), carbon dioxide (CO2), and particle before being heated in a kiln to
produce a product called clinker. Clinker production is an energy-intensive
high-temperature process typically supplied by fossil fuel-based energy,
leading to high GHG emissions water pollution among industrial sectors.
First, raw materials are extracted, usually limestone, clay, and gypsum,

and then crushed and ground.

e Air Pollution: The cement industry is one of the leading producers
of CO., which causes global warming and climate change. For
example, producing one ton of cement results in about 0.9 to 1 ton
of COz released into the atmosphere. As well as CO-, cement plants
also release a range of particulate matter, which is harmful to the
human respiratory system and can environment. The kiln process
also produces sulfur dioxide, a gas that can lead to acid rain.

e Water Pollution: Cement production can also produce water
pollution in the cast when the cooling and washing processes take
place. The wastewater produced can include chemicals such as
calcium, magnesium and sulfates that can impede nearby water
bodies, threaten aquatic organisms and poison drinking water

supplies.
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Solid Waste: Cement manufacturing generates significant amounts
of waste materials like dust, sludge, and scrap; if not managed

appropriately, they can cause land pollution.

Sugar Industry

The sugar industry is among another contributor to the air & that could

cause high pollution loads in case these are not well managed. or sugar

beets and processing it. Throughout this procedure, various by-products

are produced like molasses, bagasse, and wastewater interms of industrial

contamination. Sugar is produced by extracting juice from sugar cane

water contamination

Water Pollution: One of the primary pollutants associated with
the sugar industry is the wastewater produced during the washing
and clarification of the sugarcane juice. This wastewater contains
high levels of organic matter, suspended solids, and dissolved salts,
which can lead to the contamination of water bodies and the
depletion of oxygen in aquatic ecosystems. Additionally, untreated
or poorly treated effluents can introduce elevated levels of both
chemical and biochemical oxygen demand (BOD and COD) into
water systems, harming aquatic organisms.

Air Pollution: The sugar industry releases pollutants into the air
by burning bagasse (a by-product of sugarcane) in boilers for
energy generation. The combustion of bagasse can release sulfur
dioxide (SO2), carbon monoxide (CO), and particulate particles
into the atmosphere, leading to poor air quality and respiratory
issues for people living near sugar mills.

Solid Waste: The sugar industry generates significant amounts of
solid waste, including molasses and filter mud. If these by-
products are not managed correctly, they can contribute to land and
water pollution. The disposal of molasses in water bodies can
result in the formation of anaerobic conditions, which lead to foul
odors and lower oxygen levels, further harming aquatic life.
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Further, soakage of by-products by recycling and repurposing However,
enhancing wastewater treatment processes (e.g. anaerobic digesters) and

incorporating cleaner technologies

Distillery Industry

Complex chemicals and solvents, many of which are toxic and can
continue to exist in ecosystems long after the factories have closed.
Manufacturing of pharmaceuticals and medical supplies, which are among

the main causes of pollution in the environment.

» Water pollution:Large amounts of wastewater, frequently containing
high concentrations of organic matter, sugars, yeasts, and chemicals used
in fermentation, are released by distilleries. This wastewater can seriously
contaminate lakes and rivers if it is not treated, lowering oxygen levels and
endangering aquatic life. Additionally, the effluents frequently have high

BOD and COD levels, which can degrade and eutrophicate the water.

« Air Pollution: VOCs, or volatile organic compounds, are released during
fermentation and can cause air pollution, including the creation of ground-
level ozone. Particulate matter and greenhouse gases, such as CO,, can
also be released during distillery operations when biomass or other fuels

are burned.

* Solid Waste: Spent grains, yeast, and other fermentation-related
byproducts are examples of the solid waste produced by distilleries. These
materials may contribute to land pollution if they are not recycled or
disposed of appropriately. However, the environmental impact is lessened

because spent grains are frequently recycled into animal feed.

Pharmaceuticals Industry

By forcing chemicals, water, and wood pulp through the cellulose fibres
in wood. This process produces tons of wastewater that has the potential

to be malicious with toxic chemicals and suspended solids at major
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polluter, though, is the pulp and paper sector, which is a key contributor

to air and water pollution.

» Water Pollution: Wastewater from pharmaceutical facilities frequently
contains high levels of chemicals, solvents, active pharmaceutical
ingredients (APIs), and heavy metals. These chemicals may contaminate
water supplies and persist in the environment, leading to "pharmaceutical
pollution.” Public health may be at risk due to the detrimental effects of
this kind of pollution on aquatic life, such as fish and other species, as well

as the emergence of antibiotic-resistant microbes.

« Air Pollution: Using a variety of chemicals, such as volatile organic
compounds (VOCs), in the production of pharmaceuticals can pollute the
air and possibly release hazardous substances into the atmosphere. These
pollutants contribute to the formation of smog and pose a risk to human
health.

« Solid Waste: Chemical residues, packaging materials, and expired goods
are among the many types of solid waste produced by the pharmaceutical
sector. This waste can contribute to land pollution if improperly disposed
of.

By recycling chemicals and solvents, the pharmaceutical industry can

significantly lessen its impact on the environment.

Paper and Pulp Industry

high concentrations by passing chemicals, water, and wood pulp through
the cellulose fibres in wood. However, the paper and pulp industry is a
major polluter, contributing significantly to air and water pollution, and
this process generates tonnes of wastewater that may contain harmful

chemicals and suspended solids.
e Water Pollution: The pulp and paper mills produce large volumes
of wastewater that contain lignin, a by-product of wood, as well as
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other chemicals used in the pulping and bleaching processes. The
untreated discharge of this wastewater can lower oxygen levels,
damage aquatic life, and taint water bodies. Additionally, the
release of chlorine-based compounds in the bleaching process can

create dioxins and furans, which are toxic pollutants.

Air Pollution: The paper and pulp industry emits volatile organic
compounds (VOCs) and particulates from both the pulping and
drying processes. These pollutants pose health risks by lowering
air quality and causing smog to form. risks to workers and
surrounding communities.

Solid Waste: Paper mills generate large amounts of waste,
including wood chips, bark, and sludge. Proper disposal and
recycling of this waste are necessary to minimize environmental

harm.

Reduce pollution including ECF and TCF, along with better wastewater

treatment processes, have been proposed in an effort to decrease the

impact of pulp and paper manufacture on the environment. Moreover,

recycled paper can dramatically decrease the demand for raw materials

and Alternative bleaching processes,

Thermal and Nuclear Power Plants

Nuclear and thermal power facilities are major sources of pollution,

primarily due to their reliance on fossil fuels or nuclear processes to

generate electricity.

Thermal Power Plants: Large volumes of CO., sulfur dioxide
(SO2), nitrogen oxides (NOx), and particulate pollution are
released when these plants burn fossil fuels like coal, oil, or natural
gas to produce electricity. The combustion process is a major
contributor to air pollution and global warming. Thermal power

plants also use large amounts of water for cooling, and this can
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lead to thermal pollution, where heated water is discharged back
into rivers or lakes, negatively affecting aquatic life.

e Nuclear Power Plants: While Greenhouse gasses are not released
by nuclear power reactors when they generate electricity, they pose
other environmental challenges, including the risk of radioactive
contamination. Because radioactive materials can remain
dangerous for thousands of years, disposing of nuclear waste is a
major problem. Despite being uncommon, nuclear accidents can

have disastrous effects on the environment and human health.

To reduce the environmental impact of thermal power plants, there is a
growing shift toward cleaner and renewable energy sources, including
hydroelectric, solar, and wind.  Regarding nuclear energy, the
development of safe waste disposal technologies and improving safety

protocols are essential.

Metallurgy and Polymers

The metallurgy and polymers industries, involved in the extraction of
metals and the production of synthetic materials, also contribute

significantly to environmental pollution.

e Metallurgy: Greenhouse gases are released during the energy-
intensive extraction and processing of metals including iron,
copper, and aluminum, particulate matter, sulfur compounds, and
heavy metals. These emissions can result in pollution of the air and
water, as well as soil contamination.

e Polymers: The production of polymers, particularly plastics,
involves the use of petroleum-based chemicals, which contribute
to pollution of the air and water. The extensive usage of plastic
has resulted in significant environmental issues, including plastic

pollution in oceans and landfills.

Industrialization pollution is one of the biggest environmental problems

the world is facing. Big polluting sectors such as cement, sugar, distillery,
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pharmaceuticals, paper and pulp, thermal and nuclear power plants,
metallurgy,and polymers results in different types of environmental
degradation. Fostering greener industries involves the introduction of
effective regulations, cleaner production technologies, and waste
management practices. However, by implementing sustainable practices
and shifting towards cleaner energy sources, industries can minimize their

adverse effects and aid in environmental conservation.

Pollutants from Each Industry

Industries are the backbone of modern economies and have a significant
impact on a nation's development because they create employment and
drive economic growth; however, they are also one of the primary culprits
of environmental pollution. Industries are responsible for the release of
different types of pollutants, such as particulate matter heavy metals,
organic pollutants, thermal waste, and radioactive waste. Each sector
generates specific pollutants based on the activities carried out, the
industrial processes, the raw materials used, and the waste disposal
techniques used. Since these pollutants have a negative impact on
biodiversity, human health, and the environment, it is crucial to understand
their origins and sources. The many pollutants associated with the various
industries are listed below, with an emphasis on particulate matter, heavy
metals, organic pollutants, and other by-products such as thermal

discharge and radioactive waste.

1. Cement Industry Pollutants

These can emit pollutants such as the following: nitrogen oxides (NOX),
sulfur dioxide (SO2), carbon dioxide (CO:), particulate particles, and

heavy metals. si the highest contributor to industrial pollution.

e Particulate Matter: Cement production involves the grinding of
raw materials and the heating of those materials at high
temperatures in Kkilns. This process generates large quantities of

fine particulate matter (PM), which can contribute to respiratory
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issues, especially for workers and communities near cement plants.
These particles can also affect the local environment by depositing

on soil and water bodies, disrupting ecosystems.

Heavy Metals: Cement plants may discharge heavy metals into the
environment, including chromium (Cr), lead (Pb), mercury (Hg),
and cadmium (Cd). Soil and water are two ways that these metals
can get into the food chain. contamination, causing long-term
health issues in both humans and wildlife. They are typically
released during the combustion of fossil fuels and the thermal
processing of materials in Kilns.

Organic Pollutants: Polycyclic aromatic hydrocarbons (PAHS),
which are hazardous to both human health and the environment,
can be released when fuels are burned in cement kilns. These
contaminants can build up in aquatic environments and are
frequently carcinogenic, endangering aquatic life.

Thermal Discharge: The energy-intensive cement production
process frequently causes heated water to be released into adjacent
bodies of water, raising the water's temperature. Because fish and
plants are sensitive to temperature changes, this thermal discharge

can lower the amount of oxygen in the water and harm aquatic life.

2. Sugar Industry Pollutants

* Organic Pollutants: Polycyclic aromatic hydrocarbons (PAHs), which
are hazardous to both human health and the environment, can be released
when fuels are burned in cement kilns. These contaminants can build up
in aquatic environments and are frequently carcinogenic, endangering

aquatic life.

» Thermal Discharge: The energy-intensive cement production process
frequently causes heated water to be released into adjacent bodies of water,

raising the water's temperature. Because fish and plants are sensitive to
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temperature changes, this thermal discharge can lower the amount of

oxygen in the water and harm aquatic life.

3. Distillery Industry Pollutants

Distilleries are a major source of pollution in the environment,

mostly from air and water emissions.

o Particulate Matter: The combustion of biomass or other fuels in
distilleries results in the release of dust particles into the
atmosphere. These particles may result in air quality issues and
pose health risks to local populations.

e Heavy Metals: Distilleries may release heavy metals such as
mercury and lead into the environment due to the use of certain
chemicals during the fermentation process and waste disposal
practices. These metals can contaminate water sources and enter
the food chain, posing long-term health risks.

e Organic Pollutants: Distilleries discharge large volumes of
wastewater containing high levels of organic matter, including
ethanol, organic acids, and dissolved solids. These pollutants can
lead to the contamination of local water bodies, depleting oxygen
levels and harming aquatic organisms.

e« Thermal Discharge: Distilleries also contribute to thermal
pollution by discharging hot water into rivers or lakes. This heated
water can disrupt aquatic life by raising water temperatures and

reducing oxygen availability.

4. Pharmaceutical Industry Pollutants

Nuclear power plants release large pollutants (green-house gases,

particulate matter, radioactive waste, etc.

e Particulate Matter: Pharmaceutical manufacturing involves the
use of various chemicals and solvents, and the combustion of

certain materials during production can result in the release of

MATS Centre for Distance & Online Education, MATS University



airborne particle debris. These particles have the potential to
exacerbate air pollution and respiratory problems.

Heavy Metals: The pharmaceutical industry may use heavy metals
like lead, mercury, and cadmium in chemical processes and the
manufacturing of some medications. These metals may be
discharged into the environment through air emissions or
wastewater if improperly managed, contaminating soil and water
sources.

Organic Pollutants: The release of active pharmaceutical
ingredients (APIs), solvents, and other organic chemicals into
wastewater can lead to environmental pollution. These pollutants,
if not adequately treated, can contaminate water supplies and harm
aquatic organisms. In addition, certain pharmaceutical compounds
can disrupt the endocrine systems of aquatic life, causing
reproductive and growth issues in fish and other species.
Thermal Discharge: Similar to other industries, the
pharmaceutical industry may release heated water from its cooling
systems, contributing to thermal pollution in nearby water bodies.
This can raise the temperature of the water and decrease the

oxygen content, threatening aquatic life.

5. Paper and Pulp Industry Pollutants

The pulp and paper industry is well known for producing a lot of
pollution, especially air and water pollutants.

Particulate Matter: Dust particles are released into the atmosphere
during the pulping of wood and the drying of paper goods. These
particles can lead to respiratory problems and poor air quality,
especially for mill workers.

Heavy Metals: Mercury, lead, and arsenic are among the heavy
metals that are frequently released into the environment by the pulp
and paper industry, especially when wastewater treatment is
insufficient. These metals pose long-term health risks to humans

and animals and can accumulate in aquatic environments.
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e Organic Pollutants: Wastewater from paper mill bleaching and
pulping operations contains high levels of organic substances like
lignin and chemical additives. These contaminants have the
potential to deplete oxygen in water bodies and harm aquatic life
by causing eutrophication. Additionally, the use of chlorine-based
chemicals in the bleaching process may produce the hazardous and
enduring environmental contaminants furans and dioxins.

e Thermal Discharge: The paper and pulp industry requires
significant amounts of water for cooling purposes, and thermal
discharge is a common pollutant. The release of heated water can
increase the temperature of nearby water bodies, leading to thermal

pollution and harming aquatic ecosystems.

6. Thermal and Nuclear Power Plants Pollutants

Nuclear and thermal power facilities generate substantial amounts of
pollutants, including greenhouse gases, particulate matter, and radioactive

waste.

e Particulate Matter: Large volumes of particulate matter are
released into the atmosphere by thermal power stations that burn
coal, oil, or natural gas. These particles have the potential to cause
respiratory illnesses, smog, and air pollution. Particularly well-
known are coal-fired power plants' emissions of sulfur dioxide
(SO2), nitrogen oxides (NOx), and fine particulate matter (PM2.5).

e« Heavy Metals: Power plants, especially those burning coal,
release heavy metals such as mercury, lead, and arsenic into the
atmosphere. These metals can be deposited into the water and soil,
resulting in contamination of local ecosystems and potential
human health risks.

e Organic Pollutants: Thermal power plants that burn fossil fuels
can release a number of organic pollutants, such as polycyclic
aromatic hydrocarbons (PAHSs), which are harmful to the

environment and human health and can cause cancer.
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Thermal Discharge: Both thermal and Large amounts of water are
used for cooling in nuclear power reactors. This water is returned
to local water bodies at a higher temperature, leading to thermal
pollution. Increased water temperature reduces oxygen levels,
which can harm aquatic organisms such as fish, plants, and other
aquatic life.

Radioactive Waste: As a byproduct of nuclear fission, radioactive
waste is produced by nuclear power facilities. Among this garbage
are spent fuel rods. and other materials that remain hazardous for
thousands of years. Improper disposal or leakage of radioactive
waste can have disastrous effects on the environment and human
health.

7. Metallurgy and Polymers Industry Pollutants

as they release metals, plastic wastes and chemical emissions. The

metallurgical and polymer industries are among the most industrial

polluter sectors,

Particulate Matter: The metallurgical industry, which includes
the production of metals like steel, aluminum, and copper,
generates large amounts of particulate matter during the smelting
and refining processes. These particles can contribute to
respiratory problems and environmental degradation.

Heavy Metals: Metallurgical processes release significant
amounts of heavy metals, such as arsenic, cadmium, mercury, and
lead. These metals have the potential to pollute the air, land, and
water, endangering animals as well as human health.

Organic Pollutants: The production of plastics and polymers
involves the use of various organic chemicals and solvents, Some
of which pose a risk to the environment and human health. When
plastics break down in landfills or oceans, they can release toxic
chemicals, including phthalates and bisphenol A (BPA), which can

disrupt endocrine systems in humans and animals.

95

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

e Thermal Discharge: The melting and processing of metals and
polymers require significant amounts of energy, often in the form
of heat. This results in thermal discharge that can cause aquatic

bodies to become overheated, harming aquatic ecosystems.

Industrial pollution includes a complex mixture of by-products including
particulate matter, heavy metals, organic pollutants, and other waste types
such as thermal discharge and radioactive discharge. Which means every
industry has its unique ways that cause pollution depending on the
materials processed, processes taken through the systems, and waste
produced. Through cleaner production technologies, improved waste
management practices, and adherence to stringent environmental
regulations; It is possible to reduce the environmental effects of industrial
pollution. Meanwhile, switching to a clean energy supply and increasing
production processes efficiency leads to a reduction in the destructive

effects of industrial waste on human health and biodiversity.

Unit 10

3.2 Soil Pollution

Soil acts as a basic component for land-based ecosystems and agricultural
output, It is made up of living things, water, air, minerals, and organic
materials. This complicated medium supplies nutrients that sustains plant
growth, purifies water and recycles the nutrients vital for life. The
progressive degradation of soil due to pollution poses a major risk to these
important functions, putting ecosystem health and food security at risk on
a global scale. And yet, one of the most serious environmental issues of
our time — soil quality degradation due to contamination — has dire
implications for human health, biodiversity and sustainable
development.In recent decades, scientists, policymakers and land
managers have begun to recognize that soil is a finite resource and that its
contamination carries consequences. Soil pollution, unlike air and water
pollution, is not immediately visible and builds up over time due to human
activities such as industrialization, agriculture, waste disposal and
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urbanization. Soil pollution acts in an insurmountably insidious manner as
it overcomplicates detection, assessment and remediation which requires
a holistic understanding of soil composition, behaviors of contaminants
and their restoration.Soil may become polluted when there is alteration of
the natural chemical, biological and physical environment in soil, resulting
from human activities, which decrease fertility (and productivity),
decrease biological activity, and/or cause contaminants to be transferred
through the food chain. The pollution sources, chemical characteristics,
persistence and toxicity of these pollutants vary significantly, resulting in
complex challenges for environmental management and remediation
activities. With technological advancement and changing consumption
patterns, the range of soil pollutants are continuously growing from heavy
metals to overabundance of nutrients, persistent organic pollutants

(POPs), and new toxins like as microplastics.

In addition to public health, soil pollution has broader socioeconomic
effects. Through direct exposure or indirect pathways like contaminated
groundwater or food products, contaminated soils can reduce agricultural
productivity, necessitate costly remediation, devalue land, and endanger
community health. Additionally, the unequal burden of soil pollution on
poorer nations and underprivileged communities emphasises the
environmental justice aspects of this global issue.To manage soil
pollution, integrated approaches that include monitoring, remediation,
assessment, and prevention techniques are required. Along with
socioeconomics, policy, and technological solutions, this must be
supported by a strong scientific understanding of soil species and their

interactions with pollutants and ecosystem species.

Soil Composition and Characteristics

The complex combination of physical, chemical, and biological
components that make up soils gives them their unique properties and
roles. Soil, water, air, and a resident community of living things are

composed of mineral particles formed by the weathering of rock and
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organic materials from the decomposing remains of plants and animals.
These diverse components interact in complex ways to give soil types their
distinctive characteristics and suitability for various agricultural and
ecological uses.Many soil properties, including texture, water-holding
capacity, and nutrient availability, are defined by the mineral fraction
found in soil, which is made up of different-sized sand, silt, and clay
particles (2.0-0.05 mm) are good for drainage but poor for nutrient
retention, while clay particles (<0.002 mm) offer high nutrient-holding
capacity but restrict water movement and root penetration. Silt: this
intermediary size class (0.05-0.002 mm) allows for the formation of soil
with balanced properties. These different particle sizes are combined in
certain relative proportions which determine the soil texture, strongly
affecting management practices and plant growth potential.Soil Organic
Matter (SOM), while only comprising 1-6% of the mineral soil mass on
average, contributes disproportionately to soil health and function. SOM,
which is made up of living organisms, fresh organic residues, and stable
organic compounds known as humus, is vital to soil structure, water
holding, nutrient cycling, and in providing habitat for microorganisms
(McLauchlan, 2007). Soil microorganisms decompose the organic
materials and release nutrients for plant uptake whilst also assisting in the
formation of stable soil aggregates that prevent soil from erosion and
compaction.The largest single component of soil, the soil biota, consists
of the living elements of soil, from microscopic bacteria and fungi to more
recognizable invertebrates such as earthworms and arthropods. Soil
microbiomes carry out vital roles such as decomposition of organic matter,
nutrient cycling, nitrogen fixation, pest suppression, and soil structure
formation. Soil biota abundance and diversity are indicators of soil health,
and disturbed or polluted soils generally have low biological activity and

less complex community structures.

The soil water, contained in the pores between particles of soil, dissolves
and mobilizes nutrients, serves biological functions and supports the
growth of plants. Soil wetness is determined by its texture, structure,
organic matter content, and the climate in the area. Water passes through
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soil driven by gravity and capillary forces, with the specific properties of
different soil types governing the retention and transmission of water
through soil that ultimately affects the availability of water to plants and
the potential leaching of soluble materials from soil.Air fills the pore
spaces not occupied by water and it is the air in the soil which supplies
oxygen for root respiration and aerobic microbial activity. Soil air differs
from the atmosphere in composition, with higher concentrations of
carbon dioxide produced by respiration. Good aeration of the soil is a
critical aspect of healthy plant growth and effective nutrient cycling;
poorly aerated soils tend to have lower biological activity, and are at risk
of anaerobic processes that can generate toxic compounds.Soil is not just
a passive medium; its physical architecture, the arrangement of primary
particles into clusters or aggregates and the resultant pore spaces, plays a
central role in regulating movement of water within a soil mass, oxygen
diffusion, root penetration and microhabitat for soil microorganisms.
Stable aggregates in well-structured soils are less prone to erosion and
compaction and create an ideal environment for plant development. Soil
structure, that is, the three dimensional arrangement and the organization
of soil grains of any size within the soil mass, develops through the
interplay of physical, chemical, and biological processes, where clay
particles, organic matter and microbial activities are most important in

aggregates formation and stabilization..

Micro and Macronutrients (N, P, K, Ca, Mg)

Nutrients in soil, which are classified as macronutrients and
micronutrients depending on how much of each nutrient a plant needs, are
needed for plant growth and development. These nutrients are present in
soil in different forms and states of availability and are involved in many
complex biogeochemical cycles, including soil components, plants,
microorganisms and environmental factors. The availability, distribution
and accessibility of these nutrients fundamentally determine ecosystem
productivity and agricultural sustainability.Nitrogen (N) is perhaps the

most influential macronutrient for plant growth, predominantly existing
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in an organic form in soils and only small portions being readily available
in the inorganic NH4+ or NO3- forms which can be easily taken up by
plants. The soil nitrogen cycle consists of a series of transformations
mediated by microorganisms: mineralization of organic nitrogen to
ammonium, nitrification of ammonium to nitrate, immobilization on
microbial biomass, and denitrification in anoxic conditions. These
processes are sensitive to environmental factors like temperature,
moisture content, and availability of oxygen, resulting in dynamic patterns
of nitrogen availability that have a broad impact on the growth of plants
and the functioning of ecosystems.Similarly, phosphorus (P) is also a
macronutrient that is vital for energy transfer reactions, storage and
transmission of genetic information, and structure of cell membranes. Soil
contains numerous forms of phosphorus in organic and inorganic
compounds, and plants absorb phosphorus in the forms of orthophosphate
ions (H2PO4- and HPO42-) in soil solution. Phosphorus availability is
limited, because it can form insoluble compounds when it binds with
calcium (in alkaline soils) or a combination of iron, aluminum, and
calcium (in acidic soils). Parciak et al. note, however, that the fixation of
phosphorus into mineral forms is more prominent upon the addition of
phosphorus fertilizers and limestones and phosphate products, and can
lead to the formation of compounds reducing the mobility of phosphorus
in the soil, that may become unavailable to plants and is needed to be

properly managed in terms of environmental aspect in agricultural system.

The third primary macronutrient, potassium (K) has an essential role in
osmotic regulation, enzyme activation, and photosynthesis in plants. Soil
potassium may be generally divided into several forms: structural
potassium in primary minerals; fixed potassium between layers of 2:1 clay
minerals; exchangeable potassium on the surfaces of clay and organic
matter; and soluble potassium in the soil solution. Plants take up potassium
as the K+ ion, and its availability depends strongly on such factors as soil
texture, the clay mineralogy, organic matter content, and competing
cations. Potassium-holding capacity is lower in sandy soils, which may
require more frequent potassium applications for optimal growth.Calcium
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(Ca), a secondary macronutrient, is involved in the structure of cell wall,
membrane stabilization, and enzyme activation in plants. In soil, calcium
mainly exists as exchangeable cations on clay and organic matter surfaces,
whereas availability is normally higher in alkaline soils with calcium
carbonate minerals. Calcium Slows Down Soil Structure Development
and Enhances It. In general, deficiencies are rare in most farm soils,
except where soils are very acid, resulting in leaching of calcium and
replacement with aluminum and hydrogen ions.Magnesium (Mg), the
other secondary macronutrient, is a major part of chlorophyll molecules
and activates various enzymes concerning energy metabolism and nucleic
acid synthesis. Much like calcium, magnesium is found in soil mostly as
exchangeable cations, and its availability can be affected by soil pH,
texture, and competitive cations. Magnesium deficiencies can develop on
sandy, acid soils under high rainfall and intensive cropping, especially
when potassium fertilizers are used at rates in excess of crop needs and

there is competitive inhibition of absorption of magnesium by plants.

The third secondary macronutrient, sulfur (S), is involved in protein
formation, enzyme activation, and vitamin production in plants. Sulfur is
present in soil in an organic form and as sulfate (SO42-) ions available
for plant uptake. Inorganic sulfur is reduced, oxidized/partially retained,
and leached in humid regions (sulfur cycle). Historically provided by
atmospheric deposition from industrial emissions, declining air pollution
has diminished this source, heightening the role of soil organic matter as
a source and sink for sulfur.Micronutrients such as iron (Fe), manganese
(Mn), zinc (Zn), copper (Cu), boron (B), molybdenum (Mo), chlorine
(CI), and nickel (Ni) are needed in lesser amounts, but are still significant
for plant health and productivity. These components primarily act as
enzyme cofactors or structural elements in plant metabolic pathways.
Which is influenced by pH, organic content, redox potential, and
interactions with other soil constituents. These micronutrients are critical
for crop growth and productivity, as micronutrient deficiency can
constrain crop yield and crop quality, specifically in intensive agricultural
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systems and in soils that are inherently low in micronutrient content.The
types and availability of nutrients in the soil depend on several factors
including the composition of the parent material, the degree of
weathering, the biology of organic matter, the activity of microbes, the
chemical environment (pH), and management practices. Interactions
among soil components, plants, microorganisms, and environmental
conditions create spatially and temporally heterogeneous patterns of
nutrient availability, known as nutrient cycling. Gaining insights into these
dynamics is necessary to design sustainable soil management practices
that can both supply plants with enough nutrients for growth and reduce

nutrient losses to water bodies and the atmosphere.

Soil Pollutants

Soil pollution refers to all the chemical and biological substances which
modify the composition and characteristics of soils, threatening soil
environmental functions and human health. These contaminants come
from a variety of sources, including agricultural, industrial, urban, waste
disposal, and atmospheric deposition. The complexity of soil pollution
arises from the diversity of contaminants, their diverse chemical properties
and behaviors in soil, and the diverse interactions between pollutants and
soil components.These vary depending on the chemical properties of the
pollutants, the properties of the soil in which they are found,
environmental conditions, and management practices. Certain
contaminants also strongly bind to soil particles, making them relatively
immobile but they can still accumulate at toxic levels over time. Some
are chemically transformed, through oxidation, reduction or
biodegradation, into products that may be more or less toxic than the
starting chemicals. Others may remain mobile in soil solution, and as such
might cause leaching to groundwater, or take up by plants and subsequent
passage through the food chain.The spatial distribution of soil pollutants
is often highly heterogeneous, indicating variability in pollution sources,
soil properties, and landscape features. Nutrients, chemicals, and

contaminants can all cause localized areas of high concentration, e.g. near
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an industrial discharge or a waste disposal site (known as point-source
pollution). However, nonpoint sources of pollution, like atmospheric
deposition or agricultural practices, can affect a wider geographic area
with more diffuse pollution patterns. Evaluation, checking, and healing
efforts are complicated by the spatial complication, which calls for
integrated approaches that take into consideration both local hotspots and
larger landscape-scale patterns.Because contaminant concentrations in
soil systems can fluctuate over time as a result of degradation,
transformation, leaching, or accumulation, temporal aspects of soil
pollution further complicate the management of soil as a resource. Some
pollutants can persist in the environment for decades or even centuries,
causing long-lasting legacy effects in the soil ecosystem, whereas others
break down or disperse rather quickly. The behaviour and toxicity of soil
pollutants can also be affected by shifting environmental factors like
temperature, moisture content, or pH. These changes may mobilise
previously stable contaminants or alter their bioavailability to living

things.

Other forms of pollution, like those that affect water, air, and biodiversity,
can overlap with soil pollution, and these interactions can have an impact
on human health. Pollutants have the potential to affect aquatic habitats
and endanger drinking water supplies by leaking into surface or
groundwater. In addition to being a source of air pollution and exposure
through inhalation, volatile pollutants can off-gas from soil surfaces.
Direct toxicity from soil organisms can change the makeup of
communities and the way ecosystems function. Humans can be exposed
to soil pollutants via various routes or pathways such as through direct
contact (soils, dust, etc.), inhaling dust or volatiles, eating contaminated
foods or drinking contaminated water, and occupational activities.Soil
pollution assessment and monitoring methods and approaches include
physical-chemical methods such as sampling and laboratory analysis,
remote sensing and geospatial approaches, biological indicators, and
modeling methods. All techniques will give complimentary information
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on types and concentrations, spatial and temporal distributions and the
risk that contaminants pose, enabling decision making for mitigation and
remediation. Nevertheless, the complexity and heterogeneity of soil
pollution continue to pose challenges for comprehensive risk assessment,
especially where resources are limited or with emerging contaminants of

concern.

