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COURSE INTRODUCTION

The objective of this course is to provide knowledge of environmental
chemistry. The environmental chemistry deals with the chemical phenomenon in
environment. The chemistry of air, water and soil are briefly described. In addition
the analysis of environmental sample, its characterization techniques are
mentioned. In this course chemistry behind major environmental issues, such as
ozone depletion, global warming, acid rain, and the presence of toxic substances
are discussed. Analyze the impact of human activities on the environment and the
role of chemistry in mitigating and preventing environmental damage. Learn about
environmental analytical techniques used to monitor pollutants, assess
environmental quality, and develop effective remediation strategies are cover in

this course. The course is organized into following blocks:

Block 1 covers the atmospheric chemistry and pollution
Block 2 deals the water chemistry and pollution
Block 3 describes in brief of soil and noise pollution

Block 4 deals the instrumental techniques and pollution control
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Introduction

This first block of environmental chemistry consists of following
three units:

Unit-1: Atmospheric Chemistry and Pollution- this unit deals the
Composition of air and air pollutants. The source, sink and
concentration air pollutants like carbon monoxide (CO), Nitrogen
Oxide (NOx), Sulphur Oxide (SOx), hydrocarbon are discuss in
this unit. In addition the particulates matter, acid rain, greenhouse
and greenhouse effect, global warming potential of gases and its
effects is briefly described.

Unit-2: Ozone Chemistry and Photochemical Smog- deals the
atmospheric ozone, formation and depletion of ozone in
stratosphere. It also discuss the role of free radicals in ozone
depletion, and climate change, however the Montreal protocol and
formation of Smog like London/Los Angeles and peroxyacetyl
nitrate (PAN) also discussed.

Unit-3: Sampling and Air Pollution Abatement: this unit deals the
sampling methods and adsorption and absorption of gaseous
pollutants. In addition its also discuss the types of particulate
matter, control of particulate matter and collection equipment like
settling chamber, cyclones, filters, electrostatic precipitator and

scrubber and wet collector.



Unit-1: Atmospheric Composition and Pollution
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1.1.Introduction

The atmosphere is a layer of gases that surrounds the Earth and plays a critical role in
supporting life on our planet. It provides us with oxygen to breathe, protects us from harmful
solar radiation, and regulates the Earth's climate and temperature. The composition of the
atmosphere is made up of various gases, with the most abundant ones being nitrogen, oxygen,
and argon. However, human activities have significantly altered the composition of the
atmosphere by releasing pollutants and greenhouse gases. Air pollution refers to the presence of
harmful substances in the air that we breathe. These pollutants can come from natural sources,
such as wildfires and dust storms, but the majority of air pollution comes from human activities
such as burning fossil fuels, transportation, and industrial processes. Some of the common air
pollutants include carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter, and
ozone. Exposure to these pollutants can have significant health effects on humans and other
living organisms, including respiratory and cardiovascular diseases, as well as impacts on the

environment, such as acid rain and climate change.
Objectives:

> To discuss the atmospheric composition of air

> To discuss primary and secondary air pollutants and its effects
> To discuss chemistry of air pollutants
>

To discuss acid rain, global warming and greenhouse effects

1.2.Composition of air

Air is a mixture of nitrogen, oxygen, carbon dioxide, water vapors, and some other gases
commonly referred to as the atmosphere. The composition of air can vary depending on location
and altitude, but on average, it is composed of, Nitrogen (N,): 78.08%, Oxygen (0): 20.95%,
Argon (Ar): 0.93%, Carbon dioxide (CO,): 0.04%, Neon (Ne), Helium (He), Methane (CH,),
Krypton (Kr), Hydrogen (H,), and Xenon (Xe): together they make up less than 1% of the
atmosphere. There are also trace amounts of other gases, including water vapor, ozone, and

various pollutants. It's important to note that the composition of air can be affected by human



activities, such as burning fossil fuels or industrial processes, leading to an increase in the

concentration of greenhouse gases like carbon dioxide and methane.

Argon (Ar): 0.93%

Other permanent gases
Neon (Ne): 0.0018%
Helium (He): 0.0005%
Nitrogen (N,) / Hydrogen (H,): trace
(78.08%) o Xenon (Xe): trace

Variable gases

Water vapor (H,0): 0-4%
Carbon dioxide (CO,): 0.038%
Methane (CH,): 0.00017 %

Nitrous oxide (N,0): trace

Ozone (O3): trace

Chlorofluorocarbons
(CFCs): trace

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings

The other elements, it forms an oxide bond. Oxygen is quite flammable. The oxygen
cycle is responsible for the exceptionally high oxygen gas content on Earth. This biogeochemical
cycle (oxygen transfer between biotic and abiotic components) explains how oxygen moves
between and among the atmosphere, biosphere, and lithosphere, the planet's three main oxygen
reservoirs. Photosynthesis, which created the atmosphere of the modern Earth, is the major

driving factor behind the oxygen cycle.

1.3.Air pollutants

Air pollutants are gaseous in nature at normal temperature and pressure. Several of
compound that having boiling points below 200 C is also considered air pollutants. Air pollutants
may be inorganic and organic gaseous materials. Inorganic gases pollutants are noxious gases
pollutants likeNO,, SO, CO, H,S), NHf, Cl, HF, NCI, PO,), NCN, Br, and mercaptonetc.
Whereas other gaseous pollutants such as hydrocarbon (CyHy) such as CH,, C3Hg,C;H,4,CeHg,
CgH;g and other pollutants such as formaldehyde, acetone vapors, alcohols, organic acids methyl

isocyanides and chlorinated hydrocarbon etc., are considered as organic gaseous pollutants.
1.3.1. Primary air pollutants

We know that all physical and chemical elements that have adversely affect on living
beings and in nature are called pollutants. If any substance 1S formed or emitted from source is
called primary pollutants. Primary pollutants can be originated either by natural sources

(sandstorms and volcanic eruptions) or anthropogenic (human influence) activities. For



example, the major primary pollutants are Oxides of Sulphur, Oxides of Nitrogen, Oxides of
Carbon, Particulate Matter, Methane, Ammonia, Chlorofluorocarbons, Toxic metals etc.

1.3.2. Secondary air pollutants

Primary pollutants are responsible for the production of secondary pollutants when it
reacts in the atmosphere or with other pollutants in atmosphere. Thus, the secondary pollutants
are those pollutants that not directly emitted from particular source, but formed after releasing
particular source in to atmosphere. It is difficult to control secondary pollutants they have
different ways of synthesizing. Sometime secondary pollutants originate naturally in

environment and cause problem like photochemical song, some other Example of secondary

pollutants are ozone and secondary organic aerosol (haze).




1.3.3. Indoor air pollution

When you think about indoor pollution, you thing about emission of smog, power plants,
cars and trucks and other unpleasant smell of gases release form different house hold activity.
Actually, the indoor pollutant worsening of interior air quality, thus indoor pollution is physical,
chemical, and biological properties of air in a home, institution, or commercial facility's indoor
environment. Indoor air pollution is a very real and dangerous thing because indoor air is far
more concentrated with pollutants than outdoor air. It's estimated that 2.2 million deaths each
year are due to indoor air pollution (compared to 500,000 deaths from outdoor air pollution).
There are many sources of indoor air pollution, but they are different for developed and
developing nations. There are several factors in both rural and urban areas that are responsible
for indoor pollution, indoor pollution is ten time more than outer air pollution because in
enclosed rooms encourage the accumulation of possible contaminants more than open ones.
Indoor pollution is also considering household pollution because it generated inside homes or
buildings through occupants’ activities, such as cooking, smoking, use of electronic machines,
use of consumer products, or emission from building materials. Harmful pollutants inside
buildings include carbon monoxide (CO), volatile organic compounds (VOCSs), particulate matter
(PM), aerosol, biological pollutants, and others. Indoor pollutants have both short term and long-
term effects and cause serious threat to human health. Indoor pollutants are complex mixture of
various gases components and other pollutants, its concentration depend on sources, emission
rate, and ventilation conditions, therefore, it is very important to identify their main sources and
concentrations and to devise strategies for the control and enhancement of indoor air quality. The
concentration of indoor pollutants can be reduced by using proper measuring its concentration,
reducing its source, by using eco-friendly fuel resources, and making ventilated building or
working place. Inaddition, we can adopt some other practices for low risk of indoor pollution

such as -

by proving fresh air or oxygen for human respiration in working place

by diluting indoor air pollutants

by using outdoor air with a low aerosol concentration to control aerosols inside buildings
by controlling internal humidity

by adopting proper ventilation system using natural and mechanical system

1.3.4. Outdoor air pollution



Outdoor air pollution is referring to ambient air pollution that considers all environmental
pollution except indoor pollution. The common source of outdoor pollution is emissions caused
by combustion processes from motor vehicles, solid fuel burning and industry. Apart from that,
smoke from bushfires, windblown dust, and biogenic emissions from vegetation (pollen and
mold spores) also considered as outdoor pollutants. However, the carbon monoxide, lead,
nitrogen dioxide, ozone, particulate matter of different size fractions, and sulfur dioxide) are
common in outdoor air and can harm human health and the environment. Outdoor pollution can

some form mobile or stationary sources

Major source- example Vehicular pollution
Stationary source-example power plants and factory
Is also comes from point and non-point source:

Point sources- specific spot where large quantities of pollutants area like discharge power plants

and factory etc.

Non-point source- more diffuse considering of many small source like automobiles

Outdoor pollution is considered as global problem because create measure environmental
health problem. WHO estimates that in 2016, some 58% of outdoor air pollution-related
premature deaths were due to ischemic heart disease and stroke, while 18% of deaths were due to

chronic obstructive pulmonary disease and acute lower respiratory infections respectively, and



6% of deaths were due to lung cancer. We can adopt some other practices for low risk of indoor

pollution such as -

I. By adopting eco-friendly fuel and clean technology.
ii. By managing and monitoring of urban and rural waste.
iii. By ensuring access to affordable clean household energy solutions for cooking, heating
and lighting.
iv. By adopting clean and environmental friendly transportation system.
v. By using low-emissions fuels and renewable combustion-free power sources
vi. By adopting strategy for waste reuse, recycle and reduce techniques and also biological

treatmentmethods.

1.4.Chemistry of air pollutants

We know the air pollution commonly occurs by the chemical elements when it present
above their standard concentration. Mostly chemical elements that present in nature do not have
adverse effect even present maximum concentration but after chemical reaction, they get
converted in to more complex pollutants. Thus, it’s necessary to all to understand the chemistry
of air pollutants. The EPA has identified six pollutants as “criteria” air pollutants because it
regulates them by developing human health-based and/or environmentally-based criteria
(science-based guidelines) for setting permissible levels. These six pollutants are carbon
monoxide, lead, nitrogen oxides, ground-level ozone, particle pollution (often referred to as
particulate matter), and sulfur oxides. On the basis of human health EPA set the same set of
limits for these pollutants known as primary standards, while on the basis of prevent
environmental and properties damage set of limits called secondary standards. Chemical nature
of pollutants directly and indirectly affects the set of limits. Sometime highly toxic element
converts in to non-toxic after chemical reaction. However, the formation of new species may be

toxic or non-toxic depends on the nature of climatic factor.
1.4.1. Carbon monoxide (CO):

Carbon Monoxide (CO) is a colorless, odorless gas emitted from combustion processes,
specifically, the incomplete combustion of fuel. During combustion process, if there not enough
oxygen available to create carbon dioxide as a byproduct than carbon monoxide creates instant.

The biggest sources of carbon monoxide come from automobile, especially when they are



moving slowly or when the engine is idle. Carbon Monoxide is less common than atmospheric
carbon but more dangerous. During incomplete combustion of fossil fuel CO produce as more
toxic gases that inhibit respiration in living being by binding irreversibly to hemoglobin in red
blood cells and form carboxyhemoglobin that is 210 times faster than 0,, The
carboxyhemoglobin starving vital organs such as the brain, nervous system tissues and the heart
of oxygen, reducing their ability to work properly. Formation of carboxyhemoglobin decreases

the overall O, caring capacity of blood to cell resulting into oxygen deficiency hypoxia.
2C + 0, -» 2CO

Co, » 2CO

1200°C
CO, —— CO + O (Photochemical reaction)
CO + OH+ 0, — CO, + HO,
1.4.2. Nitrogen Oxide (NO,):

Nitrogen is the major element (78 %) in atmosphere and chief components and essential
for animal and plants. This atmospheric nitrogen that releases form biological and anthropogenic
activity get converted into oxides of nitrogen. The oxides of nitrogen involved in air pollutants
by NO,, are N,0, NO, NO,, N,04, and N,0<. N,O not known to cause of air pollution problem.
In atmosphere, due to lighting nitrogen converted into nitrogen oxides. The natural activity that
produces nitrogen oxides is lightning. When lightning strikes dioxide and dinitrogen combine at
very high temperatures. Nitrogen oxide also produces when fossil fuels are burn at high
temperature, but can also be formed naturally by lightning strikes. Nitric acid (NO) is the
principal component of oxides of nitrogen. It is formed by the composition of N,and 0,during

light discharge and by bacterial oxidation of ammonia in soil.

Nitric acid (NO) on coming in contact with air or oxygen but it really combines to form
NO,. Nitrogen Dioxide (NO,) is one of the most dangerous pollutants. Nitrogen dioxide (NO,)
which is a reddish, brown gas that has an unpleasant smell and is poisonous in high
concentrations. NO, is the chief constituent of photochemical smog in the metropolitan cities. It
has a red-brown color that one often sees over traffic jams and in fumes coming out of factories.
These can form secondary pollutants and can result in environmental problems such as

acidification and nitrogen enrichment. The average residents time of NO and NO, in the



atmosphere area 4 days and 3 days respectively. This indicates that natural process including
photochemical reactions, take care of NO, the product being HNO5. The HNO; is precipitated as

nitrate salts in either rainfall or as dust.

1200-1700°C
NZ + 02 _— ZNO

2NO + 0, = 2NO,
0; + NO, » NO; + 0,
NO; + NO, - N,O5
N,0s + H,0 — 2HNO,
Reaction at higher altitude
H,O0 + hv—> N, +0
N,0 + 0 — 2NO

NO + 0; - NO, + O,

1.4.3. Sulphur Oxide (SOx)

Oxides of sulphur that is SO,, SO, H,S carbon sulphide (COS), carbon disulphide (CS,)
dimethyl sulphide [(CH3),S] and sulphates (NH}) are the most serious air pollutants. Sulphur
oxides are colorless gas with a penetrating, choking odour. Sulphur oxides are emitted in
atmosphere by both natural and anthropogenic activity. However, the largest source of SO,
emission is volcanic activity. SO,, is most common and the second most contributors of air
pollutants as it accounts for about 29% of the total weight of all pollutants. SO,, mainly found in
lower atmosphere and colorless gas that can be detected by taste and smell in the range of 1,000
to 3,000 micrograms per cubic meter (ug/m?). However, it is soluble in water in water and form
acid when react with water in atmosphere. About 30% sulphur dioxide converted into aerosol
that can be removed by wet or dry deposition methods. Higher concentration of SO,is found
atmosphere that depend on the environmental factor like wind speed, temperature, humidity, and

topography, its causes most of health and vegetative damage.