Fertilizers, Pesticides, Heavy Metals, Plastics

Modern agriculture heavily relies on fertilizers to boost crop production,
resulting in over-fertilization and consequently, soil pollution. Fertilisers
serve as vital nutrient sources for crops, including nitrogen, phosphorus,
and potassium, although their use commonly surpasses plant needs,
resulting in nutrient imbalances and various environmental consequences.
Although nitrate (NO3-) is one of its forms produced through a process
called nitrification, its high mobility and negative charge that prevents
binding to soil particles make excess nitrogen in soil susceptible to
leaching into groundwater. High levels of nitrate in drinking water can
cause negative health effects, especially for infants and pregnant women
that can lead to methemoglobinemia, or “blue baby syndrome.” A similar
oveload of phosphorous in soils cause enrichment, river by erosion and
runoff process, to surface waters initiating eutrofication and harmful algal
blooms—; results are so much oxygen depletion and disruptition of
aquatic ecosystems. Eutrophication begins with increased growth of algae
as a result of nutrient enrichment, followed by die-off and decomposition
of algae, which consumes dissolved oxygen and creates hypoxic or anoxic
conditions that Kill fish and other organisms in the water. This cascade of
impacts illustrates the ways in which soil pollution can have effects that
go beyond land-based environments and affect interlinked aquatic
systems.Part from nutrient imbalances, synthetic fertilizers can also be
contaminated with other substances like heavy metals, especially
cadmium in phosphate fertilizers made from certain rock phosphate
sources. The long term dependence on these fertilizers has resulted in the

buildup of cadmium in agricultural soils which may be taken up by crops
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and further transmitted to the human food chain. Also, soil acidification
caused by nitrification and leaching of basic cations due to nitrogen
fertilizers can increase the mobility of toxic elements like aluminum, as

well as decrease the availability of essential plant nutrients.

Another important group of soil pollutants are pesticides (insecticides,
herbicides, fungicides and other biocidal substances) applied in
agricultural activities. Although these chemicals are intended to mitigate
pests, weeds, and diseases that have an adverse effect on crop production,
their persistence and mobility in soil environments can give rise to
negative effects on non-target organisms and ecosystem functions.
Pesticide fate in soil is influenced by pesticide chemistry, application
methods, soil characteristics, and environmental conditions, and some
pesticides will tightly bind with soil particles while others are mobile and

can leach to groundwater.

The fate of pesticides in the environment is a multidimensional behavior
of pesticides residues such as adsorption to the soil particles, chemical and
biological degradation, volatilization, leaching, and plant uptake.
Adsorption to soil organic matter and clay particles in particular tends to
limit the mobility of pesticides while simultaneously providing shelter for
the compounds against degradation, prolonging their half-life in soil
environments. Pesticides undergo degradation processes, mediated by
abiotic factors (photolysis, hydrolysis) or biological activity (microbial
metabolism) that can result in a range of breakdown products that may be
equally or more toxic than the parent compounds.The ecological effects of
pesticide residues in the soil can include direct toxicity to beneficial soil
organisms like earthworms, arthropods, and microorganisms that provide
crucial ecosystem services like organic matter breakdown, nutrient
cycling, and biological control of pest crops. Alterations to soil
biodiversity and community composition can affect these functions,
potentially decreasing soil health and resilience to other stressors. Also,
herbicides can impact nontarget vegetation via root uptake or vapor-phase

interactions, which can lead to selective pressures that shape plant
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community composition in agricultural ecosystems and adjacent natural
systems.Heavy metals represent one of the most worrying groups of soil
contaminants due to their fearfulness, persistence and bioaccumulation in
food chains. Different from the organic pollutants, heavy metals cannot
be degradation by biological or chemical processes, they remain in soil
forever (unless they are extracted using remediation techniques or they are
removed by natural leaching processes). Heavy metal contamination (e.g.,
lead, cadmium, mercury, chromium, arsenic, and nickel) comes from
industrial activities, mining operations, fossil fuel burning, waste

disposal, and some agricultural practices.

Unit 11

3.3 Environmental Disasters

Environmental disasters are among the most serious consequences of
human industrial activity, technological failure, and ecological
mismanagement. These catastrophic events do not just represent
immediate physical harm to ecosystems and human populations, but
rather leave behind enduring legacies for generations. The industrial age
has delivered unprecedented affluence and technological progress, but it
has also come with environmental costs that few could have
anticipated.We will explore a number of case studies of landmark
industrial disasters that have helped to define the risk to be managed, the
regulation to be developed, and the corporate responsibility to be defined.
Detailed study of such events allows us to understand the complex
dynamics of technological systems, human error, corporate greed,
regulatory capture, and environmental at risk.These incidents are just a
few of the most infamous industrial tragedies: the Bhopal Gas Tragedy in
1984, the Chernobyl Nuclear Disaster in 1986, the Three Mile Island
Incident in 1979, and the Minamata Mercury Poisoning in the 1950s. Each
disaster took place within a specific technological, social and political
context, but they offer common themes about the catastrophic potential of
modern industrial systems when safeguards break down.These case

studies illustrate the ways in which technological complexity, economic
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pressures, regulatory failures and human factors come together to create
the conditions for environmental disasters. They also illustrate the
disparate consequences these events impose on vulnerable peoples and
ecosystems, and pose deep questions of environmental justice and
intergenerational equity.Studying these past instances will provide crucial
lessons in prevention, preparedness, response and recovery. These
insights become even more relevant in our current context of rapid
technological change, climate instability, and increasing industrial activity

in areas with varying levels of regulatory capacity.
Case Studies of Industrial Disasters
Bhopal Gas Tragedy (1984)

The Bhopal Gas Tragedy is one of the worst tempered industrial disasters
of human history. On the night of 2-3 December 1984, toxic methyl
isocyanate (MIC) gas escaped from Union Carbide India Limited (UCIL)
pesticide plant in Bhopal in the state of Madhya Pradesh, India. This ill-
fated release in turn exposed some 500,000 people to the deadly gas,
leading to immediate deaths between 3,800 and 16,000, meaning
subsequent deaths related to those injured could be as high as 25,000 in
subsequent years.The facility, which opened in the 1970s, manufactured
carbaryl (sold as Sevin), a pesticide that requires methyl isocyanate as one
of its main components. The plant was majority owned by American
Union Carbide Corporation (UCC) and the Indian government had a very
large minority stake. The factory’s location in the heart of Bhopal
surrounded the industrial facility with densely packed settlements,
including the areas of makeshift housing where many of the poorest
residents lived.We will trace the hundreds of years of events behind the
disaster and the myriad of technical failures, operational shortfalls and
management decisions that led there. Water got into tank E610, which held
roughly 42 tons of methyl isocyanate. This contamination initiated an
exothermic reaction, producing immense heat and pressure within the

sealed tank. As pressures mounted, an emergency release valve opened,
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spewing a toxic cloud of MIC, hydrogen cyanide, carbon monoxide and
other chemicals into the atmosphere.The multiple safety systems that
should have prevented or mitigated the disaster had been compromised.
The refrigeration system that was supposed to keep MIC within safe
temperature limits had been turned off “to minimize operating costs.” At
the time of the incident, the vent gas scrubber, designed to neutralize
escaping gases, was out of order. The flare tower, which burns toxic
gases, was undergoing maintenance. The water sprays, intended to
neutralize gas clouds, could not rise high enough to make a difference.
These cascading failures of safety systems set the stage for the disaster’s
unmitigated scale.For the fucking locals, the aftermath was cataclysmic.
As the toxic plume rained down on sleeping Bhopalites, residents awoke

to blinding burns to their eyes, thorax, and lungs.

Many perished in their sleep; others died trying to escape. The gas caused
extreme respiratory distress, eye irritation, vomiting and, in many cases,
death from pulmonary edema. Survivors also had long-term health
consequences such as chronic respiratory problems, vision impairment,
neurological disorders, reproductive health issues, and higher rates of
cancer and birth defects.The environmental toll was similarly
catastrophic. Soil and groundwater contamination continued for decades
after the incident, toxic chemicals leaching from the abandoned factory
site into surrounding areas. Heavy metals and persistent organic pollutants
contaminating soil and water sources local communities use, resulting in
a festering environmental health catastrophe over time.Rescuing and
rebuilding after the disaster and the legal and corporate debates of
responsibility that followed revealed deep challenges in achieving
accountability for transnational industrial accidents. Union Carbide agreed
to a settlement with the Indian government in 1989 adding up to $470
million, which was widely criticized as woefully insufficient in light of
the number of lives lost and long-term health consequences of the disaster.
The Indian government, which took on the task of compensating
individuals, has been criticized for slow pace and failure in
recompensing.Warren Anderson, the C.E.O. of Union Carbide at the time,
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was charged with a crime in India after the disaster but never faced trial,
provoking questions about whether corporations can be held accountable
across national borders. The legal case dragged on for decades, as
survivors sought more compensation and cleanup of contamination to the
environment. In 2001, Dow Chemical acquired Union Carbide,
introducing further complications to the protracted legal fight. The new
owner claimed it was not liable for the disaster.Significant changes in
chemical industry practices and regulations worldwide followed the
Bhopal disaster. In 1986, the United States enacted the Emergency
Planning and Community Right-to-Know Act, which created new
requirements for emergency planning and community notification about
hazardous chemicals. To enhance safety and transparency, the Chemical
Manufacturers Association launched the Responsible Care program. The
disaster also shaped the UN Environment Programme’s Awareness and
Preparedness for Emergencies at Local Level (APELL) program

internationally.

For India, the calamity resulted in the Environment (Protection) Act of
1986 and the establishment of pollution control boards, which were given
greater powers to regulate pollutants. Several provisions of the The
Factories Act were amended and provisions for hazardous industries were
strengthened. Despite these regulatory gains, critics maintain that, in many
jurisdictions, implementation and enforcement are still problematic.More
than the regulatory changes, the Bhopal disaster significantly changed the
conversation around corporate responsibility, environmental justice, and
the ethics of exporting dangerous technologies to locations that had, at the
time, less stringent regulatory regimes. It called attention to the
disproportionate environmental risks carried by low-income communities
and prompted fundamental questions about how costs and benefits of
environmental goods are distributed on a global scale. The implications of
Bhopal remain relevant as we grapple with similar challenges in safety,
accountability, and justice in the modern world. The catastrophe illustrated
how penny-pinching and the deferral of maintenance can compromise
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safety systems, how regulatory capacity must match the complexity of
industry, and how vulnerable communities often are left to shoulder the
burden of industrial risks without adequate safety protections or
compensation mechanisms.Four decades after the disaster, Bhopal stands,
still, as a potent reminder of the catastrophic potential of the modern
systems of industrial production, and of the disastrous human and
environmental consequences when those systems and their safeguards
fail. It highlights a trajectory through the fight for justice, remediation and
survivor health, and of course, of the more than three decades that would
elapse between disaster and funds for survivors, emphasizing the long-

view and long-tail that so many industrial disasters encompass.

Chernobyl Nuclear Disaster (1986)

April 26, 1986:Nuclear Disaster: This Date marks the Worst Nuclear
Disaster in the World: Chernobyl Nuclear disaster, which changes the way
to look at Nuclear energy safety and Environmental risk. At the Vladimir
Ilyich Lenin Nuclear Power Plant near Pripyat, Ukraine (then part of the
Soviet Union), a power surge during a safety test caused an explosion and
fire that expelled vast amounts of radioactive particles into the
atmosphere.The disaster started as a regular exercise in time to mimic an
electrical power outage and assess the plant safety systems. To run the test,
the operators of Reactor No. 4 had turned off multiple safety systems,
leaving the reactor in perilous conditions. The RBMK-1000 reactor
exclusive to the Soviet nuclear program was riddled with safety defects,
including a positive void coefficient that could trigger overreactions under
certain circumstances — exactly what happened during the test.While
operators tried to control an unanticipated loss of power, a rapid spike in
power formed. In less than a minute, the reactor’s power surged to
hundreds of times its normal operational output. That powerful surge of
energy initiated a steam explosion that blew the reactor’s 1,000-ton lid off,
followed by a second explosion and fire that lasted for ten days. These
incidents caused the reactor core and facility building to be breached, and

radioactive material was expelled directly into the environment.The
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personnel impact was immediate and devastating. Two plant workers died
in the first explosion and 28 firefighters and emergency workers died
within weeks from acute radiation syndrome. These responders, who
entered the scene without sufficient protective gear or even knowledge of
radiation hazards, were exposed to deadly doses of radiation while

working to extinguish the fire and stabilize the plant.

The environmental contamination caused by Chernobyl was
unprecedented both in scale and geographic extent. The explosion and
subsequent wildfire released about 400 times more radioactive material
than the atomic bomb dropped on Hiroshima. Radioactive particles drift
over Europe, with heavy contamination in Belarus, Ukraine, Russia, and
portions of Scandinavia and Western Europe. The main radionuclides
released included iodine-131, cesium-137, strontium-90, and plutonium-
239, substances with different half-lives and health effects.The Soviet
government’s response at first compounded the disaster’s toll. fter the
explosion, authorities delayed almost 36 hours to notify the public and
evacuate near populations. When evacuation finally started on April 27,
residents of Pripyat and the surrounding region were told they would be
back home in a matter of days — and many left behind important
documents and possessions. What started as a temporary evacuation soon
became permanent; a 30-km Exclusion Zone was established that largely

remains uninhabited today.

The long-term health effects over time to humans of Chernobyl remains
to be seen but there have been scientific assessments and debates. The
clearest health effect has been a sharp increase in thyroid cancer among
children exposed to iodine-131, especially in Belarus, Ukraine and
Russia, according to the World Health Organization. More than 6,000
cases of thyroid cancer have been linked to the disaster, but the survival
rate has been relatively high with proper treatment.Other potential health
effects are increased rates of leukemia and solid cancers, cardiovascular
diseases, and genetic effects; however, definitive causative links are

difficult to establish due to methodological difficulties, confounding
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factors, and long latency periods for many radiation-induced diseases.
Among impacted populations, psychological effects like anxiety,
depression, and post-traumatic stress disorder are well-established.It has
had profound and intricate effects on the environment. Due to immediate
and acute radiation exposure, the most heavily contaminated area—now
known as the Red Forest—saw pine trees turn red and die within a few
days. Although there was a dramatic drop in wildlife populations at first,
in subsequent decades, the absence of human activity has paradoxically
allowed wildlife to flourish in parts of the Exclusion Zone, which has
essentially become a de facto wildlife refuge.Because strontium-90 and
cesium-137 bind to soil particles and enter food chains, soil and water
pollution is still a major problem in some places. Agricultural restrictions
remain in place in parts of Russia, Belarus, and Ukraine. Because forest
fires can remobilise radioactive particles, contaminated forests continue to
be a management challenge.After Chernobyl, the world's response shifted
from pity to aid. In order to assist in coordinating scientific research and
humanitarian aid, the UN also started programs like the International
Chernobyl Research and Information Network. Affected areas received
financial support, medical equipment, and expertise from the European

Commission, member governments, and non-governmental organisations.

The site itself has been under containment for decades. By the 1990s, the
original sarcophagus, which had been constructed in 1986 under extremely
dangerous circumstances, was starting to deteriorate. As a result, the New
Safe Confinement (NSC), a huge arched building designed to enclose the
original sarcophagus and the damaged reactor, was built. Finished in 2016
at a cost of €1.5 billion, the NSC is one of the largest movable land-based
structures ever built and is supposed to last 100 years.The event
profoundly impacted nuclear safety procedures and policies around the
globe. The International Atomic Energy Agency began to impose tougher
safety standards and new levels of inspection. Nuclear operators
established the World Association of Nuclear Operators to promote
information sharing and best practices. The disaster prompted many
countries to reassess their nuclear programs, and others, most notably
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Italy, abandoned nuclear power altogether.The political fallout was no
less stark. Mikhail Gorbachev: General Secretary of the Communist Party
of the Soviet Union, who later said that Chernobyl was probably the
genuine reason for the collapse of the Soviet Union — it revealed essential
system defects, and sped up his glasnost (openness) policies. The disaster
broke public confidence in government institutions and pointed to the
risks of secrecy in handling high-tech risk.But the legacy of Chernobyl —
its cultural and social legacy — continues to change. The deserted city of
Pripyat has emerged as an enduring symbol of technological disaster and
a locus for “dark tourism.” Books, films and TV dramas have wrestled
with the human side of the catastrophe, most recently with renewed
interest after the acclaimed 2019 HBO miniseries “Chernobyl.”As we
mark almost 40 years since the accident, Chernobyl remains a powerful
source of lessons on technological risk, emergency response,
environmental remediation, and the enduring social and ecological
legacies of nuclear accidents. It shows how design flaws, human error and
the culture in an organization can come together to produce catastrophic
results. It underscores the transboundary nature of particular
environmental hazards and the need for cooperation beyond borders in
disaster risk. Perhaps most significantly, it drives home that the stakes of
major technological disasters go well beyond the toll in casualties to

transform landscapes, communities and political systems for generations.

Three Mile Island Incident (1979)

The politics of nuclear power dramatically and reshaped the regulatory
environment for the industry and in the rest of the world. Although much
less catastrophic in its short-term environmental and human health effects
than Chernobyl, TMI changed The Three Mile Island (TMI) accident that
occurred on March 28, 1979, near Middletown, Pennsylvania is a turning
point in nuclear energy history throughout the USAinstrumentation and
design of the control room were insufficient they did not know that the
valve was stuck and misinterpreted the situation and took misdirected

actions that exacerbated rather than reduced the problem. opened to
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relieve pressure, but then did not close properly. Because the a minor
mechanical failure of the secondary cooling system, starting a chain of
events that would result in a partial meltdown of the reactor core. As
designed, a pressure relief valve in the primary system The incident
started at 4:00 AM in Unit 2 of the Three Mile Island Nuclear Generating
Station with a report ofcore, approximately 50% of the core melting. had
flooded with too much water, not too little. This critical human error
caused the reactor core to become partially uncovered and caused major
fuel damage and partial melting of the reactor core began to overheat. The
emergency core cooling system activated automatically, but operators
reduced the flow, thinking the reactor As coolant kept escaping through
the jammed valve, thedamaged reactor on April 1. of the crisis. After days
of tension, operators finally got stable cooling to the bubble formed in the
reactor vessel that could explode and breach containment, which was a
concern. This anxiety, which ended up overblown, added to the sense of
uncertainty and fear that permeated the early part During the meltdown, a
hydrogendetectable health effects. radioactive releases were small and
restricted to the auxiliary building. Official studies found that the average
radiation dose to some two million people in the region was just 1 millirem
above background — well below the levels tied to xenon and krypton —
were released. Liquid the TMI containment systems performed in large
part as intended, preventing a large release of radiation to the environment.
During the accident, small amounts of radioactive gases — mostly In
contrast to Chernobyl,residents of the area followed. statements from
officials in the early hours of the crisis eroded public trust. Taking limited
information into account and fearing the possible consequences,
Pennsylvania Governor Dick Thornburgh urged pregnant women and
young children within a five-mile radius to leave—an advice that about
140,000 psychological toll, though, was great. The sensationalistic,
contributing to widespread anxiety. The accident happened only a dozen
days after “The China Syndrome,” a film featuring a fictional nuclear
accident, was released, a fiction with then-alarming resemblances to the
real-life events at TMI that did for culture what the accident did to fears

about nuclear technology: turn it upto The media was hung out to dry and
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oftenresidents in the region have experienced significant psychological
stress and mental health effects, including anxiety, depression and post-
traumatic stress disorder. accident suggested potential health impacts,
extensive epidemiological studies performed in the decades following the
accident have found no for-cause association between TMI radiation
releases and increased rates of cancer or other health effects. But research
has shown that While early studies of the TMIreasons. Owner of that
utility was bankrupt and in major litigation. Unit 2 never reopened, but
Unit 1, which was not affected by the accident, remained in operation until
2019, when it was finally shut down for economic actually began in
August 1979 but was not officially completed until December 1993 was
about $1 billion. The was enormous. The cost of the cleanup of Unit 2,
which The economic falloutsweeping reforms, such as: was broad and

rapid.

1. Enhanced operator training and licensing requirements, with
greater emphasis on emergency procedures and simulator training

2. Improved control room design and instrumentation to provide
operators with clearer information during abnormal conditions

3. Strengthened emergency planning requirements, including
coordination with state and local governments

4. Establishment of the Institute of Nuclear Power Operations
(INPO) by the industry to promote excellence in safety and
operations

5. Creation of the Nuclear Safety Analysis Center to conduct
technical studies on nuclear safety issues

6. Implementation of resident NRC inspectors at every nuclear plant
site

7. Regular emergency drills and exercises to test response capabilities

Summary

The analysis of fuels is essential for understanding their composition,

efficiency, and environmental impact. Fuels, whether derived from fossil
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sources like coal, oil, and natural gas or from renewable sources such as
biofuels, undergo various analytical processes to determine their chemical
composition, calorific value, and pollutant emissions. Methods like
proximate analysis, ultimate analysis, and calorimetry are used to assess
the physical and chemical properties of fuels, including moisture content,
volatile matter, fixed carbon, sulfur, nitrogen, and ash content. These
characteristics determine how a fuel burns, its energy output, and the
amount of pollutants it produces during combustion, thus influencing its
suitability for different applications like power generation, transportation,

and heating.

The exploration of energy resources and their environmental impact has
become a key area of concern, as human reliance on energy has grown
exponentially. Traditional energy resources, particularly fossil fuels, have
contributed significantly to economic growth but also led to adverse
environmental effects, including air pollution, habitat destruction, and
climate change. The extraction, transportation, and burning of fossil fuels
release greenhouse gases (GHGs), such as carbon dioxide (COx2), into the
atmosphere, which is a major driver of global warming. Additionally, the
mining and drilling processes often result in land degradation, water
contamination, and loss of biodiversity. The environmental impacts
associated with non-renewable energy resources are profound, and the
search for more sustainable alternatives is critical to mitigating these

effects.

Sustainable energy sources, which include solar, wind, hydropower,
geothermal, and biomass, offer promising solutions to the environmental
challenges posed by fossil fuels. Unlike conventional energy sources,
sustainable energy resources are renewable and produce little to no
harmful emissions, making them more environmentally friendly. Solar
energy harnesses the power of sunlight, while wind energy uses wind
turbines to generate electricity. Hydropower relies on the flow of water to
generate power, and geothermal energy taps into the Earth’s internal heat.

Biomass, on the other hand, utilizes organic matter to produce energy in a
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carbon-neutral process. Despite their environmental benefits, sustainable
energy sources face challenges in terms of efficiency, cost, and scalability.
Technological advancements, grid integration, and energy storage
solutions are essential to maximizing the potential of these renewable

energy sources and ensuring a transition to a low-carbon future.

The integration of sustainable energy sources into the global energy mix
requires careful planning, investment, and policy support. As the demand
for clean energy grows, it is crucial to balance energy needs with
environmental protection, ensuring that future generations have access to
reliable, affordable, and environmentally responsible energy. This
transition is vital for reducing dependence on fossil fuels, mitigating

climate change, and promoting long-term sustainability.

SELF ASSESSMENT QUESTIONS
Multiple-Choice Questions (MCQs)

1. Which of the following industries is a major source of heavy metal

pollution?

a) Textile industry

b) Cement industry

¢) Metallurgical industry

d) Dairy industry

2. Particulate matter pollution is primarily associated with:
a) Nuclear power plants

b) Cement and thermal power industries

c¢) Pharmaceuticals

d) Sugar mills

3. Thermal discharge from power plants affects aquatic life by:

a) Lowering oxygen levels in water
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b) Increasing nutrient availability

¢) Removing heavy metals

NOTES d) Proventine cutronhicat;
ENVIROMENTAL ) Preventing eutrophication
& ANALYTICAL 4. Heavy metals such as lead (Pb) and mercury (Hg) in soil primarily come
CHEMISTRY m

from:

a) Agricultural runoff

b) Industrial waste and mining activities

c¢) Household waste

d) Natural erosion

5. Bioremediation is a soil treatment technique that:
a) Uses physical methods to remove contaminants
b) Uses microorganisms to degrade pollutants

¢) Involves washing soil with chemicals

d) Uses high temperatures to neutralize pollutants
6. Which of the following is an example of a nuclear disaster?
a) Minamata mercury poisoning

b) Bhopal gas tragedy

c¢) Chernobyl disaster

d) Deepwater Horizon oil spill

7. The Bhopal Gas Tragedy (1984) was caused by:
a) Lead contamination

b) Methyl isocyanate (MIC) gas leakage

¢) Mercury poisoning

d) Nuclear reactor failure

8. Phytoremediation is a soil cleanup method that involves:
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a) Microbial degradation of pollutants

b) Use of plants to absorb contaminants

c¢) Chemical neutralization of pollutants

d) Removing topsoil layers

9. Which pollutant is mainly released from nuclear power plants?
a) Carbon dioxide (CO2)

b) Sulfur dioxide (SO-2)

c¢) Radioactive waste

d) Methane (CHa)

10. The Minamata disaster in Japan was caused by:
a) Oil spills

b) Mercury poisoning

c¢) Radiation exposure

d) Pesticide contamination

Short Answer Questions

1. List three industries that significantly contribute to industrial
pollution.

What are the main pollutants released by thermal power plants?
How does radioactive waste impact the environment?

Define soil pollution and list its major causes.

A

What are the key differences between macro and micronutrients in
soil?

Explain the concept of bioremediation in soil treatment.

How do fertilizers and pesticides contribute to soil contamination?

Describe the Bhopal Gas Tragedy and its environmental impact.

© o N o

What is phytoremediation, and how does it work?
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10. Name two major environmental consequences of heavy metal

pollution in soil.

Long Answer Questions

1.

10.

Explain the major pollutants released by cement, sugar,
pharmaceutical, and metallurgical industries.

Discuss the sources and effects of thermal and radioactive
pollution from industrial activities.

Describe the different types of soil pollutants, including fertilizers,
pesticides, plastics, and heavy metals.

What are the various techniques for soil remediation, and how do
they help in reducing contamination?

Explain the Bhopal Gas Tragedy (1984), including its causes,
consequences, and preventive measures.

Describe the Chernobyl Nuclear Disaster (1986) and its long-term
environmental impact.

Discuss the Minamata Mercury Poisoning incident and how it
affected both human health and the ecosystem.

How do industrial effluents contribute to environmental disasters,
and what regulations are in place to control them?

Compare and contrast bioremediation and phytoremediation as
methods for soil contamination treatment.

What are the global policies and regulations on industrial pollution

control, and how effective have they been?
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MODULE 4

Unit 12
NOTES
FUEL ANALYSIS AND ENERGY RESOURCES ENVIROMENTAL
& ANALYTICAL
4.0 Objective CHEMISTRY

e To understand the classification of fuels, including solid, liquid,
and gaseous types, and their respective uses in energy generation.

e To analyze fuels using proximate and ultimate analysis techniques,
determining their composition and combustion properties.

e To examine key fuel characteristics such as calorific value, octane
number, flash point, and aniline point to assess their efficiency and
safety.

e To explore conventional energy sources like coal, petroleum, and
natural gas, evaluating their advantages, limitations, and
environmental impact.

e To study alternative and renewable energy sources, including solar,
wind, biomass, hydrogen, and gasohol, assessing their role in
sustainable energy development.

e To understand nuclear energy production, including fission and
fusion processes, and evaluate the environmental concerns and

waste management practices associated with it.

4.1 Analysis of Fuels

Composition of fuels, especially for combustion which can be determined
from these extreme and informative fuels can be determined through their
analytical assessment. Different fuels:- solid fuels (e.g. coal), liquid fuels
(e.g. petroleum), and gaseous fuels (e.g. natural gas). The energy content,
efficiency, and suitability of domestic use. There are three major
categories of energy when combusted. They are critical for a diverse

range of energy requirements in industries, transport.

Types of Fuels
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It is crucial to know their origin. There are three types of fuels: solid,

liquid, and gaseous fuels, where every one of them has specificproperties

making them appropriate for given application. Fuels can be classified

based on their state of matter andthe properties of each fuel type to know

which one is best for a specific use case.

Solid Fuels (Coal): One of the earliest and most used solid fuels
is coal. Along with varying proportions of hydrogen, sulfur,
oxygen, and nitrogen, carbon makes up the majority of its
composition. The remains of plants that existed millions of years
ago and were exposed to extreme heat and pressure over time are
what give coal its structure. Anthracite, bituminous, sub-
bituminous, and lignite are among the different forms of coal, each
with a different energy value and carbon content. Although
burning coal generates a lot of energy, it also releases a number of
pollutants that contribute to air pollution and climate change,
including carbon dioxide (CO:), sulfur oxides (SOx), nitrogen
oxides (NOx), and particulate matter.

Liquid Fuels (Petroleum): Liquid fuels, primarily derived from
crude oil, are essential for transportation, heating, and industrial
processes. Jet fuel, kerosene, diesel, and gasoline are examples of
petroleum products. These fuels are typically high in energy
density and easy to transport and store. Petroleum combustion
releases energy, but it also emits pollutants like CO2, NOx, VOCs
and carbon monoxide (CO) are two substances that contribute to
air pollution and global warming. The refining process of crude oil
separates different components based on boiling points, allowing
the production of various liquid fuels suitable for different
applications.

Gaseous Fuels (Natural Gas): Methane (CHs4) makes up the
majority of natural gas, which is utilized extensively for heating,
power generation, and as a raw material in chemical reactions. In
contrast to fuels that are solid or liquid, natural gas is considered a

cleaner alternative because it produces fewer pollutants when
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burned. However, methane is a strong greenhouse gas that can be
released during mining and transportation, which might
significantly to global warming. Natural gas is often transported
through pipelines or in liquefied form (LNG), making it versatile

and accessible.

2. Fuel Analysis Techniques

> They provide information about the composition that is
used to assess the effectiveness and quality of fuels.
Proximate analysis and ultimate analysis are the two
primary forms of fuel analysis. A variety of fuel analysis
methods are available, which contribute to a deeper
understanding of the combustion process and its
optimisation.

>  Ultimate Analysis (C, H, N, S, O): This step entails
figuring out the fuel's elemental makeup. It determines how
much oxygen (O), sulphur (S), nitrogen (N), hydrogen (H),
and carbon (C) are present in the fuel. These components
serve as important markers of the fuel's energy content,
combustion effectiveness, and environmental impact.

> Carbon (C): Since it directly affects the energy content, the
fuel's carbon content is crucial. When carbon and oxygen
mix during combustion, carbon dioxide is produced.
(CO,), one of the main greenhouse gases. In general, a fuel
with a higher carbon content has a higher energy value.

> Another essential component of fuels is hydrogen (H),
which burns with oxygen to form water (H20). The energy
released during combustion is directly proportional to the
amount of hydrogen present. In general, fuels with a higher
hydrogen content produce more energy per unit mass.

> Nitrogen (N): Although nitrogen is normally inert when it

burns, its presence in fuels can produce nitrogen oxides
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(NOx), a form of pollution that contributes to smog and
acid rain. Analysing the fuel's nitrogen content is crucial
to determining its environmental impact.