The coal fired power stations are mainly responsible for the SO, pollution and burning of
fossil fuel, manufacture of sulfuric acid, fertilizers and smelting industry etc. also responsible for
SO, pollution. Emissions from domestic coal burning and from vehicles can also contribute to
high local ambient concentrations of sulfur dioxide. However, sulphur trioxide (SO3) is an
intermediate product during the manufacture of sulphuric acid. Sulfur oxide emissions cause
adverse impacts to vegetation, including forests and agricultural crops. In the atmosphere
SO,does dot remain in gaseous state for a long time, very soon it reacts with atmospheric
moisture in presence of sunlight form sulphuric acid, which finally comes on the land along with

acid water (acid rain).
S + 0, - SO,
250, + 0, — 250,
SO; + H,0 - H,SO,
S0, + 20, - SO; S 1,50, (Acid)
At high temperature in atmosphere givesSO,, radicals
SO, + hv - SO,
Hydrogen radical present in the photochemical smog also contributes to the oxidation of SO>

When SOzcombined with water molecules its produce acid rain

OH + SO, - HOSO,

1.4.4. Hydrocarbon

Hydrocarbons are organic matter it’s considered as pollutants when its quantities increase
in air. In India, the main sources of hydrocarbon are automobiles; it produces number of
hydrocarbons such as CH,, C,H,, Benzene, Propane, Toluene, Benzopyrene and PHASs
(Polycyclic aromatic hydrocarbons). Generally, hydrocarbon occurs in atmosphere produce by

natural and anthropogenic sources.

1.4.4.1.Natural sources of hydrocarbon:



a) From Microbial Degradation: Methane (CH,) is the major naturally occurring
hydrocarbon emitted in atmosphere. It is produced by bacterial degradation (decomposition)

of organic matter in soil, water and sediments.

bacteria

2CH20 — CH4 + COZ

b) From Ocean: Hydrocarbon release maximum are of water surface of ocean by
plants and animal’s activities
¢) From Rhuminants: Human activities contributes nearly 20% of the
hydrocarbons emitted to the atmosphere every year and animals contributes about 80-85
million tons of methane in the atmosphere every year by animals
d) From Forest Fire: burning of green tree and fossil fuel emitted hydrocarbons.
1.4.4.2. Anthropogenic sources:

a) Transportation: A more important source of hydrocarbon is an automobile
exhaust, which contains significant amount of unburned hydrocarbon is complete combustion
does not take place.

b) Figurative emission from Industries: Industrial process like processing, storage,
transfer of products etc. contribute the next largest source of hydrocarbons. The evaporation
of organic solvents likeC4H¢, C4H<:CH3, CCl,, CHCI;, etc. emit about 10% hydrocarbon in air
during industrial operation. These solvents are ingredients of paints, varnishes, lacquers,
undercoating and other products. During their manufacture, large quantities of reactive
hydrocarbons are emitted into atmosphere.

c) Figurative emission form house hold: Some hydrocarbons are emitted from
daily occurring process by human activities such as burring waste inorganic agricultural
martial and from some other burning martial etc. Reactions of hydrocarbons in atmosphere in
the presence of nitrogen oxides (NO,,) and responsible for photochemical smog (Las
Angeles). Approximate natural emission of hydrocarbons is about 520 x 10° tones/year at in
1998 of which petroleum products 55%, coal about 3.3% woods 2.3%, emission and refuse
burning about 20.2% and solvents evaporation about 11.3%.

NO, + hv -»NO +0
0 +0, +M -0+ M
0; + CyHy; > RCH; + RCHO



RCH; + °'OH- 'RCH, + H,0
°RCH, + 0, + M — RCH,00° + M
RCH,00° + NO - RCH,0° 4+ NO,

RCH,0° + 0, - RCHO + HOO°

HOO° + NO - NO, + °OH

RCHO + °OH - R°CO + H,0

R°CO + M+ 0, - RCOOO° + M

RCOOO° + NO, » RCOOONO,

Peroxyacetyl nitrate (PAN)

Photochemical reaction also involves the formation of free radicals form aldehydes
CH;CHO + hv—°CH; + HCHO°

Ketones, hydrogen peroxide, organic peroxides etc. also yield free radicals which interact
with hydrocarbons in atmosphere.

1.4.5. Particulates matter

Particle of small size which is born by air constituents is called particulate matter. The
particulate matters are discreet mass of any material that exists as liquid or solid in the
atmosphere and of microscopic dimensions. They are found 0.001 um to several hundred um in
dimension with large surface area hence present good side for absorption of various inorganic
and organic gaseous which increases heterogeneous phase reaction in the atmosphere including
scattering of life. The particulates matters are influence the climate through the formation of
clouds and smokes they also absorbs solar radiation and reduce visibilities. About two thousand
million tones of particulate matter per year releases form natural resources. About 450 million
tons of particulates matte in year is emitted form man made sources as burning of fossil fuel.
Industrial operation etc. types of particulate matter on the basis of size they are dividing into

following types:

Smoke: smoke particulates consist solid and liquid particles ranging from 0.05 to 1.0

micron which emitted mostly from vehicles.



Dust: Dust is composed of fine solid particles and their size range from 1 micron to 100
micron (u). Dust particles are formed by sand from sand blasting saw dust form wood works and

coal etc.
Mist: Mists are liquid particles are formed by condensation of a vapor having a size less
than 10 micron. For example
22°C
S0,(gas) — SO; (liquid)

Spray: It constitutes quid particles obtained from the present liquid process of

mechanical disintegration like atomization.

Fumes: fumes are generally obtained by condensation of various by sublimation,
distillation, calcinations and by several other chemical reactions.

Source of particulate matter:
The particulate matters are release from natural and anthropogenic sources

a) Natural sources: particulate matter release form different natural resources in which some
are as volcanic actions, forest fire, wind, soil erosion etc. are sources of particulate matter.

b) Anthropogenic sources: combustion of fossil fuels, industrial operations, transportation,
industrial fugitive process etc. is the sources of emission of particulate matter by manmade

process.
Formation of particulate matter:

The formation of particulate matter is two types i.e., inorganic and organic particulate

matter.
Inorganic particulate matter:

This is also two types such as physical and chemical. Physical methods involving in formation of

particulate matter

» Dispersion process: mainly yield dispersion process example dusts.
» Adhesion of small particles by chemical process by yields particles of the size rangingfrom
10-20 p.



Natural resources also produce dispersed aerosols from sea sprays, windblown and dust
during cultivation and volcanic dust etc.
By coagulation, aggregation, separation, absorption also results in formation of particulates
matter.
Chemical methods involved in formation of particulate matter: they are generally originated
from metallic oxides, sulphides and carbonates etc.
These are produced when fuels containing metals are burned for example
a) The formation of Fe3O4 is formed during the combustion of pyrites containing coal.
3FeS, + 80, — Fe;04(particulate matter) + 6S0,
b) Calcium carbonate in ashes formation of coal gets converted to calcium oxide which emits

into the atmosphere through stack.

CaC0; > Calparticutatr matter + €O
c) Lead halides are generated by the combustion of leaded gasoline
Pb(C,Hs), + 0, + C,H,Cl, + C,H,CBr,
— €O, + H,0 + PbCl, + PbBr, + PbBrCl

d) Aerosol mist are formed by the oxidation to H2SO4
250, + 0, + 2H,0 — 2H,S04(From decomposition)

Aerosols of natural origin with diameter less than 0.2 p are called Aitken particles these

are normally bacteria, fogs, pollen grains volcanic ash etc.

Organic particulates matter:

It originates from wind variety auto mobiles and vegetation. Polycyclic aromatic
hydrocarbon (PAHS) like chrysene benzo fluoranthene, benzopyreneetc. are some organic
particulate matters of is carcinogenic matter. It mainly occurs in urban atmosphere is about
20 ug/m? in upper atmosphere.

PAHs originate from paralysis of higher parameter present in fuels and plant materials high
molecular weights are paralyzed to produce C;,H,,. While under goes further formation of
PAN compounds.

Main PAH compounds are absorbed in soot particles (size 1-10 p) usually these are graphite
crystal, large surface area to absorbs to resulting growth of particulates under gravity they

effect the structure of vegetation.



1.5.Acid rain

Acid rain is the phenomenon, where precipitation of acid occurs in the form of rain as
simplest manner commonly known as acid rain. The term of acid rain fist coined by Robert
Angus Smith in 1872. It is naturally slightly acidic due to dissolved carbon dioxide. The term
acid refers to an excess of H* ions in water solution. Hydrogen ions are normally balanced by
anions, 250%~, NO3 and to some extent by Cl~and organic anions, e.g., acetate(CH;CO0~) and
formate (HCOO™) ions.

Acid rain occurs in different form such as snow, sleet, fog, dew etc. which is unusually
acidic i.e., containing a higher concentration of hydrogen ions than normal rain. The acid rain
has adverse effect on environment and human being. Due burning of fossil fuels and vehicular
emission of sulphur dioxide and nitrogen oxides are responsible of acid rain or acid precipitation.
Some other natural phenomenon such as volcanoes, oceans, and biological decay and forest fires
also enhance the acid rain precipitation. The effects of acid rain on trees and freshwater bodies
were first observed in Scandinavian countries during the 1970s and 1980s. Acid rain and acid
precipitation depend upon the chemical nature of air pollutants and moisture in the atmosphere.
Winds can blow SO,and NO,.over long distances and across borders making acid rain a problem
for everyone and not just those who live close to these sources. Thus, acid rain day by day
becomes a global problem. Air pollution plays a huge role in acid rain as air is the medium in
which pollutants released combine with rain water or atmospheric moisture and are washed

down to the surface of the earth.

The acidic deposit occurs in two way as dry deposition and wet deposition, wet
deposition is any form of precipitation which removes acids from the atmosphere and places
them on the surface of the earth. In the absence of precipitation, dry deposition of polluting

particles and gases sticks to the ground through dust and smoke.

a) Wet deposition: In wet areas, acid falls with rain, sleet, hail, snow and fog.
b) Dry deposition —This refers to acidic gases and particles which get deposited on
soil, vegetation and water on earth’s surface

1.5.1. Acid rain formation



Acid rain is formation is chemical phenomenon, it occurs when the atmospheric gases
that release from different resources are reacted water forms acid rain. For example, when
nitrogen oxide with oxygen to form nitrogen dioxide and nitrogen dioxide dissolves in water to

form nitric acid which is washed down as acid rain.

2NO(g) + 0,(g) » 2NO,

However, the major form of acid rain occurs when sulphur dioxide reacted with oxygen

to form sulphur trioxide, which further dissolves in water to produce sulphuric acid.

1
SO,(g) + Eoz(g)—’ S0;(g)

SO;(g) + H,0 (1) - H,S0, (aq)
1.5.2. Measuring Acid Rain

Water is acidic or basic in nature can be measured by pH meter. Thus, the acidic and
alkalinity of rain water is measured using a pH scale for which 7.0 is neutral and less than 7 is
acidic and greater than 7 is alkaline is nature. Normal rain has a pH of about 5.6; it is slightly
acidic because carbon dioxide (CO,) dissolves into it forming weak carbonic acid. Acid rain
usually has a pH between 4.2 and 4.4. When acid deposition is washed into lakes and streams, it

can cause some to turn acidic.



The pH Scale
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References: What is Acid Rain? | US EPA

City pH Year
Jaipur 6.7 —8.45 1996 - 2006
Delhi 6.7 1996
Agra 7.0 1991
Pune 6.5 1996
Kalyan 5.7 1989
Chembur 6.44 1994
Goa 6.3 1996

Source of table: Rainwater pH value at selected Indian locations (Misra et al., 2013)
1.5.3. Effects of acid rain

Acid rain adversely impacts freshwaters, forests, soils, killing aquatic life-forms, and
insects. In addition, this occurrence causes damage to buildings and impacts human health

adversely.
Surface waters and aquatic animals:

In aquatic environment the increasing concentration of H*ion due to addition of acid rain
water decreases the pH value of water that may arias harmful effects on animal and fisher by
change life cycle and reproduction process. However, it is found that, fish eggs may not hatch at

pHs lower than 5 and further lower pHs can destroy adult fish. Apart from fisher’s other aquatic


https://www.epa.gov/acidrain/what-acid-rain

animal are affected when natural habitat like for lakes and rivers is getting acid water from
different sources. Thus, we can say acid rain is reducing aquatic biodiversity by destroyed some

fish species and insect lives.
Soils:

In soil, there is lots of chemical already exited, but when acid rain enters in soil profile it
changes the physical and chemical nature of soil. Due to change of physiochemical properties of
soil a lot of microbes that are essential for cultivation get destroyed due to change in low pH of
soil. The enzymes embodied in these microbes are changed in shape by the acid and are no
longer able to function i.e., denatured. Acid rain leached out plant nutrients from soil,
particularly the base cations, such as magnesium, calcium and potassium are leached out. These
are replaced by hydrogen ions owing to ion exchange. The increased acidity combined with
nutrient deficiency leads to decrease in soil fertility. The vital nutrient phosphorus is available in
soil as phosphate. The aluminum ions, Al3*, are able to bind the phosphate very strongly and so
the latter becomes unavailable to plants. An increase in acidification of soil, results in the
leaching of potentially toxic metal ions such as aluminum, cadmium, manganese, copper, iron,

etc.
Forests and other vegetation:

The forests at high altitude are more susceptible to damage due to their exposure to the
base of low-level clouds, where the acidity may be high. Acid rain can also damage other plants,
however its impact on food crops is reduced by the use of fertilizers and lime to swap lost
nutrients. AI3*, ions damage the root fibers and lead to forest decline. Acidity coupled with
presence of tropospheric ozone and other oxidants cause stress, which when combined with
drought, temperature extremes and disease and insect attack, leads to forest decline.

Health effects on humans:

Human health is not directly affected by acid rain since the acids present in the rainwater
are in dilute form. Nevertheless, the particulates like nitrogen oxides and sulfur dioxide that
contributes to acid rain adversely impacts the humans. Increased levels of these fine particulates

in the air create lung and heart troubles including bronchitis and asthma.

Effects of acid rain on building material:



Acid rain and acid deposition causes buildings and monuments to deteriorate. Many
buildings and statues of historical importance are built with stone such as marble, containing
calcium carbonate. Sulphuric acid in acid rain converts calcium carbonate into calcium sulphate,
which can cause discoloration and pitting of the stone. The yellowing of the Taj Mahal, earlier
famous for its pure white marble structure, is an example of this phenomenon. The amount of
acid in rainwater decides its effect of weathering of rocks. When natural rain water(pH = 5.6)
falls on limestone derived rocks, as in Rajasthan, etc., the reaction with limestone neutralizes the

acid and limestone dissolves
Prevention of acid rain

e Prevention of acid rain can be carried out by curtailing the use of fossil fuels by simple
steps like more walking and cycling instead of driving.

e Switching use of low sulphur coal, desulphurisation of coal before burning, removing
sulphur oxides from waste gases coming out of chimney stacks, road traffic restriction,
bringing more renewable energy sources.

e Being responsible citizens, one should be aware of the harmful effects they cause and of
the industries which give out nitrogen and sulphur compound wastes unethically.

1.6.Greenhouse

Greenhouse means an inflated structure covered with a transparent material that make
warm environment inside even during winter. In another world, Greenhouse is building designed
for protection of seasonal plant against excessive cold and heat, means mentioned desired
environmental condition of cultivated plant. The greenhouse may be made up of glass, ordinary
bricks or timber materials with a normal proportion of window space and some means of heating.
Greenhouse also called glasshouse because it is cheap and sophisticated forms of heating became
available, greenhouse is very useful technology for cultivation of off-season production of high
value vegetables and food crops in cold climate. Mid-19" century the greenhouse had developed
to control of hostile environment for protection of some particulate plant, but end of 19th century
is becomes useful for exotic plants species and adopted vast in greenhouse culture in England
and some other country. However, now modern greenhouse technology is widely accepted that is
usually a glass- or plastic-enclosed framed structure used for the production of fruits, vegetables,


https://www.britannica.com/technology/framed-building

flowers, and any other plants that require special conditions of temperature. The basic structural
forms are the span-type greenhouse, which has a double-sloped, or A-shaped, roof, and the lean-
to greenhouse, which has only one roof slope and leans against the side of a building.

Greenhouse is getting warmness from greenhouse gases.