Sulphur (S): Sulphur content is important because sulphur
compounds burn to produce sulphur dioxide (SO,), a
pollutant that causes respiratory issues and acid rain. Fuels
with a high sulphur content are undesirable because of the
effects they have on the environment and human health.
Oxygen (0): The amount of oxygen in fuels, especially solid
fuels like coal, can have an impact on how well they burn.
Fuel oxygen can affect the fuel's reactivity and reduce the
temperature at which it burns. Fuels with a higher oxygen
content, such as biomass and biofuels, have a lower overall
energy efficiency.

Moisture, Volatile Matter, Ash, and Fixed Carbon
Proximate Analysis: Proximate The analytical process
includes determining the fuel's moisture content, fixed
carbon content, ash content, and volatile matter content.
These factors are essential for comprehending the fuel's
overall energy vyield and how it will behave during

combustion.

> The term "moisture content™ describes the amount of water in
the fuel that needs to evaporate in order for combustion to take
place. Because some of the energy is used to evaporate the
water, a high moisture content lowers the fuel's effective
energy. Additionally, incomplete combustion and higher
emissions can result from excessive moisture.

The portion of fuel that evaporates when heated without air is
known as volatile matter. Gases that burn easily during
combustion, like hydrocarbons, make up this component. Fuels
with a high volatile matter content usually burn more

efficiently and ignite more easily. Low volatile matter fuels, on
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the other hand, may burn less thoroughly and require higher
temperatures to ignite.

Ash: Ash is the inorganic residue left over after burning fuel.
It is made up of minerals such as silica, alumina, and calcium.
The ash content is important because it affects the combustion
efficiency and may contribute to the formation of slag or
deposits in boilers and furnaces. Fuels with high ash content
tend to produce more residues that need to be managed and
disposed of.

Fixed Carbon: The solid carbon is called fixed carbon content
that remains after the volatile matter has evaporated. It is the
portion of the fuel that contributes directly to energy
production. A higher fixed carbon content usually means a
higher calorific value, but it also increases the potential for the
production of particulate matter and soot.

The use of excess air or a loss coefficient can be useful in evaluating the

efficiency also helps understand how the fuel will behave under various

combustion conditions.The proximate analysisthe combustion process,

whether it requires an air combustion system or not, and helps to minimize

waste and emissions.

3. Other Analytical Techniques

In addition to ultimate and proximate analysis, several other techniques

are employed to evaluate the characteristics and performance of fuels.

These include:

Calorific Value: The energy content is measured by the calorific
value, often known as the heating value. of the fuel. It is
determined through a bomb calorimeter, where the fuel is
combusted in a controlled environment to measure the heat
released. The higher the calorific value, the more energy the fuel

can provide per unit mass.
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e Flash Point and Fire Point: The lowest temperature at which
liquid fuels evaporate and combine with air to generate a
combustible mixture is known as the flash point. The temperature
at which the fire occurs is called the fire point. fuel sustains
combustion. These parameters are important for handling and
storage safety, especially for petroleum products.

e Soot Index: The soot index is used to assess The propensity of a
fuel to generate soot during combustion. Soot is a form of carbon
particulate that results from incomplete combustion. Fuels with a
low soot index are preferred for clean combustion and reduced

environmental impact.
Fuel Characteristics

Various physical and chemical properties govern the efficiency and
appropriateness of a fuel for a given application. These qualities decide
how effectively the gas combustion occurs, the degree of energy released,
along with the behaviors that it exhibits once it is released into the
environment. Fuel Properties — Some of the properties are calorific value,
octane number, flashpoint, aniline point, etc. As people who work in
combustion dentist improve computer chips, etc. Below we consider each

of these key characteristics of fuel in greater detail.

1. Calorific Value (Higher and Lower)

It corresponds to the amount of heat or energy generated as a given amount
of fuel is completely combusted within thekey specification for analyzing
energy concerns of fuel. Calorific value of fuel, or heating value is

thepresence of oxygen.

e Higher Calorific Value (HCV): The total heat released when a
specific amount of fuel is burned fully, including the heat
generated by condensation, is known as the greater calorific value,
or gross calorific value (GCV).of water vapor formed during

combustion. This value takes into account the latent heat of
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vaporization of water in the fuel, which is released when the fuel
is fully combusted, and the water vapor condenses back into liquid
form. Higher calorific value is especially important in applications
where maximizing energy output is critical, such as in power
generation and industrial heating. Fuels with high HCV are
considered more efficient because they release more energy per
unit mass.

e Lower Calorific Value (LCV): The lower calorific value, or The
quantity of heat emitted after the fuel burns fully is known as the
net calorific value (NCV)ut without the condensation of water
vapor formed during combustion. The LCV is a more accurate
measure of the usable energy produced because it considers that in
most combustion systems, The latent heat of the water vapor
produced by burning the fuel is not recovered as it does not
condense. Stated differently, the lower calorific value explains
why some energy is lost as heat because water evaporation. LCV
is particularly relevant for practical applications like heating
systems, where this lost energy does not contribute to useful

heating.

More easily combusted fuels have a higher calorific value are helped to
run in different applications which require more energy generation like
power plants and other ships which works on the lower calorific
value.Thus, the calorific valueis often measured in units of KJ/Kg or
BTU/Ib.

2. Octane Number

This early ignition, or detonation, can cause engine damage an important
property for performance evaluation. This gauges a fuel's ability to
withstand "knocking" or "pinging" during combustion, which occurs when
the engine's fuel-air mixture cylinder over time. Gasoline and other fuels
used in spark-ignition engines are characterized by their octane number

(ON),ignites too soon due to compression.
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o Definition: The octane number is ascertained by contrasting the
fuel's performance with a blend of two reference fuels: heptane,
which has a low knocking resistance, and iso-octane, which has a
high knocking resistance. The octane number is a measure of the
proportion of iso-octane in a fuel that would yield a knocking
resistance equivalent to that of the fuel under test. Fuel with a
higher octane number is more resistant to knocking and can
withstand higher compression before igniting. For example, a fuel
with an octane number of 90 performs similarly to a 90% iso-
octane and 10% heptane mixture.

o Importance: Fuels with a higher octane number are preferred for
high-performance engines, such as those found in sports cars,
motorcycles, and airplanes, because these engines typically
operate at higher compression ratios. Higher compression
improves engine efficiency and power output, but it also increases
the likelihood of knocking. By using fuels with higher octane
numbers, the risk of knocking is reduced, allowing the engine to
operate efficiently at higher compression. On the other hand, fuels
with lower octane numbers are typically used in smaller, less

powerful engines, where knocking is less of a concern.

The octane number (or An indicator of a fuel's resistance to knocking is
its octane rating, with a higher number indicating better performance. In
many countries, the typical gasoline octanenumbers that drivers
commonly see at the pump is between 87-93, with more powerful vehicles

normally needing higher-performance fuels over 95 octane.

3. Point of Flash

Flash point is an important safety feature because it determines the
temperature at which the fuel will ignite. The fuel's flash point spark is the
lowest temperature at which its vapours ignite when they come into

contact with an open flame.
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* Definition: Usually expressed in degrees Celsius (°C) or Fahrenheit (°F),
flash point is a critical indicator of a fuel's volatility. Petrol and other fuels
with low flash points are more flammable and more likely to ignite,
particularly in hot conditions. Higher flash point fuels, such as kerosene

and diesel, are less volatile and safer to handle and store in general.

» Significance: The flash point plays a crucial role in establishing the safe
handling, storage, and transportation of fuels.Low-flashpoint fuels, such
as gasoline, require special precautions to prevent accidental ignition
during storage or transportation. In contrast, fuels with higher flash points,
such as diesel or heating oil, can be stored more safely at room temperature

and are less likely to catch fire if exposed to heat or sparks.

e Examples:

> Gasoline has a low flash point, typically around -40°F (-
40°C), which means it is highly volatile and can ignite
easily.

> Diesel fuel, on the other hand, has a higher flash point,
usually between 125°F and 180°F (52°C to 82°C), making
it safer to handle at room temperature.

> Kerosene, often used in jet enginespossesses a flash point
of roughly 100°F. 160°F (38°C to 71°C), also indicating it
is less volatile than gasoline but still more flammable than

diesel.

The flash point is an important parameter in safe selection of fuelhandling
practices for fuel handling units, quite importantly in the transportation,
aviation and chemical manufacturing industry which regularly involve

storage and conveyance of a large volume of fuels.

4. Aniline Point

The lowest temperature at which equal amounts of aniline can be found is
this one to mix with an organic compound called aniline. It is mainly used

for measuringand the fuel will form a homogeneous mixture. A property
129

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

of fuels such as diesel, heavy petroleum, and similar products is the aniline
point, which measures the fuel's ability to dissolve or the viscosity of its

aromatic content.

* Definition: To find the aniline point, combine a known quantity of aniline
with the fuel sample in a test tube, then heat the mixture until it turns clear
and uniform. The temperature at which this occurs is known as the aniline
point. A fuel with a low aniline point has more aromatic content, whereas

one with a high aniline point has more paraffinic (aliphatic) content.

* Significance: Knowing the aniline point is crucial to comprehending how
fuel behaves in engines, especially with regard to its solvency
characteristics. Fuels with a low aniline point, which indicates a high
aromatic content, may have superior detergent qualities and aid in the
cleaning of engine parts. High aromatic content, however, also results in
increased soot and particulate emissions, which may be harmful to the

environment.

Fuels with a higher aniline point, on the other hand, are usually less soluble

and burn more cleanly, producing fewer emissions.

The aniline point is also used to assess the compatibility of fuels with
certain engine components, such as seals and rubber parts, as aromatic

fuels may degrade these materials over time.

Key characteristics of fuels such as calorific value, octane number, flash
point and aniline point of fuels tell us about the combustion behavior of a
fuel, the energy potential a fuel can release and how safely a fuel can be
handled. An in-depth knowledge of these properties helps you determine
the right fuels to use when concerned with industrial boilers and vehicles
or for the various elements of power plants. Understanding these
properties will enable engineers and safety personnel not only to achieve
the most efficient use of fuels with less emissions but also use them safely

and effectively in a variety of applications.

Unit 13
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4.2 Energy Resources and Environmental Impact

Weaves are heavy on the thread is our energy, intertwined is the web
strands of our energy, energy interdependent technological progress,
economic development, modern civilization, building the foundation of
daily life, is every aspect of production and life. The history of human
progress is intimately tied to methods of energy capture that became
increasingly sophisticated—from the domestication of fire at our earliest
techno-revolution to today’s web of energy systems that run our global
society. However, this whole remarkable journey of energy innovation and
utilization comes with extensive effects on our worlds' sustainability and
environmental health.As the most significant juncture in human history,
we are at a crossroads. The energy sources that powered the industrial
revolution and its technological continuations, primarily coal, petroleum,
and natural gas, have vastly expanded human capability, but at the same
time opened up environmental problems on a scale never seen before.
These fossil fuels, generated over millions of years from the remains of
ancient living matter, have supplied plentiful, stable energy, but at a
growing environmental price that includes resource depletion, ecosystem
degradation, air and water pollution, and climate change .As the global
population expands and economies develop, especially in emerging
nations, world energy requirements are growing, creating both the need to
satisfy the growing need for energy and the requirement to transition to

energy systems that do not rely on fossil fuels.

Conventional Energy Sources

For over a century, fossil fuels such as coal, oil, and natural gas have
served as the foundation of the world's energy systems. With these
traditional energy sources accounting for almost 80% of global energy
consumption, they continue to dominate the world's energy use. They are
supported by well-established infrastructure and technological systems,

have a high energy density, are widely accessible in many parts of the
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world, and are reasonably easy to transport. However, they are still in use,

causing serious environmental issues that get worse over time.

Coal - Coal is one of humanity's oldest and most plentiful energy sources.
Although coal was used embryonically in China as early as 4000 BCE, the
steam engine in the 18th century marked the beginning of coal's
widespread industrial use. Coal drove the engines of manufacturing and
transportation throughout North America and Europe during the Industrial
Revolution.Coal continues to play a significant role in the world's energy
systems today, particularly in the production of electricity. The United
States, China, and India are among the nations that still have substantial
coal reserves and rely largely on it for energy production.Coal’s attraction
is its abundance — proven global reserves are enough for about 130 years
at current consumption rates — and its relatively low cost per megawatt
compared with other forms of energy.But coal has a big, multifaceted
environmental footprint. Surface and underground operations both
profoundly transform land, landscape and ecosystems. Surface mining —
particularly the mountaintop removal mining employed in places like
Appalachia — destroys forests, disrupts watersheds and alters topography
absolutely. Making it more complex, there are additional challenges
presented when it comes to underground mining, including mine
subsidence, methane emissions and the formation of acid mine drainage,
all of which can affect groundwater and surface water systems for decades

after mining operations end.

The burning of coal to produce electricity is one of the most carbon-
intensive energy processes. Per unit of energy generated, Compared to
natural gas facilities, coal-fired power plants emit almost twice as much
carbon dioxide. Burning coal releases a lot of sulfur dioxide and nitrogen
oxides, which are the main causes of acid rain, in addition to carbon
dioxide. and respiratory disease. Coal plant particulate matter emissions
have been linked to increased rates of respiratory, heart, and stroke
conditions in the communities around them.Burning coal releases mercury

and other heavy metals, which are harmful to the environment and public
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health. These pollutants have the ability to accumulate in aquatic
environments and move up the food chain, potentially harming both
people and wildlife's nervous systems. As demonstrated by the 2008
Kingston Fossil Plant coal ash spill in Tennessee, which released over one
billion gallons of coal ash slurry into nearby waterways, coal ash—the
waste product produced after burning coal—poses additional

environmental issues when it comes to disposal.

Despite the significant negative effects on the environment, coal use is still
common in many nations for a variety of reasons, such as political clout,
economic considerations, and worries about energy security. Particularly
for local economies and communities that depend on coal mining and coal-
fired power generation, moving away from coal poses difficult obstacles.
Just transition policies that evaluate how the phase-out of coal will affect
the economy and society are becoming more widely acknowledged as

being essential to the transformation of energy systems.

By the 20th century, petroleum (also known as crude oil) had emerged as
the primary energy source used worldwide, revolutionising not only
industrial production and transportation but also geopolitics. The
discovery of significant oil reserves in places like the Middle East, North
America, and Russia solidified petroleum’s position as the backbone of
modern industrial economies.The largest use of petroleum is in the
transportation sector, where it is refined into motor petrol, diesel fuel and
jet fuel. In contrast, coal is primarily used to generate electricity.Petroleum
is also a feedstock for the petrochemical industries, supplying the building
blocks for plastics, synthetic fibers, pharmaceuticals and many other
products that are part of contemporary life.The harvesting of crude oil has
progressed from basic surface wells (which still exist today) to
sophisticated systems capable of reaching deposits an extraordinary
distance beneath the surface of the planet or the ocean. Advanced oil
recovery, hydraulic fracturing and deep-water drilling have grown
accessible reserves but they have also introduced new environmental

risks. The 2010 Deepwater Horizon disaster an estimated 4.9 million
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barrels of crude oil spilled into the Gulf of Mexico marine systems,
starkly highlighted the potential ecosystem disruptions accompanying
offshore drilling operations.Oil spills are acute environmental disasters
capable of damaging marine and coastal ecosystems. The more
immediate impacts are the mortality of marine mammals, fish, and birds
from direct exposure to oil, and longer-term effects include degradation of
habitats as well as decreased reproduction in wildlife populations and
long-term contamination of sediments and benthic communities. In
addition to catastrophic spills, routine petroleum extraction and transport
operations generate chronic low-level releases that cumulatively affect

ecosystems.

Refining crude oil into usable products creates a significant amount of air
pollution emissions of volatile organic compound, particulate matter, and
sulfur dioxide. Often based in poorer communities, refineries raise issues
of environmental justice: Are the pollution burdens properly distributed,
or are they disproportionately allocated? In cities globally, Air quality is
deteriorated by the burning of petroleum fuels in automobiles and
industrial operations. From a climate perspective, burning petroleum
releases a lot of greenhouse gasses, including carbon dioxide. Petroleum
products contribute significantly to global climate change, although being
less carbon-intensive than coal. The transportation sector, which relies
primarily on petroleum fuels, is responsible for about 24% of carbon
dioxide emissions globally.Petroleum dependence comes with additional
geopolitical dimensions that further complicate the energy policy calculus.
The concentration of oil reserves in politically unstable regions has raised
concerns about energy security and shaped foreign policy and military
intervention. Some oil-rich countries have experienced the so-called
"resource curse" or "paradox of plenty," where oil wealth Iwinks with
economic stagnation, corruption and authoritarianism rather than
widespread prosperity.Petroleum's dominance may not last as global
transportation systems start to shift to electrification and alternative fuels.
This transition, however, is being faced with strong headwinds, the
enormous pre-existing infrastructure built for petroleum products, the
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convenience and energy density of liquid fuels, and the economic interests

of powerful petroleum industries.

Natural Gas

In recent years, natural gas has emerged as the fossil fuel with the greatest
rate of growth. decades, frequently marketed as a “bridge fuel” in the
transition to renewable energy systems. Natural Gas: Composed mostly of
methane (CH,), natural gas emits between 50% and 60% less CO, per unit
of energy when burned than coal. This relative benefit, along with the
enormous reserves made accessible by hydraulic fracturing technologies,
has led to a notable increase in the use of natural gas for energy production,
industrial processes, and building heating systems. Early in the twenty-
first century, the United States' "shale gas revolution,” which was made
possible by developments in horizontal drilling and hydraulic fracturing
(fracking), fundamentally altered the structure of the world's energy
markets. Other places like Australia, China, and Argentina have also
developed that unconventional gas. Due to the significant increase in
recoverable natural gas resources brought about by technological
advancements, global reserves are thought to last for 50-60 years at
current consumption rates.Extraction wells, processing facilities,
transmission pipelines, distribution networks, and storage facilities are just
a few of the many operations that go into processing, transmitting,
distributing, and storing natural gas. Global trade is made possible by
liguefied natural gas (LNG) terminals, where gas can be supercooled,
transported in specialised tankers, and re-gasified at their final
destinations. In addition to being costly, long-lasting fixed capital that
could become stranded assets in a decarbonised energy future, this

infrastructure facilitates the global movement of natural gas.

The environmental effects of natural gas extraction, especially via
hydraulic fracturing, are contentious. Fracking operations usually pump a
high-pressure mixture of chemicals, sand, and water into the ground ,
fracturing shale formations and freeing up previously inaccessible gas.
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These concerns include the significant consumption of water in areas that
may be water-scarce, the potential contamination of groundwater sources,
induced seismicity, and impact on communities in previously rural areas
that would see industrial development.Methane leakage across the natural
gas supply chain is arguably the biggest environmental issue associated
with increased natural gas use. With a potential for global warming that is
around 28-36 times greater than that of carbon dioxide over a 100-year
period, methane is a potent greenhouse gas, and much higher on shorter
ones. A wave of recent research indicates that natural gas operations leak
far more methane than previously thought, which in some cases could
erase the climate benefit of burning natural gas in place of coal.Burning
natural gas creates far fewer emissions than burning coal in many respects,
but still produces nitrogen oxides and contributes to ozone-forming at
ground level. In indoor spaces, emissions from natural gas fires used for
cooking and heating can affect air quality and potentially harm respiratory
health, especially when there is not enough ventilation.Natural gas
occupies a complex role in electricity system transformation. Its capacity
to ramp up quickly and provide flexibly makes it valuable for balancing
variable sources of renewable energy, such as solar and wind. The
expansion of natural gas infrastructure, however, may result in
institutional and economic lock-in, which could impede the shift to fully
renewable energy sources. Natural gas's contribution to a decarbonizing
energy system is a subject of heated debate among climate and energy

analysts.

Environmental Impacts of Fossil Fuels

The utilization of natural gas, coal, and oil as fossil fuels — has facilitated
unprecedented technological advancement and economic growth. Yet this
progress has not come without a substantial environmental price-tag,
which also extends beyond the climate dimension to include air and water
pollution, habitat destruction, species extinction and resource depletion.

Identifying these multi-faceted environmental impacts is important not
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only for accessing transition pathways available but also for assessing the

true costs of energy choices.

Climate Change Impacts

Fossil fuel combustion is the primary cause of climate change brought on
by humans, accounting for around three-quarters of greenhouse gas
emissions worldwide. Burning fossil fuels releases carbon dioxide gas
into the atmosphere, which accumulates there and contributes to the
greenhouse effect and global warming. From over 280 parts per million
in pre-industrial times to over 420 parts per million today, atmospheric
carbon dioxide levels have increased, mainly as a result of fossil fuel
use.The climate impacts of fossil fuel consumption are manifesting today
in the form of increasing sea levels, more frequent and, at least for certain
areas, more severe extreme weather events, changing precipitation
patterns, and rising global temperatures. Such morphological
modifications reverberate throughout natural and human systems,
influencing water availability, agricultural productivity, infrastructure
resilience and human health. Limited adaptive capacity of vulnerable
groups that disproportionately suffer from the impacts of Social and
economic inequality that already exists is made worse by climate change
.The carbon intensity — the greenhouse gas emissions for each unit of
energy it produces — differs considerably from one fossil fuel to another.
Coal is the conventional energy source with the highest carbon intensity,
followed by petroleum and natural gas. Yet when indirect emissions
through methane leakage along the natural gas supply chain are taken into
account, the climate superiority of natural gas over other fossil fuels may
be less pronounced than it is typically assumed to be.The metaphor of a
“carbon budget”—the total quantity of carbon dioxide that can be released
while remaining within a specific average global temperature thresholds—
shows that Earth’s atmosphere has a carrying capacity for greenhouse gas
emissions. Estimates found that restricting 1.5°C more warming than pre-
industrial levels would imply leaving major parts of known fossil fuel

reserves in the ground. This predicament has introduced friction between
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the realization of the economic value of these reserves and the global

climate stabilization targets.

Air Pollution

Beneath greenhouse gas emissions, the burning of fossil fuels releases
many air pollutants, harmful to both air quality and human and ecosystem
health. Among these pollutants are particulate matter (PM2. 5 and PM10),
sulfur dioxide (SO-), nitrogen oxides (NOy), volatile mercury, other heavy
metals, and volatile organic compounds (VOCs). The World Health
Organization estimates that outdoor air pollution causes around 4.2 million
premature deaths annually. Particulate matter from the combustion of
fossil fuels causes respiratory and cardiovascular ailments. Asthma,
chronic obstructive pulmonary disease, and heart disease can all be made
worse by fine particles that can become embedded deep in lung tissue and
enter the circulation. The main ingredients of acid rain are acidic
compounds, which are created when sulfur dioxide and nitrogen oxides
combine with water, oxygen, and other substances in the atmosphere.
Acid rain can damage aquatic habitats, soils, and forests by adding acidity
to environment at levels that species in these habitats cannot withstand.
Historical examples, like forest decline in Germany’s Black Forest and
acidification of Lakes in eastern Canada and the northeastern United States
serve as examples of how these emissions affect the environment. When
nitrogen oxides and volatile organic molecules combine, ground-level
ozone is created with sunlight, creates smog that inhibits lung function
and damages plants. In densely populated regions, areas where the ozone
is frequently the result of photochemically active mechanisms manifest
with excessive ozone levels, especially in summer when strong solar

radiation occurs.

Coal combustion emissions of mercury are a specific concern because of
mercury's toxicity and bioaccumulation potential in food chains. Once in
aquatic ecosystems, Methylenemercury, a very poisonous form of mercury
that bioaccumulates in fish and other creatures, can be produced by

microbes. Fish eating by humans can harm the nervous system,
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particularly in growing fetuses and young children, when the fish are
contaminated.Although many conventional air pollutants can be reduced
with technological solutions like scrubbers, catalytic converters, or
electrostatic precipitators, those end-of-pipe approaches introduce
additional cost and complexity to fossil fuel use without mitigating
carbon dioxide emissions. Moreover, different regulatory frameworks for
air pollution control across various jurisdictions result in considerable
differences in emission intensities for comparable facilities located in

different regions.

Water Impacts

Conventional energy systems are interlinked with water resources in
numerous ways, from water extraction and consumption during resource
extraction and processing and thermal pollution from cooling systems to
potential contamination from waste streams. Determining the energy-
water nexus is still crucial for resource planning, particularly in regions
experiencing water stress.Becausesulphide minerals in exposed rock
oxidise when they come into contact with air and water, such coal mining
operations have the potential to disturb local hydrological systems and
produce acid mine drainage. This process can produce acidic runoff that
pollutes nearby water bodies by lowering pH levels and releasing heavy
metals that damage aquatic biomes. In mountaintop removal mining
practices, headwater streams beneath mining overburden are buried,
permanently disrupting the functions of watersheds.Hydraulic fracturing
uses 1.5 to 16 million gallons of water per well to extract natural gas and
oil, depending on the formation's characteristics. These withdrawals can
be significant in areas that are water-stressed or during a drought, even
though they only make up a small portion of the overall water use in most
regions. An additional environmental burden is associated with the
handling and disposal of flowback water, which contains high
concentrations of salt, naturally occurring radioactive materials, and

elevated levels of fracturing chemicals.
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A significant amount of water is extracted for cooling in thermal electric
power plants, which include nuclear, coal, and natural gas facilities.
Thermal pollution can disturb aquatic ecosystems by lowering dissolved
oxygen levels, disrupting native species' spawning cycles, and eradicating
other forms of life, even though a large portion of this water is returned to
the source, albeit at a hotter temperature. Closed-loop cooling systems
consume more water through evaporation while removing less
water.However, surface and groundwater resources may be jeopardised by
oil spills and pipeline leaks, and these consequences may persist for a
considerable amount of time. Water resource remediation following a
contamination event is typically expensive, technically challenging, and
does not fully restore ecosystem functions. Lesser-known but chronic
releases from aging infrastructure, improper waste disposal and urban
runoff of petroleum products cumulatively degrade water quality in many

watersheds.

Land Use and Biodiversity Effects

Conventional energy systems leave their mark on the landscape both
through direct land take for extraction and processing, transportation
infrastructure, and indirect effects as climate change and pollution. Such
transformations of the landscape often lead to habitat fragmentation,
degradation of ecosystems and loss of biodiversity.Surface coal mining
operations will completely change landforms, clear existing native
vegetation, and disturb soil profiles. Although reclamation practices can
recreate topography and re-vegetate disturbed sites, the resulting
ecosystems frequently differ from those that existed before mining in
terms of species composition, hydrological function, and soil properties.
After mining, the strata above the mining area could collapse into mined-
out space, which can result in land subsidence; this can lead to damage to
buildings, roads, and utilities, and this can also change surface drainage
patterns.Oil and gas development breaks up habitats with well pads, access
roads, pipelines and processing facilities. In sensitive ecosystems like the

Western Amazon, the fragmentation effect goes far beyond just the
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physical footprint of infrastructure, as edge effects and dispersion of
human access change ecological processes. What’s more, even in the
absence of major spills, offshore oil and gas operations can affect marine
ecosystems through noise pollution, habitat alteration, and chronic low-
level releases.Across landscapes, sprawl of fossil fuel infrastructure can
fragment wildlife migration corridors, breeding grounds, and feeding
areas. Specialist species (i.e., those with particular habitat requirements or
limited adaptive capacity) may undergo population declines or local
extirpations as energy development intensifies. The combined effects of
many energy projects within a region often dwarf the impacts of a single
project due to synergies between projects and the depletion of ecological
resilience.These local and regional effects are compounded by the wider
global biodiversity effects of climate change driven by fossil fuels.
Species within taxonomic groups and locations will be threatened by
range shifts, phenological mismatches and changed competitive dynamics
from changing climate conditions. Specialized species in ecosystems that
have narrow climatic tolerances, like alpine environments, coral reefs and

polar regions, are particularly vulnerable.

Natural Resource Depletion and Intergenerational Equity

Transitioning to a new energy economy: The world energy architecture is
undergoing major transformations, with societies aiming to move on from
fossil-based energy systems and their respective greenhouse gas
emissions. The Pew Research Center reported last year that seven out of
10 rural Americans believe that their area will eventually be powered by
renewable energy sources. The subsequent sections of the article provide
a detailed examination of nuclear energy, both fission and fusion, and the
environmental concerns associated both with nuclear energy and its waste

disposal methods.
Solar Energy

One of the most plentiful and easily accessible renewable resources for
humanity is solar energy. The sun's energy, which reaches Earth in just
141
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one hour, is more than sufficient to power everyone on the planet for a
year. This enormous potential has accelerated technological advancement
and solar power system deployment globally.The high fixed and variable
costs per kWh of conventional utility-scale energy sources make it
relatively easier to compete with photovoltaic (PV) technology, which
converts sunlight directly into electricity. While laboratory prototypes of
multi-junction cells have achieved efficiency levels exceeding 47%,
contemporary silicon-based photovoltaic panels typically deliver
efficiencies in the range of 15% to 22% in commercial applications. Due
to these efficiency improvements and manufacturing economies of scale,
the levelized cost of solar electricity has decreased by nearly 90% since
2009, making it more affordable than any other new form of electricity
generation in many parts of the world. One of the most plentiful and easily
available renewable resources for humanity is solar energy. One hour's
worth of solar energy strikes the Earth, which is more than sufficient to
power everyone on the planet for a year. Due to this enormous potential,
technological advancement and the global installation of solar power
systems have accelerated.Because photovoltaic (PV) technology directly
converts sunlight into electricity, it is relatively easier to compete with
conventional utility-scale energy sources, which have historically had high
fixed and variable costs per kWh. Modern silicon-based photovoltaic
panels typically achieve efficiencies in the range of 15% to 22% in
commercial applications, while multi-junction cell prototypes in the lab
have achieved efficiency levels exceeding 47%. The levelized cost of solar
electricity has decreased by nearly 90% since 2009 due to these efficiency
improvements and manufacturing economies of scale, making it more
affordable than any other new form of electricity generation in many parts
of the world. These systems can reach thermal efficiencies of 60-70%,
yielding significant energy savings in residential and commercial
buildings. By maximising the sun's energy through the building's
orientation, thermal mass, and glazing, passive design principles reduce

heating and cooling loads without relying on mechanical systems.
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Despite its enormous potential, solar energy has drawbacks such as
material limitations, land use requirements, and intermittency. Batteries,
pumped hydro, thermal storage, and other storage solutions are being used
to address intermittency. Lower material consumption and new uses, such
as flexible solar surfaces and building-integrated photovoltaics, are
promised by next-generation PV technologies like perovskite cells and
organic photovoltaics.Distributed throughout nature, solar energy offers a
special application for energy access in remote and challenging-to-reach
communities. Millions of households in developing nations now have
access to electricity for the first time thanks to off-grid solar systems, with
or without storage, which has boosted economic growth and improved
living standards. The paradigm shift away from centralised generation
models, which have driven the electricity sector for over a century, is

signalled by this democratisation of energy production.
Wind Energy

One of the energy sources with the fastest global growth is wind power,
with global cumulative installed capacity of over 837 GW. This
tremendous growth has been driven by technology, enabling policies and
the increasingly beneficial economics putting wind at or near cost-
competitiveness  with  conventional generation in  many power
markets.Modern wind turbines are predominantly 2- to 15-MW three-
blade horizontal-axis utility-scale systems. It has also been noted that
turbine height has increased significantly, with hub heights now popularly
over 100 m to reach wind resources at higher altitudes, which is both
stronger and more stable. Rotor diameters have also grown, with some
offshore designs topping 220 meters, allowing individual turbines to
produce enough electricity to power thousands of homes.Offshore wind
development is a major frontier for the industry, tapping into more
powerful and reliable wind resources while avoiding land use conflicts.
Floating wind technologies are widening deployment opportunities to
deeper waters, making large new swaths of land available for

development. The offshore wind industry has experienced extreme
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reductions in costs, with strike prices declining by around 70% between
2014 and 2023 in competitive tenders.Winds energy has relatively small
infrastructure environmental footprint compared to other generation
sources. Wind farms are generally much better for the environment, with
life cycle assessments showing that they pay off any “carbon debt" they
have incurred in their lifetime in just 3-9 months of operation and with
very little water intake. Nevertheless, long-term research efforts continue
to evaluate avian and bat mortality and guide mitigation measures at
individual sites because of concern associated with local impacts from

noise, visual impacts, and radar interference.