The greenhouse gases are trap the heat from atmosphere is called greenhouse gases. In
the atmosphere the primary greenhouse gases
are watervapor (H,0), carbondioxide (CO,), methane (CH,), nitrousoxide (N,0),and ozone (05).
These greenhouse gases absorb and emit radiant energy within the thermal infrared range,
causing the greenhouse effect, thus the heat of increase greenhouse increases. The solar radiation
reaches on the earth surface, the earth surface absorbs and emits this solar ration. The earth
surface emitted or returns back the solar ration with high wavelength (Infrared radiation). This
high wavelength means infrared radiation absorbed by greenhouse gases that lead to the heating
of the surface of the planet. However, the greenhouse effects areenhanced due to increase the
concentration of greenhouse gases, thus it need to understand and distinguish natural greenhouse
effect and enhanced greenhouse effect. The natural greenhouse effect is caused by the natural
amounts of greenhouse gases, and is vital to life. In the absence of the natural greenhouse effect
the surface of the Earth would be approximately 33°C cooler. Natural greenhouse effects occur
due to present of ambient concentration of greenhouse gases, while the enhance greenhouse

effects is produce due to addition of greenhouse gases.

1.7.Global warming

Global warming refers to the long-term increase in the Earth's average surface temperature
due to the buildup of greenhouse gases in the atmosphere. Greenhouse gases, such as carbon
dioxide, methane, and nitrous oxide, trap heat from the sun's radiation and prevent it from
escaping back into space, causing the Earth's temperature to rise. The main cause of global
warming is human activities, such as burning fossil fuels, deforestation, and agriculture, which
release large amounts of greenhouse gases into the atmosphere. The effects of global warming
can be seen through rising sea levels, melting glaciers, more frequent and severe weather events,
and shifts in ecosystems, among other things. To mitigate the impacts of global warming,
governments, organizations, and individuals have taken various actions to reduce greenhouse gas

emissions and promote sustainable practices. These include using renewable energy sources,
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reducing energy consumption through energy-efficient buildings and appliances, and
transitioning to low-carbon transportation. Addressing global warming is crucial to safeguard the
planet's future and the well-being of all living beings on it. The Paris Agreement, signed in 2015
by nearly every country in the world, aims to limit global warming to well below 2 °Cabove pre-
industrial levels and pursue efforts to limit the temperature increase to 1.5 °C. Achieving these

goals will require collective efforts and sustained action from all sectors of society.
1.7.1. Causes and effect and mitigation

The main cause of global warming is the increase in the concentration of greenhouse gases,
primarily carbon dioxide, in the atmosphere. The main sources of these gases are human
activities, such as burning fossil fuels (coal, oil, and gas) for energy, deforestation, and land use
changes. These activities have significantly increased the levels of carbon dioxide in the
atmosphere from about 280 parts per million (ppm) before the industrial revolution to over 400
ppm today.The increased concentration of greenhouse gases in the atmosphere traps more heat
from the sun's radiation, causing the Earth's temperature to rise. The effects of global warming

can be seen across the planet, including:

= Rising temperatures: The average global temperature has increased by about 1 °C (1.8 °F)
since the late 1800s.

= Melting ice: Ice in the Arctic, Antarctic, and glaciers around the world is melting at an
alarming rate, leading to rising sea levels.

= More frequent and severe weather events: Global warming is causing more intense and
frequent heat waves, droughts, wildfires, hurricanes, and floods.

= Shifts in ecosystems: Many plant and animal species are being affected by global warming,
with some species moving to new locations, changing their seasonal behaviors, or even
becoming extinct.

= QOcean acidification: The oceans absorb about 25% of the carbon dioxide emissions from

human activities, causing the acidity of seawater to increase, which can harm marine life.

The effects of global warming have significant implications for human health, economies,
and the environment. Addressing global warming will require collective efforts to reduce
greenhouse gas emissions and promote sustainable practices, including using renewable energy

sources, improving energy efficiency, and shifting towards more sustainable land use practices.



Mitigating global warming will require collective efforts from governments, businesses, and
individuals around the world. The Paris Agreement, signed in 2015, aims to limit global
warming to well below 2°Cabove pre-industrial levels and pursue efforts to limit the temperature
increase to 1.5 °C. Achieving these goals will require sustained and ambitious action from all
sectors of society. The mitigation of global warming involves actions to reduce greenhouse gas
emissions and limit the amount of heat-trapping gases in the atmosphere. Some of the key

strategies for mitigation include:

» The use of renewable energy sources such as solar, wind, and hydropower can significantly
reduce greenhouse gas emissions from the electricity sector.

» Improving the energy efficiency of buildings, appliances, and transportation can reduce
energy consumption and greenhouse gas emissions.

» Deforestation is a significant source of greenhouse gas emissions, and efforts to reduce
deforestation and promote reforestation can help absorb carbon from the atmosphere.

» The transportation sector is a major source of greenhouse gas emissions, and shifting to low-
carbon transportation options such as electric vehicles, public transportation, biking, and
walking can help reduce emissions.

» Technologies that capture carbon dioxide emissions from power plants and industrial
processes and store them underground can help reduce emissions.

» Sustainable agricultural practices, such as reducing meat consumption and promoting
regenerative agriculture, can help reduce greenhouse gas emissions from the agriculture
sector.

1.7.2. Global warming potential

The global warming potential (GWP) of a gas refers to its ability to trap heat in the
atmosphere over a given time period compared to carbon dioxide. Global warming potential
(GWP) is a measure of how much a greenhouse gas contributes to global warming over a
specific time period, usually 100 years, compared to carbon dioxide (CO2), which is assigned a
GWHP of 1. It helps assess the relative impact of different gases on climate change. For example,
methane has a much higher GWP than CO> over a short period, but it dissipates more quickly in
the atmosphere. Understanding GWP is essential for climate policy and mitigation strategies.

Some common greenhouse gases and their GWPs over a 100-year time horizon are:



Methane (CH4): GWP of 28-36

Nitrous oxide (N20O): GWP of 265-298

Hydrofluorocarbons (HFCs): GWPs range from 12 to 14,800 depending on the specific HFC.
Sulfur hexafluoride (SFs): GWP of 23,500

These gases are often referred to as “climate forcers" because they have a significant impact
on the Earth's climate and contribute to global warming.

Understanding the Impact of Greenhouse Gases

Global Warming Potential (GWP) is a crucial concept in climate science and environmental
policy. It quantifies the relative contribution of different greenhouse gases to global warming.
This metric helps us assess and prioritize efforts to mitigate climate change by understanding
how various gases trap heat in the Earth's atmosphere compared to carbon dioxide (CO2),
which is the reference gas with a GWP of 1.

GWP measures the heat-trapping capacity of a gas over a specific time horizon, most
commonly 100 years. This time frame is chosen to provide a standardized basis for
comparing the impact of different gases. GWP values are typically calculated by considering
factors such as the gas's radiative efficiency, its atmospheric lifetime, and its absorption of
infrared radiation. Greenhouse gases, such as CO2, methane (CHa), nitrous oxide (N20), and
fluorinated gases, have varying GWP values. Understanding these values is essential for
climate scientists, policymakers, and anyone concerned about climate change.

1. Carbon Dioxide (CO2):

As the baseline with a GWP of 1, CO- is used to compare the warming potential of other
gases. It is released into the atmosphere primarily from burning fossil fuels, deforestation,
and various industrial processes.

2. Methane (CH4):

Methane is a potent greenhouse gas with a GWP of around 25-34 over a 100-year period.
However, it has a much higher heat-trapping capacity over shorter time horizons. Methane is
released from sources like agriculture, natural gas production, and wetlands.

3. Nitrous Oxide (N20):

N2O has a GWP of approximately 298 over a 100-year period. It is emitted from

agricultural and industrial activities, as well as from natural sources.

4. Fluorinated Gases:



Fluorinated gases include hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and
sulfur hexafluoride (SF6). These gases have extremely high GWP values, ranging from
hundreds to thousands, making them significant contributors to global warming. They are
used in various industrial applications like refrigeration, air conditioning, and electronics.
The choice of time horizon for calculating GWP is essential. Shorter time horizons, such as
20 years, emphasize the immediate impact of certain gases like methane, which has a much
higher GWP over this period. Longer time horizons, such as 500 years, provide a more
extended view of a gas's contribution to warming.

It's important to note that GWP values are not fixed and can be updated to reflect the latest
scientific understanding of the gases' warming potential. Additionally, GWP calculations
may be region-specific to account for variations in atmospheric conditions and other factors.
The significance of GWP extends beyond scientific curiosity. It plays a pivotal role in
shaping climate policy and guiding mitigation strategies. Policymakers and environmental
organizations use GWP to prioritize efforts aimed at reducing greenhouse gas emissions.

For example, efforts to reduce methane emissions from agriculture and natural gas
production are critical because of methane's high GWP. Similarly, phasing out high-GWP
fluorinated gases has become a priority in international climate agreements, such as the
Kigali Amendment to the Montreal Protocol. Understanding GWP helps nations set emission
reduction targets and evaluate the effectiveness of their climate policies. The Paris
Agreement, which aims to limit global warming well below 2°C above pre-industrial levels,
relies on GWP values to assess progress toward this goal.

In summary, Global Warming Potential (GWP) is a fundamental tool for assessing
the climate impact of different greenhouse gases. It provides a standardized measure of
their heat-trapping capacity relative to carbon dioxide. GWP values are vital for shaping
climate policy, guiding mitigation efforts, and achieving international climate goals. As
our understanding of these gases and their impact on the climate evolves, GWP values
may be subject to revision, emphasizing the dynamic nature of climate science and
policy.

1.8.Summary




The atmosphere is a layer of gases that surrounds the Earth and provides essential support
for life. The composition of the atmosphere is made up of various gases, including nitrogen,
oxygen, and argon. However, human activities have significantly altered the composition of the
atmosphere by releasing pollutants and greenhouse gases, leading to air pollution. Air pollution
refers to the presence of harmful substances in the air that we breathe, which can cause
significant health effects and environmental impacts. Some of the common air pollutants include
carbon monoxide, nitrogen oxides, sulfur dioxide, particulate matter, and ozone. Governments
and organizations have implemented various regulations and initiatives to reduce emissions and

improve air quality monitoring to address the issue of air pollution.

1.9.Terminal Question

Q.1. What is the atmospheric composition of air? Discuss the role of atmospheric gases.

Q.2. Define the pollution and pollutants? Write the primary and secondary pollutants.

Q.3. Discuss the chemistry of air pollutants.
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Q.4. Discuss the role of hydrocarbon for formation of secondary pollutants.
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Q.5. What are greenhouse gases? Discuss the greenhouse effects.
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Q.6. What is global warming? Discuss the global warming potential and its effects.
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1.10. Further suggested Readings
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Environmental Science, Subhas Chandra Santra, 2011, New Central Book Agency, 3rd
Edition.

A text Book of Environment Studies, Asthana, D. K. and Asthana, M. 2006, S. Chand & Co.
Atmosphere, Weather and Climate, Barry, R. G. 2003, Routledge Press, UK.

Ecology: Theories and Applications, 4th Edition, Peter Stiling, 2001, Prentice Hall.

Biodiversity: a beginner’s guide, John I. Spicer, 2006, One world Publications.
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2.1. Introduction

Ozone is a molecule composed of three oxygen atoms. It is primarily found in the
stratosphere, a layer of the atmosphere located between approximately 10 to 50 kilometers above
the Earth's surface. The stratospheric ozone layer is often referred to as the "good™ ozone because
it acts as a shield, absorbing and filtering a significant portion of the Sun's harmful ultraviolet
(UV) radiation. The formation of ozone in the stratosphere involves a series of chemical

reactions. Ozone undergoes various chemical reactions in the atmosphere. These reactions can



occur in the stratosphere, where ozone plays a beneficial role, and in the troposphere, the lower
part of the atmosphere where weather occurs. Understanding ozone chemistry is crucial for
assessing air quality, studying atmospheric processes, and addressing environmental issues such
as ozone depletion and air pollution. Ozone chemistry research helps scientists and policymakers
develop strategies to protect the ozone layer, reduce pollution, and mitigate the impacts of ozone

on human health and ecosystems.
Objectives

> To discuss the ozone formation and depletion in atmosphere

> To discuss the Ozone in arctic region and its impact on climate
> To discuss the role of free radicals in propagation and depletion
>

To discuss the ozone and climate change

2.2. Atmospheric ozone

Atmospheric ozone refers to the presence of ozone gas (O3) in the Earth's atmosphere.
Ozone is a molecule composed of three oxygen atoms bonded together. It is primarily found in
the stratosphere, a layer of the atmosphere located approximately 10 to 50 kilometers (6 to 30
miles) above the Earth's surface. The stratospheric ozone layer plays a crucial role in protecting
life on Earth by absorbing and blocking a significant portion of the Sun's ultraviolet (UV)
radiation. This absorption prevents most of the harmful UV-B and UV-C radiation from reaching
the Earth's surface, where it can cause various health issues, including skin cancer, cataracts, and
immune system suppression in humans, as well as damage to plant life and marine ecosystems.
The formation and destruction of ozone in the atmosphere occur through complex chemical
reactions. Ozone is continuously created in the stratosphere when oxygen molecules (0,) are
split apart by UV-C radiation, releasing highly reactive oxygen atoms. These atoms can then
combine with other oxygen molecules to form ozone. However, there are also natural and
human-made factors that can lead to the depletion of ozone in the stratosphere. The most well-
known is the release of certain chemical compounds called ozone-depleting substances (ODS)
into the atmosphere. Chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and methyl
chloroform are examples of ODS that were commonly used in the past in refrigeration, air
conditioning, aerosol propellants, and industrial processes. When these ODS reach the

stratosphere, they undergo chemical reactions that release chlorine and bromine atoms. These



atoms catalytically destroy ozone molecules, breaking them apart and reducing the overall
concentration of ozone in the stratosphere. This phenomenon is often referred to as ozone
depletion. The most significant depletion of stratospheric ozone occurs in the polar regions,
resulting in the formation of the so-called ozone holes. These holes represent areas with
extremely low ozone concentrations during specific times of the year, particularly in the spring
in the Southern Hemisphere and in the fall in the Northern Hemisphere. To address the issue of
ozone depletion, the international community adopted the Montreal Protocol on Substances that
Deplete the Ozone Layer in 1987. This treaty aims to phase out the production and use of ODS.
Thanks to the protocol's implementation and subsequent amendments, the ozone layer is showing
signs of recovery, and the concentrations of most ODS in the atmosphere are declining. Overall,
the study of atmospheric ozone is crucial for understanding the Earth's climate, the health of

ecosystems, and the potential impacts of human activities on the environment.

2.3. Ozone in stratosphere

The primary chemical reaction involved in the formation and destruction of ozone in the

stratosphere is as follows:
Ozone Formation:
Step 1: Photodissociation of Oxygen Molecules
0, + UV — C radiation — 20

Ultraviolet (UV-C) radiation breaks apart oxygen molecules (0,) into individual oxygen
atoms (O).

Step 2: Formation of Ozone
0+ 0, - 03

The oxygen atoms (O) produced in the previous step reacts with other oxygen molecules

(0,) to form ozone (03).

In this reaction, oxygen molecules (0,) are split apart by UV-C radiation (high-energy
ultraviolet radiation). The resulting oxygen atoms (O) are highly reactive and can combine with

other oxygen molecules to form ozone (05).

Ozone Depletion:



Step 1: Initiation
ClI'+ 0; - CIO° + 0,

Chlorine radical (CI") reacts with ozone (03) to form chlorine monoxide radical (CIO")

and oxygen molecule (0,).
Step 2: Propagation
C'+ 0 - CI'+ 0,
ClI'+ 0; - CIO° + 0,

The chlorine monoxide radical (C10°) reacts with atomic oxygen (O) to regenerate the
chlorine radical (CI°) and produce oxygen molecules (0,). The chlorine radical can then continue

the cycle by reacting with more ozone to form ClO’again.
Step 3: Chain Reaction Continuation
0+ 0; » 0,

Atomic oxygen (O) reacts with ozone (03) to produce oxygen molecules (0,), further

depleting ozone.