For a more extensive wind energy deployment than currently exists, there
will be integration challenges for grid systems that have not managed large
amounts of variable generation such as wind. To manage this variability,
grid operators utilize a variety of strategies such as enhanced forecasting
methods, geographic diversification of installations, complementary
sources of generation, demand response programs, and greater
transmission interconnections. Energy storage systems—especially
battery technologies and pumped hydro storage—are becoming
increasingly important in matching wind generation and demand.Keeping
with the utility scale, small scale wind and distributed wind have even
more applications than utility scale developments. These smaller turbines,
which generally fall between 1 kW and 100 kW in capacity, can
supplement electricity needs in stand alone sites, ranches, and community
microgrids, in addition to other types of distributed generation such as
solar PV.Innovation in the wind industry happens on several levels —
materials science, aerodynamics, control systems, manufacturing
processes. In this context, emerging technologies like airborne wind
energy systems, which capture stronger, more and consistent winds at
systems’ higher altitudes by means of tethered aircraft, signify potential

paradigm shifts in the sector’s development.

Biomass Energy
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Biomass Energy comes from biological material of biological origin,
which includes algae, wood, organic waste streams, specialized energy
crops, and agricultural residues. This broad resource base can be
transformed along multiple routes into solid, liquid, and gaseous fuels that
function as adaptable energy carriers for electricity, heating, and
transportation applications. The most straightforward and popular way to
consume biomass is through direct combustion, covering 90% of global
bioenergy use. Recent biomass power plants utilize modern combustion
techniques, like fluidized bed systems, that are much more efficient and
pollute less than the traditional biomass burning procedures. Takua
energy, and energy generation we can put in waste heat and even use
(CHP) installations for higher sED generation and province heating
systems or industrial processes.Microbial-dependent pathways of energy
liberationBiochemical conversion processes utilize microorganisms to
convert biomass into useful energy carriers. Anaerobic digestion
technology transforms wet organic wastes into biogas, a mixture
predominantly of methane and carbon dioxide. When purified, this biogas
can be upgraded to biomethane, which is functionally similar to natural
gas and is suitable for integration with existing gas infrastructure. Sugar
and starch crops are fermented to produce ethanol and more advanced
biochemical platforms are focused on cost-effective bioprocessing of
lignocellulosic feedstock such as agricultural residues and dedicated
energy crops.Biomass is subjected to high temperatures and controlled
oxygen conditions using thermochemical conversion pathways for
producing several energy forms. Depending on the process conditions, a
bio-oil, charcoal, and synthesis gas are obtained using pyrolysis, which
takes place in an oxygen-free environment. Gasification results in the
syngas (mixture of carbon monoxide, hydrogen, and methane) which can
be directly used for heat and power or further processed to give liquid fuels
and chemicals by Fischer-Tropsch condensation.The bioenergy
sustainability is determined on a large extent by feedstock sourcing, land
management practices, and conversion efficiencies. Concerns about

competition with food production, impacts on biodiversity, and carbon
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debt have led to the creation of sustainability certification programs and
other best practices in the industry. When mishandled, biomass production
can contribute to deforestation, ecosystem degradation, and increases in
greenhouse gas emissions overall. In contrast, advanced biomass systems
with good design can offer carbon benefits via soil carbon sequestration,
waste stream end use, and fossil fuel displacement.

Advanced biofuels address the limitations of traditional or first-generation
biofuels being food or sugar-based and provide much higher greenhouse
gas reductions. These are cellulosic ethanol, renewable diesel, and
sustainable aviation fuels derived from agricultural residues, forestry
waste, and dedicated energy crops grown on marginal lands. Another
potential biofuel is derived from algae, which has the potential to produce
more energy per land area than many other biofuels, and does not compete
directly with food crops.As such, the role of biomass cannot be over-
emphasized in both rural development and energy access. Better
cookstove programs and small-scale biogas digesters deliver health and
environmental dividends, including reduced indoor air pollution and

deforestation linked to traditional biomass usage.
Hydrogen Energy

Hydrogen is a flexible energy vector with the potential to
decarboniseseveral industries, such as manufacturing, transportation, and
electricity production. Hydrogen, unlike conventional fuels, generates
only water vapor when burned or used in fuel cells, and therefore provides
a route to zero-emission energy if produced by low-carbon
means.Hydrogen production methods are often named by color
designations signifying their carbon intensity. The process of steam
methane reforming natural gas yields gray hydrogen. without capturing
CO2, represents about 95% of hydrogen production today but generates
vast quantities of CO2 emissions. Blue hydrogen uses similar production
methods, but introduces carbon capturing and storage (CCS) technology
to reduce emissions. Green hydrogen, produced via electrolysis powered

by renewable electricity, is the Holy Grail for producing hydrogen
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sustainably, but its high cost (it represents less than 1% of global hydrogen
supply) makes it relatively unappealing today.Other new production
routes are turquoise hydrogen, which is generated from methane pyrolysis
and has solid carbon as a byproduct; pink hydrogen, generated using
nuclear energy for electrolysis; and biological hydrogen generated
through various microbial processes or photobiological systems. Their
respective benefits differ in resource needs, energy efficiency, and
environmental impacts. The low volumetric energy density of hydrogen is
associated with specific technical challenges in its storage and distribution,
and material compatibility presents an equally significant problem.
Compression to 350-700 bar in dedicated tanks is the most mature storage
technology for mobility applications, whereas liquefaction at -253°C
allows a more favorable volumetric density at the cost of significant
energy input. To address these limitations, material-based storage
technologies, such as metal hydrides and Ammonia and liquid organic
hydrogen carriers (LOHCs) are examples of chemical transporters), are

being actively developed.

Fuel cells offer a highly effective energy conversion method for a variety
of applications by combining heat, water, and electricity through
electrochemical reactions produced from hydrogen and oxygen. Because
of their small size, quick startup, and low operating temperatures, proton
exchange membrane fuel cells, or PEMFCs, are widely used in
transportation applications. Because solid oxide fuel cells (SOFCs) have
higher electrical efficiency and can function at temperatures between 600
and 1000 °C, they are perfect for stationary power generation and
combined heat and power applications.The transportation industry is a
major target for hydrogen use, especially for heavy-duty applications
where battery capacity is limited. Although they are currently constrained
by higher prices and a dearth of refuelling stations, FCEVs can be refuelled
in minutes and have longer ranges than BEVs. In industries with higher
energy density requirements, such as long-haul trucking, maritime
shipping, and aviation, hydrogen shows particular promise.Applications

in industry, particularly those that need high-temperature process heat or
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where hydrogen can be used as a feedstock, represent yet another
significant opportunity for hydrogen. Within the Iron & Steel sector,
hydrogen direct reduction routes are pioneering to almost completely
replace coal-based production routes and in the Chemical industry, green
hydrogen as a feedstock e.g. for ammonia and methanol production are
being studied. Hydrogen can also be a long-duration energy storage
medium for the power sector to address the intermittent nature of
renewable energy.This hydrogen economy, however, is beset by major
challenges including production costs, require infrastructure and energy
losses in the value chain. Consideration of system-wide energy efficiency
is important, as hydrogen pathways typically involve multiple steps of
conversion along with their losses. Only through targeted deployment in
use cases where direct electrification is difficult, underpinned where
necessary by enabling policies, and through being part of continuous
technology innovation, will hydrogen play its part in the clean energy

transition.
Gasohol and Biofuels

Gasohol, a mixture of gasoline and ethanol, is one of the most common
biofuel applications in the transportation sector. In many markets, these
blends are 10% ethanol (E10), but higher blends up to E85 (15 to 85%
ethanol, respectively) are available for compatible vehicles. Brazil
pioneered the adoption of high-level ethanol blends, where a majority of
vehicles run on E27 and a large part of the fleet is made up of a flexible-
vehicles that run on pure ethanol (E100) or any gasoline-ethanol
combination. The last two decades have seen a sharp rise in the
manufacturing of ethanol, with an annual production of about 110 billion
liters, where United States and Brazil contribute about 80% of world
production. First-generation ethanol is based on corn in the US, and
sugarcane in Brazil, where it yields better energy return on investment and
GHG reduction benefits because of much higher yields and the utilization
of bagasse for energy in the process.Another important category of
biofuels is biodiesel; it is produced with the Transesterification of animal

or vegetable fats, with the global production of biodiesel totaling over 40
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billion liters per year. These feedstocks include soybean oil, palm oil,
rapeseed oil, and, more recently, waste cooking oils and animal fats. Like
ethanol, biodiesel is usually blended with conventional diesel, with B5,

B20, and B100 (pure biodiesel) being common blends.

Advanced biofuels are intended to address the sustainability limit of first-
generation biofuels by using some form of non-food feedstock and
achieving greater greenhouse gas reductions. This covers cellulosic
ethanol derived from agricultural residues and dedicated energy crops,
renewable diesel made from the hydrotreating of vegetable oils and animal
fats, and sustainable aviation fuels (SAF) that are formulated to cut down
the aviation industry’s emissions.Biofuels show huge variation in
environmental performance depending on feedstock, processes, and land
use changes. Lifecycle assessments show that sugarcane ethanol can
reduce greenhouse gas emissions by 40-90% compared to gasoline, while
corn ethanol generally provides more modest cuts of 20-40%. Generally,
biofuels made from waste streams provide the best environmental
performance since they do not impact land use, and give value to elements
that would otherwise be considered trash.Land use change is a key issue
in relation to biofuel sustainability, as expansion of feedstock production
risks causing direct or indirect deforestation, habitat conversion and
related carbon emissions. In respond to these effects, sustainability
certification schemes and regulatory frameworks, which include land use
change considerations, have been developed (e.g. the Renewable Energy
Directive, European Union; the Low Carbon Fuel Standard,
California).Biofuel production also raises other environmental concerns
related to water use and water quality impacts. Growing feedstock with
irrigation taps water supplies in dry areas, and fertilizer runoff from
intensive upland cropping can lead to eutrophication and degradation of
water quality. Water conservation can both be achieved with advanced
processing technologies, such as membrane filtration and closed-loop
water systems, that can help reduce water consumption and effluent

discharge.
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Common mechanisms of policy support include blending mandates, tax
incentives and carbon pricing schemes, which have been important
drivers of biofuel market development. Although these policies have
succeeded in creating biofuels markets, they have also been criticized for
their cost-effectiveness and non-intended effects. These future policy
frameworks are leaning toward technology-neutral frameworks focusing
on carbon intensity reduction compared to volumetric targets on specific
biofuel categories. The future of the biofuels market is likely to be a diverse
portfolio of technologies and feedstocks appropriate for given regional
contexts and end-use applications. Electrification will increasingly begin
to compete with biofuels in light-duty transportation, while sustainable
biofuels could hold advantages in aviation, marine transportation, and
some heavy-duty applications where electrification presents technical or

economic challenges.
Nuclear Energy: Processes of Fission

Nuclear fission, which derives energy from splitting heavy atomic nuclei,
has provided a significant source of low-carbon power generation for more
than six decades. With around 440 nuclear reactors operating worldwide,
accounting for around 10% of global electricity generation — and
contributing over 40% in countries including France (70%), Ukraine
(51%) and South Korea (33%);In nuclear fission, a neutron is absorbed
into a heavy nucleus (Usually uranium-235 or plutonium-239) leading to
an unstable compound nucleus that splits into two lighter nuclei (fission
products), additional neutrons (which can lead to the fission of other
nuclei), and energy (about 200 Mev per fission). This energy is mostly
released as heat, which conventional thermal power plants convert to
electricity.Light water reactors (LWRs), such as everybody knows Boiling
water reactors (BWRs) and pressurized water reactors (PWRs) make up
the great majority of the nuclear fleet today. They employ regular water
as a neutron moderator and coolant. work at 70-155 bar working pressure,
to keep the water liquid at the working temperature of 280-320 °C. A high
thermal efficiency of 32-36% is achieved by the modern LWR and an
electrical out-put of 1000-1600 MWe per unit.Light water reactors
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(LWRs), including pressurized water reactors (PWRs) and boiling water
reactors (BWRs), dominate the current nuclear fleet. These designs use
ordinary water as both coolant and neutron moderator, operating at
pressures of 70-155 bar to maintain water in liquid form at operating
temperatures of 280-320°C. Electrical outputs of 1000-1600 MWe per
unit and thermal efficiencies of 32-36% are typical for modern
LWRs.Conventional reactor fuel is made up of uranium dioxide pellets
that have been enriched to 3-5% uranium-235 (as opposed to 0.7% in
natural uranium) and are enclosed in fuel assemblies made of zirconium
alloy cladding tubes. About one-third of the core is replaced during each
refuelling outage, and these assemblies stay in the reactor for three to six
years. Remaining uranium, minor actinides, different fission products, and
plutonium produced by neutron capture in uranium-238 are all found in

spent fuel.

By using innovative cooling techniques, fuel cycles, and safety features,
advanced fission reactor designs aim to overcome the losses of traditional
LWRs. Generation IV Special advantages in terms of fuel consumption,
waste production, and operational characteristics are offered by concepts
such as sodium cooled fast reactors, high-temperature gas-cooled reactors,
molten salt reactors, and supercritical water reactors.Small modular
reactors (SMRs), which are typically defined as designs with a mass of
less than 300 MWe, represent another significant development pathway.
Through factory manufacturing, shortened construction times, and
simplified designs, these cheap plants aim to reduce capital costs. Multiple
SMR designs have made it through the licensing stages, with initial

commercial units planned to start operating in the late 2020s.

Summary

The Environmental Protection Act (1986) was enacted in India as a
crucial legislative step toward safeguarding the environment. Its primary
aim is to provide a framework for the protection and improvement of the

environment, laying down responsibilities for the government, industries,
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and the public. This Act empowers the central government to set standards
for the quality of air, water, and soil, regulate hazardous substances, and
enforce measures to prevent environmental degradation. It also covers
issues related to environmental pollution, specifying penalties for non-
compliance, thereby encouraging industrial sectors to adopt eco-friendly
practices. The Act is an essential tool for mitigating the impact of

industrial activities on natural resources and ensuring public health.

The Public Liability Insurance Act (1991) was introduced to provide
immediate relief to victims of accidents involving hazardous substances.
This Act ensures that industries dealing with such substances are
financially liable for damages in case of accidents, thus guaranteeing that
victims receive compensation without delay. It mandates industries to take
out public liability insurance to cover the costs associated with accidents,
including death, injury, or property damage. By fostering accountability
and providing quick relief to affected individuals, this law contributes to
reducing the risks associated with the storage, transportation, and handling

of hazardous materials.

Pollution Control Boards play a pivotal role in implementing and
enforcing environmental laws and regulations at the state and central
levels. The Central Pollution Control Board (CPCB) and various State
Pollution Control Boards (SPCBs) are responsible for monitoring
pollution levels, setting emission standards, and ensuring industries
comply with environmental norms. These boards also assess the
environmental impact of projects, provide guidance on pollution
prevention, and engage in public awareness activities. The boards' work is
critical in controlling pollution, ensuring that industrial activities do not
harm the environment or public health. They serve as regulatory
authorities, playing a key role in the implementation of environmental

laws like the Environmental Protection Act.

In addition to the major environmental laws, several important
environmental rules and notifications have been established to regulate

specific sectors and address emerging environmental concerns. These
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include the Water (Prevention and Control of Pollution) Act, the Air
(Prevention and Control of Pollution) Act, the Hazardous Waste
Management Rules, and the Forest Conservation Act, among others.
These rules and notifications provide a detailed framework for pollution
control, waste management, and conservation efforts. They often include
guidelines for industrial operations, urban planning, and waste disposal,
with the aim of reducing environmental harm. By providing specific
instructions and standards, these regulations are integral to promoting
sustainable development and minimizing the ecological footprint of

human activities.

Together, these laws and institutions form a comprehensive system
designed to safeguard environmental quality, ensure public health, and
promote sustainable practices across industries. They play a crucial role in
balancing industrial development with environmental preservation and in

advancing India's environmental protection goals.

SELF ASSESSMENT QUESTIONS
Multiple-Choice Questions (MCQs)

1. Ultimate analysis of a fuel determines the content of:
a) Moisture, volatile matter, and ash
b) Carbon, hydrogen, nitrogen, sulfur, and oxygen
c¢) Calorific value and aniline point

d) Octane number and flash point

2. Proximate analysis of a fuel provides information on:
a) Carbon, hydrogen, and oxygen content
b) Moisture, volatile matter, fixed carbon, and ash content
c¢) Calorific value and sulfur content

d) Flash point and aniline point

3. The higher the octane number of a fuel, the:
a) Lower its knocking tendency

b) Higher its knocking tendency
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c¢) Higher its sulfur content

d) Lower its calorific value

NOTES 4. Which fuel has the highest calorific value per unit mass?
ENVIROMENTAL a) Coal
& ANALYTICAL
CHEMISTRY b) Hydrogen
c) Diesel
d) Natural gas

5. Flash point of a fuel is defined as:
a) The temperature at which the fuel ignites spontaneously
b) The temperature at which the fuel gives off vapors that ignite
¢) The maximum temperature at which the fuel burns completely

d) The temperature at which fuel loses its calorific value

6. Which of the following is an example of a renewable energy
source?
a) Coal
b) Petroleum
¢) Solar power

d) Natural gas

7. Gasohol is a mixture of:
a) Gasoline and ethanol
b) Gasoline and diesel
¢) Hydrogen and methane
d) Natural gas and propane

8. In nuclear fission, energy is released due to:
a) Fusion of light nuclei
b) Splitting of heavy nuclei
¢) Combustion of uranium

d) Oxidation of thorium

9. A major environmental concern with nuclear energy is:
a) Greenhouse gas emissions

b) Radioactive waste disposal
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c¢) High sulfur dioxide emissions

d) Depletion of oxygen levels in water

10. Which of the following alternative energy sources does not
produce carbon dioxide (CO:) during operation?
a) Biomass
b) Hydrogen fuel cells
c¢) Natural gas
d) Coal

Short Answer Questions

1. What are the three main types of fuels, and provide one example

of each?

2. Differentiate between proximate analysis and ultimate analysis of

fuels.

3. Define calorific value and differentiate between higher and lower

calorific value.
4. What is octane number, and why is it important in fuel analysis?

5. Explain the significance of flash point and aniline point in fuel

characterization.
6. List two advantages and disadvantages of coal as an energy source.

7. What are the major environmental concerns associated with

conventional energy sources?
8. How does solar energy work, and what are its advantages?
9. What is nuclear fusion, and how does it differ from nuclear fission?
10. Explain the role of hydrogen fuel in clean energy technology.
Long Answer Questions

1. Explain the proximate and ultimate analysis of fuels and their

importance in fuel characterization.
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10.

Describe the calorific value of fuels, how it is measured, and its

significance in energy production.

Discuss the advantages and disadvantages of conventional energy

sources (coal, petroleum, and natural gas).

Explain the working principle of solar and wind energy systems

and their role in sustainable development.

Compare nuclear fission and nuclear fusion, including their energy

output and environmental impact.

Describe the concept of gasohol and its advantages as an

alternative fuel.

What are the major challenges in nuclear waste management, and

how can they be addressed?

Explain the role of biomass energy in renewable energy production

and its impact on the environment.

Discuss the environmental impacts of fossil fuels and strategies to

minimize pollution.

How does hydrogen energy work, and what are the key challenges

in using hydrogen as a fuel?
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MODULE 5

ENVIRONMENTAL AND INDUSTRIAL LAW NOTES

ENVIROMENTAL
3.0 Objective & ANALYTICAL
CHEMISTRY
e To examine the key provisions of the Environmental Protection

Act (1986) and its role in regulating environmental conservation
and pollution control.

e To understand the Public Liability Insurance Act (1991) and its
provisions for compensating victims of environmental accidents.

e To analyze the structure, powers, and functions of the Central and
State Pollution Control Boards (CPCB & SPCB) in monitoring and
enforcing environmental regulations.

e To explore significant environmental rules and notifications,
including those related to biomedical waste, plastics, solid waste,
noise pollution, and electronic waste management.

e To study the Environmental Impact Assessment (EIA) Notification
(2006) and its role in evaluating the environmental consequences
of developmental projects.

e To assess the effectiveness of legal frameworks in controlling
industrial pollution, ensuring environmental sustainability, and

promoting corporate responsibility.

Unit 15
5.1 Environmental Protection Act (1986)

The 1986 Environmental Protection Act (EPA) marked a watershed
moment in the development of environmental law in India, coming in the
wake of the Bhopal Gas Tragedy of 1984 that powerfully illustrated the
need to have the statutory safeguards for the environment. It was enacted
as Act No. 29 of 1986 and granted presidential assent on 23 May, 1986,
The Act came into effect on 19 November, 1986. This monumental

157

MATS Centre for Distance & Online Education, MATS University



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

legislation was enacted under Article 253 of the Constitution of India,
which grants the central government the authority to legislate to
implement international obligations. This refers to the commitments
made by India with respect to the protection and improvement of
environment during the United Nations Conference on the Human
Environment held at Stockholm in 1972.The EPAct is an umbrella law
designed to co-ordinate the action of various central and state authorities,
established under earlier environmental laws, to the extent that activities
of such authorities do not receive adequate attention from either the centre
or the states. It applies to all of India, including the state of Jammu and
Kashmir. In contrast with the Water Act of 1974 and the Air Act of 1981
(by its content the very media-specific law), EPA addresses environmental
protection more holistically. It allows for the protection and improvement
of the environment, where “environment” is broadly defined to include
water, air, land and interrelationships among and between water, air, land

and human beings, other living creatures, plants, microorganisms and

property.

The EPA is so comprehensive in its language because it was intended to
cover the holes in theenvironmental regulatory structure used in this
country prior to the passage of the EPA. Before the enactment of EPA,
India’s environmental regulatory framework was dominated by the Water
(Prevention and Control of Pollution) Act, 1974, and the Air (Prevention
and Control of Pollution) Act, 1981. These statutes were narrow in scope
dealing solely with water and air pollution. The EPA functioned as a
framework more broadly for environmental protection, giving the central
government the authority to take action to protect and enhance the quality
of the environment, and prevent, control and abate environmental
pollution.The underlying philosophy of the EPA is preventive, not
curative. It is based on the philosophy that preventing environmental
damage is better than fixing it after the fact. This preventive approach is
evident in many provisions of the act, especially in the powers given to the
central government to take measures in the interest of the environment. It
further incorporates the principles of sustainable development,
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precautionary principle and polluter pays principle which have been
acknowledged by the Indian judiciary as a part of environmental
jurisprudence.Under its operational framework, the EPA grants the
central government vast powers to do all that is necessary to protect and
improve the quality of the environment, and to prevent, control and abate
environmental pollution. These powers are vast and cover everything from
laying down standards for the quality of the environment and setting up
standards for emission or discharge of environmental pollutants to
restricting areas for industrial operations, laying down procedures for
handling hazardous substances and conducting investigation and research
relating to environmental protection. The EPA also makes provision for the
establishment of environment laboratories and the appointment of
Government analysts for the analysis or testing of substances at these
laboratories. It also enables the central government to designate officers
with the authority to inspect premises, take samples for analysis, etc.,
which are critical for ensuring compliance with environmental laws. It has
provisions for penalties for contravention of its provisions, that is
imprisonment for a term which may extend to five years with fine which

may extend to one lakh rupees, or both.

Key Provisions and Powers of Central Government

The Central Government has wide powers under the Environmental
Protection Act, 1986 to safeguard and enhance the environment. These
powers are enunciated in section 3 of the act, where it is stated that the
Central Government may take all such measures as it considers necessary
for protecting and improving the quality of the environment and
preventing, controlling and abating environmental pollution. It gives the
government broad power to take action in many respects to protect the
environment.The biggest power of the Central Government under Section
3(2) is to lay down standards for quality of the environment in all its
aspects. These include establishing standards for air quality, water quality,
soil quality, noise level, etc. The standards act as the benchmarks for

measuring and monitoring the environment and ecosystem quality.
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Examples include the prescribing of the National Ambient Air Quality
Standards (NAAQS) by the Central Government, which prescribes the
permissible level of certain pollutants in the ambient air.Under Section
3(2)(iv), the Central Government is also empowered to restrict the areas
in which any industry, operation, or process shall not be carried out or be
carried out subject to such safeguards as may be specified. Through this
provision the government has been enabled to declare some areas as
environmentally sensitive and put restrictions on industrial plots in these
areas. Under this provision for example, the government has declared
some areas as eco-sensitive zones, where industrial activities are either
prohibited or severely restricted.One of the essential powers of the Central
Government under the EPA is the power to prescribe procedures and
safeguards in relation to handling hazardous substances. This power is
mentioned in Section 3(2)(vii), and has been exercised to make rules like
the Hazardous Wastes (Management and Handling) Rules, 1989, which
were subsequently superseded by the Hazardous and Other Wastes
(Management and Transboundary Movement) Rules, 2016. Other
common rules govern the generation, handling, management, and
transboundary movement of hazardous wastes as to ensure that they will

not cause harm to the environment.

Section 3(2)(x) delegates the power to enter any premises, plant,
equipment, machinery or manufacturing process and provide directions
for the prevention, control and abatement of environmental pollution to
the Central Government as well. This authority is important for enforcing
environmental standards. Officers can be deputed by the government to
check industrial units and other establishments whether they are
complying with environmental norms and standards.Under section 3(3) of
the EPA, the Central Government can establish authorities with specific
powers and functions to tackle environmental issues. This provision led to
formation of various authorities by government like the Central Pollution
Control Board (CPCB), State Pollution Control Boards (SPCBs) and
special purpose authorities like the Environmental Pollution (Prevention
and Control) Authority for the National Capital Region.The second one is
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also about the Enforceability and implies that unlike the other provisions
which may be enforced by the issuance of directions, the provision under
the EPA gives the Central Government direction on not only to any person,
officer or authority but also reserves power to the Central Government to
direct closure, prohibition or regulation of any industry, operation or
process, stoppage or regulation of supply of electricity or water or any
other service. That authority, embodied in Section 5, is a powerful vehicle
for holding environmental standards accountable. It empowers the
government to act swiftly against polluting units and avoid tedious
judicial proceedings.A key component of the EPA framework is the
ability to impose penalties for violating its provisions. Penalties for
contraventions of the act are set out in the act’s Section 15, which says
punishment shall be rigorous imprisonment of a term which may extend
to five years with fine which may extend to one lakh rupees, or with both.
In case the contravention continues, a further fine which may extend to
five thousand rupees for each day during which contravention continues
after the conviction for the first such contravention may be imposed. If
the contravention continues for more than a year, the offender shall be
punishable with imprisonment for a term that shall not be less than two
years but may extend to seven years.Section 17 of the EPA provides for
vicarious liability where the EPA provides that where affairs of a
corporation have been so conducted to constitute an offence, every person
who was at the time of the committal of the offence directly in charge of,
and responsible to, the corporation for the conduct of the business of the
corporation shall be deemed to be guilty of the offence. This provision
makes it impossible for corporations to evade responsibility for
environmental crimes.The EPA also has provisions for protection of
actions taken in good faith. No suit or other legal proceeding to lie against
government or officer or authority for acts done in good faith(1) No suit,
prosecution or other legal proceeding shall lie against the government or
against any officer or authority for anything which is done or intended to

be done in good faith in pursuance of this act or of any rule made
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thereunder. To ensure that government officials can receive the protection

they need to discharge their duties free from legal liability.

The EPA gives the Central Government another substantial power, that is
to prescribe rules for the implementation of the objectives of the act. (vi)
sub-section (6) of the act states the matters in respect of which the Central
Government may rule, such as the standards of quality of air, water or soil
for different areas and purposes, the maximum allowable limits of
concentration of different environmental pollutants and the procedures and
safeguards for the handling of hazardous substances and prohibitions and
restrictions on the handling of hazardous substances in different
areas.Various rules have also been promulgated by the Central
Government under this section, such as the Environment (Protection)
Rules, making specific directions for environmental standards, the
Environmental Impact Assessment Notification, making environmental
clearance compulsory for certain categories of projects and the Coastal
Regulation Zone Notification, to name a few, which restricts coastal
activities.The powers of the Central Government under the EPA further
encompass the establishment of environmental laboratories, whereby the
Government analysts may be appointed by it to conduct analysis or tests
in the laboratory. This is provided under Section 12 of the act and further
Section 13 states that the Central Government may by notification in the
Official Gazette,recognize any laboratory or institute as environmental
laboratory and appoint or recognize such qualified persons as government
analyst.The EPA also gives the Central Government the authority to
appoint officers with the same powers in terms of ascending, inspection
and sampling etc. Section 10 of the act only says that the Central
Government may authorise any person to do so. Then there are the men
and women who don the green uniforms and the badges of the
Environmental Protection Agency, who are the frontline regulators, who
watch for breaches of environmental law, collecting evidence of
infractions be they companies or state and local agencies.A major power
of the Central Government under purview of EPA is also to take sample
of air, water, soil or any other substance for analysis. This is provided in
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section 11 of the act, which states that the Central Government or any
officer-authorized by it may take from any factory, premises, or other
place any air water, soil or other substance for analysis. This capability is
essential  for pollution detection and environmental quality
monitoring.Sections on managing environmental emergencies are also
included by the EPA. According to Section 19 of the act, the Central
Government may issue an order prohibiting the continuation of any
operation or process or allowing it to continue under specific restrictions
if it is convinced that an offence under the act has been or is likely to be
committed. This power enables the government to act quickly to prevent

environmental disasters.

The EPA grants the Central Government implicit authority to implement
international environmental treaties and agreements in addition to these
express powers. This is due to the fact that the EPA was created in
accordance with Article 253 of the Indian Constitution, which gives the
Parliament the authority to pass legislation in order to carry out
international agreements. Such additional power has been mobilized in
order to apply a multitude of international environmental accords, like the
Montreal Protocol on Substances that Deplete the Ozone Layer, or the
Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal. An important point to note is that
whilst the Central Government enjoys broad powers under the EPA, those
powers are not without bounds. They are bound by administrative law
principles such as natural justice, reasonableness and proportionality.
Judicial review is also available over the exercise of these powers, and the
judiciary regularly takes an active role in environmental litigation through
public interest writ petitions.The powers of the Central Government
under the EPA are supplemented by the powers of the State Governments
and the Pollution Control Boards. The Central Government can only
make laws and set standards, but it is actually left to the State
Governments and the Pollution Control Boards to implement and enforce
such laws and standards. This has resulted in setting up a federal structure
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for environmental governance, where the onus is on both the Centre and
the States.The EPA has been granted comprehensive authorities and
responsibilities under the act, yet it has often struggled to implement the
act effectively and enforce its provisions. These factors are a lack of
resources, little technical capacity, corruption, and economic growth has
priority over environmental protection. In addition to this, accusations
towards the centralizing approach of the EPA have surfaced, with some
claiming that it does not pay enough attention to the federal structure
given in the Indian Constitution. This not paying enough respect towards
the rights of the States can also have an equally adverse effect.However,
the EMI remains a pioneer in environmental legislation in India and
provides a well-rounded regulatory regime for environmental protection.
The sweeping powers it grants the Central Government has played a key
role in establishing a strong regulatory regime for environmental
protection in India. Nonetheless, the efficacy of these powers hinges on
their judicious and prompt exercise, fueled by sufficient resources, and

political will.

Parallel Provisions with Water and Air Acts

India's environmental legislation trifecta — the Environmental Protection
Act (EPA) of 1986, the Water (Prevention and Control of Pollution) Act
of 1974 and the Air (Prevention and Control of Pollution) Act of 1981.
Although the EPA is itself an umbrella legislation, intended to cover
several facets of environmental protection, the Water and Air Acts are
more targeted laws dealing with specific media of the environment. Even
though they are focused on different areas, these three laws have a number
of parallel provisions that will lead to a coherent environmental regulatory
regime in India.Two of these three acts have been discussed before in
detail and, it can be seen the clearest parallel provisions exist in terms of
setup of similar regulatory authorities for environmental protection. The
Central Pollution Control Board (CPCB) and State Pollution Control
Boards (SPCBs) were set up by the Water Act (1974) as the main

regulatory authorities for water pollution. Much like the Air Act expanded
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the mandate of these boards to cover air pollution as well. That statute
does not directly create these boards, but provides for the creation of
environmental protection authorities under Section 3(3). The CPCB and
SPCBs (which were earlier established under the Water Act and were
extended under the Air Act) have, in practice, also been delegated the
implementation of several provisions of the EPA. Consequently, it ensures
an integrated institutional architecture for environmental regulation of
India.Another corollary provision is the power to establish standards for
environmental quality. The CPCB is empowered to lay down standards of
effluents to be discharged into water bodies under the Water Act. The Air
Act also grants the CPCB the authority to prescribe standards for the
emission of air pollutants. The EPA under Section 3(2)(iv) gives the power
to the Central Government to lay down standards for the quality of the
environment in its various aspects. These benchmarks are used to assess
the quality of the environment and help inform subsequent rules and
regulations. These commitments set standards through those three acts,
which supplement one another in establishing a full set of environmental
quality standards.Another common provision across these three acts
pertains to the power to issue directions. Section 33A of the Water Act
gives the CPCB, as well as the SPCBs, to issue directions to any person,
officer, or authority to prevent, control, or abate water pollution. Similarly,
Section 31A of the Air Act extends this provision to air pollution. Section
5 of the EPA also gives powers to the Central Government to give
directions for the closure or prohibition or regulation by complying with
codes and standards for an industry, operation or process. These direction
powers are essential for the administration of environmental laws and
give regulatory bodies a flexible mechanism to respond to environmental

challenges.

The three acts have parallel provisions for penalties for non-compliance.
The Water Act prescribes penalties including six years' imprisonment and
a fine for contravention of its provisions. Imprisonment for a term which
may extend to six years and a fine is similarly prescribed under the Air
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Act. The EPA lays down penalties including imprisonment for up to five
years and a fine for violation of its provisions. These liability provisions
serve as a deterrent to environmental violations and reflect the seriousness
with which environmental protection is regarded.A parallel provision is
the ability to take samples to be analysed. Section 21 of the Water Act
enables the CPCB and SPCBs to take samples of effluents for testing.
Section 26 of the Air Act, empowers the CPCB and SPCBs to take air or
emission sample for analysis. Section 11 of the EPA gives the Central
Government, or any officer authorized by it, the authority to collect
samples of air, water, soil, or other substance for analysis. These potent
sampling technologies enable the monitoring of environmental quality and
the detection of pollution.Similar provisions for entry and inspection also
exist In all three acts. The Water Act, in clauses under Section 23, grants
power to any person authorized by CPCB or SPCBs to enter any place for
inspection. A similar provision exists in the Air ActUnder Section 24 of
the Air Act, which does not allow the authorities to grant permissions
without ensuring compliance with standards. The EPA gives any person
(selected by the Central Government) that is authorized under Section 10
to enter any place for the purpose of inspection. These powers of entry and
inspection are integral to ensuring adherence to environmental
regulations and compiling evidence of noncompliance.There are notable
differences between the EPA and the Water and Air Acts, even among
these parallel provisions. The scope of these acts is one of the most
notable differences. Water Act deals with water pollution, whereas Air Act
deals with air pollution. While the EPA is focused on all parts of the
environment: water, air, land and their interaction. This makes the EPA
broader and more complete an environmental law than either the Water
and Air Acts.

There is also a fundamental difference in attitude toward environmental
conservation. Both the Water and the Air Acts are command and control
in composition, emphasizing the standards and applicable penalties for
non-compliance. While still addressing these elements, the EPA also
takes a more methodological, preventative, and comprehensive approach
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to environmental planning. This approach differs from earlier laws and
reflects the maturing of environmental governance in India, with the EPA
being a much more sophisticated and unified approach towards
environmental protection.The third difference relates to the powers these
acts or laws confer. The Water and Air Acts give powers mainly to the
CPCB and SPCBs. The EPA, in contrast, vests wide-ranging powers in
the Central Government. This is because the former acts establish the
institutional framework for environmental regulation in India (Water and
Air acts) while the latter sets the legal framework (EPA).These differences
notwithstanding, the parallel provisions in these three acts provide a
complete and comprehensive environmental regulatory regime in India.
In doing so, the Water Act laid the institutional groundwork for the
environment regulation in India, creating the CPCB and SPCBs and
empowering them to control water pollution. The Air Act extended the
jurisdiction of these boards to include air pollution, strengthening this
institutional framework. This environmental regulatory structure was
filled by the EPA providing a legal framework for environmental

protection and broad powers to the Central Government.

Unit 16

5.2 Public Liability Insurance Act (1991)

In India’s environmental jurisprudence, the Public Liability Insurance Act
(PLIA) also occupies a place of pride amidst the towering giants of
legislation that arose from the ashes of industrial disasters that have
scarred the collective psyche of the nation, the 1984 Bhopal Gas Tragedy
being the largest stack in the abhorrent furnace. Indeed, this extensive
piece of legislation came into being in response to the pressing demand for
swift assistance to those affected by industrial accidents with hazardous
materials, as well as to create a strong infrastructure for assigning liability
and compulsory insurance coverage. The Act is an important nexus

between environmental protection, public health safeguards, and corporate
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accountability, creating a safety net for communities left in the shadow of

dangerous industrial operations.

Historical Context and Development

The primary motivation behind enacting the Public Liability Insurance Act
was the catastrophic impact of the Bhopal Gas Tragedy, which
highlighted significant deficiencies in India's legal structure related to
industrial accidents. On December 2-3, 1984, the methyl isocyanate gas
leak from the pesticide factory of Union Carbide India Limited in Bhopal
stopped thousands of hearts and dozens of people suffered chronic health
complications. The tragedy drew attention to the utter lack of legal
structures to immediately compensate the victims, the almost nonexistent
insurance requirements for dangerous industries and the slow-moving
legal fights that followed — usually with victims receiving no relief in real
time.After Bhopal disaster many more industrial accidents happened in
India subsequently, and highlighted the need for dedicated legislation.
Existing law was found lacking in respect to the special problems created
by accidents involving those substances. Filing a lawsuit under traditional
tort law — which typically requires victims to argue that negligence and
causation occurred before receiving any compensation in a court — had
left many of them waiting for justice while in need of immediate medical
treatment and financial support. In addition, the complexities of proving
liability in environmental harm cases, technical evidence, and the
socioeconomic vulnerability of affected populations justified a more
streamlined process for compensation.The Public Liability Insurance Act
was conceived against this backdrop as an instrument to provide timely
and effective relief to victims without putting them through complicated
and long-winded legal processes. The Act was premised on the recognition
of 'no-fault liability," which is a significant departure from the traditional
liability regimes requiring proof of negligence. This doctrine recognizes
the danger of hazardous substances, and assigns liability to the party
profiting from the operation of a hazardous substance -- regardless of

whether the hazardous event was due to negligence.Parliamentary debates
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leading to the Act's passage signified a developing consensus on the need
to balance industrial development with sufficient safeguards for public
health and environmental protection. The legislation was regarded as
crucial to ensure that the benefits of economic progress did not come at
the expense of citizens’ wellbeing and that industries were required to
account for the environmental and social costs of their operations rather

than externalise them onto communities and ecosystems.

Core Objectives and Scope

The Public Liability Insurance Act was enacted to serve various purposes,
also reflecting its remedial and preventive nature. It was mainly intended
to provide immediate relief to people involved in accidents while
handling hazardous substances. This goal acknowledged the immediate
medical and financial needs of victims in the wake of industrial disasters.
The Act aimed to relieve the plight of impacted persons and communities
at their earliest moments by establishing a framework for timely
compensation.Another important goal was the introduction of
compulsory insurance in dangerous businesses. This heartened that funds
will exist to match compensation, however the status of the company on
the topic of an accident. The mandatory insurance provision was
instituted to avoid situations where victims would have no recourse due to
the insolvency or liquidation of the culpable party.The Act was also
intended as a deterrent measure, using financial liabilities to deter against
imprudent behavior in industrial operations. The legislation incentivized
industries to invest in safety measures and risk mitigation strategies by
making them responsible for the potential costs of accidents through
insurance premiums and compensation payments. It made economic
interests align with the goal of achieving public interest, which is a step
toward corporate social responsibility. The Act covers owners who handle
hazardous substances as defined under the Environment (Protection) Act,
1986. A hazardous substance is any substance, whether in solid, liquid,
gas, or vapour form, that by its chemical, physical, or biological

characteristics can, directly or indirectly, through intermediate wastes,
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cause harm to human beings, other living organisms, property, or the
environment. This includes materials that are toxic, flammable,

explosive, corrosive, radioactive or otherwise dangerous.

That includes factories, storage facilities, transport routes and waste
disposal sites that store or operate with certain amounts of hazardous
materials. Yet it applies to the public and private sectors alike, so all
industries are covered. The Act applies based not on how large or what
kind of business you are, but rather what type of material you are dealing
with and the amount of material an establishment handles, signifying that
this act's focus is on the direct risk posed by things we know to be
hazardous.Indeed, the Act covers accidents not just at stationary, fixed
sights but also during the transport of hazardous materials. This
recognition reflects a reality that the risks can extend not just from
production facilities, but also along supply chains and distribution
networks. Through the pass-through nature of some environmental risks,
it recognizes that risk can travel to evade control and allows for the

protection of communities along transportation routes.

The No-Fault Liability Principle

Central to the Public Liability Insurance Act is the ground-breaking
principle of ‘'no-fault liability,” a transformative concept that
revolutionizes the legal approach to environmental disasters. Under this
doctrine, the owner and/or possessor of hazardous substance is strictly
liable to provide for the claim for death or injury caused by an accident in
relation to the hazardous substance, irrespective of any negligence or fault
on their part. This method avoids the convoluted and lengthy journey to
establish causation and culpability, which is the hallmark of traditional
tort litigation.Under the no-fault liability principle, it is based on the really
the nature of industrial activity, by their inherent dangerous nature, those
who benefit from the activity should be liable. It embraces the ‘polluter
pays’ principle that has become a bedrock of environmental law around
the world. The Act provides a strong motivation for businesses to

implement robust safety procedures and risk management practices by
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establishing strict liability in situations where hazardous substances are
involved.From the perspective of a victim, this liability regime has
benefits. First, it greatly lessens the burden of proof that would normally
fall on plaintiffs in standard liability cases. Victims don’t have to prove
that the owner acted negligently or that specific actions or inactions
caused the accident. Instead, they need merely show that the accident
involved a toxic material being handled by the owner and that they were
injured thereby. This topic-based strategy helps simplify faster
compensation, which is important due to all pressing medical and financial

needs that come after environmental disasters.

Second, the no-fault liability principle addresses the information
asymmetries that frequently undermine plaintiffs in environmental
litigation. Industrial operators usually have more in-depth technical
expertise of their processes, the nature of the materials they deal with, and
the precautionary provisions implemented. Such lack of knowledge can
lead to tremendous difficulty on the part of the victims to prove negligence
or causation. The Act also removes the burden of proving fault, which
leaves the field square between the parties and prevents claims from being
lost because they could not afford or are not versed in the technical
information available.Third, this form presumes that the harm from
exposure to dangerous substances is diffuse and often delayed. Many
environmental contaminants have numerous health effects that do not
become apparent for years or even decades after exposure, making it

difficult to pinpoint direct causal connections.

Compensation Mechanism and Relief Structure

One mechanism established under the Public Liability Insurance Act is a
structured compensation system so victims of accidents involving
hazardous substances may be compensated in a time-bound fashion. This
mechanism features standardized compensation levels for different types
of harm, simplified application processes and several paths to restitution.

The Act's compensation provisions reflect the Act's primary purpose of
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providing timely relief to victims, not complete restitution, which may be
sought through separate civil actions.The Act provides for a range of
compensation amounts as indicated by the Schedule which lays down the
amount payable in relation to prescribed categories of harm. In respect of
fatal accidents the Act initially permitted Rs. 25,000 for compensation per
person, which has since been hiked. The compensation for permanent
total disability was numbered Rs. 25000, while it became from Rs. 12500
to Rs. 25000 in permanent partial disability, however depending the level
of disability. The Act also provides for the reimbursement of medical
expenses of up to Rs. 12,500; and compensation for property damage of
up to Rs. 6,000.These compensation amounts were meant to provide
instant relief, not full restitution for the harm done. The Act itself makes
clear that obtaining compensation under its terms does not preclude
victims from seeking other remedies in civil suits. This approach
recognizes that, although immediate monetary support is necessary in the
wake of an incidence, the long-term impact of exposure to hazardous
materials must still be assessed and not all issues will be resolved through

a one-time financial steal.

The process for obtaining compensation is intended to be inclusive and
streamlined. Applications can be made to the Collector of the district
where the accident took place by victims or their representatives. The
Collector is empowered to hold summary inquiries to verify claims and
to grant compensation on the basis of documentary evidence. This
administrative path avoids the cumbersome and, in some cases, years-long
court processes and gets redress to victims when they need it most.The
Act also prescribes specific time-frames for processing claims in a bid to
expedite the compensation process. After receiving an application, the
Collector has three months to make an award. This component highlights
the bill's emphasis on prompt remediation, maintaining that waiting for
payment could make survivors' suffering worse since they might need
medical attention right away and be unable to work.As an additional
victim compensation mechanism, the new law also creates a special
Environmental Relief Fund (ERF). The fund is funded by the installation
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owners, who must contribute the equivalent of their yearly premium when
they purchase insurance. In addition to the sums owed from individual
insurance policies, this has made it possible to create a collective basket
of resources that can be utilised for compensation.However, it has been
argued that the compensation amounts outlined in the Act are insufficient
for environmental accidents. Given the potential long-term health effects
of exposure to hazardous substances, critics contend that fixed sums do
not accurately reflect the true economic and non-economic costs of
accidents. The prescribed amounts have lost real value over time due to
inflation, which is not taken into account in the compensation structure.
These problems highlight the need for frequent modifications to preserve

the importance of payments in the face of changing economic conditions.

Mandatory Insurance Requirements

The Public Liability Insurance Act's requirement that businesses handling
hazardous materials obtain mandatory insurance coverage is one of its
main principles. Regardless of the financial situation of the responsible
individual or organisation at the time of the accident, this clause ensures
that money will be available for victim compensation. The insurance
requirement spreads the risk throughout the industry through the premium
mechanism, ensures that resources are immediately available for
compensation, and offers financial incentives for risk reduction.The Act
mandates that all owners of hazardous material-producing plants who are
at risk acquire one or more insurance policies to cover their liability in the
event of an accident. Insurance must be in effect before commencing
operations involving hazardous substances, and insurance coverage must
be maintained throughout the entire period of operations involving such
substances. Although the Act offered a transitional arrangement for
companies that were already operating when the legislation went into
effect, this requirement is applicable to both new and existing
establishments.For the insurance coverage to qualify for the relief
provided by the Act, it must expressly bind the owner's liability. This

implies that the insurance contract must resemble the legal no-fault
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liability principle, which allows for compensation to be given without
requiring proof of negligence. The types and limits of indemnity
mentioned in the Schedule to the Act must also be covered by the
policy.Depending on the type and quantity of hazardous materials
handled, the Act sets minimum insurance coverage. Because of the high
potential for harm and damage from accidents involving those substances,
the required coverage for the most dangerous types can be substantial. The
amount of insurance must be in line with the company's paid-up capital or

the maximum amount of compensation anticipated, whichever is less.

The Act also imposes fines on owners who fail to obtain or keep the
necessary insurance in order to enforce the requirement. These sanctions,
which can include fines and jail time, highlight how seriously the law takes
the need for insurance. The Act also grants authorities the authority to
prohibit the handling of hazardous materials by organisations that do not
have the required insurance.Implementing the insurance provisions has
proven difficult, though. The refusal of insurers to offer coverage for
certain high-risk industries or substances has been one of the main issues.
Because environmental accidents are by definition unpredictable and can
result in catastrophic losses when they do occur, underwriting them is
extremely difficult from an actuarial perspective. On occasion, this has
resulted in insufficient insurance availability or unreasonably high
premiums for particular market segments.Making sure the coverage is
adequate in relation to potential liabilities has also proven to be difficult.
Petty entrepreneurs would not have the resources to be adequately, if at
all, commonly secured in situations involving particularly harmful atoms
if the upper limit on insurance amounts were based on paid-up capital.
Such a limitation could defeat the purpose of the Act, which is to provide
victims with fair compensation.Despite these challenges, the requirement
for mandatory insurance has proven to be a cornerstone of a more
responsible approach to industrial risk management. The system
incentivizes the reduction of risk through investments in safety, linking
insurance premiums with risk profiles. In contrast, establishments with
better safety records and risk management practices may be able to obtain
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lower insurance premiums, thus providing them with the financial

incentive to continually improve their safety practices.

The Environmental Relief Fund (ERF)

Environmental Relief Fund (ERF): This is a trailblazing provision of the
Public Liability Insurance Act, which micro-funds compensation to
neighbouring victims from sources outside their insurance for victims who
suffer harm up to the limit of individual policies. Based on the principle
of collective responsibility, this fund combines contributions from all
entities engaged with hazardous substances to establish a financial source
for mitigating the impacts resulting from environmental accidents. The
ERF also recognizes that even with mandatory insurance there could be
situations in which other extraordinary relief is needed, or where
compensation claims exceed insurance coverage caps.Such a structure will
also give necessary incentives to make the ERF both financially
sustainable and widely funded. Each owner who obtains an insurance
policy under the provisions of the Act must pay into the fund an amount
equal to the premium paid under his insurance policy. The insurer collects
this contribution when the premium is paid and, in turn, transfers it to the
ERF. This mechanism makes sure that the fund grows commensurately
with the growth of dangerous industries with and their proportional
insurance coverage.The central government oversees the administration of
the ERF but may delegate management to an authority or agency. It
operates as a separate fund with dedicated accounting and auditing
processes. The Act also provides for regular financial scrutiny of the ERF

to establish that contributions

The primary purpose of the ERF is to provide relief to victims of accidents

involving hazardous substances in cases where:

1. The identity of the owner responsible for the accident cannot be
established, making it impossible to claim compensation from a
specific entity.
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2. The owner is not adequately insured, resulting in insufficient
coverage for the harm caused.

3. The owner has become insolvent or otherwise ceased to exist,
leaving victims without recourse under individual insurance
policies.

4. The compensation awarded exceeds the owner's insurance

coverage, creating a gap in relief provision.

By addressing these environmental harms in this fashion, we acknowledge
that industrial risks are In those instances, it would act as a backstop,
providing that little extra something to victims when traditional
compensation measures were not possible or notperfectly contained within
the boundaries of individual corporations and that there is a societal
interest in making sure that industrial accident victims do not go

unsupported.

To that end, the Act also allows for expedited processing of ERF claims
so that the backstop mechanism does not create compensation. Victims or
their representatives can apply to the Collector who checks the claims and
makes delays in relief availability. Payments of relief from the ERF
follow similar protocols to those created for insurance-basedpayments
from the fund.Others have questioned whether the insurance-based
structure of contributions correctly reflects the differential risks posed by
has been criticized for not being nearly enough to elicit any measure of
behavior change. Specifically, the fund's resources may not be enough to
cover for significant scale environmental accidents, including catastrophes
the different hazardous operations. The ERF does embody a much more
progressive approach to environmental liability, but itwith widespread

impacts, some critics note.

Opponents argue that the dual insurance-system isolates each
compensation mechanism from each other, with victims facing potential
explosive costs balance between individual corporate responsibility and
collective industry duties. Critics say the fund mechanism could dilute

some of the incentives individual firms have to invest in safety measures,
MATS Centre for Distance & Online Education, MATS University



in litigation should any single mechanism fail to meet their needs. The
ERF also poses larger questions about thebecause accidents would have

their financial consequences spread across the entire industry.

Implementation Challenges and Judicial Interpretation

The applicability of the Public Liability Insurance Act has faced many
challenges which have influenced its operation in fully accomplishing its
intended purposes. These encompass administrative, economic, as well as
legal challenges reflecting the realities of designing and implementing a
comprehensive liability and insurance system for environmental
accidents. Judicial interpretations in such regard have had an essential role
in filling any ambiguities, overcoming gaps, and also expanding the
perimetre of the Act to make the protective function of the Act work more
effectively. Though administrative challenges have proved most dominant
in the implementation process. The Act hinges on the role of district
Collectors as well as other local authorities, in terms of verifying claims
and disbursal of compensation, to a great extent when it comes to the
enforcement of the Act. Because these authorities generally do not have
the technical capacity to evaluate environmental damages and health
impacts from exposure to hazardous substances. In addition, the scientific
complexity surrounding causation of health impacts from particular
industrial activities, is not likely to be available at district level (although
there may be exceptions with activists at district levels employing their
own scientific knowledge and expertise).In addition, the administrative
infrastructure tasked with implementing the Act is insufficient in terms of
manpower, logistics, funding, etc. This limitation affects all aspects of
implementation such as the monitoring of compliance with insurance
requirements to the timely investigation of accidents etc. As a
consequence, the enforcement has been uneven from one region to
another, with the more industrialized areas often experiencing the most
significant difficulties, given the greater concentration of hazardous

installations in those regions.
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Unit 17

5.3 Pollution Control Boards

India has a strong institutional framework for environmental governance
to support implementation and enforcement of environmental laws. The
Pollution Control Boards at the centre and the state level are central to this
framework. These never constitute environmental pollution control
authorities; they are the primary regulatory authorities to prevent, control
and abate environmental pollution. Founded under trailblazing
environmental legislation, these agencies have adapted over the years to
tackle the increasingly complex environmental issues facing the
country.CPCB and SPCBs work within a framework of cooperative
federalism where there is a division of roles between the center and states.
CPCB sets national level policies and standards and technical guidelines,
while SPCB implements it at a state level and also adapts these as per
state requirements. This approach ensures that environmental
management is coherent at a national level while sensitive to local
challenges.Their legal framework is mostly given by the Water
(Prevention and Control of Pollution) Act, 1974, of the Air (Prevention
and Control of Pollution) Act, 1981. These landmark legislations set up
the boards and laid down their broad framework and powers. Over a
period, these boards have been assigned additional functions by several
environmental legislations such as Environment (Protection) Act, 1986,

and numerous rules and notifications framed thereunder.

Constitution and Composition of the Central Pollution Control Board

The Central Pollution Control Board (CPCB) is the central pollution
control organization in India and a statutory body under the Ministry of
Environment, Forest, and Climate Change (MoEFCC). It provides
technical services to the MOEFCC and plays a crucial role in
environmental management. The CPCB was constituted under Section 3 of
the Water (Prevention and Control of Pollution) Act, 1974. According to
this section, the Central Government is responsible for constituting the
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CPCB by nominating members from various backgrounds related to
environmental and pollution control. The organizational structure of the
CPCB reflects its technical expertise in environmental management. It
comprises experts and representatives from diverse fields to ensure that all
perspectives are considered in decision-making and policy

implementation

1. A full-time Chairman who possesses special knowledge or
practical experience in respect of matters relating to environmental
protection or has special knowledge and experience in
administering institutions dealing with environmental protection
matters. The Chairman is typically a person with distinguished
credentials in  environmental science, engineering, or
administration.

2. Officials from the Central Government, not exceeding five in
number, to be nominated by the Central Government to represent
that Government. These officials are usually drawn from ministries
and departments relevant to environmental management, such as
the Ministry of Environment, Forest and Climate Change, Ministry
of Urban Development, Ministry of Water Resources, Ministry of
Health, and the Department of Science and Technology.

3. Officials from the State Governments, not exceeding five in
number, to be nominated by the Central Government in
consultation with the State Governments concerned. These
members represent different geographical regions of the country
and bring state-level perspectives to the board's deliberations.

4. Non-officials, not exceeding three in number, to be nominated by
the Central Government to represent the interests of agriculture,
fishery, or industry or trade, or any other interest which, in the
opinion of the Central Government, ought to be represented. These
members bring stakeholder perspectives and practical insights into

the board's functioning.
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5. Full-time  Member-Secretary =~ possessing  qualifications,
knowledge, and experience of scientific, engineering, or
management aspects of pollution control. The Member-Secretary
is responsible for the day-to-day administration of the board and

serves as the chief executive officer of the organization.

The tenure of members of the Central Pollution Control Board (CPCB) is
generally three years, but members can be renominated. According to
Section 415, a member shall cease to hold office if they are found to be
insolvent, convicted of an offense involving moral turpitude, physically or
mentally incapable, or if they acquire any financial or other interest that is
prejudicial to their functions. However, no member can be removed by the
Central Government before the expiry of their term on these grounds. The
CPCB operates through a well-structured organizational setup, which
includes divisions for air quality management, water quality management,
waste management, laboratory services, planning and coordination, legal
affairs, and administration. Each division is supported by experts,
scientists, engineers, and technical staff who provide specialized skills and
resources. The effectiveness of the clean air regime is based on a strong
stakeholder reporting system, ensuring coordinated efforts across different
areas. Meetings of the CPCB serve as platforms for policy discussions,
technical deliberations, and administrative decisions. While the board is
required to meet quarterly, meetings are often held more frequently based
on work demands. The agenda for these meetings is prepared by the
Member-Secretary in consultation with the Chairman, and all proceedings

are recorded and maintained as official records.
Constitution and Composition of State Pollution Control Boards

The Central Pollution Control Board (CPCB) functions at the national
level, while State Pollution Control Boards (SPCBs) and Pollution Control
Committees (PCCs) serve as state-level regulatory authorities in India’s
states and Union Territories. Each SPCB is established under Section 4 of
the Water (Prevention and Control of Pollution) Act, 1974, by the

respective state governments and acts as the chief authority for
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implementing environmental laws and regulations within the state's
jurisdiction. While the composition of SPCBs is similar to that of the
CPCB, it is modified to include state/UT-based representatives,
professionals, and researchers who can contribute significantly to
environmental governance. According to the Act, a State Board consists
of members nominated by the State Government, ensuring representation
from diverse fields related to pollution control and environmental
management. This structure helps in effective policy implementation and
enforcement at the state level, aligning with national environmental

objectives.

1. A full-time Chairman possessing special knowledge or practical
experience in respect of matters relating to environmental
protection or a person having knowledge and experience in
administering institutions dealing with environmental protection
matters. The Chairman provides leadership and strategic direction
to the board's activities.

2. Officials from the State Government, not exceeding five in
number, to be nominated by the State Government to represent that
Government. These officials typically represent departments such
as environment and forests, urban development, public health
engineering, industries, and local self-government.

3. Officials from the local authorities functioning within the state, not
exceeding five in number, to be nominated by the State
Government. These members represent municipal corporations,
development authorities, and other local bodies that have
significant roles in environmental management at the local level.

4. Non-officials, not exceeding three in number, to be nominated by
the State Government to represent the interests of agriculture,
fishery, or industry or trade, or any other interest which, in the
opinion of the State Government, ought to be represented. These
members bring diverse perspectives from different sectors of the
economy and civil society.
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5. Full-time  Member-Secretary =~ possessing  qualifications,
knowledge, and experience of scientific, engineering, or
management aspects of pollution control. The Member-Secretary
heads the technical and administrative machinery of the board and

ensures the implementation of the board's decisions.

The State Pollution Control Board (SPCB) includes a diverse group of
members nominated by the State Government, ensuring representation
from key sectors involved in environmental management. The State
Government nominates up to five officials from departments such as
environment and forests, urban development, public health engineering,
industries, and local self-governments to represent the government’s
interests. Additionally, local authority representatives, including members
from municipal corporations, development authorities, and other local
bodies, play a crucial role in managing environmental concerns at the local

level.

The board also includes up to five members representing various sectors
such as agriculture, fishery, industry, trade, and other relevant fields,
ensuring a broad perspective on environmental policies. Furthermore, the
State Government nominates up to three non-official members with
expertise in scientific, engineering, industrial, or management aspects of
pollution control. The SPCB is headed by a full-time Member-Secretary,
who possesses the necessary qualifications, knowledge, and experience in
pollution control. The Member-Secretary is responsible for implementing
the board's decisions and managing its technical and administrative
functions, ensuring effective enforcement of environmental laws and

policies.
Powers and Functions of the Central Pollution Control Board

The Central Pollution Control Board has been given full powers and
functions of an apex pollution-control organisation in the country. Most of
these powers and functions are contained in the Water (Prevention and
Control of Pollution) Act, 1974, the Air (Prevention and Control of
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Pollution) Act, 1981, and the Environment (Protection) Act, 1986. Powers
and functions of CPCB can be divided broadly into advisory, regulatory,

technical and coordinative.

Advisory Functions

The CPCB advises the Central Government on the prevention, control,
and abatement of water and air pollution. It is also underlined in Section
16 of the Water Act and Section 16 of the Air Act that CPCB shall advise
the Central Government in these matters. This advisory function includes
advising on appropriate national policies and strategies and on action plans
for the protection of the environment.The CPCB also shall plan and cause
the execution of a nationwide program for the prevention, control and
abatement of pollution. This means plans for holistic management of the
environment that incorporate pollution control in all sectors of the
economy. They should work with the board to identify key areas for
intervention and recommend suitable measures to mitigate the threats of
climate change.Besides guiding the Central Government, CPCB also
provides technical assistance and guidance to State Pollution Control
Boards. This can be through sharing best practices, training state-level
officials, and ensuring the transfer of information and experiences
between states. Regular workshops/seminars/training programmes are
organised by the CPCB for capacity building of SPCBs towards effective

discharge of their functions.