These reactions involving chlorine atoms are typical for ozone depletion caused by
chlorofluorocarbons (CFCs) and other ozone-depleting substances (ODS). Similar reactions can

occur with bromine atoms from brominated ODS, such as halons.
Chlorine Monoxide Radical Reaction with Ozone:
Clo° + 0; — CI'+ 20,

The chlorine monoxide radical (CIO°) can react with another ozone molecule (05),
resulting in the regeneration of the chlorine radical (C1I") and the production of two oxygen

molecules (0,). This reaction further contributes to ozone depletion.
Bromine Radical Reaction with Ozone:

Br'+ 0; » BrO’ + 0,



Similarly, bromine radicals (Br") can also react with ozone molecules (05), leading to the
formation of bromine monoxide radicals (BrO’) and oxygen molecules (0,). The bromine

monoxide radicals can further participate in catalytic cycles, contributing to ozone depletion.
Examples of Ozone-Depleting Reactions:
Reaction with Chlorofluorocarbons (CFCs):
CFCl; + UVradiation — CI° + CFCl,

Chlorofluorocarbons, such as CFCls(also known as CFC-11), can be dissociated by
ultraviolet (UV) radiation, releasing chlorine radicals (Cl’). These chlorine radicals then

participate in reactions that deplete ozone, as mentioned earlier.
Reaction with Halons:
CBrF; + UVradiation - Br’ + CF,

Halons, like CBrF; (also known as Halon-1301), can also undergo dissociation when

exposed to UV radiation, producing bromine radicals (Br’) that contribute to ozone depletion.

It's important to note that these reactions are simplified representations of the complex
chemistry involved in ozone depletion. It's important to note that these reactions occur in a
catalytic cycle, meaning that a single chlorine or bromine atom can destroy multiple ozone
molecules before being regenerated and continuing the process. This catalytic destruction is one
of the reasons why ozone depletion can have a significant impact on the ozone layer. These
reactions play a crucial role in maintaining the delicate balance of ozone concentrations in the
stratosphere, influencing the Earth's radiation balance and protecting life on our planet from
harmful ultraviolet radiation. The actual chemistry is influenced by various factors, including
temperature, pressure, atmospheric conditions, and the concentrations of o0zone-depleting

substances.

2.4.0zone in arctic region

In the Arctic region, the presence and behavior of ozone in the atmosphere can vary
depending on the season and prevailing atmospheric conditions. Here are some key aspects

regarding ozone in the Arctic:



Ozone Concentrations: Ozone concentrations in the Arctic region generally exhibit
seasonal variations. The lowest concentrations are typically observed during winter and early
spring, while higher concentrations are present in summer and autumn. This is in contrast to the

Antarctic region, where a distinct ozone hole forms during the Southern Hemisphere spring.

Polar Vortex: In the winter months, a polar vortex forms over the Arctic, which is a
large-scale cyclonic circulation in the stratosphere. This vortex isolates the Arctic air mass,
leading to extremely cold temperatures and stable atmospheric conditions. As a result, ozone-
depleting reactions can occur within the vortex, leading to localized ozone depletion.

Polar Stratospheric Clouds (PSCs): The presence of polar stratospheric clouds in the
Arctic plays a role in facilitating ozone depletion. These clouds provide surfaces for chemical
reactions to occur, particularly reactions involving chlorine and bromine compounds. The cold
temperatures within the polar vortex enable the formation of PSCs, which can enhance ozone

destruction during polar spring.

Ozone Depletion Events: Ozone depletion events in the Arctic can occur primarily
during the polar spring (late winter to early spring). During this period, sunlight returns to the
polar region, initiating photochemical reactions that involve ozone-depleting substances (ODS),
such as chlorofluorocarbons (CFCs). These reactions lead to the destruction of ozone, resulting
in localized ozone holes or areas of reduced ozone concentrations. In the Arctic region, ozone
depletion can occur under specific conditions during the polar spring. Here is the key reaction
involved in ozone depletion in the Arctic:

ClI’+ 0; - CIO° + 0,

This reaction involves a chlorine radical (CI°) reacting with an ozone molecule (03) to
form a chlorine monoxide radical (C10°) and an oxygen molecule (0,). The chlorine monoxide

radical can participate in a catalytic cycle that continues the destruction of ozone:
ClO°+ 0 - CI'+ 0,

In this step, the chlorine monoxide radical (Cl0°) reacts with an atomic oxygen (O) to
regenerate the chlorine radical (C1°) and produce another oxygen molecule (0,). The chlorine
radical can then react with more ozone molecules, repeating the process and leading to the

destruction of additional ozone molecules. It's important to note that while chlorine is a primary



contributor to ozone depletion, other reactive halogen species, such as bromine radicals, can also
play a role in the Arctic region. The conditions in the Arctic, such as extremely cold
temperatures and the presence of polar stratospheric clouds (PSCs), create an environment
conducive to the activation of chlorine and bromine chemistry, leading to enhanced ozone
depletion. PSCs provide surfaces for chemical reactions to occur, facilitating the conversion of
inactive chlorine and bromine species into reactive forms. The reactions mentioned above
represent the primary mechanisms involved in ozone depletion in the Arctic region. These
reactions are facilitated by the presence of ozone-depleting substances (ODS), which release
chlorine and bromine into the atmosphere. However, it's important to note that the overall ozone
depletion in the Arctic is generally less severe compared to the Antarctic ozone hole, which is

influenced by different atmospheric dynamics and larger concentrations of ODS.

Climate Change Effects: Climate change is influencing the behavior of ozone in the
Arctic. Changing atmospheric circulation patterns and variations in temperatures can impact the
transport and distribution of ozone in the region. Additionally, increased emissions of
greenhouse gases may indirectly affect ozone chemistry, although the specific interactions are
complex and still being studied.

It's worth noting that the Arctic ozone depletion is generally less severe and less
persistent compared to the Antarctic ozone hole due to differences in atmospheric dynamics,

temperature profiles, and the availability of ozone-depleting substances.

2.5.Free radicals and its role ozone

The role of free radicals in both ozone formation and depletion is significant. Free
radicals are highly reactive species that play a crucial role in the complex chemistry of the
atmosphere. They participate in various reactions that contribute to the production and
destruction of ozone. In this response, | will provide an overview of the role of free radicals in

ozone formation and depletion, along with relevant chemical equations and examples.
Ozone Formation:

Ozone formation primarily occurs in the stratosphere, where oxygen molecules (0,) are
split apart by high-energy ultraviolet (UV) radiation, resulting in the formation of free oxygen

atoms (O). These free oxygen atoms are highly reactive and can combine with other oxygen



molecules to form ozone (03). The overall process can be summarized in the following

reactions: Photodissociation of Oxygen Molecules:
0, + UV — C radiation — 20

In this reaction, UV-C radiation breaks apart an oxygen molecule (0,) into two oxygen
atoms (O).

0+ 05 - 0,

The oxygen atoms (O) produced in the previous step can react with other oxygen

molecules (0,) to form ozone (05). This reaction occurs spontaneously and is exothermic.

Free radicals, such as hydroxy! radicals (OH") and nitric oxide radicals (NO), also play a

role in ozone formation by reacting with oxygen molecules. For example:
Hydroxyl Radical Reaction with Oxygen:
OH’ + 0, — HO,
HO,+0 - OH" + 0,

Hydroxyl radicals (OH") react with oxygen molecules (0,) to form the hydroperoxyl
radical (HO5), which can then react with atomic oxygen (O) to regenerate oxygen molecules and

produce another hydroxyl radical. This cycle contributes to the overall ozone formation process.
Examples:

The reaction of a hydroxyl radical with an oxygen molecule is an important step in the

ozone formation cycle. For instance:
OH" + 0, — HO;,

Nitric oxide radicals (NO") can also participate in ozone formation. Here is an example

reaction:
NO" + 0, — NO,

NO, +0 - NO + O,



In this reaction, a nitric oxide radical (NO) reacts with an oxygen molecule (0,) to form
a nitrogen dioxide radical (NO,), which can further react with atomic oxygen (O) to regenerate

nitric oxide (NO) and produce another oxygen molecule (0,).
Ozone Depletion:

Ozone depletion refers to the destruction of ozone molecules in the stratosphere. The
primary contributors to ozone depletion are certain reactive substances, such as chlorine and
bromine compounds derived from human-made ozone-depleting substances (ODS). Free
radicals, particularly chlorine radicals (C1") and bromine radicals (Br’), are instrumental in
catalytic cycles that lead to ozone destruction. The following reactions exemplify ozone

depletion processes:
Chlorine Radical Reaction with Ozone:
ClI’+ 03 - CIO° + 0,

In this reaction, a chlorine radical (C1") reacts with an ozone molecule (05), resulting in
the formation of a chlorine monoxide radical (CI0") and an oxygen molecule (0,). The chlorine

monoxide radical can participate in a catalytic cycle that continues the destruction of ozone.
Chlorine Monoxide Radical Reaction with Ozone:
Clo° + 0; — CI'+ 20,

The chlorine monoxide radical (CI0°) can react with another ozone molecule (03),
leading to the regeneration of the chlorine radical (Cl) and the production of two oxygen

molecules

2.6. Ozone and Climate change

Ozone and climate change are interconnected in several ways. While they are distinct
phenomena, changes in one can influence the other. In this response, | will provide an overview
of the relationship between ozone and climate change, discussing the effects of climate change

on ozone and the impacts of ozone on climate.

Ozone as a Greenhouse Gas:



Ozone itself is a greenhouse gas, albeit a relatively minor one compared to carbon
dioxide (CO,) and methane (CH,). In the lower atmosphere (troposphere), ozone acts as a
greenhouse gas by trapping heat and contributing to the warming of the Earth's surface.
However, ozone concentrations in the troposphere are influenced by various factors, including

human activities, which can result in both increases and decreases in ozone levels.
Ozone-Depleting Substances (ODS) and Climate Forcing:

Ozone depletion, primarily in the stratosphere, is driven by the release of ozone-depleting
substances (ODS), such as chlorofluorocarbons (CFCs) and halons. The destruction of ozone in
the stratosphere contributes to cooling of the upper atmosphere, which has implications for
climate. The release of ODS not only affects ozone but also has a significant climate forcing
effect due to the high global warming potential of these substances. The Montreal Protocol and
subsequent agreements have successfully phased out the production and use of ODS, resulting in
a positive impact on both ozone depletion and climate change.

Stratospheric Ozone and Atmospheric Circulation:

Changes in stratospheric ozone can influence atmospheric circulation patterns, including
the polar jet stream and the position and strength of high and low-pressure systems. These
changes in circulation can, in turn, affect weather patterns and climate at the Earth's surface.
However, the understanding of the precise linkages between stratospheric 0zone and atmospheric

circulation is an active area of research.
Climate Change Impacts on Ozone:
Tropospheric Ozone:

Climate change can have implications for tropospheric ozone levels. Elevated
temperatures, changes in atmospheric chemistry, and altered atmospheric circulation patterns
associated with climate change can affect the formation and concentration of tropospheric ozone.
Rising temperatures can increase the chemical reactions that produce ozone, leading to higher
concentrations in certain regions. Additionally, changes in atmospheric circulation can influence
the transport and distribution of ozone precursors, such as nitrogen oxides (NOx) and volatile

organic compounds (VOCs), contributing to changes in tropospheric ozone levels.

Stratospheric Ozone Recovery:



The recovery of stratospheric ozone from depletion is also influenced by climate change.
Changes in temperature and water vapor content in the stratosphere due to increasing greenhouse
gas concentrations can affect the chemical reactions involved in ozone depletion and recovery.
For example, the cooling of the stratosphere due to increased greenhouse gases can enhance the
formation of polar stratospheric clouds (PSCs), which provide surfaces for chemical reactions

that facilitate ozone depletion.
Impacts of Ozone on Climate:
Radiative Forcing:

Ozone, both in the troposphere and stratosphere, contributes to radiative forcing, which is
the perturbation of Earth's energy balance. In the stratosphere, the presence or depletion of ozone
affects the amount of ultraviolet (UV) radiation reaching the Earth's surface. In the troposphere,
ozone acts as a greenhouse gas and contributes to the absorption and emission of infrared

radiation, thereby influencing the Earth's energy budget.
Feedback Effects:

Changes in ozone can lead to feedback effects on climate. For instance, stratospheric
ozone depletion can result in cooling of the stratosphere,

2.7. Ozone and Dobson unit

Ozone is a molecule composed of three oxygen atoms (O3) and is present in the Earth's
atmosphere. It plays a crucial role in absorbing harmful ultraviolet (UV) radiation from the Sun,
protecting life on Earth. Ozone is primarily found in the stratosphere, a layer of the atmosphere
located between approximately 10 to 50 kilometers above the Earth's surface. The Dobson unit
(DU) is a unit of measurement used to quantify the total amount of ozone in a vertical column of
the atmosphere. It is named after G.M.B. Dobson, who was a pioneer in the field of atmospheric
ozone research. The Dobson unit represents the thickness of an ozone layer that would be
obtained if all the ozone in a column of air were brought to the Earth's surface and spread out
uniformly. The concept of the Dobson unit is based on the fact that the concentration of ozone in
the stratosphere is relatively low compared to other atmospheric gases. It is typically measured in
parts per million (ppm) or milligrams per cubic meter (mg/m3). However, these concentration

measurements can vary with altitude and temperature. Therefore, using the Dobson unit provides



a standardized measurement that represents the total amount of ozone in a vertical column. To
measure ozone in Dobson units, instruments called spectrophotometers are used. These
instruments measure the intensity of sunlight at different wavelengths as it passes through the
Earth's atmosphere. By analyzing the variation in sunlight intensity, scientists can determine the
ozone concentration and calculate the Dobson units. Typically, the average ozone concentration
in the atmosphere is around 300 Dobson units. Higher values are observed in regions with less
pollution and lower values in areas affected by ozone depletion or pollution. The ozone hole, a
significant depletion of ozone over Antarctica during the Southern Hemisphere's spring, is often
reported in negative Dobson units, indicating a reduction in 0zone concentration compared to the
average. Monitoring ozone levels in Dobson units is crucial for assessing the health of the ozone
layer, tracking changes in ozone concentrations, and studying ozone depletion and recovery
processes. It provides valuable information for understanding the impacts of human activities
and natural processes on the ozone layer and helps in formulating policies and regulations to

protect this vital atmospheric component.

2.8. Global warming potential

Global warming potential (GWP) is a measure used to compare the greenhouse warming
effects of different greenhouse gases (GHGS) over a specific time period, usually 100 years. It
quantifies the relative ability of a particular GHG to trap heat in the atmosphere compared to
carbon dioxide (CO,), which is often used as a reference gas with a GWP of 1. The GWP takes
into account both the radiative properties of the gas and its atmospheric lifetime. It considers the
amount of heat that a gas can trap in the atmosphere and how long it persists in the atmosphere
before being removed. The higher the GWP of a gas, the more potent it is as a contributor to
global warming. For example, methane (CH,) has a higher GWP than CO,because it is a more
effective greenhouse gas, trapping more heat. Over a 100-year time frame, methane has a GWP
of approximately 25, meaning it has 25 times the warming potential of CO,. Nitrous oxide (N,0)
has a GWP of about 298, making it a much more potent greenhouse gas than CO,. he GWP
values are determined through scientific assessments based on the best available knowledge of
the greenhouse gas's properties and atmospheric behavior. These values are used in various
environmental and policy contexts to assess the climate impact of different emissions and to

develop strategies for mitigating global warming.



2.9. Green house potential of various gases:

Here are the global warming potentials (GWPs) for some common greenhouse gases

(GHGs) over a 100-year time horizon:
Carbon dioxide (CO,): GWP =1
Methane (CH,): GWP = 25
Nitrous oxide (N,0): GWP = 298
Hydrofluorocarbons (HFCs):
HFC-23: GWP = 12,000
HFC-32: GWP =675
HFC-134a: GWP = 1,430
HFC-152a: GWP =124
HFC-143a: GWP = 3,780
Perfluorocarbons (PFCs):
PFC-14 (CF,): GWP = 7,390
PFC-116 (C,F,): GWP = 12,200
PFC-218 (C5Fg): GWP = 8,830
PFC-318 (C,F;,): GWP = 9,200
Sulfur hexafluoride (SFg): GWP = 23,500

Please note that these values are approximate and can vary slightly depending on the
assessment and the time horizon considered. The GWPs are used to compare the warming
potential of different gases relative to carbon dioxide, which is assigned a GWP of 1 as the

reference gas.
Ozone potential of greenhouse gases

The ozone potential of greenhouse gases refers to their ability to affect the concentration

of ozone in the Earth's atmosphere. Greenhouse gases can both directly and indirectly influence



ozone concentrations through various chemical reactions. Here are some examples of greenhouse

gases and their ozone potentials:
Carbon Dioxide (CO,):

Carbon dioxide is a well-known greenhouse gas that contributes to global warming and
climate change. While it does not directly deplete ozone, increasing CO,concentrations can
indirectly impact ozone levels through changes in atmospheric temperatures and circulation

patterns.
Methane (CH,):

Methane is another significant greenhouse gas. It does not directly deplete ozone but can
influence ozone concentrations indirectly. Methane can react with hydroxyl radicals (OH) in the
atmosphere, reducing the availability of OH radicals that are involved in the breakdown of

ozone.
Nitrous Oxide (N,0):

Nitrous oxide is both a greenhouse gas and a minor ozone-depleting substance. It has a
small direct ozone depletion potential (ODP) but plays a more substantial role in indirectly
affecting ozone levels. N,Ocan react with ozone in the stratosphere, catalytically destroying it

and leading to a reduction in 0zone concentrations.
Chlorofluorocarbons (CFCs):

CFCs are synthetic compounds that were widely used in the past in various applications,
including refrigeration, air conditioning, and aerosol propellants. They have significant ozone
depletion potentials (ODPs) and were major contributors to the depletion of the ozone layer.
CFCs can undergo photodissociation in the stratosphere, releasing chlorine atoms that can

catalytically destroy ozone molecules.
Hydrochlorofluorocarbons (HCFCs):

HCFCs are transitional compounds used as replacements for CFCs due to their lower
ODPs. They still have some ozone depletion potential and contribute to ozone depletion,
although to a lesser extent than CFCs. HCFCs can also release chlorine atoms in the stratosphere,

leading to ozone destruction.



The ozone potential of greenhouse gases is different from their greenhouse warming
potential (GWP), which quantifies their ability to trap heat in the atmosphere and contribute to
global warming. The two factors, ozone potential and greenhouse warming potential, are distinct
and are assessed separately when evaluating the environmental impact of different gases. The
chemical equations for the reactions involving greenhouse gases and ozone are complex and
involve multiple steps. The reactions can vary depending on the specific greenhouse gas and the
atmospheric conditions. However, the examples provided above capture the general impacts of

greenhouse gases on 0zone concentrations.

2.10. Montreal protocol

In the 1970s, scientific research highlighted the damaging effects of ODS, particularly
chlorofluorocarbons (CFCs), on the ozone layer. The depletion of the ozone layer was shown to
increase harmful ultraviolet (UV) radiation reaching the Earth's surface, leading to concerns
about the potential impacts on human health, ecosystems, and climate. The Montreal Protocol is
an international environmental treaty designed to protect the ozone layer by phasing out the

production and use of ozone-depleting substances (ODS).

In September 1987, the Montreal Protocol on Substances that Deplete the Ozone Layer
was agreed upon and signed by countries. The Protocol laid out a comprehensive strategy to

reduce and eliminate the production and consumption of ODS.

The Montreal Protocol initially targeted ODS, including chlorofluorocarbons (CFCs),
halons, carbon tetrachloride, and methyl chloroform. These substances were widely used in
various industrial applications such as refrigeration, air conditioning, aerosols, and foam-blowing

agents.

Over the years, the Montreal Protocol has undergone several amendments and
adjustments to accelerate the phase-out of ODS. Subsequent adjustments added other substances,
such as hydrochlorofluorocarbons (HCFCs), which are less harmful than CFCs but still
contribute to ozone depletion. Additionally, the Kigali Amendment in 2016 introduced a phase-
down schedule for hydrofluorocarbons (HFCs), potent greenhouse gases used as substitutes for
ODsS.



The Montreal Protocol has achieved significant success in reducing the production and
consumption of ODS. As of the knowledge cutoff in September 2021, global production and
consumption of major ODS have been reduced by more than 98%. This achievement has been
possible through the development and adoption of alternative technologies and substances that

have lower or no ozone-depleting potential.

As a result of the Montreal Protocol's efforts, the ozone layer is showing signs of
recovery. The concentrations of many ODS in the atmosphere have been declining, and the
stratospheric ozone layer is projected to recover to pre-1980 levels by the middle of this century.

The Montreal Protocol has enjoyed widespread participation and compliance from
nations worldwide. Currently, nearly every country in the world has ratified the Protocol,

demonstrating a global commitment to ozone protection.

Despite significant achievements, challenges remain in fully phasing out ODS, ensuring
compliance, and addressing emerging issues. The phase-down of HFCs under the Kigali
Amendment is a critical ongoing effort to mitigate their environmental impact. the Montreal
Protocol has played a pivotal role in addressing ozone depletion through international
cooperation and coordinated action. It has achieved remarkable success in reducing the
production and consumption of ODS, leading to the recovery of the ozone layer. Ongoing efforts
are focused on continued compliance, addressing remaining challenges, and responding to

emerging ozone-related concerns.

2.10.1. Montreal protocol agreement

The Montreal Protocol is a global environmental agreement, and virtually all countries in
the world are involved as parties to the agreement. As of the knowledge cutoff in September
2021, there are 198 parties to the Montreal Protocol. These include 197 countries (including all
United Nations member states) and the European Union as a regional economic integration

organization.

The Montreal Protocol is an international environmental agreement that aims to protect
the ozone layer by phasing out the production and consumption of ozone-depleting substances
(ODS). The primary objective of the Montreal Protocol is to protect the ozone layer, which
shields the Earth from harmful ultraviolet (UV) radiation. The agreement seeks to control and



reduce the production and use of ODS, which are substances responsible for the depletion of

ozone in the stratosphere.

The broad participation of countries in the Montreal Protocol reflects the global
recognition of the need to protect the ozone layer and address the depletion of ozone-depleting
substances (ODS). The agreement's universal membership signifies the commitment of nations
worldwide to cooperate and take action to phase out ODS and promote the recovery of the ozone

layer.
Commitments and Control Measures:
Q.1. Production and Consumption Control:

The Montreal Protocol sets mandatory control measures to regulate the production and
consumption of ODS. Parties to the agreement commit to phasing out the production and use of
specific ODS in a specified timeframe.

Q.2. Ozone Depletion Potential (ODP):

The Protocol uses the concept of Ozone Depletion Potential (ODP) to measure the ozone-
depleting effects of different substances. Each ODS is assigned an ODP value, indicating its
potential to deplete ozone relative to the reference substance, CFC-11.

Q.3. Multilateral Fund:

The agreement established the Multilateral Fund for the Implementation of the Montreal
Protocol, which provides financial and technical assistance to developing countries to support
their compliance with the Protocol's requirements.

Amendments and Adjustments:

The Montreal Protocol has undergone several amendments and adjustments to strengthen
control measures and address emerging issues related to ozone depletion. Notable amendments
include the London Amendment (1990), the Copenhagen Amendment (1992), the Montreal
Amendment (1997), and the Beijing Amendment (1999). These amendments accelerated the

phase-out of ODS and expanded the scope of controlled substances.

Compliance and Reporting:



Parties to the Montreal Protocol are required to report regularly on their ODS production,
consumption, and control measures. The reporting ensures transparency and facilitates the

monitoring of progress towards phasing out ODS.
Technology Transfer and Capacity Building:

The Protocol recognizes the importance of technology transfer and capacity building to
support developing countries in their efforts to comply with the control measures. It encourages
developed countries to assist developing countries in implementing ODS phase-out programs
and adopting environmentally friendly alternatives.

Meetings of the Parties:

The Parties to the Montreal Protocol hold regular meetings to review progress, discuss
scientific and technical issues, make decisions on amendments, and provide guidance on the

implementation of control measures.
Kigali Amendment:

The Kigali Amendment, adopted in 2016, is a significant addition to the Montreal
Protocol. It addresses hydrofluorocarbons (HFCs), potent greenhouse gases used as replacements
for ODS. The Kigali Amendment introduces a phase-down schedule for HFCs to mitigate their
contribution to climate change, while promoting the use of low-global-warming-potential

alternatives.

Overall, the Montreal Protocol is considered one of the most successful international
environmental agreements. It has led to significant reductions in ODS production and
consumption, resulting in the recovery of the ozone layer. The agreement demonstrates the
effectiveness of global cooperation in addressing environmental challenges and serves as a

model for future international environmental efforts.

2.10.2. Role of India in Montreal protocol agreement

India has played a significant role in the Montreal Protocol agreement, actively
participating in its implementation and making significant contributions to the protection of the

ozone layer. Ratification and Compliance:



India ratified the Montreal Protocol on November 19, 1992, showcasing its commitment
to the global efforts of ozone layer protection. As a party to the agreement, India has complied
with its obligations, including reporting on ODS production and consumption, implementing
control measures, and taking steps towards the phase-out of ODS.

ODS Phase-out Initiatives:

India has undertaken various initiatives and programs to phase out ozone-depleting
substances (ODS) within the country. The country has successfully reduced the production and
consumption of ODS, such as chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons

(HCFCs), through regulatory measures and promotion of alternative technologies.
Multilateral Fund Support:

India has received financial and technical assistance from the Multilateral Fund for the
Implementation of the Montreal Protocol. This support has helped India in implementing
projects and programs aimed at phasing out ODS, capacity building, technology transfer, and

promoting the use of environmentally friendly alternatives.
Technology Development and Transfer:

India has been actively involved in the development and transfer of ozone-friendly
technologies. The country has invested in research and development of alternative substances
and technologies that have lower or no ozone-depleting potential. India has also shared its
experiences and knowledge with other developing countries to facilitate their transition to ozone-
safe technologies.

Industry Engagement:

India has engaged with various industries and stakeholders to promote the adoption of
ozone-friendly alternatives. The government has collaborated with manufacturers, importers, and
associations to raise awareness, provide training, and ensure the availability of alternative

technologies and products that comply with the Montreal Protocol requirements.
Global Cooperation:

India actively participates in meetings and discussions under the Montreal Protocol

framework. The country contributes to policy deliberations, scientific assessments, and decision-



making processes to strengthen the effectiveness of the agreement. India's active engagement
promotes global cooperation and encourages other countries to fulfill their obligations under the

Montreal Protocol.
Ozone Layer Monitoring:

India has established a robust network for monitoring the ozone layer and its depletion.
The Indian Space Research Organization (ISRO) operates satellite-based ozone monitoring
instruments that provide valuable data on ozone concentrations and trends. This monitoring helps
in assessing the effectiveness of control measures and evaluating the recovery of the ozone layer.

India's involvement in the Montreal Protocol demonstrates its commitment to
environmental sustainability and global cooperation. The country's efforts in phasing out ODS,
technology development, capacity building, and active engagement contribute to the collective
global endeavor of protecting the ozone layer and mitigating the impacts of ozone depletion.

9.11. Smog

The smog is a general term referring to air pollution which constituents of solid particles
and or liquid aerosols. Smog is a type of air pollution characterized by a mixture of smoke and
fog, typically resulting from the interaction of pollutants in the atmosphere. Smog formation
involves complex chemical reactions, primarily driven by the presence of pollutants such as
nitrogen oxides (NOXx) and volatile organic compounds (VOCs). Here is an overview of smog

formation and depletion, along with examples from around the world and India:
Smog Formation:

Smog formation involves both primary and secondary pollutants, as well as various

chemical reactions. The primary contributors to smog formation are:
Nitrogen Oxides (NOx):

NO,compounds, primarily nitrogen dioxide (NO,),are released from combustion
processes in vehicles, power plants, and industrial activities. In the presence of sunlight, NO, can

undergo photolysis, leading to the formation of free radicals.

Volatile Organic Compounds (VOCs):



VOC:s are released from various sources, including industrial emissions, vehicle exhaust,
and chemical solvents. Examples of VOCs include benzene, toluene, and formaldehyde. VOCs

can react with sunlight and other pollutants to form secondary pollutants.

The chemical reactions involved in smog formation are complex and often occur in the

presence of sunlight. Some of the key reactions include:
Photochemical Oxidation:

NO, can undergo photolysis in the presence of sunlight, resulting in the formation of
nitrogen monoxide (NO) and atomic oxygen (O). These free radicals can react with VOCs,
initiating a series of chain reactions known as photochemical oxidation. The reactions produce

ozone (03) and other secondary pollutants such as peroxyacetyl nitrate (PAN).
Peroxyacetyl nitrate (PAN)

Peroxyacetyl nitrate (PAN) is a secondary pollutant that forms in the atmosphere as a
result of photochemical reactions involving volatile organic compounds (VOCs) and nitrogen
oxides (NOy). It is an important component of photochemical smog and is considered harmful to

both human health and the environment.
Formation of Peroxyacetyl RadicalsCH;C(0)0,:

VOCs, such as ethane (C,Hg), react with hydroxyl radicals (OH) in the presence of

nitrogen dioxide (NO,) to form peroxyacetyl radicals:
C,H¢ + OH - CH;C(0)0, + H,0
Reaction of Peroxyacetyl Radicals with Nitric Oxide (NO):

The peroxyacetyl radicals CH;C(0)0,react with nitric oxide (NO) to form peroxyacetyl
nitrate (PAN) and nitrogen dioxide (NO,):

CH5C(0)0, + NO - PAN + NO,

The formation of PAN is most significant in areas with high levels of VOCs and NOx
emissions, such as urban and industrial areas. Sunlight plays a crucial role in driving the

photochemical reactions that lead to the production of PAN.