Regulatory Functions

The CPCB is endowed with considerable in the form of powers to set
standards, guidelines and norms for the protection of the environment.
Section 16 of the Water Act also empowers the CPCB to establish
standards for water quality for various classes of water bodies. Likewise,
Section 16 of the Air Act permits the CPCB to prescribe standards for the
quality of air. These standards act as reference points for evaluating
environmental quality and assessing compliance with regulatory
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obligations.Additionally, the board has the authority to prescribe
appropriate methods for sampling and analysis of air and water which can
be vital to ensure uniformity and reliability of results of environmental
monitoring undertaken across the country. Such as developing Standard
Operating Procedures, Quality Assurance protocols, and reference
methods for environmental testing. The laboratory of the CPCB is also a
reference laboratory for calibration and quality control of environmental
laboratories throughout the nation.For matters relating to the prevention,
control, and abatement of pollution, the CPCB has the authority to give
directions to any person, officer, or authority, including the State Boards.
Whether as a "special direction” under section 18 of the Water Act or the
Air Act, the CPCB was empowered to and indeed did give directions that
must be followed by those required to indeed obey them. In case of non-
compliance, the board may also take appropriate legal actions including

filing applications in courts for necessary directions.

Technical Functions

Some of the technical functions performed by CPCB are environment
monitoring, research and development, etc. The board shall collect,
compile and publish technical and statistical data with respect to pollution
of air and water. This includes maintaining databases about the quality of
the environment, the sources of pollution and the status of compliance
across the country.The CPCB has a country-wide network of
environmental monitoring stations, which continuously monitor the air
and water quality parameters. NAMP and NWQMP are flagship
programmes of systems of the CPCB responsible for generating data on
trends in ambient environmental quality across the country. The board
also carries out and supports research and investigations into various
aspects of water and air pollution. This encompasses research regarding
the behavior of pollutants, environmental effects, control technologies,
and remediation approaches. The CPCB teams up with research
organizations, academic institutions and industry stakeholders to support

the advancement of science and security technological solutions for
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environmental protection.They are equipped with advanced analytical
instruments for environmental testing and research. — these laboratories
provide analysis of samples taken at different monitoring stations, perform
targeted studies on new pollutants, and develop new analytical methods
for the monitoring. The CPCB's Central Laboratory is the national
reference laboratory and the national laboratory for quality control of

environmental tests.

Coordinative Functions

Coordination between the various State Pollution Control Boards and
providing technical assistance and guidance to them is a key function of
the CPCB. The prerequisite of this coordinative role is embedded in
Section 16 of both the Water Act and the Air Act which clearly assigns
this role to the CPCB. This includes promoting periodic engagement
between all SPCBs, conducting joint inspection and monitoring visits, and
ensuring similar implementation of environmental laws by all states.The
CPCB conducts technical conferences, workshops and training programs
for the officials of SPCBs with a view to upgrade their technical
knowledge and administrative capabilities. Such capacity-building
measures include training on how to monitor pollution, conduct
inspections, enforce the law and respond to new environmental threats. It
provides manuals/guidelines/technical documents,etc. in support of the
SPCBs. It provides a forum to settle inter-state matters concerning
environmental pollution. In cases where the effect of pollution crosses
state borders, the CPCB plays a role in bringing the states together to find
a solution to the issue collectively. Board may make special
committees/groups of board members of different states for the purpose
of dealing with specific inter-state environmental problems.The CPCB is
also an important nodal agency for regulating India’s actions in various
international environmental related forums and meetings. Board provides
technical inputs to international negotiations, represents India in technical
forums, implements around 50 different multilateral environmental

agreement where India has obligations. Such efforts include (i)
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participation in the global monitoring networks and sharing of
environmental data; (ii) adoption of international best practices in

environmental management

Powers and Functions of State Pollution Control Boards

State Pollution Control Boards wields wide-ranging powers and functions
as assigned under the Environment (Protection) act, 1986, to ensure
compliance of environmental laws in respective states. These powers and
functions are mainly taken from the provisions of the Water (Prevention
and Control of Pollution) Act, 1974, the Air (Prevention and Control of
Pollution) Act, 1981, and the Environment (Protection) Act, 1986. The
SPCBs, although operating under the technical direction of the CPCB,
possess a considerable degree of autonomy in carrying out environmental

regulations within their respective areas.

Regulatory and Enforcement Powers

The main regulatory role of SPCBs is giving the permission or denial of
permission to set up and run industrial plants under the Water Act and the
Air Act. As per Section 25 of the Water Act, 'No industry shall establish
or operate any industrial plant for the discharge of sewage or trade effluent
into a water body or land', without obtaining consent from the SPCB. In
the same way, Section 21 of the Air Act requires the SPCB to consent
someone to establish or operate any industrial plant in an air pollution
control area.The consent mechanism allows SPCBs to impose certain
conditions on industrial operations so that either pollution is prevented or
minimised. Such conditions may require the installation of pollution
control equipment, adoption of cleaner technologies, monitoring of
emissions or effluents at various intervals, maintaining records to ensure
the prescribed limits and submission of compliance reports at periodic
intervals. If the conditions are indeed violated, or it is necessary in the
public interest, the board can modify, suspend or revoke the
consent.SPCBs possess the authority to inspect industrial facilities, water
bodies, and other premises for compliance with relevant environmental
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laws. Sections 23 of the Water Act and Section 24 of the Air Act
specifically permit the board officials to enter any place for the
performance of their functions, including inspection, sampling and
examination of records. The inspection powers allow authorities to enter
and access any relevant documents, to examine any control equipment,
and to collect samples for analysis.The boards are authorized to collect
air, water, soil or other material samples for testing. As per Section 21 of
the Water Act and Section 26 of the Air Act, detailed procedures to be
followed for sampling are prescribed, which include the requirement of
notifying the person in command of the premises about sampling and also
delivering a portion of the sample to him. The laboratory analyzes the
samples, either at the board's laboratory or a recognized laboratory, which

are admissible in court.

Enforcement Powers of State Pollution Control Boards: A

Comprehensive Analysis

State Pollution Control Boards (SPCBs) act as the main regulatory body
who oversee the implementation and enforcement of environmental
legislation in a particular state in India. These authorities, established
under the Water (Prevention and Control of Pollution) Act of 1974 and
guided by subsequent legislation on the environment, serve as the
foundation of state-level environmental governance. They can be
effective in protecting the environment only if they have enforcement
power and the ability to monitor compliance with environmental laws. It
focuses on the vast enforcement powers that SPCBs are granted in relation
to transgressions of environmental law and how these powers may take
on various forms including but not limited to legal undertaking,

administrative orders and prosecution.

SPCB powers are defined in Legislation

SPCBs were established as statutory authorities under the Water

(Prevention and Control of Pollution) Act, 1974, and were granted certain
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powers to prevent and control water pollution. Air (Prevention and Control
of Pollution) Act, 1981, their mandate extended to air pollution control.
They were further empowered under the Environment (Protection) Act,
1986 which provided a framework for environmental protection. Through
SPCBs, a robust legal framework for enforcing and implementing various
environmental laws is provided by all of these legislative
instruments.SPCBs are granted a range of enforcement authorities under
this legal framework. Section 33A of the Water Act and Section 31A of
the Air Act give SPCBs the authority to issue directives for pollution
control and abatement. Section 49 of the Water Act and Section 43 of the
Air Act grant the SPCBs the authority to lodge complaints against
violators. Additionally, SPCBs are empowered by the provisions in these
acts to conduct inspections, gather samples, verify data, and take

enforcement action based on their conclusions.

Power to Issue Directions

Section 33A of the Act gives SPCBs one of the most comprehensive
enforcement powers, enabling them to direct any individual, officer, or
authority to prevent, control, or mitigate environmental pollution. Sections
33A of the Water Act and 31A of the Air Act specifically grant SPCBs
this authority. These orders may mandate that polluting facilities be shut
down entirely or that polluters implement particular pollution control
technologies.SPCBs have a broad range of options that address every facet
of environmental management. It can mandate installation of pollution
control devices in industries; change the manufacturing process to reduce
pollution, carry out environmental audits, file compliance reports and take
remedial action for existing pollution, etc. In extreme circumstances,
SPCBs can issue directions for the shutdown or regulation of electricity
and water supply to the facility causing pollution, thereby stopping
operations until it complies.This is a significant legal weapon—failure to
comply with directions is a violation of environmental laws and invites
stern penalties. Such directions are recognized by the courts as powerful

tools in the hands of SPCBs to safeguard the environment. In instances of
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highly polluting industries, the Supreme Court of India has validated
directions from SPCBs to adopt cleaner technology and stringent pollution

control measures.

Power to Order Closure of Polluting Facilities

One of the strongest enforcement powers available to SPCBs is the power
of closure of polluting facilities. This power derives from the wider power
to give directions contained in Section 33A of the Water Act and Section
31A of the Air Act. When industries consistently fail to comply with
environmental norms or inflict serious pollution that presents an
immediate threat to public health or the environment, SPCBs can close
those units down until they comply with regulations. The shutdown power
has several roles in the environmental enforcement landscape. It is the
immediately available action to end on-going pollution offenses, it deters
willful non-compliance, and it catalyzes industries to invest in clean
technologies and innovations. Amid the economic fallout of closure
orders, including production stoppages, employee furloughs, and
reputational damage, this power can be especially potent in driving
compliance.unsatisfied with the explanation or the severity of violations,
they are at liberty to issue closure orders. The orders can either order the
complete closure of the facility or only specific polluting units. In order to
implement these orders, State Pollution Control Boards, or SPCBs,
frequently collaborate with other agency authorities, including electricity
departments and water supply agencies, to cut off services to the polluting

facilities.

Power to Regulate Electricity and Water Supply

SPCBs have many tools at their disposal to enforce compliance, one of

which a powerful tool is the authority to regulate supply of electricity and

water to polluting installations. The power is distinctly stated in the

directions, proved by the fact that SPCBs can either issue the directions

per-se under Section 33A of the Water Act, and Section 31A of the Air
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Act. SPCBs, through their control of these essential utilities, are able to
ensure compliance to the environment.Different countries have different
ways of regulating the supply of electricity and water. SPCBs have the
authority to order the full disconnection of these services until the
instructions are adhered to. Or, they can order partial limits, restricting
supply to a level high enough to keep the lights on but not enough to allow
full-scale manufacturing. In some cases, SPCBs can issue these as
warnings, and in certain cases, temporary disconnection can also be issued
before an order to permanently disconnect supply.SPCBs& utility
provider co-ordinating these measures SPCBs normally direct electricity
distribution firms and water supply departments to disconnect or regulate
services to entities. Such utility providers are legally obligated to obey
SPCB instructions as any defiance would break environmental laws.This
power to enforce sticks and what sticks show up right away in industrial
operation motivations. Industrial plants cannot operate without
electricity and without water, which means that they are forced to solve
the problem of environmental violations as soon as possible. This power
is particularly helpful in dealing with recalcitrant polluters who might just

ignore fines or legal proceedings otherwise.

Power to File Complaints in Courts

SPCBs have the power to prosecute offenders by filing complaints in a
court for contraventions of environmental law. SPCB are thus specifically
empowered under Section 49 of the Water Act and Section 43 of the Air
Act to file complaints. This authority allows SPCBs to go to the court
when administrative actions are not enough to penalize the violators of
environmental offences. The process of filing complaints can be described
in few steps. SPCBs have to collect evidence of violations first through
inspections, sample analysis and documentation. They prepare formal
complaints articulating the nature of violations, what laws apply to the
facts at hand, and what penalties they seek based on this evidence. These
complaints are then placed before courts of competent jurisdiction, which

generally are Judicial Magistrates of the First Class or Metropolitan
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Magistrates.Various penalties upon conviction include fines and
incarceration, which the courts can order. For offences of the Water Act
and Air Act, specific penalties are prescribed. Certain violations under the
Water Act, for example, attract penalties of up to three months of
imprisonment and fines of up to Rs. 10,000, as well as the latter amount
for every day the violation continues. In the same way, the Air Act lays
down terms of imprisonment and fines for the infringement of its
provisions.Judicial enforcement has many advantages in the
environment. It offers a formal legal process with specific procedures for
presenting evidence, cross-examination and appeals. Court rulings
establish legal precedents that shape future enforcement actions. In
addition, the fear of prosecution and personal liability that both officers of
polluting industries will have to fear from also serves as a powerful

disincentive from committing environmental offences.
Power to Issue Show Cause Notices

Show cause notices are non-punitive enforcement instruments used by
SPCBs before they take stricter steps against those they suspect of
violating rules. These notices have a dual role, informing the alleged
violators that they are out of compliance with environmental laws and
giving them a chance to explain or otherwise defend themselves.lssuance
of show cause notices is a process. When violations are detected during
inspections, monitoring reports or complaints, SPCBs issue notices to the
responsible parties. These notifications usually include information about
the alleged violations, relevant legal provisions, and potential penalties
for non-compliance. They further lay out deadlines during which the
recipients must respond and remedy the situation.Thereafter, we
distinctly create work on show cause notices as key mechanisms for
achieving procedural fairness in environmental enforcement. They honor
the principle of natural justice by providing alleged violators opportunities
to be heard before adverse actions are taken against them. The process
enables SPCBs to make decisions regarding necessary enforcement

action with regard to all relevant factors and circumstances including
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mitigating factors and technical limitations.From a strategic perspective,
show cause notices typically lead violators to comply voluntarily since
they send a signal to violators that their non-compliance has come to the
attention of and will not be tolerated by the SPCB. Most of the targeted
industries respond to these notices in a less formal manner informing
regulatory agencies that they will take corrective action to achieve

compliance without being subject to further enforcement actions.

Power to Levy Environmental Compensation

This straightforward implementation of the "polluter pays™ principle—
which holds that the party that pollutes natural resources, like air and
water, is liable for the expenses related to its pollution-producing
operations—gives local governments the authority to enforce
environmental compensation. SPCBs have the authority to charge the
polluter environmental compensation, which is the cost of returning the
environment to its pre-pollution condition, depending on the kind of
pollution and the length of time it has been present.One or more
environmental laws and court rulings provide the authority for this power.
In a number of cases, the NGT itself has affirmed SPCBs' authority to
enforce environmental compensation. For instance, the NGT
acknowledged the SPCB's authority to impose environmental
compensation for damages caused by stone crushing facilities in Rajasthan
State Pollution Control Board v. Bikaner Stone Crushing Industries
(2015).Environmental compensation is computed using methods
published by regulatory bodies. The time of violation is counted in days
while the total pollution load is measured in terms of the parameter for
example BOD, COD, TSS for water pollution and PM10, SO2, NOx for
air pollution, environmental damage factor is applied based on the gravity
of pollution and deterrence factor is punishable on the ground that the
future violation should be discouraged. These factors are done through
mathematical formulae to reach compensatory amounts based on the
environmental damage caused. The collected environmental compensation

fees are often used in ecological restoration, pollution prevention and
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control and other aspects. SPCBs will spend this money on activities like
cleaning polluted water bodies, afforestation programmes, beautification
of areas to improve air quality. It is this method of applying funds to
compensate for such damage that ensures that compensation performs its
true purpose and magnifies the damage done instead of simply being

punitive.

Power to Conduct Inspections and Sampling

Effective enforcement starts with an accurate assessment of compliance
status; for this reason, the official authority to conduct inspections and
sampling is central to the regulatory functions of the SPCBs. Section 21
of the Water Act and Section 24 of the Air Act specifically give SPCBs
the power to enter any place for inspection, examination, and sampling to
see if one is complying with the respective statutes.Inspection usually
entails going to industrial sites, commercial establishments or other
potential sources of pollution. On these visits, the SPCB officials check
the operation of pollution control equipment, maintenance of
environmental records, implementation of the approved environmental
management plans, and compliance with the conditions of consent. They
also look for signs of pollution visually at discharge points, emission
stacks and the surrounding areas.Sampling is an essential part of the
inspection, and serves as objective evidence of adherence or
transgressions. The SPCBs can be given powers of taking samples of air,
water, soil or any other materials that may be relevant to the premises
being inspected. These samples must be taken using standardized
protocols to make them valid and admissible forensic evidence. The
collected samples are then analyzed in laboratories accredited by the
respective regulatory authorities, and the analysis reports serve as
scientific evidence in enforcement proceedings.Inspection reports and
analyses of the samples can carry considerable legal weight. These
documents are generally accepted by courts and tribunals as direct
evidence of an environmental violation. In the case of M.C. Mehta v.

Union of India (Taj Trapezium Case), for e.g, the Supreme Court, relying
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on SPCB inspection reports and air quality data, concluded that the
emissions from nearby industries were affecting the Taj Mahal and

ordered the relocation of the polluting industries.

Section 24 — Power to give or refuse consent to establish and operate

One of the preventive enforcement powers conferred on SPCBs is to give
or deny consent to establish (CTE) and consent to operate (CTO) to
industries and other facilities. As per Section 25 of the Water Act and
Section 21 of the Air Act, industries are required to obtain such consents
before the establishment or operation of any facility, causing
environmental pollution. The consent mechanism allows SPCBs to control
the sources of pollution even at the stage of planning. SPCBs evaluate
CTE applications in terms of, among other things, the proposed location
(including proximity to sensitive areas), proposed production processes,
estimated pollution loads, adequacy of proposed pollution control
schemes, and compliance with zoning laws. Facilitating the prevention of
potentially worst-case facilities from being set up is accomplished through
this analysis done by SPCBs.Likewise, in the case of CTO giving, SPCBs
assess whether industries have installed all the pollution control measures
mentioned in their CTE and that they are operating optimally and their
facilities are compliant to all the environmental standards. The
assessment usually includes site visits, inspection of pollution control
technologies to verify they were installed, and review of environmental
management systems.The conditions imposed on these consents create
legally binding obligations on the part of the consent holders. Such
conditions can be in the form of emission/effluent quality specifications,
regular monitoring and reporting requirements, guidelines for maintaining
environmental records, and guidelines for taking specific pollution
control measures. Non-adherence to conditions of consent are violative in
nature, thus may lead to various enforcement actions which may include

revocation of consents, criminal proceedings, etc.

Power to Revoke Consent
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Alongside the power to allow consent is the power to revoke or suspend
previously granted consents where companies are not acting to comply
with environmental law or consent conditions. This is the power
conferred by Section 27 of the Water Act and Section 22A of the Air Act
empowering SPCBs to suspend the legal authority of the polluting
facilities to operate.SPCB inspections that find major non-compliance
with consent conditions or environmental standards generally trigger the
revocation process. Based on this report, SPCBs issue show cause notices
to respective industries, allowing them the chance to clarify non-
compliance and offer plans for corrective measures. If SPCBs determine
the explanations are unsatisfactory or the violations are severe after
reviewing responses, consent revocation can take place.The legal
consequences of revoking consent are profound. You cannot operate
without valid consent and it is against environmental laws that expose
industries to penalties including closure directives, disconnection of
utilities, legal action, discovery of centre. Revocation also impacts
industries’ relationships with financial institutions, as many lenders and
investors demand valid environmental consents as conditions for
financing.SPCBs are trained to use the threat of revocation to bring entities
into compliance, rather than immediately implementing the measure. It is
a well-known fact that most of the industries take prompt corrective
measures in response to the show cause notices for revocation. This
enabling SPCBs to continue assuring an organized draining of the broader
environmental compliance timeline to avoid a back to normal process
breach, producing unwanted economic or both the environmental
violations with immediate revocation of pollution control measures and

closure/ shutdown of the facility.

Procedural Safeguards during Enforcement

In spite of holding considerable authority for enforcement, SPCBs are
bound by enough safeguards in procedure as to ensure fairness,
transparency, and accountability. These ensure the powers are not

exercised arbitrarily or frivolously, while still allowing for the swift and
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effective enforcement mechanisms.Natural justice is a key provision with
SPCB enforcement actions. SPCBs are required to give sufficient notices
of the alleged violations and an opportunity to defend themselves, before
they take any adverse actions against alleged violators. This is a fair
requirement usually met by issuing show cause notices that contain the
allegations and allow for a response prior to making enforcement
determinations.Another key safeguard is proportionality, which states that
not all violations are the same and enforcement actions must match
violation severity. They generally adopt graduated enforcement models,
beginning with issuing notices for minor, technical violations and
increasing to stronger action for serious or persistent non-compliance. This
will guarantee that responses to enforcement are not excessive or
insufficient in relation to the environmental hazards at stake.Making
enforcement procedures transparent is an additional safeguard against
arbitrary action. Several SPCBs have brought out enforcement
manuals/guidelines which set out the criteria for various enforcement
actions, inspection and sampling procedures, methodologies for
calculation of environmental compensation and legal protocols. Such
documents help clarify to both SPCB officials and regulated entities what
is expected in terms of enforcement and the processes involved in that
enforcement.Mechanisms of appeal are the necessary safeguards which
make way for a review of the decisions of SPCB. Industries aggrieved by
SPCB enforcement actions can appeal to appellate authorities prescribed
in environmental legislations. For example, under the Water Act and Air
Act, appeals against directions issued by the SPCB can be made to the
state governments within stipulated time periods. Moreover, the National
Green Tribunal serves as a specialized forum for adjudication of
environmental disputes, including challenges to SPCB enforcement of

actions.

Challenges in Enforcement

SPCBs indeed have very strong powers under law, but they often face

challenges in effective enforcement of environmental laws. Such
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challenges include institutional limitations and practically grounding
enforcement actions.Limited resources are considerable drawbacks of the
enforcement power of SPCB. Many SPCBs are staffed inadequately, both
in number and competency as compared to their regulatory responsibility.
This shortage has an impact on all areas of enforcement such as
performing regular inspections to better ensure that they go through the
consent application process in a timely manner and follow-up on
violations in a meaningful way. Such budgetary constraints also hamper
the SPCBs from acquiring the latest monitoring equipment, laboratory
facilities, and information systems to enhance enforcement
capabilities. There are also technical challenges to effective enforcement.
Environmental violations are often technical and scientific and require
specialized skills to discover and address. Emerging pollutants, advanced
industrial processes, and innovative pollution hiding techniques pose
technical challenges for SPCB officials. Also, the changing nature of
industrial operations results in rapid change in pollution pattern, which
calls for frequent update of technical knowledge and monitoring
strategies.Political and economic pressures add another layer of difficulty
in enforcing it. In areas where polluting industries are major contributors
to economic growth and employment, political leaders can pressure
SPCBs to pursue leniency in enforcement. Likewise, legitimate concerns
regarding the economic ramifications of stringent enforcement measures,
particularly regarding potential job loss associated with the closure of
regulated facilities, can serve as an obstacle to the enforcement of these
measures. These pressures occasionally result in selective enforcement or
postponement of enforcement action against violators with political or

economic clout.

Unit 18

5.4 Important Environmental Rules and Notifications

The management and disposal of biomedical waste, management of

municipal solid waste, control of noise pollution, and the safe disposal of
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e-waste. environmental governance through the enactment of rules and
notifications. These rules govern various aspects of protecting the
environment, including countries around the world have passed stringent
laws and guidelines to protect the environment and public health from the
adverse effects of industrialization and rapid urbanization. For example,
India has made tremendous progress in environmental regulation plays a
particularly important role in achieving sustainable development,
contributing to pollution reduction, waste management, and
environmental protection. Many notifications in India from biomedical
waste management to e-waste disposal and protecting the environment for
future generations. Here’s a detailed summary of significant
environmental rules some of the key environmental concerns highlighted
through the rules and notifications discussed here. Such regulations are put
in place for the dual reason of preventing pollution are:Waste
management, pollution control, and environment impact assessment
(EIA).

1. Biomedical Waste (Handling and Disposal) Rules (1998)

Background: The Biomedical Waste (Handling and Disposal) Rules,
1998 were framed under the provisions of “the Environment (Protection)
Act, 1986. These set of rules onto the management of the biomedical waste
generated in hospitals, clinics, nursing homes, and diagnostic labs.
Biomedical waste is defined as waste generated during diagnostic,
treatment and immunization activities that are at a higher risk of
transmitting the infectious disease, which includes syringes, blood stains,
dressing pathological samples and other materials that may carry harmful

pathogens.

Minimizing biomedical waste generation and ensuring its safe handling
and disposal to reduce potential contamination or injury to healthcare
workers and the public are four objectives of the Biomedical Waste Rules.
It contains guidelines for segregating, treating, and disposing of various

types of biomedical waste. They describe the duties of healthcare
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institutions, including correct disposal methods for each waste type,

appropriate employee training and the role of waste disposal contractors.

Biomedical Waste Management Rules: Comprehensive Framework

for Healthcare Safety and Environmental Protection

Biomedical waste disposal management is one of the significant elements
of the functioning of a healthcare facility as it has long-lasting effects on
the health of individuals, environmental health, and personal safety.
Biomedical waste management rules establish a comprehensive regulatory
framework for ensuring a systematic approach to handling, treating, and
disposing of potentially hazardous materials generated by healthcare
activities. The history of these regulations reveals the changing nature of
clinical practice, environmental awareness, and public health issues over

centuries.

Foundation of Biomedical Waste Management

Modern biomedical waste management is based on the understanding that
the activities of healthcare generate different categories of waste, most of
which are potential health hazards or environmental pollutants. The main
goals of the biomedical waste management rules focus on reducing
infection risk, preventing environmental pollution, and protecting health
care workers by limiting occupational exposure. They cover all aspects of
waste management from waste generation to disposal and create a linked
chain of responsibility that includes healthcare facilities, waste collection

centers, treatment facilities, and regulatory bodies.

Biomedical waste is further categorized according to various treatment
methods according to the national regulations and guidelines for
biomedical waste management. Healthcare waste classification system
forms the basis for efficient waste management practices that aid the
healthcare establishments in their appropriate mix of segregation,
handling, and disposal methods. These waste generated are typically

classified into seven categories; these includesl In which Infectious
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waste, Pathological or anatomical waste, Pharmaceutical waste, Sharps
waste, Chemical waste, Radioactive waste, and General non-hazardous

waste are to be disintegrated.

Waste Segregation Protocols

One of the most basic premipses of biomedical waste management norms
is the segregation of waste appropriately. It is a colour coding mechanism
that helps to identify waste so that it can be handled properly and disposed
of accordingly. Color coding assigns specific colors to different waste
categories, providing a standard approach among healthcare
facilities.Although there are slight variations between different
jurisdictions, the color-coding system is consistent with international
standards. Yellow bins are used for collecting highly infectious waste,
which consists of laboratory cultures, tissues, and body fluids.
Contaminated plastics tubing and disposable equipment to be autoclaved
or microwaved should place in red containers. Sharps waste, including
needles, scalpels and broken glass, is usually stored in blue or white
containers with a blue stripe. Black containers: This is the common waste
that can be general and non-hazardous waste similar to the municipal
waste.Such segregation has to be done at the point of generation, which
implies that the healthcare workers have to be trained to identify the types
of waste and dispose of them in the suitable containers at the end of their
usage. By mobilizing and segregating the waste at the source, the volume
of waste that needs special processing is drastically reduced, thus lowering

both costs and environmental impact while maximizing safety

Treatment Methodologies

Biomedical waste management rules specify treatment methods for
different waste categories based on the level of hazard and impact on the
environment. These types of treatment technologies seek to make the
waste non-infectious, unrecognizable and safe to dispose of. Choice of
treatment methods depends upon waste type, technology available,
economic factors, and the environmental regulations.Incineration is one
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of the oldest and most common treatment methods for biomedical waste
and is used primarily for pathological and highly infectious waste.
Modern incinerators are designed to burn extremely high at temperatures
for example 1000°C to achieve the conditions for complete consumption
of organic matter and full destruction of pathogens. However, air pollution
concerns, especially relating to dioxin and furan emissions, have resulted
in stricter regulations for incineration facilities and a shift towards

alternative technologies.

Autoclaving has become a popular option for treating many categories of
biomedical waste. This steam sterilization process involves exposure of
the waste to high-pressure saturated steam at 121-134 °C for certain time
periods, eliminating microorganisms without burning air pollution issues
related to incineration. Note that autoclaving is well suited for laboratory
waste, sharps and contaminated plastics but not necessarily for
pathological waste or pharmaceutical waste.Microwave treatment is an
alternative thermal treatment process that includes shredding and
moistening waste, followed by exposure to microwave radiation. That
process heats the waste to temperatures high enough to kill pathogens
while generating only small quantities of emissions. Chemical disinfection
brings in chemical agents like sodium hypochlorite, peracetic acid, or
quaternary ammonium compounds to eliminate (kill) or render (inactivate)
diseases causing microbes, prior to appropriate waste disposal.Emerging
newer technologies like plasma pyrolysis and hydroclaving provide better
efficiency and lesser environmental toxicity. The further treatment of
waste (biomedical, radioactive etc.) is designed to make waste harmless,

or at least minutely decrease hazards associated with waste disposal.

Transportation and Storage Requirements

Biomedical waste management rules prescribe strict guidelines for waste
transportation and storage to minimise the risk of environmental pollution
as well as exposure. These include requirements for the containers

themselves, such as specifications, labeling, storage conditions, and

201

MATS Centre for Distance & Online Education, MATS University

NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY



NOTES
ENVIROMENTAL
& ANALYTICAL
CHEMISTRY

transportation.Storage containers have to be leak-proof, puncture-resistant
and must withstand the stresses of handling that comes with waste
collection and transportation. Containers must be identifiable with the
biohazard symbol and information describing the type of waste, its source,
and its date of collection. In healthcare facilities, storage areas should be
kept locked, well-ventilated, and protected from environmental factors
(such as rain and direct sunlight). They typically state how long waste
may be stored, with most jurisdictions setting a 48-hour limit for
treatment after it is generated.The design of transport vehicles must
comply with certain laws and performance limitations to avoid spilling or
leaking during transport. These vehicles tend to have different area per
compartment for different waste categories as well as climate control
systems to avoid decomposition and reserving equipment for spillage.
Specialized training in both the procedures required for the handling of
waste and the actions to be taken in the case of emergency situations,
which could include spills or other accidents, must be provided for all
drivers and handlers that will work on the facility. These include waste
tracking forms that travel with each shipment, making a chain of custody
from generation through final disposal. This documentation assists in
holding all relevant parties accountable at each stage of the waste

management process and aids in overseeing regulatory compliance.

Occupational Health and Safety Measures

Protection of health-care workers and waste handlers is a key focus of
biomedical waste management rules. These rules require extensive
occupational health and safety practices to reduce exposure risks and avoid
injuries related to waste disposal, transport, and treatment.The personal
protective equipment typically required by personnel handling
biomedical waste includes gloves, masks, protective eyewear, and
impermeable gowns or aprons. Different types and handling of waste will
dictate specific PPE requirements, with more hazardous waste types
requiring increased levels of protection.Undertaking a training programs

is another crucial part of occupational safety measures. Detailing
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comprehensive training for all staff members who conduct waste
management activities on waste segregation, container management, spill
response, and infection prevention/control methods. This training needs
to be continuously updated to align with new regulations and best

practices, and refresher courses are generally required every year.