PAN is a strong respiratory irritant and can cause eye and throat irritation, coughing, and
shortness of breath in humans. It can also contribute to the formation of ground-level ozone and
smog, further exacerbating air pollution issues. PAN is involved in the transport and long-range
dispersion of NOx and VOC:s. It can act as a reservoir for NOy, releasing it in remote regions and
contributing to ozone formation away from emission sources. The control of PAN and other
smog-forming pollutants requires the reduction of VOC and NOx emissions through stricter
regulations, improved industrial processes, and the use of cleaner technologies. The monitoring
and understanding of PAN levels in the atmosphere are crucial for assessing air quality,
evaluating the effectiveness of pollution control measures, and implementing strategies to

mitigate its harmful effects.
Examples of Smog Formation and Depletion:

Delhi Smog: Delhi, the capital city of India, has experienced severe smog episodes in
recent years, especially during the winter months. The smog in Delhi is primarily attributed to
emissions from vehicles, biomass burning, industrial activities, and agricultural practices. High
levels of pollution, combined with weather conditions like temperature inversions, contribute to
the formation and persistence of smog. The government has implemented various measures to
control emissions, including the introduction of cleaner fuel standards and the implementation of

the odd-even vehicle scheme to reduce traffic congestion.
9.11.1. Los Angeles Smog:

The smog in Los Angeles, known as Los Angeles-type smog or photochemical smog, is
primarily caused by the interaction of sunlight with pollutants emitted from vehicle exhaust,
industrial emissions, and other sources. Los Angeles in California occur air pollution during
1944, it characterized by reducing visibility, eye irritation and plant damage etc. While there is
no single chemical equation that captures the entire complex process of Los Angeles smog
formation, several key reactions contribute to its formation. Here are some important reactions

and factors involved.
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Nitrogen OxidesNO, Emissions:

Vehicles and industrial activities release nitrogen oxides (NOy), primarily nitrogen
dioxide (NO,), into the atmosphere. The combustion of fossil fuels contributes to these

emissions. The reaction for the formation of nitrogen dioxide is:
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Photochemical Oxidation:

In the presence of sunlight, nitrogen dioxide (NO,) can undergo photolysis, leading to the

formation of nitrogen monoxide (NO) and atomic oxygen (O):
NO, + sunlight - NO + O

The free radicals NO and O can then react with volatile organic compounds (VOCs) to
initiate a series of chain reactions known as photochemical oxidation. These reactions produce

ozone (05), peroxyacetyl nitrate (PAN), and other secondary pollutants.
9.11.2. London smog:

The Great Smog of London, also known as the London smog or the Big Smoke, occurred
in December 1952 and was one of the deadliest air pollution episodes in history. The smog was
primarily caused by the combustion of coal and the release of pollutants into the atmosphere.
Although there were no specific chemical equations responsible for the entire event, several
reactions played a role in the formation of the smog. Here are some key reactions and factors

involved:
Sulfur Dioxide (SO,) Emissions:

Burning coal in residential and industrial areas released large amounts of sulfur dioxide

(S0,) into the air. The chemical equation for the combustion of coal can be represented as:
C+0, - CO,

S+0, — SO,



Formation of Sulfuric Acid (H,S0,):

In the presence of sunlight, sulfur dioxide (SO,) reacted with oxygen (O2) and water

vapor (H,0) to form sulfuric acidH,S0,:
2507 + Oz + 2H20 — 2H2S04
Nitrogen Dioxide (NO2) Emissions:

The combustion of coal and other fossil fuels released nitrogen dioxide (NO2) into the
atmosphere. The equation for the formation of nitrogen dioxide is:

N2 + O2 — 2NO
2NO + 02 — 2NO2
Effect of photochemical smog:

Ozone and PAN caused irritation of eye and respiration tract trouble. Lower
concentration of ozone causes non-lethal accumulation of fluid in the lungs and can damage the

lung capabilities.

NOzproduced nose and eye irritation and pulmonary discomfort. Lower concentration of
Os irritates the nose and thought while its higher concentration cause headache, cough, dryness
of the throat, chest pain, difficulties in breathing etc. Ozone together with PAN form small drops
in air forming smog, thus blanketing the sunshine which inhibits the role of photosynthesis in
plants. These oxidants (Os and PAN) have also been found to inhibit the activity of enzymes that
are responsible for the synthesis of cellulose and lipids in plants. Ozone also causes cracknels
and damage in rubber in fabrics.

Control of photochemical pollutants:

The control of primary pollutants such asNOx, SOxwith alternating control O; and PAN,

which are secondary pollutants. NOx can control by

a. Decreasing the flame temperature by engientic water and stream.

b. Tow stage combustion process has been suggested to remove NOy, i) the fuel is fire at high
temperature, ii) partial cooling and excess of air is injected with greater than stoichiomertic
air fuel ratio.

c. Toremove NOy formation by catalytic decomposition



Photochemical pollutants, also known as ground-level ozone and smog, are harmful air
pollutants that result from complex chemical reactions involving sunlight, volatile organic
compounds (VOCs), and nitrogen oxides (NOx). These pollutants have detrimental effects on
human health, ecosystems, and the environment. Effective control measures are essential to
mitigate the impact of photochemical pollutants. This article discusses various strategies to

control ground-level ozone and smog.
1. Reducing Emissions:

Reducing the emissions of precursor pollutants, particularly VOCs and NOX, is a primary
method of controlling photochemical pollutants. This can be achieved through regulations,

technology improvements, and public awareness.

a. Tailpipe Emissions: Regulations and standards for vehicle emissions play a crucial role in
controlling NOx and VOC emissions. The adoption of cleaner vehicle technologies, such as
catalytic converters and electric vehicles, has been effective in reducing emissions from

automobiles.

b. Industrial Emissions: Regulations on industrial processes and emissions have helped limit
the release of VOCs and NOx from manufacturing, energy production, and other sources.
Technologies like selective catalytic reduction and flue gas desulfurization are used to reduce

emissions from power plants.
2. Promoting Clean Energy:

Transitioning to clean and renewable energy sources reduces emissions of both VOCs and NOx.
Solar, wind, and hydropower, as well as energy efficiency measures, are instrumental in reducing

the reliance on fossil fuels, which are significant sources of photochemical pollutants.
3. Urban Planning and Transportation:

Efficient urban planning and public transportation systems can reduce vehicle emissions and

thereby mitigate photochemical pollution.

a. Public Transportation: Expanding and improving public transportation systems can

encourage people to use cars less frequently, reducing overall emissions of VOCs and NOX.



b. Urban Green Spaces: Increasing green spaces in cities can help absorb pollutants and

improve air quality.
4.VVOC Control:

VOCs are a major contributor to photochemical pollution. Therefore, controlling and reducing

VOC emissions are essential. Strategies include:

a. Solvent Management: Implementing regulations on solvent usage in various

industries, such as painting and printing, helps control VOC emissions.

b. Emission Reduction Technologies: Installing VOC control technologies like vapor

recovery systems in industries can capture and recycle VOC emissions.
5. NOx Control:
Reducing NOx emissions is equally critical. Strategies include:

a. Combustion Controls: Optimizing combustion processes in power plants and

industrial facilities can minimize NOx emissions.

b. Catalytic Converters: These devices, commonly used in automobiles, help reduce

NOx emissions by converting them into less harmful compounds.
6. Emission Monitoring and Compliance:

Monitoring and enforcing compliance with emission standards is vital for the
effectiveness of control measures. Regular inspections and penalties for non-compliance

encourage industries and individuals to adhere to regulations.
7. Public Awareness:

Educating the public about the sources and health impacts of photochemical pollutants is
essential. This awareness can lead to more responsible choices and support for pollution control

measures.
8. Regional and International Cooperation:

Since air pollution can travel across borders, regional and international collaboration is
crucial. Agreements and protocols, such as the Clean Air Act in the United States and the

Gothenburg Protocol in Europe, have been successful in reducing transboundary air pollution.



9. Research and Innovation:

Continued research and technological innovation are essential for the development of more
effective and efficient control measures. This includes exploring new catalysts, emission control

technologies, and alternative fuels.

In conclusion, photochemical pollutants, such as ground-level ozone and smog, pose
significant health and environmental challenges. To control these pollutants effectively, a
combination of strategies is necessary, including emission reductions, clean energy adoption,
urban planning, and public awareness. Collaborative efforts at the local, national, and
international levels are key to mitigating the impact of photochemical pollutants and improving

air quality for all.

9.12. Summary

Ozone (03) is a molecule composed of three oxygen atoms. It plays a vital role in both
the Earth's upper atmosphere and the lower atmosphere. While ozone in the stratosphere acts as a
protective shield against harmful ultraviolet (UV) radiation, ozone in the lower atmosphere,
known as tropospheric ozone, contributes to the formation of photochemical smog. tropospheric
ozone is primarily formed through complex chemical reactions involving nitrogen oxides (NOx),
volatile organic compounds (VOCs), and sunlight. These reactions occur in the presence of
specific atmospheric conditions. NOx are produced through natural processes, such as lightning,
as well as human activities like the burning of fossil fuels. Nitric oxide (NO) is the primary
nitrogen oxide emitted. Once in the atmosphere, NO is further oxidized to nitrogen dioxide
(NO,) through reactions with other compounds. VOCs are organic chemicals that easily
evaporate at normal temperatures. They are emitted by sources such as industrial processes,
vehicles, solvents, and vegetation. Examples of VOCs include benzene, toluene, and
formaldehyde. The combination of tropospheric ozone and other secondary pollutants leads to
the formation of photochemical smog. Photochemical smog is a mixture of pollutants that affects
air quality and human health. It is characterized by a hazy appearance, a distinctive odor, and
reduced visibility. Smog formation is more likely on warm, sunny days with stagnant air masses
that trap pollutants close to the surface. High levels of NOxand VOC emissions increase the
potential for smog formation. Photochemical smog contains other pollutants. These include

nitrogen dioxide (NO,), particulate matter (PM), volatile organic compounds (VOCs), and



various other secondary pollutants. PM and VOCs contribute to respiratory issues, eye irritation,

and reduced lung function.

9.13. Terminal questions

Q.1. What is Atmospheric ozone; discuss the ozone formation and depletion of ozone.

Answer: ------------m---- = e e e e e e e e e e e e

Q.2. Discus the nature of stratospheric ozone and its role to protect human health.

Answer: ----------------- e e e e eee

Q.3. Discuss the role of free radicals in ozone depletion.

Answer: ----------------- S eee oo ees mmmmmmmemmmmeeeeemeeeeeeees

Q.4. Discuss the ozone and climate change with examples.

Y g L R

Q.5. Discuss about Montreal protocol and its agreement.

Answer: ----------------- e

Q.6.  What is smog? Discuss the London and Los Angeles smog.

Answer: ----------------- e

9.14.Further suggested readings
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2. A text Book of Environment Studies, Asthana, D.K. and Asthana, M. 2006, S. Chand & Co

3. Environmental Chemistry, A.K. De, New Age Publisher International Pvt Ltd
4

. Textbook of Environmental Chemistry and Pollution Control, S.S.Dara and D.D. Mishra, S
Chand & Co Ltd.
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3.1. Introduction

Air sampling is a crucial technique used to collect and analyze air samples for various
purposes, including environmental monitoring, occupational health and safety assessments,
indoor air quality investigations, and scientific research. It involves the collection of air samples
from specific locations or sources to identify and quantify the presence of various contaminants,
such as particulate matter, gases, vapors, and microorganisms. Determine the purpose of the air
sampling, such as identifying potential pollutants or assessing compliance with air quality
standards. Plan the sampling strategy, including the locations, duration, and frequency of
sampling. Choose an appropriate sampling method based on the contaminants of interest and the

specific objectives. Common air sampling techniques include grab sampling, passive sampling,



and active sampling. Analyze the collected air samples using appropriate techniques to quantify
the contaminants of interest. The analysis may involve various methods, such as gravimetry,
chromatography, spectrometry, or microbiological assays. The choice of method depends on the
specific pollutants being investigated. Evaluate the analytical results in light of the sampling
objectives. Compare the obtained concentrations with relevant standards, guidelines, or baseline
values. Interpret the data to identify trends, sources of contamination, or potential health risks.
Prepare a comprehensive report summarizing the sampling methodology, results, and
conclusions. Proper air sampling techniques are essential to ensure accurate and reliable results.
Quality control measures, including proper calibration of sampling equipment, adherence to
standardized protocols, and adherence to safety guidelines, should be followed throughout the
process. This helps to maintain the integrity of the samples and ensures the validity of the data
collected.

Objectives

» To discuss the various sampling methods of gases
» To discuss the adsorption and absorption of gases
» To discuss the types of particulate matter and their collection equipment

» To discuss how to control the particulate matter

3.2. Sampling of gaseous pollutants

Sampling of gaseous pollutants involves the collection and analysis of air samples to
identify and quantify the presence of specific gases or vapors in the atmosphere. Gaseous
pollutants can arise from various sources, such as industrial emissions, vehicle exhaust,
combustion processes, or natural sources. Here are some commonly used techniques for

sampling gaseous pollutants:
Passive Sampling:

Diffusion Tubes:These are commonly used for long-term monitoring of certain gases,
such as nitrogen dioxide (NO,) or sulfur dioxide (SO,). The diffusion tube contains a reactive
substance that captures the targeted gas over time. The amount of gas absorbed is measured later

in the laboratory.



Sorbent Tubes: These tubes are filled with solid or liquid sorbents that capture specific
gases. When air passes through the tube, the targeted gas molecules are adsorbed onto the
sorbent material. Sorbent tubes are often used for short-term or grab sampling and can be
analyzed using thermal desorption techniques.

Active Sampling:

Canisters: Stainless steel or glass canisters with a known volume are used to collect air
samples. They are equipped with valves to control the sampling duration. Canisters are
commonly used for the analysis of volatile organic compounds (VOCSs) and other gases. Once
the sample is collected, it is usually analyzed using gas chromatography (GC) or mass

spectrometry (MS) techniques.

Tedlar Bags: These are flexible bags made of Tedlar® film, which is chemically inert
and does not react with most gases. Tedlar bags are convenient for collecting large-volume air
samples, especially when immediate analysis is required. However, they are typically used for

qualitative assessments rather than quantitative measurements.
Direct-Reading Instruments:

Real-time or direct-reading instruments are used for immediate, on-site measurements of specific
gases.These portable devices provide instant information about gas concentrations and can be
useful for rapid screening or preliminary assessments. Examples include photoionization
detectors (PIDs) for volatile organic compounds and electrochemical sensors for gases like
carbon monoxide (CO) or ozone (03).Proper sampling techniques are essential to obtain accurate
and representative results when dealing with gaseous pollutants. Factors such as sampling
location, sampling duration, flow rates, and equipment calibration should be carefully
considered. It is also important to account for potential interferences, such as cross-sensitivities,

when selecting and interpreting the analytical methods used for gas analysis.

Following the sampling process, the collected samples are usually analyzed in a
laboratory using appropriate techniques, such as gas chromatography (GC), mass spectrometry
(MS), or infrared spectroscopy, depending on the specific gases being targeted. The analytical
results are then interpreted in relation to relevant standards, guidelines, or regulations to assess

air quality and potential health risks associated with the gaseous pollutants.



3.3. Adsorption and adsorption of gaseous pollutants

Adsorption and absorption are two distinct processes related to the interaction of gases
with solid or liquid surfaces. Here's an explanation of both terms in the context of gaseous
pollutants:

3.3.1. Adsorption:

Adsorption refers to the process in which gas molecules adhere to the surface of a solid or
liquid. When gaseous pollutants come into contact with a solid material (known as an adsorbent),
they can adhere to the surface through various intermolecular forces, such as van der Waals
forces or electrostatic interactions. The adsorbed molecules remain on the surface rather than
being absorbed into the bulk of the material. Adsorption is commonly used as a method for
capturing and removing gaseous pollutants from air or gas streams. For example, activated
carbon is often employed as an adsorbent material due to its high surface area and adsorption
capacity. The gas molecules are attracted to the carbon surface and become attached to it,
effectively removing them from the surrounding air or gas mixture. This technique is widely
used in air purification systems, gas masks, and industrial processes to mitigate the presence of
pollutants.

Adsorption is a process by which gas molecules adhere to the surface of a solid material,
forming a thin film or layer. This method is commonly used for gas separation and purification,
as well as for gas storage and sensing applications. There are several adsorption techniques
employed for gas adsorption, including the following:

a) Activated Carbon Adsorption:

Activated carbon is a highly porous material with a large surface area that can absorb a
wide range of gases. It is commonly used for air and water purification, as well as in gas masks
and respirators. Gas molecules are adsorbed onto the surface of the activated carbon due to weak

van der Waals forces.
b) Molecular Sieve Adsorption:

Molecular sieves are crystalline materials with uniform-sized pores. They are designed to

selectively adsorb certain gas molecules based on their size and shape. This technique is often



used for separating gases in industrial processes such as natural gas purification and air

separation.
c) Zeolite Adsorption:

Zeolites are another type of crystalline material with a porous structure. They have a high
affinity for adsorbing water and certain gases such as carbon dioxide and nitrogen. Zeolites find

applications in gas drying, gas separation, and catalysis.
d) Silica Gel Adsorption:

Silica gel is a porous form of silicon dioxide that is commonly used as a desiccant for
moisture control. It can also adsorb certain organic compounds and gases. Silica gel is often

found in small packets in product packaging to prevent moisture damage.
e) Metal-Organic Frameworks (MOFs):

MOFs are a class of materials composed of metal ions or clusters coordinated with
organic ligands. They exhibit high porosity and large surface areas, making them suitable for gas
storage and separation. MOFs can be tailored to adsorb specific gases by choosing appropriate

metal-ligand combinations.

There isn't a single formula that universally represents the adsorption process for gases,
as it can be influenced by various factors and mechanisms. However, there are some common
mathematical models and equations that describe specific aspects of gas adsorption. Here are a

few examples:

I.  Langmuir Adsorption Isotherm: The Langmuir model is a commonly used equation to
describe the adsorption of gases onto a solid surface. It assumes a monolayer adsorption
process where gas molecules adsorb onto available sites on the surface. The Langmuir
equation is given by:

0 = (K*P)/(1 + K*P)

where 0 is the fractional coverage of the surface, K is the Langmuir constant related to the

adsorption affinity, and P is the pressure of the gas.

ii. BET Adsorption Isotherm: The Brunauer-Emmett-Teller (BET) model is a more

sophisticated equation that considers multilayer adsorption on a solid surface. It takes into



account the formation of multiple layers of adsorbed gas molecules. The BET equation is

given by:
P/(V*(Po-P))=(1/(V*Po)*((1-6)/6)*(C-1)

where P is the equilibrium pressure, V is the gas adsorbed volume, P, is the saturation

pressure, 0 is the fractional surface coverage, and C is a constant related to the adsorption energy.

Freundlich Adsorption Isotherm: The Freundlich model is an empirical equation that
describes non-ideal adsorption behavior, particularly for heterogeneous surfaces. It assumes a
logarithmic relationship between the adsorbate concentration and the adsorption capacity.

The Freundlich equation is given by:
Q =K* Cn

where Q is the amount of gas adsorbed, K is the Freundlich constant related to adsorption
capacity, C is the gas concentration, and n is an empirical constant related to the adsorption

intensity.

These equations provide simplified representations of gas adsorption and can be used to
fit experimental data or estimate adsorption parameters. It's important to note that the choice of
the appropriate model depends on the specific adsorption system and the assumptions made

about the adsorption process.
Advantages of adsorption method in gas

Selectivity: Adsorption is a highly selective process, allowing for the preferential
adsorption of specific gases. Different adsorbent materials can be chosen or modified to target
and remove specific gases or contaminants from a gas mixture. This selectivity is crucial in gas
separation and purification processes, enabling the removal of impurities or the separation of
desired gases.

Versatility: Adsorption can be employed for a wide range of gas molecules, including
organic compounds, inorganic gases, and even moisture. Various adsorbent materials, such as
activated carbon, zeolites, and metal-organic frameworks (MOFs), can be tailored to exhibit
specific adsorption properties, making the adsorption method versatile for different gases and

applications.



Regenerability: Adsorbent materials can be regenerated and reused, making the
adsorption method a cost-effective solution. After adsorption, the adsorbed gases can be
desorbed from the adsorbent by applying appropriate conditions such as temperature, pressure, or
vacuum. This regeneration process allows for the recovery of the adsorbent material's capacity,

reducing the need for frequent replacement.

Large Surface Area: Many adsorbent materials used in gas adsorption have a high
surface area, which provides a large number of active sites for gas adsorption. For example,
activated carbon can have a surface area of several hundred to thousands of square meters per
gram. This high surface area maximizes the adsorption capacity and enhances the efficiency of

the adsorption process.

Scalability: The adsorption method can be easily scaled up for industrial applications.
Adsorption processes can be designed and optimized for large-scale gas separation, purification,
and storage. The availability of various adsorbent materials in different forms, such as pellets,

powders, or structured beds, allows for flexible and scalable system designs.

Environmental Friendliness: Adsorption can be an environmentally friendly method for
gas treatment. It is a physical process that does not involve the use of chemicals or generate
harmful by-products. Activated carbon, a commonly used adsorbent, is derived from renewable
sources like coconut shells or wood, making it a sustainable option for gas adsorption

applications.

Wide Range of Applications: The adsorption method finds applications in diverse fields,
including air and water purification, gas separation, gas storage, and sensing. It is utilized in
industries such as petrochemicals, food and beverage, pharmaceuticals, environmental

protection, and many others, highlighting its broad range of uses and benefits.

Overall, the adsorption method in gas provides selectivity, versatility, regenerability, and
scalability, making it a valuable technique for gas treatment and separation processes in various

industries.

Disadvantage of adsorption method for Gas



While the adsorption method for gas offers several advantages, it also has some
limitations and disadvantages that should be considered. Here are a few disadvantages of the

adsorption method:

Equilibrium and Kinetic Limitations: Adsorption is a dynamic process that reaches
equilibrium over time. The rate at which adsorption occurs can be slow, particularly for gases
with low concentrations or low affinities for the adsorbent material. This can result in longer
contact times or larger adsorbent volumes required for efficient adsorption, making the process
less efficient for certain applications.

Adsorbent Capacity and Regeneration: Adsorbent materials have a limited adsorption
capacity, which can decrease over time as the adsorbent becomes saturated. Once the adsorbent
reaches its maximum capacity, it may need to be replaced or regenerated through energy-
intensive processes such as heating or desorption. Regeneration can require additional resources

and may result in increased operational costs.

Selectivity Challenges: While adsorption offers selectivity, achieving high selectivity for
specific gases can be challenging. Some gases may have similar adsorption properties, making it
difficult to selectively remove or separate them. Designing adsorbent materials with high

selectivity can be complex and may require significant research and development efforts.

Temperature and Pressure Sensitivity: The adsorption process can be influenced by
temperature and pressure conditions. Changes in temperature and pressure can affect the
adsorption capacity, efficiency, and selectivity of the adsorbent material. Certain adsorbents may
have narrow operating temperature and pressure ranges, limiting their applicability in some

environments or processes.

Cost and Availability of Adsorbents: The cost and availability of adsorbent materials
can vary depending on the specific type and quality. Some specialized adsorbents, such as certain
metal-organic frameworks (MOFs), can be expensive or challenging to produce at a large scale.
This can impact the overall cost-effectiveness of the adsorption method, particularly for

industrial applications.

Complexity of System Design: Designing an effective adsorption system involves

considerations such as mass transfer rates, bed design, and optimization of operating conditions.



The complexity of system design and the need for proper engineering can add to the overall cost

and complexity of implementing adsorption-based processes.

Waste Generation: During the regeneration of adsorbents, waste streams containing
desorbed or concentrated gases may be generated. Proper management and treatment of these

waste streams are required to ensure environmental and safety compliance.

3.3.2. Absorption:

Absorption involves the penetration of gas molecules into the bulk of a liquid or solid
material. In this process, the gas molecules are dissolved or incorporated within the absorbing
medium. The absorption of gaseous pollutants occurs when the gas molecules interact with a
liquid or solid material, resulting in their incorporation into the material's structure. Absorption is
commonly employed in various applications, such as gas scrubbers or chemical processes that
aim to remove specific gases from gas mixtures. For example, in wet scrubbers, a liquid solvent
is used to absorb gaseous pollutants by allowing the pollutants to dissolve into the liquid phase.
The liquid acts as an absorbing medium, effectively removing the pollutants from the gas stream.
It's important to note that adsorption and absorption are distinct processes, differing in the way
gas molecules interact with the adsorbent or absorbing material. Adsorption primarily involves
surface attachment, while absorption involves penetration into the bulk of the material. The
choice between adsorption and absorption techniques depends on factors such as the nature of
the pollutant, the available adsorbents or absorbents, and the desired efficiency of pollutant

removal.
Here are a few examples of the absorption method for gas:
a) Gas Purification:

Absorption is frequently employed to remove impurities from gases. For instance, in
natural gas processing, acid gases such as carbon dioxide (CO,) and hydrogen sulfide (H,S) are
removed by passing the gas through an absorber column containing a liquid absorbent, often
amine solutions. The acid gases react with the amine, forming stable compounds that are soluble

in the liquid phase, while the purified gas exits the column.

b) Gas-Liquid Reactions:



Absorption can be used to facilitate chemical reactions between gases and liquid
reactants. For instance, the absorption of carbon dioxide (CO,) in water is a crucial step in
carbon capture and storage (CCS) technologies. The absorbed (CO,) can be subsequently

utilized or stored for reducing greenhouse gas emissions.
c) Gas Separation:

Absorption can be employed to separate specific gases from a gas mixture based on their
solubility in a particular absorbent. This is commonly used in processes like solvent-based
natural gas sweetening, where certain gases like hydrogen sulfide are selectively absorbed,

separating them from the natural gas stream.
d) Air Scrubbing:

Absorption methods can be used for air scrubbing to remove pollutants or odorous
compounds. Activated carbon is often used as an absorbent in air filters or scrubbers to trap

volatile organic compounds (VOCs) or other airborne contaminants, improving air quality.

The choice of absorbent depends on factors such as the gas composition, desired
separation efficiency, and operating conditions. Liquid solvents, solid adsorbents, or reactive
absorbents can be utilized depending on the specific requirements of the application. The design
and optimization of absorption systems involve considerations such as mass transfer rates,

equilibrium solubility, and the overall efficiency of the gas-liquid contact.
Formula of Absorption method for Gas

The absorption method for gas does not have a universal formula, as it can vary
depending on the specific system and the absorbent used. However, there are mathematical
models and equations that are commonly used to describe aspects of gas absorption processes.

Here are a few examples:

Henry's Law: Henry's Law relates the equilibrium concentration of a gas in a liquid to
its partial pressure in the gas phase. It is often used to describe the solubility of gases in liquids

during absorption processes. The equation is given by:

C=k*P



where C is the equilibrium concentration of the gas in the liquid, k is the Henry's Law

constant, and P is the partial pressure of the gas.

Mass Transfer Coefficient: The mass transfer coefficient (Kg) is a parameter that
quantifies the rate of mass transfer between the gas and liquid phases in an absorption system. It
represents the efficiency of the gas absorption process. The rate of gas absorption can be

expressed using the following equation:
N =Kg * (Cg - Cl)

where N is the mass transfer rate, Cg is the concentration of the gas in the gas phase, and

Cl is the concentration of the gas in the liquid phase

Overall Mass Transfer Coefficient: The overall mass transfer coefficient (Koverall)
takes into account both the liquid phase resistance and the gas phase resistance to mass transfer.

It can be calculated using the following equation:
Koveran = 1/ (1/Kg + 1/KI)
where Kl is the mass transfer coefficient in the liquid phase.

These equations provide simplified representations of gas absorption processes and can
be used to estimate or predict the behavior of the system. It's important to note that the specific
equations and models used can vary depending on the absorption system, the properties of the

gas and liquid phases, and other factors specific to the process.

3.4. Particulate matter

Particulate matter (PM) refers to a complex mixture of solid or liquid particles suspended
in the air. These particles can vary in size, composition, and origin, and they play a significant
role in air pollution and human health effects. Particulate matter is classified based on the size of

the particles. Here are the commonly recognized types of particulate matter:
PM10:

PM10 refers to particles with an aerodynamic diameter of 10 micrometers or less. These
particles are inhalable and can penetrate into the respiratory system, reaching the upper airways

and potentially the lungs. PM10 includes a range of particles, such as dust, pollen, mold spores,



larger combustion particles, and some coarse particles from industrial activities and construction

sites.
PM2.5:

PM2.5 refers to particles with an aerodynamic diameter of 2.5 micrometers or less. These
particles are smaller than PM10 and can penetrate deeper into the respiratory system, reaching
the lower airways and even the bloodstream. PM2.5 is a major concern for air quality and health
effects because of its ability to bypass the body's natural defense mechanisms. It includes
combustion particles, fine dust, vehicle emissions, secondary aerosols, and various chemical

constituents.
PM1:

PM1 refers to particles with an aerodynamic diameter of 1 micrometer or less. These
particles are even smaller and have a higher likelihood of being deposited deep within the
respiratory system. PM1 is composed of fine combustion particles, secondary aerosols, organic
compounds, metals, and other pollutants. It is often associated with urban areas, traffic

emissions, and industrial processes.
Ultrafine Particles (UFP):

Ultrafine particles, also known as nanoparticles, have a diameter of less than 0.1
micrometers. UFPs are extremely small and highly mobile in the air. Due to their small size, they
can penetrate deep into the lungs and may even translocate into the bloodstream. UFPs primarily
originate from combustion processes, including vehicle exhaust, power plants, and industrial

emissions. They can contain various toxic components and pose potential health risks.

It's important to note that particulate matter can vary in composition depending on the
emission sources, geographical location, and atmospheric conditions. The composition of PM
can include elements, organic compounds, metals, sulfates, nitrates, black carbon, and other
substances. The size and chemical composition of particulate matter play a crucial role in
determining its effects on human health and the environment. Regulatory agencies and health
organizations monitor and set standards for particulate matter concentrations to protect public

health and manage air quality.

Source of particulate matter:



Particulate matter (PM) can originate from a variety of natural and anthropogenic

sources. Here are some common sources of particulate matter:

Industrial Emissions: Combustion of fossil fuels in industries, power plants, and
manufacturing processes releases particulate matter. This includes emissions from boilers,
furnaces, and other combustion equipment.

Vehicle Exhaust: The combustion of gasoline and diesel fuels in vehicles produces
particulate matter, especially from diesel engines. Exhaust emissions contain fine particles,
black carbon, and other pollutants.

Residential Heating and Cooking: Particulate matter can arise from the burning of wood,
coal, and other solid fuels for residential heating and cooking, particularly in households
without proper ventilation or inefficient combustion practices.

Industrial Processes: Mining and Quarrying: Activities involving mining, excavation, and
quarrying can generate dust particles, contributing to particulate matter in the nearby areas.
Construction and Demolition: Construction activities produce dust from activities such as
excavation, demolition, material handling, and land clearing, which can contribute to
particulate matter.

Agricultural Activities: Crop Residue Burning: The burning of agricultural residues, such as
crop stubble or biomass, after harvest can release significant amounts of particulate matter
into the atmosphere, especially in agricultural regions.

Livestock Farming: Animal agriculture, including intensive livestock farming, can release
particulate matter from animal waste, feed handling, and barn emissions.

Natural Sources: Windblown Dust: Particulate matter can arise from the suspension of dust
particles by wind, especially in arid or semi-arid regions, construction sites, and unpaved
roads.

Volcanic Eruptions: Volcanic activity can release ash and other particulate matter into the
atmosphere during eruptions.

Sea Spray: Breaking waves and oceanic processes release sea salt particles, which can
contribute to particulate matter in coastal regions.

Biological Sources: Pollen and Biological Particles: Pollen grains, spores, and other
biological particles from plants, trees, and fungi can contribute to particulate matter,

particularly during the pollen season or in areas with high vegetation density.



Secondary Formation: Chemical Reactions: Gaseous pollutants, such as sulfur dioxide
(S0O,)) and nitrogen oxides (NOy), can undergo chemical reactions in the atmosphere to form
secondary particulate matter. These reactions can lead to the formation of sulfates, nitrates,

and other particulate compounds.

It's important to note that the contribution of different sources to particulate matter can

vary depending on geographical location, local emission sources, and meteorological conditions.

Effective management strategies targeting specific sources are crucial for reducing particulate

matter pollution and protecting human health and the environment.

Characteristics of particulate matter:

Particulate matter (PM) exhibits several characteristics that influence its behavior,

sources, and impacts. Here are some key characteristics of particulate matter:

Size Distribution: Particulate matter encompasses a range of particle sizes, from large
visible particles to ultrafine particles. PM is often categorized based on size fractions, such as
PM10, PM2.5, and PML1. The size distribution of particles affects their transport, inhalation,
and deposition patterns in the atmosphere and human respiratory system.