Based on type and frequency of potential exposures, immunization
programs, especially hepatitis B, tetanus, and other pathogenic diseases,
are also mandatory for waste handlers to serve as an extra precaution
against infectious agents. Healthcare programs should keep immunization
registers and ensure that everyone is vaccinated before treating waste. This
includes having mechanism in place for reporting incidents (accidents,
injuries, or exposures), and procedures for dealing with them, related in
particular to the handling of waste. They not only streamline the
immediate medical response when needed, but also serve as a basis for
recognizing patterns or trends in repeated behaviors in order to modify

practices or provide additional training when warranted.

Record-Keeping and Documentation

Documantation and record keeping requirements will be integral part of
biomedical waste management rules. Documenting waste management
activities also generates a paper trail that evidences regulatory
compliance,  underpins  oversight, and enables  continuous
improvement.Waste generation records should include the type and
amount of waste generated by each department or unit within a health care
facility. Such data is useful for the analysis of iterative steps in waste
disposal areas and help to focus on waste reduction or segregation
process.Documentation of treatment and disposal must be prepared and
shall include treatment methods, operating parameters, and final disposal
locations, for each shipment of waste. This ensures that the waste has been
properly treated and disposed of in line with regulatory requirements.All
waste management training programs shall be recorded including the

coverage and training hours and the participants. These records help verify
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that all staff receives proper training and assist facilities in identifying

staff members that may need additional training or refresher courses.

All accidents, spills, or exposures associated with waste handling, along
with actions taken in response to such incidents, must be documented in
incident reports. Such reports are used to search for emerging safety issues
and to assist in the development of corrective action to avoid
recurrence.Another documentation requirement is regular audits and
inspections, most healthcare facilities are required to perform internal
audits of waste management practices and maintain records of these
audits. The relevant authorities shall document external reviews,

including findings and corrective measures.

Regulatory Compliance and Enforcement

They provide a framework that covers, inter alia, compliance monitoring,
enforcement arrangements, and penalties for violations. They also ensure
that healthcare facilities and waste management companies comply with
the standards and practices.Regulatory agencies usually perform routine
inspections of health facilities, waste transporters or treatment facilities in
accordance with their waste management obligations. Inspections can be
regular or surprise, and inspectors check for waste segregation, the
labelling of containers, storage conditions, treatment equipment and
documentation.In some jurisdictions, electronic media reporting systems
have been implemented to reduce the burden of this process and improve
the quality of the data.lf compliance does not follow a graduated approach
starting from warnings and corrective action orders for a minor or first-
time violation. This citations are usually minor and rectified, but more
serious or repeat violations can lead to fines, temporary closure and even
federal charges in willful violation cases that have serious consequences

and result in great harm and environmental damage.

Environmental Impact Considerations
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Biomedical waste management rules increasingly also take into
consideration broader considerations about how to respond to the potential
impacts on the environment beyond immediate health and safety issues.
These provisions are a response to the growing acknowledgment of the
potential long-lasting effects of waste disposal practices on ecosystem
health and environmental sustainability. Air emissions limit the release of
particulate matter, heavy metals, dioxins, furans, and other pollutants, and
are primarily applicable to incineration facilities. Modern incineration
facilitates must incorporate advanced air pollution control systems—
scrubbers, fabric filters, continuous emission monitoring equipment—to
keep in compliance with these standards.Legislation for waste water
discharge considers the environmental exposure to liquid waste generated
by healthcare institutions and the methods of treating waste. These
regulations generally ban the release of unprocessed biomedical waste into
community sewage systems and may mandate on-site pre-treatment of
specific waste streams before they are released.New regulations are
increasingly prohibiting untreated biomedical waste from being
landfilled. If treated waste is disposed of in landfills, these types of
facilities require appropriate design criteria to minimize leachate
migration into ground and surface waters.Assessments of impacts to air
quality, water resources, soil conditions and community health help guide

siting decisions, and mitigation measures based on those assessments.

Implementation Challenges and Strategies

Therefore, there are challenges in the implementation of biomedical waste
management rules, especially in settings with limited resources. Effective
approaches to these challenges must strike a balance between regulatory
expectations and the practicalities of crossover development.Infrastructure
limitations are especially challenging in different parts of the world,
particularly in developing nations that have inadequate or limited
accessibility to waste treatment facilities. Regional cooperation to ensure
that treatment facilities are not only affordable for municipalities but also

provide adequate capacity to each region, public-private partnerships to
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help build the infrastructure for waste treatment facilities, and promotion
of waste minimization and non-incineration treatment technologies are
some of the strategies to address this challenge.Cost considerations
represent another challenge to implementation; effective waste
management carries an "upfront investment” of equipment (e.g.,
containers, heavy equipment, treatment facilities), as well as personnel
training. Given that healthcare facilities have to bear these costs, they need
to include them in operating budgets—possibly via waste management
fees or other cost recovery mechanisms. Some governments subsidize
healthcare or international programs provide funding support to help

mitigate these costs, especially in low-resource settings.

Awareness and behavioral change may be the most basic implementation
challenges. There exists a need for continuous reiteration and training of
good solid waste segregation and management practices amongst
healthcare workers. Such behavioral-change initiatives can take many
forms, including regular training sessions, visual reminders posted in areas
that generate waste, recognition programs for departments that
demonstrate exemplary practices, and integration of waste management
responsibilities into performance evaluations.The monitoring and
enforcement capacities differ significantly in different jurisdictions and
some regulatory authorities do not have the personnel or other resources
to carry out regular inspections and enforce compliance. This can be
achieved through risk-based inspection frameworks, self-reporting
requirements validated either through stakeholder engagement and
verification mechanisms, as well as alliances with professional

associations and accreditation bodies to normalize voluntary compliance.

Evolution of Biomedical Waste Management Rules

Over the years the biomedical waste management rules have developed
and improved based on epidemiological studies, environmental studies
and technological advancements. This evolution progresses as new
challenges arise and innovative solutions evolve. Although these infections

were early issues for regulatory bodies, the founding regulations that came
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out represented primarily infectious disease issues, where the emphasis
was placed on proper handling and disposal of sharps and other infectious
types of materials. As the impacts of the incineration became better
understood, the regulations broadened, shielding not just the air around
an incineration site but also its emissions into groundwater, into
punctuated ecosystems.New healthcare technologies have also required
constant updates to improve waste classification and treatment standards.
As mentioned earlier, the rise in use of single-use medical devices, creates
a higher volume of plastic waste, thus necessitating more emphasis on
segregating the non-infectious plastics for recycling. Advancements in
molecular diagnostics and gene therapy have increased diversity in waste

streams needing unique handling and treatment methods as well.

Efforts to harmonize biomedical waste standards have aimed to unify the
biomedical waste management process across different jurisdictions,
which will allow for uniformity in practices and, in some cases, even
cross-border disposal. Regulatory frameworks, shaped by international
entities like the World Health Organization, provide guidance and best
practices that serve as a foundation for national and regional policies,
encouraging a global harmonization of biomedical waste management
practices.Emerging trends on biomedical waste management regulation
will likely focus on waste minimization and the adoption of circular
economy principles, whereby healthcare facilities will be incentivized to
decrease its waste generation via their procurements policies, explore
reusable substitutes and enhance their segregation practices. Incinerators
will face stricter restrictions, and non-burn treatment technologies will be

more widely used.

Administrative Framework and Institutional Responsibilities

Biomedical waste management rules largely provide a clear administrative
framework and demarcation of responsibilities of different stakeholders in
the waste management process. For this reason, the accountability and

allocation of waste management resources are designed through this
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framework that allows for an analysis of all the components of the
integrated waste management system.The main responsibility for waste
management practices within institutions falls to their administrators. This
encompasses the provision of essential infrastructure, setting up facility-
specific protocols, ensuring staff training, and monitoring adherence to
regulatory obligations. Many facilities designate a waste management
official or committee to oversee these activities and act as a liaison with
regulatory authorities.Specific operational standards apply to waste
management companies that transport, treat, and dispose of waste, and
they must also obtain any necessary permits or licenses. The companies
take over the responsibility for waste as soon as it leaves the doors of
healthcare facilities, handling, treating and disposing of it in accordance

with regulations.

Rules related to the management of biomedical waste are developed and
enforced by the national, regional or local regulatory agency. The
inspections, compliance reviews, treatment facility permits, and
enforcement actions are handled by these agencies. They can also develop
guidelines, training, and technical assistance to help practitioners
implement these solutions.In fact, many professional associations or
accreditation bodies will complement and support such initiatives by
providing resources and facilitating the exchange of knowledge between
healthcare providers. They may include guidelines, training programs,
and waste management criteria for accreditation standards as additional

incentives for proper implementation.
Waste Minimization and Recycling Initiatives

Although traditional biomedical waste management regulations
emphasize safe handling and disposal, newer regulations have included
waste minimization and recycling elements. These elements reflect
increased recognition of the environmental and economic benefits of
reducing the amount of waste that is generated and, where possible,
recovering resources.Procurement polices are an important entry point

with regards to efforts aimed at waste minimization. Healthcare facilities
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are being increasingly encouraged or mandated to assess a product’s
waste footprint prior to purchasing it and to choose products that minimize
packaging, are long-lasting, or reusable, when clinically appropriate.
Certain regulations specifically call on healthcare facilities to draft and
implement procurement policies that give high priority to waste
reduction.Recyclable materials are separated from the general waste
stream in many healthcare facilities. Various soft materials, like paper,
cardboard, clean plastics, and glass can be processed through traditional
recycling programs, which can help mitigate the amount of waste needing
specialized disposal. Certain regulations require healthcare facilities to

have recycling programs for non-hazardous materials.

Reprocessing of single-use devices has become a controversial yet more
tightly regulated practice. Some single-use devices can be cleaned,
sterilized, and reused under carefully controlled conditions, which
minimizes waste generation and reduces procurement costs. Regulations
set strict criteria defining boundaries for devices that can be reprocessed,
the validation required for reprocessing methods, and the limits of the
number of reprocessing cycles.A related waste diversion strategy is the
composting of food waste and other organic materials from non-clinical
areas. Some regulations specify that composting these materials may be
authorized (or even obligatory) for healthcare facilities, significantly
lowering the amount of general waste to manage and generating an

excellent soil amendment.

Emergency Preparedness and Contingency Planning

Currently, the available biomedical waste management rules include
emergency preparedness and contingency planning requirements that
reinforce the continuity of waste management processes during disasters,
equipment breakdown and any other disruptions. This language
acknowledges that Poor waste management during crisis settings further
increase public health stand environmental harm.Contingency plans tend

to cover situations like broken equipment, electrical outages, transport
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disruptions or natural disasters. The organization governs procedures
around operational disruptions like labour shortages, delivery turmoil,
equipment failures or catastrophic events such as natural disasters,
providing alternative processes for waste management, contingency
storage and treatment, thus allowing safe and continued waste
management under challenging operational conditions.Remedial action
plans in advance should identify alternative treatment arrangements by
establishing contracts/agreements with alternate healthcare facilities or
waste management companies that can be used as back up facilities when
the primary treatment systems are not available. Such arrangements might
involve details related to transportation logistics, cost structures, and

protocols to transfer waste to other facilities.

Temporary storage provisions specify the allowed storage time and
conditions during emergencies. Such laws usually allow for extended
storage times beyond what is normally permitted as long as certain
precautions are taken to prevent exposure risks and harm to the
environment.Your emergency response procedures should be tailored to
potential incidents — spills, leaks and exposures — and include initial
containment and decontamination protocols, what needs to be reported and
follow-up response activities. Healthcare facilities shall maintain
emergency response equipment and supplies, including spill kits, personal
protective equipment and decontamination materials to be accessible

throughout the facility.
Community Engagement and Public Transparency

Modern biomedical waste management rules are increasingly
incorporating various mechanisms for community engagement and
transparency, based on the understanding that communities have a
legitimate interest in activities that might impact on their public health and
environmental quality. By promoting accountability in waste
management practices, these provisions contribute to trust-building
between healthcare facilities and the communities they serve.The

Biomedical Waste Management Rules were amended in 2016 to
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strengthen and broaden them. The amendments were made to strengthen
compliance through penalties for breaches and to promote the use of
green technologies for waste disposal.The Biomedical Waste (Handling
and Disposal) Rules play a critical role in protecting public health,
particularly against the backdrop of mounting healthcare waste from
burgeoning healthcare activity. These rules applied correctly, avoid
propagating infectious diseases and promote cleanliness in medical

facilities.

2. Recycled Plastics Manufacture and Usage Rules (1999)

To combat the increasing plastic waste issues, the Recycled Plastics
Manufacture and Usage Rules (1999) were enacted. Most types of waste
are plastics, most of which are non-biodegradable, making them a huge
environmental menace. Plastic pollution from irresponsible disposal
causes material accumulation in waterways, causing drainage blockage
and the contamination of bodies of water, resulting in harm to ecosystems
and human life. Moreover, plastics are frequently full of dangerous
chemicals that can migrate into the environment.They are based on a
paradigm that aims to regulate the manufacturing, usage and recycling of
plastics to reduce their impact on the ecosystem. The rules are part of the
Consolidated Waste Management Framework for India and were framed
under the Environment (Protection) Act, 1986. They aim to advocate for
the recycling of plastic products at the same time that they are entering a

safe and environmentally sound recycling process.

Key features of the Recycled Plastics Manufacture and Usage Rules
(1999) include:

o Regulation of Plastic Production: The rules set standards for the
production of recycled plastics, ensuring that only certain types of
plastics are allowed to be used for manufacturing products. The
quality of recycled plastic products must meet specific standards
to ensure that they do not pose health risks.
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o Recycling Facilities: The rules provide guidelines for the
establishment and operation of recycling facilities. Recycling
operations must be conducted in compliance with environmental
safety standards to minimize contamination and reduce the risks of
environmental pollution.

o Labeling Requirements: Plastic products made from recycled
materials must be clearly labeled to indicate their content. This
allows consumers to make informed choices and promotes the use
of recycled products.

o Waste Management Responsibilities: Producers, importers, and
brand owners are responsible for the collection, recycling, and
disposal of plastic waste generated by their products. The rules
encourage the industry to adopt extended producer responsibility
(EPR), which is a concept that holds manufacturers accountable
for the entire lifecycle of their products.

The revision also aimed to make EPR schemes more effective, outline
collection and recycling targets and raise awareness of the detrimental
impact plastic pollution has on the environment. In 2011, these
normswere re-formulated and brought under the Plastic Waste
Management Rules to address emerging challenges of plastic waste such

as increasing single-use plastic and non-recyclable plastic waste.

3. Municipal Solid Waste (Management and Handling) Rules (2000)

The Ministry of Environment, Forests and Climate Change introduced the
Municipal Solid Waste (Management and Handling) Rules (2000) for the
regulation of the management and handling of solid waste produced by
urban areas. Municipal solid waste (MSW) includes household waste,
commercial waste, demolition debris, and some industrial wastes that are
not excluded by regulation. With the pace of urbanization, the quantum of
municipal waste has increased considerably, resulting in environmental

degradation, health hazards, and increased use of landfills.
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The objectives of the MSW Rules (2000) basically include the control of
municipal waste in a way so that its adverse effect on the public health
and environment is reduced. The guidelines are designed to create a
mechanism for the collection, segregation, transportation, processing and

disposal of solid waste.
Key provisions of the MSW Rules (2000) include:

o Waste Segregation: The rules emphasize the segregation of waste
at the source, i.e., households, commercial establishments, and
other waste-generating entities. Segregation is intended to ensure
that recyclable materials, biodegradable waste, and non-recyclable
waste are treated and disposed of appropriately.

e Waste Collection and Transportation: Municipalities are
responsible for establishing waste collection and transportation
systems. These systems must be designed to reduce the risk of
contamination and ensure the efficient movement of waste to
treatment facilities.

e Waste Processing and Recycling: The rules promote recycling
and composting as key methods of waste processing. Local
authorities are encouraged to set up recycling centers and
composting units to reduce the amount of waste that ends up in
landfills.

o Landfill Management: Landfills are seen as the last resort for
waste disposal. The rules outline proper landfill design, operation,
and closure procedures to minimize environmental contamination,
particularly from leachate and methane emissions.

e Public Awareness and Participation: The MSW Rules
emphasize the importance of public awareness and participation in
waste management efforts. Citizens are encouraged to segregate
waste at the source, reduce waste generation, and participate in

local waste management initiatives.
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Though MSW Rules (2000) were a first in the country, but the
mountingpressure of urban waste in recent times made it ripe for a revision
and thus the Solid Waste Management Rules (2016) emerged, which
mandates stricter waste segregation, waste-to-energy technologies and a

more stringent implementation mechanism.

4. Noise Pollution (Regulation and Control) Rules (2000)

To combat this growing menace, the Central Government of India
incorporated the rules under the Environment (Protection) Act,1986 came
up with The Noise Pollution (Regulation and Control) Rules (2000).
Sound, which commonly occurs as a result of human activities including
but not limited to traffic, industrial processes, construction sites, and
public activities, poses a major environmental risk with the potential to

negatively impact human health and well-being.

OMPWE guidelines (2000) specifies the permissible noise levels for
various zones (residential, commercial, industrial) and for specific times
of the day The guidelines are intended to reduce noise pollution and limit
the adverse effects it can have on people, such as hearing loss, sleep

disturbances, and heightened stress levels.

Key features of the Noise Pollution (Regulation and Control) Rules
(2000) include:

e Noise Standards: The rules set permissible noise limits for
different zones, such as residential areas (55 dB during the day, 45
dB at night), commercial areas (65 dB during the day, 55 dB at
night), and industrial areas (75 dB during the day, 70 dB at night).
These limits are designed to minimize the impact of noise on
public health.

e Prohibition of Certain Activities: The rules prohibit the use of

loudspeakers, sound systems, and fireworks in areas and at
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Specific guidelines are provided for regulating noise from construction

sites, vehicles, and other sources.

o Enforcement and Penalties: The rules provide mechanisms for
monitoring and enforcing noise limits, with penalties for non-
compliance. Local authorities are tasked with ensuring that noise
levels are within prescribed limits and that violations are penalized.

e Public Awareness: The rules emphasize the need for public
awareness programs to educate people about the harmful effects of
noise pollution and to encourage citizens to be mindful of noise

levels in residential areas and public spaces.

By addressing the issue of noise pollution, these rules contribute to
improving the quality of life in urban environments, reducing stress, and

enhancing public health.

5. Environmental Impact Assessment (EIA) Notification (2006)

One of the most important regulatory mechanisms supporting sustainable
development in India is the EIA Notification (2006) and the regulatory
framework it embodies. Before a project is approved, its potential effects
on the environment, whether positive or negative, are evaluated through
an Environmental Impact Assessment (EIA). According to the EIA
Notification (2006), projects falling under specific categories must
undergo an EIA process, which evaluates possible environmental effects
and suggests actions for environmental management.As part of the EIA
process, the project's effects on biodiversity, land use, air quality, water
resources, and human health are thoroughly examined. An expert panel
reviews the report that contains the EIA results. If environmental clearance
is granted, it will be contingent upon compliance with the specified
conditions and will be based on the evaluation of all the features that make

up the project's salient features.

Among the main features of the EIA Notification (2006) are: ¢ Project

classification: the notification divides projects into two groups, known as
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Category A and Category B. While Category B projects need approval
from state-level authorities, Category A projects need approval from the

federal government.

* Public Consultation: Local communities and stakeholders can express
their concerns regarding a project's possible environmental impact through

the EIA process's provisions for public consultation.

 Mitigation Measures: Strategies to lessen adverse environmental effects,
such as actions to cut pollution, preserve biodiversity, and safeguard

natural resources, must be included in the EIA report.

The EIA Notification (2006) has been revised multiple times to ensure
that the EIA process is more effective and transparent, and to include new

types of projects within its ambit.

6. E-Waste (Management and Handling) Rules (2011)

Challenges Posed by Separate E-Waste Management before 2011 The E-
Waste (Management and Handling) Rules(2011) were brought into effect
as a response to the increasing menace of electronic waste (e-waste). E-
waste is classified as unwanted electrical and electronic devices like
computers, phones, televisions, refrigerators, and batteries. It is full of
toxic heavy metals such as lead, mercury and cadmium, which can harm

public health and the environment.

e With extended producer responsibility (EPR), the E-Waste Rules
(2011) aim to reduce the amount of e-waste produced while

guaranteeing its safe collection, recycling, and disposal.
Important clauses in the 2011 E-Waste Regulations include:

* Producer Responsibility: The collection, recycling, and disposal of e-
waste produced by electrical and electronic equipment are the
responsibilities of the manufacturers. They must collaborate with

approved recyclers and set up collection centres.
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» Collection and Recycling: The regulations require that e-waste be
collected and recycled safely. In order to ensure that hazardous materials
are handled appropriately, they also establish standards for the correct

disassembly and recycling of electronic devices.

* Consumer Awareness: Under the regulations, manufacturers must
educate consumers about the negative consequences of inappropriate e-

waste disposal and the importance of recycling.

* Penalties for Non-compliance: Under the regulations, producers who
disregard their EPR responsibilities as well as organisations that handle or

dispose of e-waste inappropriately face penalties.

Since e-waste, if not managed correctly, can pose a great deal of health
and environmental risks, the E-Waste Rules (2011) have played a pivotal

role in ensuring thegrowing pile of e-waste in India is properly managed.

Summary

Pollution Control Boards play a pivotal role in implementing and
enforcing environmental laws and regulations at the state and central
levels. The Central Pollution Control Board (CPCB) and various State
Pollution Control Boards (SPCBs) are responsible for monitoring
pollution levels, setting emission standards, and ensuring industries
comply with environmental norms. These boards also assess the
environmental impact of projects, provide guidance on pollution
prevention, and engage in public awareness activities. The boards' work is
critical in controlling pollution, ensuring that industrial activities do not
harm the environment or public health. They serve as regulatory
authorities, playing a key role in the implementation of environmental

laws like the Environmental Protection Act.

In addition to the major environmental laws, several important
environmental rules and notifications have been established to regulate
specific sectors and address emerging environmental concerns. These
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include the Water (Prevention and Control of Pollution) Act, the Air
(Prevention and Control of Pollution) Act, the Hazardous Waste
Management Rules, and the Forest Conservation Act, among others.
These rules and notifications provide a detailed framework for pollution
control, waste management, and conservation efforts. They often include
guidelines for industrial operations, urban planning, and waste disposal,
with the aim of reducing environmental harm. By providing specific
instructions and standards, these regulations are integral to promoting
sustainable development and minimizing the ecological footprint of

human activities.

Together, these laws and institutions form a comprehensive system
designed to safeguard environmental quality, ensure public health, and
promote sustainable practices across industries. They play a crucial role in
balancing industrial development with environmental preservation and in

advancing India's environmental protection goals.

SELF ASSESSMENT QUESTIONS

Multiple-Choice Questions (MCQs)

1. The Environmental Protection Act (EPA) of 1986 was enacted in
response to:
a) The Minamata disaster
b) The Chernobyl nuclear accident
c¢) The Bhopal gas tragedy
d) The Deepwater Horizon oil spill

2. Under the Environmental Protection Act (1986), the Central
Government has the power to:
a) Set environmental standards

b) Shut down polluting industries
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c¢) Regulate hazardous substances

d) All of the above

The Public Liability Insurance Act (1991) was introduced to:

a) Provide compensation for environmental damage

b) Cover liability for nuclear accidents

¢) Provide insurance coverage for victims of hazardous industries

d) Promote sustainable tourism

The Central Pollution Control Board (CPCB) is responsible for:
a) Controlling noise pollution only

b) Setting environmental standards and guidelines

¢) Conducting land acquisition for industries

d) Regulating international trade

The State Pollution Control Boards (SPCBs) derive their powers
from:

a) The Air (Prevention and Control of Pollution) Act

b) The Water (Prevention and Control of Pollution) Act

¢) The Environmental Protection Act

d) All of the above

The Biomedical Waste (Handling and Disposal) Rules (1998)
regulate:

a) Disposal of electronic waste

b) Management of hazardous chemicals

¢) Handling and disposal of medical and clinical waste

d) Noise pollution near hospitals

The Noise Pollution (Regulation and Control) Rules (2000)
specify permissible noise levels in:

a) Industrial areas

b) Residential areas

¢) Silent zones

d) All of the above
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8. The Environmental Impact Assessment (EIA) Notification (2006)

requires:

a) Industries to pay a pollution tax
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d) Government funding for green projects

9. The E-Waste (Management and Handling) Rules (2011) aim to
regulate:
a) Disposal and recycling of electronic waste
b) Handling of radioactive substances
¢) Reduction of plastic pollution

d) Air pollution control

10. The Recycled Plastics Manufacture and Usage Rules (1999)
prohibit:
a) The use of plastic bags in food packaging
b) The production of recycled plastic
c¢) The import of plastic waste

d) The use of biodegradable plastics
Short Answer Questions

1. What are the key objectives of the Environmental Protection Act

(1986)?

2. How does the Public Liability Insurance Act (1991) provide

compensation for victims of environmental accidents?

3. What are the major functions of the Central Pollution Control
Board (CPCB)?

4. How are State Pollution Control Boards (SPCBs) different from

CPCB in terms of jurisdiction?

5. What are the main provisions of the Biomedical Waste (Handling

and Disposal) Rules (1998)?
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10.

How do the Municipal Solid Waste (Management and Handling)
Rules (2000) regulate waste disposal?

What is the role of the Environmental Impact Assessment (EIA)

Notification (2006) in industrial development?

How do the E-Waste (Management and Handling) Rules (2011)

help reduce environmental pollution?

Explain the importance of the Noise Pollution (Regulation and

Control) Rules (2000) in urban areas.

What is the significance of the Recycled Plastics Manufacture and
Usage Rules (1999) in controlling plastic pollution?

Long Answer Questions

1.

Explain the key provisions and objectives of the Environmental

Protection Act (1986) and how it relates to the Water and Air Acts.

Discuss the Public Liability Insurance Act (1991) and how it

ensures compensation for victims of environmental hazards.

Describe the structure, powers, and functions of the Central and

State Pollution Control Boards (CPCB & SPCB).

Compare the different environmental rules and notifications such
as the Biomedical Waste Rules (1998), Noise Pollution Rules
(2000), and E-Waste Rules (2011).

Explain the significance of Environmental Impact Assessment
(EIA) Notification (2006) in evaluating industrial and

infrastructural projects.

Discuss the pollution control mechanisms implemented under

different environmental laws and regulations in India.

How does the Municipal Solid Waste (Management and Handling)

Rules (2000) help improve urban waste management?
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8. Explain the sources and effects of electronic waste, and how the E-

Waste (Management and Handling) Rules (2011) address the issue.

NOTES 9. Discuss the importance of the Noise Pollution (Regulation and
ENVIROMENTAL Control) Rules (2000) and the challenges in enforcing them.
& ANALYTICAL
CHEMISTRY 10. Analyze the current legal framework for environmental protection

in India, including its effectiveness and areas for improvement.
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	MODULE 1
	ATMOSPHERIC ENVIRONMENT AND CHEMISTRY
	1.2 Biogeochemical Cycles
	Key Components of the Carbon Cycle

	Climate change and the carbon cycle are closely related.  The amount of carbon dioxide in the atmosphere has a major influence on the world temperature. Higher concentrations of carbon dioxide keep heat inside Earth’s atmosphere, resulting in the gree...
	U ITNitrogen Cycle
	Another vital biogeochemical cycle is the nitrogen cycle which converts nitrogen into a variety of chemical forms to include organisms to grow and reproduce. Nitrogen, abundant in the atmosphere, is present in proteins, nucleic acids (such as DNA and ...
	Key Components of the Nitrogen Cycle

	Phosphorus Cycle
	The phosphorus cycle is the process of movement of phosphorus throughout the biosphere, atmosphere, and geosphere. The phosphorus cycle primarily involves soil, water, and living things. In contrast to carbon and nitrogen, phosphorus does not exist in...
	Key Components of the Phosphorus Cycle

	Sulfur Cycle
	The group of mechanisms that transfer sulfur is known as the sulfur cycle.  between the land, ocean, and atmosphere of Earth in multiple oxidation states. Sulfur is an important element for life due to its presence in amino acids (cysteine and methion...
	Key Components of the Sulfur Cycle

	1.3 Atmospheric Chemistry
	Atmospheric chemistry is focused on the chemicals in our atmosphere and the reactions that occur. It offers a deeper understanding of the mechanisms in play that affect the behavior of the atmosphere, such as how pollutants are formed, the role of tra...
	Chemical Composition of the Atmosphere
	Nitrogen (78%) and oxygen (21%), with trace amounts of other gases including argon (0.93%), carbon dioxide (CO₂), and neon, make up the majority of the atmosphere on Earth, helium, methane, and ozone. Atmospheric chemistry, however, also includes trac...
	Particles, Ions, and Radicals
	2. Ions: Charged particles called ions are present in the atmosphere and can be created by a number of processes, including chemical reactions, cosmic rays, and solar radiation. These ions are involved in lightning, ionisation, and aerosol formation, ...
	3. Radicals: Free radicals are extremely reactive atoms or molecules with unpaired electrons. Due to their ability to start and spread numerous chemical reactions, these species are essential to atmospheric chemistry. Both the natural processes of the...
	Formation Mechanisms
	Pollutant breakdown, ozone production, and smog are all caused by atmospheric chemical and photochemical reactions. Because these reactions are frequently intricate and multi-step, catalysts and intermediates are used. Below is a description of some o...
	Smog Formation (Photochemical and Classical Smog)
	Reactions of NOx, SOx, CO, and Ozone Formation
	Chlorofluorocarbons (CFCs) and Ozone Depletion

	Environmental Effects
	The implications of what takes place in the atmosphere through the interaction of chemicals does result in changes on the environment. Pollutants that enter the air from both human and natural sources can result in adverse effects on human health, the...
	Acid Rain and Its Consequences
	Acid rain is any precipitation—rain, snow, sleet, or fog—that is more acidic than usual and brought on by air pollutants such as nitrogen oxides (NOₓ) and sulphur dioxide (SO₂). Fossil fuel combustion in power plants, automobiles, and industrial proce...
	Acid rain has many detrimental effects on the environment. In environments that are aquatic: The pH value of water bodies decreases as seawater gets more acidic, changing the reproductive structure of aquatic life and killing fish and other creatures....
	Greenhouse Effect and Global Warming
	The natural process by which some gases in the Earth's atmosphere retain heat and maintain a temperature that is suitable for life is known as the "greenhouse effect. The main greenhouse gases are Ozone (O₃), water vapor (H₂O), nitrous oxide (N₂O), ca...
	Although greenhouse gases are naturally occurring, human activities, most notably Deforestation, industrial operations, and the burning of fossil fuels have all significantly increased the amount of greenhouse gases in the atmosphere.  An increase in ...
	deforestation.
	Air Pollution from Industries and Petroleum Sources

	Unit 4
	Air pollution and control strategies
	Various air pollution control techniques have been developed and implemented over industries to counteract the adverse effects of air pollution. They work to stop dangerous pollutants from being released into the atmosphere, which is bad for the envir...
	Scrubbers, Electrostatic Precipitators, Catalytic Converters
	Legislation and Regulatory Frameworks

	Analytical Methods for Air Pollution Monitoring
	Spectroscopy, Chromatography, Continuous Monitoring Instruments
	The contamination of water bodies, including rivers, lakes, seas, and groundwater, by toxic compounds is known as aquatic pollution.  It is important that the increase of pollution in freshwater environments (water pollution) should take precedence as...
	Sources of Water Pollution
	Both natural and man-made sources can contaminate water-made sources. Although water pollution was caused in ancient times, human activities, particularly in industrial, agricultural, and urban areas, have been instrumental in increasing levels of pol...
	Inorganic, Organic, and Pesticides
	1. 1. Inorganic pollutants are composed of metals, salts, and other substances that lack carbon-hydrogen bonds. Inorganic pollution comes from mining activities, wastewater treatment plants, and industrial discharges. Even at low concentrations, some ...
	2. Organic Pollutants: Organic pollutants are chemical compounds that have carbon in their molecular structure and are released primarily by the release of untreated effluents from factories, domestic sewage, and chemical products used in agriculture....
	3. Pesticides are used extensively in agriculture and contaminate a wide range of water sources. Pesticides (herbicides, insecticides, fungicides, etc.) are intended to kill pests, but because of the runoff of fields, they often end up in neighbouring...
	Industrial and Agricultural Runoff
	1. Particularly in regions with a high concentration of industrial and agricultural activity, water pollution has detrimental direct and indirect effects on the health of people, plants, and animals. Numerous pollutants are frequently present in this ...
	2. 1. Industrial Discharge: Metals, organic chemicals, solvents, and suspended solids are regularly released into water bodies by industrial operations, such as factories, power plants, and chemical processing facilities. These contaminants can accumu...
	3. Agricultural Runoff: One of the main causes of water pollution is agriculture, which releases fertilisers, pesticides, herbicides, and animal waste into adjacent water bodies. Ints or phosphorus, when washed into rivers and lakes, can cause nutrien...
	Detergents, Oil Spills, Radioactive Waste
	1. Detergents: Detergents, commonly used in household cleaning products, laundry detergents, and industrial cleaning agents, can contribute to water pollution when they enter wastewater systems. Phosphates, which were once widely used in laundry deter...
	2. Oil Spills: Oil spills, typically resulting from industrial accidents, shipping, or offshore drilling activities, pose a significant threat to marine and freshwater ecosystems. A film of oil accumulates on the surface of water as it is released, ob...
	3. Radioactive Waste: The disposal of radioactive waste into water bodies has serious environmental and health implications. Radioactive materials can taint water sources, posing long-term health hazards like cancer and genetic mutations, for both hum...
	Types of Water Pollutants
	Water pollutants can be divided into a number of groups according to their source, chemical makeup, and environmental effects.  The most prevalent kinds of contaminants found in water include organic chemicals, heavy metals, and pathogens.
	Heavy Metals (Cd, Cr, Pb, Hg, As)
	Organic Compounds and Pathogens


	Heavy metal pollution is among the biggest risks to the environment and public health of the modern era. Heavy metals differ from organic pollutants because they cannot be broken down or destroyed, so they remain in the environment forever. Toxicants ...
	The release of Because of rapid industrialization, urbanization, and other human activities, heavy metals have emerged as a significant environmental problem on a global scale.  Although minute levels of some heavy metals, like copper and zinc, are re...
	Public Health Significance of Heavy Metals
	Cadmium (Cd)
	Cadmium is one of the most dangerous environmental pollutants because of its widespread industrial use and extreme toxicity at low levels of exposure. Cadmium pollution originates mainly from mining and smelting, nickel-cadmium battery production, ele...
	The International Agency for Research on Cancer (IARC) has designated cadmium as a Group 1 carcinogen, indicating that cadmium causes cancer in humans.  Epidemiological studies have linked cadmium exposure to an increased incidence of lung, prostate, ...
	Chromium (Cr)

	MODULE  3
	INDUSTRIAL POLLUTION AND SOIL CONTAMINATION
	3.0 Objectives
	 To identify major polluting industries and analyze the types of pollutants they release, including heavy metals, organic compounds, and thermal discharges.
	 To understand the impact of industrial pollutants on air, water, and soil quality, emphasizing their long-term environmental and health consequences.
	 To explore the chemical composition and characteristics of soil, including essential macro and micronutrients, and assess how pollutants alter soil properties.
	 To investigate different sources of soil pollution, including excessive use of fertilizers, pesticides, plastics, and heavy metals.
	 To examine soil remediation techniques such as bioremediation, phytoremediation, and soil washing, and evaluate their effectiveness in restoring soil quality.
	 To analyze case studies of major industrial disasters like the Bhopal Gas Tragedy and Chernobyl Disaster, assessing their environmental and socio-economic impacts.
	Unit 9
	3.1 Industrial Pollution
	Distillery Industry
	Pharmaceuticals Industry
	• Water Pollution: Wastewater from pharmaceutical facilities frequently contains high levels of chemicals, solvents, active pharmaceutical ingredients (APIs), and heavy metals.  These chemicals may contaminate water supplies and persist in the environ...
	• Air Pollution: Using a variety of chemicals, such as volatile organic compounds (VOCs), in the production of pharmaceuticals can pollute the air and possibly release hazardous substances into the atmosphere.  These pollutants contribute to the forma...
	• Solid Waste: Chemical residues, packaging materials, and expired goods are among the many types of solid waste produced by the pharmaceutical sector. This waste can contribute to land pollution if improperly disposed of.
	By recycling chemicals and solvents, the pharmaceutical industry can significantly lessen its impact on the environment.
	Paper and Pulp Industry
	Thermal and Nuclear Power Plants
	Metallurgy and Polymers

	Industrialization pollution is one of the biggest environmental problems the world is facing. Big polluting sectors such as cement, sugar, distillery, pharmaceuticals, paper and pulp, thermal and nuclear power plants, metallurgy,and polymers results i...
	Pollutants from Each Industry
	Industries are the backbone of modern economies and have a significant impact on a nation's development because they create employment and drive economic growth; however, they are also one of the primary culprits of environmental pollution. Industries...
	1. Cement Industry Pollutants
	2. Sugar Industry Pollutants
	• Organic Pollutants: Polycyclic aromatic hydrocarbons (PAHs), which are hazardous to both human health and the environment, can be released when fuels are burned in cement kilns. These contaminants can build up in aquatic environments and are frequen...
	• Thermal Discharge: The energy-intensive cement production process frequently causes heated water to be released into adjacent bodies of water, raising the water's temperature. Because fish and plants are sensitive to temperature changes, this therma...
	3. Distillery Industry Pollutants
	4. Pharmaceutical Industry Pollutants
	5. Paper and Pulp Industry Pollutants
	6. Thermal and Nuclear Power Plants Pollutants
	7. Metallurgy and Polymers Industry Pollutants

	Industrial pollution includes a complex mixture of by-products including particulate matter, heavy metals, organic pollutants, and other waste types such as thermal discharge and radioactive discharge. Which means every industry has its unique ways th...
	Unit 10
	3.2 Soil Pollution
	Soil acts as a basic component for land-based ecosystems and agricultural output, It is made up of living things, water, air, minerals, and organic materials. This complicated medium supplies nutrients that sustains plant growth, purifies water and re...
	In addition to public health, soil pollution has broader socioeconomic effects. Through direct exposure or indirect pathways like contaminated groundwater or food products, contaminated soils can reduce agricultural productivity, necessitate costly re...
	Soil Composition and Characteristics
	Micro and Macronutrients (N, P, K, Ca, Mg)

	Nutrients in soil, which are classified as macronutrients and micronutrients depending on how much of each nutrient a plant needs, are needed for plant growth and development. These nutrients are present in soil in different forms and states of availa...
	The third primary macronutrient, potassium (K) has an essential role in osmotic regulation, enzyme activation, and photosynthesis in plants. Soil potassium may be generally divided into several forms: structural potassium in primary minerals; fixed po...
	The third secondary macronutrient, sulfur (S), is involved in protein formation, enzyme activation, and vitamin production in plants. Sulfur is present in soil in an organic form and as sulfate (SO42−) ions available for plant uptake. Inorganic sulfur...
	Soil Pollutants
	Soil pollution refers to all the chemical and biological substances which modify the composition and characteristics of soils, threatening soil environmental functions and human health. These contaminants come from a variety of sources, including agri...
	Other forms of pollution, like those that affect water, air, and biodiversity, can overlap with soil pollution, and these interactions can have an impact on human health. Pollutants have the potential to affect aquatic habitats and endanger drinking w...
	Fertilizers, Pesticides, Heavy Metals, Plastics
	Modern agriculture heavily relies on fertilizers to boost crop production, resulting in over-fertilization and consequently, soil pollution. Fertilisers serve as vital nutrient sources for crops, including nitrogen, phosphorus, and potassium, although...
	Another important group of soil pollutants are pesticides (insecticides, herbicides, fungicides and other biocidal substances) applied in agricultural activities. Although these chemicals are intended to mitigate pests, weeds, and diseases that have a...
	The fate of pesticides in the environment is a multidimensional behavior of pesticides residues such as adsorption to the soil particles, chemical and biological degradation, volatilization, leaching, and plant uptake. Adsorption to soil organic matte...
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	3.3 Environmental Disasters
	Environmental disasters are among the most serious consequences of human industrial activity, technological failure, and ecological mismanagement. These catastrophic events do not just represent immediate physical harm to ecosystems and human populati...
	Case Studies of Industrial Disasters
	Bhopal Gas Tragedy (1984)
	The Bhopal Gas Tragedy is one of the worst tempered industrial disasters of human history. On the night of 2–3 December 1984, toxic methyl isocyanate (MIC) gas escaped from Union Carbide India Limited (UCIL) pesticide plant in Bhopal in the state of M...
	Many perished in their sleep; others died trying to escape. The gas caused extreme respiratory distress, eye irritation, vomiting and, in many cases, death from pulmonary edema. Survivors also had long-term health consequences such as chronic respirat...
	For India, the calamity resulted in the Environment (Protection) Act of 1986 and the establishment of pollution control boards, which were given greater powers to regulate pollutants. Several provisions of the The Factories Act were amended and provis...
	Chernobyl Nuclear Disaster (1986)
	April 26, 1986:Nuclear Disaster: This Date marks the Worst Nuclear Disaster in the World: Chernobyl Nuclear disaster, which changes the way to look at Nuclear energy safety and Environmental risk. At the Vladimir Ilyich Lenin Nuclear Power Plant near ...
	The environmental contamination caused by Chernobyl was unprecedented both in scale and geographic extent. The explosion and subsequent wildfire released about 400 times more radioactive material than the atomic bomb dropped on Hiroshima. Radioactive ...
	The long-term health effects over time to humans of Chernobyl remains to be seen but there have been scientific assessments and debates. The clearest health effect has been a sharp increase in thyroid cancer among children exposed to iodine-131, espec...
	The site itself has been under containment for decades. By the 1990s, the original sarcophagus, which had been constructed in 1986 under extremely dangerous circumstances, was starting to deteriorate. As a result, the New Safe Confinement (NSC), a hug...
	Three Mile Island Incident (1979)
	 Gaseous Fuels (Natural Gas): Methane (CH₄) makes up the majority of natural gas, which is utilized extensively for heating, power generation, and as a raw material in chemical reactions.  In contrast to fuels that are solid or liquid, natural gas is...
	2. Fuel Analysis Techniques
	3. Other Analytical Techniques

	Fuel Characteristics
	Various physical and chemical properties govern the efficiency and appropriateness of a fuel for a given application. These qualities decide how effectively the gas combustion occurs, the degree of energy released, along with the behaviors that it exh...
	1. Calorific Value (Higher and Lower)
	2. Octane Number
	3. Point of Flash
	Flash point is an important safety feature because it determines the temperature at which the fuel will ignite. The fuel's flash point spark is the lowest temperature at which its vapours ignite when they come into contact with an open flame.
	• Definition: Usually expressed in degrees Celsius ( C) or Fahrenheit ( F), flash point is a critical indicator of a fuel's volatility. Petrol and other fuels with low flash points are more flammable and more likely to ignite, particularly in hot cond...
	• Significance: The flash point plays a crucial role in establishing the safe handling, storage, and transportation of fuels.Low-flashpoint fuels, such as gasoline, require special precautions to prevent accidental ignition during storage or transport...
	4. Aniline Point

	Weaves are heavy on the thread is our energy, intertwined is the web strands of our energy, energy interdependent technological progress, economic development, modern civilization, building the foundation of daily life, is every aspect of production a...
	Conventional Energy Sources
	For over a century, fossil fuels such as coal, oil, and natural gas have served as the foundation of the world's energy systems. With these traditional energy sources accounting for almost 80% of global energy consumption, they continue to dominate th...
	Coal - Coal is one of humanity's oldest and most plentiful energy sources. Although coal was used embryonically in China as early as 4000 BCE, the steam engine in the 18th century marked the beginning of coal's widespread industrial use. Coal drove th...
	The burning of coal to produce electricity is one of the most carbon-intensive energy processes. Per unit of energy generated, Compared to natural gas facilities, coal-fired power plants emit almost twice as much carbon dioxide.  Burning coal releases...
	Despite the significant negative effects on the environment, coal use is still common in many nations for a variety of reasons, such as political clout, economic considerations, and worries about energy security. Particularly for local economies and c...
	By the 20th century, petroleum (also known as crude oil) had emerged as the primary energy source used worldwide, revolutionising not only industrial production and transportation but also geopolitics. The discovery of significant oil reserves in plac...
	Refining crude oil into usable products creates a significant amount of air pollution emissions of volatile organic compound, particulate matter, and sulfur dioxide. Often based in poorer communities, refineries raise issues of environmental justice: ...
	Natural Gas
	In recent years, natural gas has emerged as the fossil fuel with the greatest rate of growth. decades, frequently marketed as a “bridge fuel” in the transition to renewable energy systems. Natural Gas: Composed mostly of methane (CH₄), natural gas emi...
	The environmental effects of natural gas extraction, especially via hydraulic fracturing, are contentious. Fracking operations usually pump a high-pressure mixture of chemicals, sand, and water into the ground , fracturing shale formations and freeing...
	Environmental Impacts of Fossil Fuels
	The utilization of natural gas, coal, and oil as fossil fuels — has facilitated unprecedented technological advancement and economic growth. Yet this progress has not come without a substantial environmental price-tag, which also extends beyond the cl...
	Climate Change Impacts
	Fossil fuel combustion is the primary cause of climate change brought on by humans, accounting for around three-quarters of greenhouse gas emissions worldwide.  Burning fossil fuels releases carbon dioxide gas into the atmosphere, which accumulates th...
	Air Pollution

	Beneath greenhouse gas emissions, the burning of fossil fuels releases many air pollutants, harmful to both air quality and human and ecosystem health. Among these pollutants are particulate matter (PM2. 5 and PM10), sulfur dioxide (SO₂), nitrogen oxi...
	Coal combustion emissions of mercury are a specific concern because of mercury's toxicity and bioaccumulation potential in food chains. Once in aquatic ecosystems, Methylenemercury, a very poisonous form of mercury that bioaccumulates in fish and othe...
	Water Impacts
	Conventional energy systems are interlinked with water resources in numerous ways, from water extraction and consumption during resource extraction and processing and thermal pollution from cooling systems to potential contamination from waste streams...
	A significant amount of water is extracted for cooling in thermal electric power plants, which include nuclear, coal, and natural gas facilities. Thermal pollution can disturb aquatic ecosystems by lowering dissolved oxygen levels, disrupting native s...
	Land Use and Biodiversity Effects
	Conventional energy systems leave their mark on the landscape both through direct land take for extraction and processing, transportation infrastructure, and indirect effects as climate change and pollution. Such transformations of the landscape often...
	Natural Resource Depletion and Intergenerational Equity
	MODULE 5
	ENVIRONMENTAL AND INDUSTRIAL LAW
	5.0 Objective
	 To examine the key provisions of the Environmental Protection Act (1986) and its role in regulating environmental conservation and pollution control.
	 To understand the Public Liability Insurance Act (1991) and its provisions for compensating victims of environmental accidents.
	 To analyze the structure, powers, and functions of the Central and State Pollution Control Boards (CPCB & SPCB) in monitoring and enforcing environmental regulations.
	 To explore significant environmental rules and notifications, including those related to biomedical waste, plastics, solid waste, noise pollution, and electronic waste management.
	 To study the Environmental Impact Assessment (EIA) Notification (2006) and its role in evaluating the environmental consequences of developmental projects.
	 To assess the effectiveness of legal frameworks in controlling industrial pollution, ensuring environmental sustainability, and promoting corporate responsibility.
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	5.1 Environmental Protection Act (1986)
	The 1986 Environmental Protection Act (EPA) marked a watershed moment in the development of environmental law in India, coming in the wake of the Bhopal Gas Tragedy of 1984 that powerfully illustrated the need to have the statutory safeguards for the ...
	The EPA is so comprehensive in its language because it was intended to cover the holes in theenvironmental regulatory structure used in this country prior to the passage of the EPA. Before the enactment of EPA, India’s environmental regulatory framewo...
	Key Provisions and Powers of Central Government
	The Central Government has wide powers under the Environmental Protection Act, 1986 to safeguard and enhance the environment. These powers are enunciated in section 3 of the act, where it is stated that the Central Government may take all such measure...
	Section 3(2)(x) delegates the power to enter any premises, plant, equipment, machinery or manufacturing process and provide directions for the prevention, control and abatement of environmental pollution to the Central Government as well. This authori...
	The EPA gives the Central Government another substantial power, that is to prescribe rules for the implementation of the objectives of the act. (vi) sub-section (6) of the act states the matters in respect of which the Central Government may rule, suc...
	The EPA grants the Central Government implicit authority to implement international environmental treaties and agreements in addition to these express powers. This is due to the fact that the EPA was created in accordance with Article 253 of the India...
	Parallel Provisions with Water and Air Acts
	India's environmental legislation trifecta — the Environmental Protection Act (EPA) of 1986, the Water (Prevention and Control of Pollution) Act of 1974 and the Air (Prevention and Control of Pollution) Act of 1981. Although the EPA is itself an umbre...
	The three acts have parallel provisions for penalties for non-compliance. The Water Act prescribes penalties including six years' imprisonment and a fine for contravention of its provisions. Imprisonment for a term which may extend to six years and a ...
	There is also a fundamental difference in attitude toward environmental conservation. Both the Water and the Air Acts are command and control in composition, emphasizing the standards and applicable penalties for non-compliance. While still addressing...
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	5.2 Public Liability Insurance Act (1991)

	In India's environmental jurisprudence, the Public Liability Insurance Act (PLIA) also occupies a place of pride amidst the towering giants of legislation that arose from the ashes of industrial disasters that have scarred the collective psyche of the...
	Historical Context and Development
	The primary motivation behind enacting the Public Liability Insurance Act was the catastrophic impact of the Bhopal Gas Tragedy, which highlighted significant deficiencies in India's legal structure related to industrial accidents. On December 2-3, 19...
	Core Objectives and Scope
	The Public Liability Insurance Act was enacted to serve various purposes, also reflecting its remedial and preventive nature. It was mainly intended to provide immediate relief to people involved in accidents while handling hazardous substances. This ...
	That includes factories, storage facilities, transport routes and waste disposal sites that store or operate with certain amounts of hazardous materials. Yet it applies to the public and private sectors alike, so all industries are covered. The Act ap...
	The No-Fault Liability Principle
	Central to the Public Liability Insurance Act is the ground-breaking principle of 'no-fault liability,' a transformative concept that revolutionizes the legal approach to environmental disasters. Under this doctrine, the owner and/or possessor of haza...
	Second, the no-fault liability principle addresses the information asymmetries that frequently undermine plaintiffs in environmental litigation. Industrial operators usually have more in-depth technical expertise of their processes, the nature of the ...
	Compensation Mechanism and Relief Structure
	One mechanism established under the Public Liability Insurance Act is a structured compensation system so victims of accidents involving hazardous substances may be compensated in a time-bound fashion. This mechanism features standardized compensation...
	The process for obtaining compensation is intended to be inclusive and streamlined. Applications can be made to the Collector of the district where the accident took place by victims or their representatives. The Collector is empowered to hold summary...
	Mandatory Insurance Requirements
	The Public Liability Insurance Act's requirement that businesses handling hazardous materials obtain mandatory insurance coverage is one of its main principles. Regardless of the financial situation of the responsible individual or organisation at the...
	The Act also imposes fines on owners who fail to obtain or keep the necessary insurance in order to enforce the requirement. These sanctions, which can include fines and jail time, highlight how seriously the law takes the need for insurance. The Act ...
	The Environmental Relief Fund (ERF)
	Implementation Challenges and Judicial Interpretation
	The applicability of the Public Liability Insurance Act has faced many challenges which have influenced its operation in fully accomplishing its intended purposes. These encompass administrative, economic, as well as legal challenges reflecting the re...
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	5.3 Pollution Control Boards

	India has a strong institutional framework for environmental governance to support implementation and enforcement of environmental laws. The Pollution Control Boards at the centre and the state level are central to this framework. These never constitu...
	Constitution and Composition of the Central Pollution Control Board
	Constitution and Composition of State Pollution Control Boards
	Powers and Functions of the Central Pollution Control Board
	The Central Pollution Control Board has been given full powers and functions of an apex pollution-control organisation in the country. Most of these powers and functions are contained in the Water (Prevention and Control of Pollution) Act, 1974, the A...
	Advisory Functions
	The CPCB advises the Central Government on the prevention, control, and abatement of water and air pollution. It is also underlined in Section 16 of the Water Act and Section 16 of the Air Act that CPCB shall advise the Central Government in these mat...
	Regulatory Functions
	The CPCB is endowed with considerable in the form of powers to set standards, guidelines and norms for the protection of the environment. Section 16 of the Water Act also empowers the CPCB to establish standards for water quality for various classes o...
	Technical Functions

	Some of the technical functions performed by CPCB are environment monitoring, research and development, etc. The board shall collect, compile and publish technical and statistical data with respect to pollution of air and water. This includes maintain...
	Coordinative Functions
	Coordination between the various State Pollution Control Boards and providing technical assistance and guidance to them is a key function of the CPCB. The prerequisite of this coordinative role is embedded in Section 16 of both the Water Act and the A...
	Powers and Functions of State Pollution Control Boards
	State Pollution Control Boards wields wide-ranging powers and functions as assigned under the Environment (Protection) act, 1986, to ensure compliance of environmental laws in respective states. These powers and functions are mainly taken from the pro...
	Regulatory and Enforcement Powers


	The main regulatory role of SPCBs is giving the permission or denial of permission to set up and run industrial plants under the Water Act and the Air Act. As per Section 25 of the Water Act, 'No industry shall establish or operate any industrial plan...
	Enforcement Powers of State Pollution Control Boards: A Comprehensive Analysis
	State Pollution Control Boards (SPCBs) act as the main regulatory body who oversee the implementation and enforcement of environmental legislation in a particular state in India. These authorities, established under the Water (Prevention and Control o...
	SPCB powers are defined in Legislation
	SPCBs were established as statutory authorities under the Water (Prevention and Control of Pollution) Act, 1974, and were granted certain powers to prevent and control water pollution. Air (Prevention and Control of Pollution) Act, 1981, their mandate...
	Power to Issue Directions
	Section 33A of the Act gives SPCBs one of the most comprehensive enforcement powers, enabling them to direct any individual, officer, or authority to prevent, control, or mitigate environmental pollution. Sections 33A of the Water Act and 31A of the A...
	Power to Order Closure of Polluting Facilities
	One of the strongest enforcement powers available to SPCBs is the power of closure of polluting facilities.This power derives from the wider power to give directions contained in Section 33A of the Water Act and Section 31A of the Air Act. When indust...
	Power to Regulate Electricity and Water Supply
	Power to File Complaints in Courts
	SPCBs have the power to prosecute offenders by filing complaints in a court for contraventions of environmental law. SPCB are thus specifically empowered under Section 49 of the Water Act and Section 43 of the Air Act to file complaints. This authorit...
	Power to Issue Show Cause Notices
	Show cause notices are non-punitive enforcement instruments used by SPCBs before they take stricter steps against those they suspect of violating rules. These notices have a dual role, informing the alleged violators that they are out of compliance wi...
	Power to Levy Environmental Compensation
	This straightforward implementation of the "polluter pays" principle—which holds that the party that pollutes natural resources, like air and water, is liable for the expenses related to its pollution-producing operations—gives local governments the a...
	Power to Conduct Inspections and Sampling
	Effective enforcement starts with an accurate assessment of compliance status; for this reason, the official authority to conduct inspections and sampling is central to the regulatory functions of the SPCBs. Section 21 of the Water Act and Section 24 ...
	Section 24 — Power to give or refuse consent to establish and operate
	One of the preventive enforcement powers conferred on SPCBs is to give or deny consent to establish (CTE) and consent to operate (CTO) to industries and other facilities. As per Section 25 of the Water Act and Section 21 of the Air Act, industries are...
	Power to Revoke Consent
	Alongside the power to allow consent is the power to revoke or suspend previously granted consents where companies are not acting to comply with environmental law or consent conditions. This is the power conferred by Section 27 of the Water Act and Se...
	Procedural Safeguards during Enforcement
	In spite of holding considerable authority for enforcement, SPCBs are bound by enough safeguards in procedure as to ensure fairness, transparency, and accountability. These ensure the powers are not exercised arbitrarily or frivolously, while still al...
	Challenges in Enforcement
	SPCBs indeed have very strong powers under law, but they often face challenges in effective enforcement of environmental laws. Such challenges include institutional limitations and practically grounding enforcement actions.Limited resources are consid...
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	5.4 Important Environmental Rules and Notifications
	1. Biomedical Waste (Handling and Disposal) Rules (1998)



	Background: The Biomedical Waste (Handling and Disposal) Rules, 1998 were framed under the provisions of "the Environment (Protection) Act, 1986. These set of rules onto the management of the biomedical waste generated in hospitals, clinics, nursing h...
	Minimizing biomedical waste generation and ensuring its safe handling and disposal to reduce potential contamination or injury to healthcare workers and the public are four objectives of the Biomedical Waste Rules. It contains guidelines for segregati...
	Biomedical Waste Management Rules: Comprehensive Framework for Healthcare Safety and Environmental Protection
	Biomedical waste disposal management is one of the significant elements of the functioning of a healthcare facility as it has long-lasting effects on the health of individuals, environmental health, and personal safety. Biomedical waste management rul...
	Foundation of Biomedical Waste Management
	Modern biomedical waste management is based on the understanding that the activities of healthcare generate different categories of waste, most of which are potential health hazards or environmental pollutants. The main goals of the biomedical waste m...
	Biomedical waste is further categorized according to various treatment methods according to the national regulations and guidelines for biomedical waste management. Healthcare waste classification system forms the basis for efficient waste management ...
	Waste Segregation Protocols
	One of the most basic premipses of biomedical waste management norms is the segregation of waste appropriately. It is a colour coding mechanism that helps to identify waste so that it can be handled properly and disposed of accordingly. Color coding a...
	Treatment Methodologies
	Biomedical waste management rules specify treatment methods for different waste categories based on the level of hazard and impact on the environment. These types of treatment technologies seek to make the waste non-infectious, unrecognizable and safe...
	Autoclaving has become a popular option for treating many categories of biomedical waste. This steam sterilization process involves exposure of the waste to high-pressure saturated steam at 121–134  C for certain time periods, eliminating microorganis...
	Transportation and Storage Requirements
	Biomedical waste management rules prescribe strict guidelines for waste transportation and storage to minimise the risk of environmental pollution as well as exposure. These include requirements for the containers themselves, such as specifications, l...
	Occupational Health and Safety Measures
	Protection of health-care workers and waste handlers is a key focus of biomedical waste management rules. These rules require extensive occupational health and safety practices to reduce exposure risks and avoid injuries related to waste disposal, tra...
	Based on type and frequency of potential exposures, immunization programs, especially hepatitis B, tetanus, and other pathogenic diseases, are also mandatory for waste handlers to serve as an extra precaution against infectious agents. Healthcare prog...
	Record-Keeping and Documentation
	Documantation and record keeping requirements will be integral part of biomedical waste management rules. Documenting waste management activities also generates a paper trail that evidences regulatory compliance, underpins oversight, and enables conti...
	All accidents, spills, or exposures associated with waste handling, along with actions taken in response to such incidents, must be documented in incident reports. Such reports are used to search for emerging safety issues and to assist in the develop...
	Regulatory Compliance and Enforcement
	They provide a framework that covers, inter alia, compliance monitoring, enforcement arrangements, and penalties for violations. They also ensure that healthcare facilities and waste management companies comply with the standards and practices.Regulat...
	Environmental Impact Considerations
	Biomedical waste management rules increasingly also take into consideration broader considerations about how to respond to the potential impacts on the environment beyond immediate health and safety issues. These provisions are a response to the growi...
	Implementation Challenges and Strategies
	Therefore, there are challenges in the implementation of biomedical waste management rules, especially in settings with limited resources. Effective approaches to these challenges must strike a balance between regulatory expectations and the practical...
	Awareness and behavioral change may be the most basic implementation challenges. There exists a need for continuous reiteration and training of good solid waste segregation and management practices amongst healthcare workers. Such behavioral-change in...
	Evolution of Biomedical Waste Management Rules
	Over the years the biomedical waste management rules have developed and improved based on epidemiological studies, environmental studies and technological advancements. This evolution progresses as new challenges arise and innovative solutions evolve....
	Efforts to harmonize biomedical waste standards have aimed to unify the biomedical waste management process across different jurisdictions, which will allow for uniformity in practices and, in some cases, even cross-border disposal. Regulatory framewo...
	Administrative Framework and Institutional Responsibilities
	Biomedical waste management rules largely provide a clear administrative framework and demarcation of responsibilities of different stakeholders in the waste management process. For this reason, the accountability and allocation of waste management re...
	Rules related to the management of biomedical waste are developed and enforced by the national, regional or local regulatory agency. The inspections, compliance reviews, treatment facility permits, and enforcement actions are handled by these agencies...
	Waste Minimization and Recycling Initiatives
	Although traditional biomedical waste management regulations emphasize safe handling and disposal, newer regulations have included waste minimization and recycling elements. These elements reflect increased recognition of the environmental and economi...
	Reprocessing of single-use devices has become a controversial yet more tightly regulated practice. Some single-use devices can be cleaned, sterilized, and reused under carefully controlled conditions, which minimizes waste generation and reduces procu...
	Emergency Preparedness and Contingency Planning
	Currently, the available biomedical waste management rules include emergency preparedness and contingency planning requirements that reinforce the continuity of waste management processes during disasters, equipment breakdown and any other disruptions...
	Temporary storage provisions specify the allowed storage time and conditions during emergencies. Such laws usually allow for extended storage times beyond what is normally permitted as long as certain precautions are taken to prevent exposure risks an...
	Community Engagement and Public Transparency
	Modern biomedical waste management rules are increasingly incorporating various mechanisms for community engagement and transparency, based on the understanding that communities have a legitimate interest in activities that might impact on their publi...
	2. Recycled Plastics Manufacture and Usage Rules (1999)
	3. Municipal Solid Waste (Management and Handling) Rules (2000)
	4. Noise Pollution (Regulation and Control) Rules (2000)
	5. Environmental Impact Assessment (EIA) Notification (2006)
	6. E-Waste (Management and Handling) Rules (2011)