Composition: Particulate matter can have diverse chemical compositions depending on its
sources and atmospheric processes. It may contain organic compounds, metals, sulfates,
nitrates, ammonium, black carbon, mineral dust, and other substances. The composition of
PM plays a crucial role in its toxicity, reactivity, and environmental impacts.

Source Apportionment: Different sources contribute to the formation of particulate matter.
These sources include combustion processes (such as vehicle emissions, industrial
operations, and biomass burning), dust and soil erosion, natural sources (such as sea spray
and volcanic emissions), and secondary formation from precursor gases. ldentifying the
sources of particulate matter is important for effective mitigation strategies and regulatory
actions. Morphology: Particulate matter can have various shapes and structures. It can range
from spherical particles to irregular shapes, fibers, agglomerates, or fractal-like structures.
The morphology of PM influences its aerodynamic properties, deposition patterns, and
interactions with atmospheric processes.

Hygroscopicity: Many particles have the ability to absorb water vapor from the surrounding

air, altering their size and properties. Hygroscopic particles can influence cloud formation,



precipitation, and atmospheric visibility. The hygroscopic behavior of particulate matter
depends on its composition and relative humidity.

e Residence Time: The residence time of particulate matter refers to the duration that particles
remain in the atmosphere before being removed through deposition processes (such as dry
deposition or wet deposition through precipitation). Fine particles (PM2.5 and smaller) can
have longer residence times, allowing them to disperse over larger distances and potentially
affecting regional and even global air quality.

e Health Impacts: The characteristics of particulate matter, including its size, composition,
and surface properties, determine its potential health effects. Fine particles (PM2.5) and
ultrafine particles (UFPs) can penetrate deep into the respiratory system and have higher
toxicological implications than larger particles. The chemical constituents, such as metals or

organic compounds, present in PM also contribute to its health impacts.

Understanding the characteristics of particulate matter is essential for assessing its
sources, transport, behavior in the atmosphere, and associated health and environmental impacts.
These characteristics guide regulatory measures, air quality management strategies, and research

efforts aimed at mitigating the adverse effects of particulate matter pollution.
Significance of particulate matter:

Particulate matter (PM) has significant implications for human health, the environment,
and climate. Exposure to particulate matter, especially fine particles (PM2.5 and PM1), has been
linked to a wide range of adverse health effects. When inhaled, these particles can penetrate deep
into the respiratory system, leading to respiratory and cardiovascular problems. Particulate
matter has been associated with increased risks of asthma, bronchitis, reduced lung function,
heart attacks, strokes, and premature death. The smaller particles (UFPs) can potentially

translocate into the bloodstream and affect various organs, including the heart and brain.

Particulate matter contributes to degraded air quality. It reduces visibility and creates
haze, particularly in urban and industrial areas. High levels of particulate matter can also lead to
the formation of smog, adversely affecting air quality and the overall environmental aesthetics.
Particles can also deposit onto surfaces, including buildings, plants, and water bodies, causing

aesthetic damage, soiling, and potentially impacting ecosystems.



Particulate matter influences the Earth's climate by scattering and absorbing sunlight.
Certain particles, such as black carbon or soot, absorb solar radiation, leading to localized
heating and potentially contributing to global warming. Other particles, like sulfates and nitrates,
can act as aerosols and reflect sunlight, thereby cooling the atmosphere. These interactions affect

regional and global temperature patterns and influence climate change dynamics.

Particulate matter can carry various toxic substances, such as heavy metals, polycyclic
aromatic hydrocarbons (PAHSs), volatile organic compounds (VOCs), and other hazardous air
pollutants. These toxic components can adhere to the surface of particles and be transported over
long distances. When inhaled or ingested, these substances can pose significant health risks,

including cancer, neurological effects, and reproductive issues.

Due to the health and environmental impacts of particulate matter, regulatory agencies
worldwide have established standards and guidelines to limit particulate matter concentrations in
ambient air. These regulations aim to protect public health, improve air quality, and minimize the
associated risks. Compliance with these standards is essential for industries, transportation, and

other sectors to mitigate the emissions of particulate matter.

Understanding the significance of particulate matter helps drive efforts toward pollution
control, adopting cleaner technologies, implementing effective air quality management
strategies, and promoting sustainable practices. It highlights the need for monitoring and
reducing particulate matter emissions to safeguard human health, protect the environment, and
mitigate climate change impacts.

3.5. Collection equipment for air sample

There are various collection equipment and techniques available for air sampling to
capture particulate matter and other pollutants. The selection of the appropriate equipment
depends on the specific pollutants of interest, the sampling objectives, and the analytical methods
used for subsequent analysis. Few examples of air sampling equipment and techniques available

for different types of pollutants are mentioned here:
Collection equipment for air sample

a. High Volume Sampler:



High volume samplers draw large volumes of air through filters, typically at flow rates
ranging from 40 to 60 cubic feet per minute (cfm). These samplers are commonly used for the
collection of total suspended particulates (TSP) or specific size fractions such as PM10. They
employ filters to capture the particulate matter for subsequent analysis.
Low Volume Sampler: Example: Andersen High-Volume Sampler, PM10 High-Volume

Sampler

Fig.3.1: High volume samplers
b. Low Volume Sampler:

Low volume samplers are portable and often worn by individuals to measure personal exposure

to particulate matter and other contaminants. They typically operate at lower flow rates (e.g., 2 to
5 liters per minute) and collect samples on filters or sorbent media.
Example: Personal Air Sampler (e.g., SKC AirChek XR5000)

Fig.3.2: Low Volume sampler

c. Impactors:



Impactors are used to separate particles based on their aerodynamic size. They work by
directing the air sample through a series of stages or plates with small holes, causing particles of
different sizes to deposit on each stage. This allows for the collection of particles in different size

ranges for subsequent analysis. Example: Andersen Cascade Impactor.
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Fig.3.3: Impactors

d. Cyclone Separator:

Cyclone separators utilize centrifugal force to separate particles based on their size. The
air sample is introduced tangentially into the cyclone, causing larger particles to be forced
toward the walls and collected, while smaller particles continue in the airflow. Cyclone
separators are commonly used for collecting respirable fractions of particulate matter. Example:

Sharp Cut Cyclone
e. Filtration Systems:

Filters are widely used in air sampling to capture particulate matter. Different types of
filters, such as quartz fiber filters or Teflon filters, can be selected based on the nature of the
particles and subsequent analysis requirements. Filters collect particles by physically trapping

them as the air passes through. Example: Quartz Fiber Filters, Teflon Filters
f. Sorbent Tubes:

Sorbent tubes are used to capture gaseous pollutants and volatile organic compounds
(VOCs) present in the air. The tubes contain adsorbent materials, such as activated charcoal or

Tenax, which adsorb the gases for later analysis.

g. Real-time Monitoring Instruments:



Real-time monitoring instruments provide immediate measurements of particulate matter
concentrations without the need for sample collection. Optical particle counters (OPCs) use light
scattering techniques to measure particle size and count, while instruments like DustTrak
Monitors combine real-time measurements with size-selective sampling. Example: Optical
Particle Counters (OPCs), DustTrak Monitors

In addition, the brief description of some other particulate matter

collectionsequipmentsarementioned here such as

3.6. Settling chamber

A settling chamber is a type of air sampling device used to collect and analyze particulate
matter. It is a simple and passive method that relies on the gravitational settling of particles to
separate them from the air stream. A settling chamber consists of a large, open chamber or box-
like structure with an inlet and an outlet for the airflow. The chamber is designed to allow the air
to slow down as it enters, allowing the larger and heavier particles to settle out under the force of
gravity. The settled particles are then collected at the bottom of the chamber for subsequent
analysis. Settling chambers are commonly used in various settings, including indoor air quality
assessments, industrial hygiene monitoring, and research studies. They can provide valuable
information on the concentration and composition of larger-sized particles in the sampled air.
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Fig.3.4: Settling chamber

Working Principle:
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When the air carrying particulate matter enters the settling chamber, its velocity
decreases, causing a reduction in the air's kinetic energy. As a result, the larger and heavier
particles suspended in the air lose their momentum and settle due to gravitational forces. The
settled particles fall down to the bottom of the chamber due to their weight, while the cleaned air

exits through the outlet.

Advantages:
Settling chambers are relatively simple in design and operation, requiring minimal
maintenance and power input.
Compared to other air sampling methods, settling chambers are often less expensive to set up
and operate.
Settling chambers can collect a substantial volume of particles due to their larger size and
capacity, enabling a representative sample to be obtained.

Limitations:

1. Settling chambers are more effective at capturing larger particles, while smaller particles may
remain suspended in the air and bypass the settling process.

2. Settling chambers require a sufficient residence time for particles to settle out, which means
longer sampling durations may be necessary to capture a representative sample.

3. Settling chambers are best suited for relatively large particles and are less effective for
collecting fine particulate matter, which may require other sampling methods such as
impactors or filters.

1.7.Cyclones

Cyclones are commonly used air sampling devices that separate particulate matter based
on their size through the principle of centrifugal force. Cyclones are designed to collect
respirable fractions of particulate matter and are widely employed in various industrial and
environmental applications. A cyclone consists of a cylindrical body with an inlet nozzle, a
conical section, and an outlet. The air sample enters tangentially through the inlet, creating a
swirling vortex inside the cyclone. As the air moves through the cyclone, particles with sufficient
mass and inertia are forced toward the walls and eventually deposit onto the walls or collection

surfaces. The cleaned air exits through the outlet.
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Fig.3.4: Cyclones
Working Principle:

Cyclones operate based on the principle of centrifugal force. As the air stream enters the
cyclone tangentially, it acquires angular momentum and starts rotating inside the cyclone. Due to
the centrifugal force generated by the swirling motion, particles with larger masses and sizes
tend to move toward the walls, while smaller particles continue in the airflow and exit through
the outlet. The size of particles that can be collected by a cyclone depends on the design
parameters, such as the dimensions of the cyclone body, the angle of the conical section, and the
airflow rate. Cyclones are typically designed to collect respirable particles in the range of 1 to 10
micrometers, making them suitable for sampling inhalable fractions of particulate matter.
Cyclones are widely used in occupational health monitoring, indoor air quality assessments,
ambient air pollution studies, and research applications. They are commonly employed to sample
respirable fractions, such as PM2.5 and PM10, and are integrated with subsequent analysis
techniques, such as gravimetric analysis or chemical analysis for specific pollutants.Here are

some types of cyclone equipment commonly used for gas collection:

1. Reverse-Flow Cyclone Separator: This type of cyclone separator is designed with a
tangential inlet at the bottom and an axial outlet at the top. The gas enters the cyclone

tangentially, creating a swirling motion that forces the particles towards the wall. The



separated particles then move downward due to gravity and are collected at the bottom of the
cyclone. Reverse-flow cyclone separators are widely used for gas-solid separation in
industries such as cement, mining, and power generation.

2. Multi-Cyclone Separator: Multi-cyclone separators consist of multiple cyclone units
arranged in parallel or series. The gas stream is divided among the cyclone units, allowing
for enhanced particle separation efficiency. Multi-cyclone separators are often used in
applications where a high level of particle removal is required, such as air pollution control
systems and industrial dust collectors.

3. Axial Flow Cyclone Separator: Axial flow cyclone separators have an axial inlet and an
axial outlet. The gas stream enters the cyclone along the axis, creating a spinning motion.
The centrifugal force causes the particles to move towards the outer wall, where they are
collected. Axial flow cyclones are suitable for gas-solid separation in applications with high
gas flow rates and relatively small particle sizes.

4. Gas-Liquid Cyclone Separator: Gas-liquid cyclone separators are designed to separate
liquid droplets from a gas stream. They use the same principles as particle separation
cyclones, but with modifications to accommodate the presence of liquid droplets. Gas-liquid
cyclones are commonly used in applications such as natural gas processing, oil refineries,
and wastewater treatment.

5. High-Efficiency Cyclone Separator: High-efficiency cyclone separators are designed to
achieve a higher particle separation efficiency compared to standard cyclones. They often
incorporate additional features, such as a long vortex finder, an extended barrel section, or
internal vanes, to improve particle collection and reduce particle re-entrainment. High-
efficiency cyclones are used in applications where strict emission standards or fine particle
collection is required, such as in certain industrial processes and air pollution control

systems.
Advantages:

1. Cyclones are designed to efficiently collect respirable fractions of particulate matter, which
are of particular interest for assessing human exposure and health effects.
2. Cyclones do not require external power or pumps, making them relatively simple and cost-

effective to use.



3. Cyclones have low pressure drops and minimal particle losses, allowing for accurate

representation of the particle size distribution.
Limitations:

Cyclones have a specific cut-off size, above which particles are effectively collected, while
smaller particles may bypass the cyclone and remain suspended in the air.

Cyclone performance can be affected by variations in airflow rate, temperature, humidity,
and particle density. Calibration and optimization are necessary for accurate sampling.
Cyclones may exhibit reduced efficiency for collecting non-spherical or irregularly shaped

particles compared to spherical particles.

1.8.Filters

Filters are widely used in air sample analysis to collect and retain particulate matter for
subsequent laboratory analysis. Filters provide a means to capture and concentrate airborne
particles, allowing for various characterization and quantification techniques. The selection of
the appropriate filter depends on factors such as the nature of the particulate matter, the desired
analytical techniques, and any specific requirements of the regulatory standards or research
objectives. It's important to consider the compatibility of the filter material with the intended
analysis and ensure that the selected filter does not introduce artifacts or interfere with the

subsequent analysis methods.

Fig.3.5: Quartz fiber filters
Examples of filter used in gaseous pollution collection are such as:

Quartz fiber filters:



Vi.

Quartz fiber filters are made of high-purity quartz fibers, which offer excellent chemical
resistance and low background contamination. Quartz fiber filters are commonly used for the
collection of particulate matter in both indoor and outdoor air monitoring. They are suitable
for gravimetric analysis, elemental analysis, and organic compound analysis.

Teflon (PTFE) Filters: Teflon (polytetrafluoroethylene or PTFE) filters are chemically inert
and have high-temperature resistance. Teflon filters are used for sampling and analysis of
airborne particulates, especially for collecting particles that may react or adsorb onto other
filter materials. They are suitable for various chemical and biological analyses.

Glass Fiber Filters:

Glass fiber filters are made from fine glass fibers and are available in different pore sizes.
Glass fiber filters are commonly used for the collection of both particulate matter and
aerosols. They are suitable for gravimetric analysis, microscopic examination, and other
analytical techniques.

Membrane Filters:

Membrane filters are thin, microporous membranes made of materials such as cellulose
nitrate, cellulose acetate, or mixed esters. Membrane filters are used for collecting particulate
matter and microorganisms in air samples. They are commonly used in microbiological
analysis and microbial air quality assessments.

PTFE Membrane Filters:

PTFE membrane filters are hydrophobic and chemically inert. PTFE membrane filters
are suitable for the collection of particulate matter and aerosols in air samples, especially for
samples with high moisture content or chemical reactivity. They are often used in the
analysis of volatile organic compounds (VOCs) and semi-volatile organic compounds
(SVOCs).

Polycarbonate Filters:

Polycarbonate filters are made of a durable and transparent material. Polycarbonate filters

are used for the collection of airborne particles in various air quality monitoring applications.

They are particularly useful for microscopy and particle size distribution analysis.

1.9. Electrostatic precipitation

Electrostatic precipitation is a technique used for air sample analysis that involves the use

of an electrostatic precipitator (ESP). An ESP uses electric fields to remove particulate matter



from an air stream. An electrostatic precipitator consists of a series of plates or tubes arranged
parallel to the airflow. The plates are charged with a high voltage, creating an electrostatic field
within the device. As the air passes through the ESP, the particles become charged by ionization
or corona discharge. The charged particles are then attracted to the oppositely charged plates and
collect on them. The cleaned air continues its flow, while the particles are retained on the
collection surfaces. Electrostatic precipitation is used in various applications, including industrial
emissions control, indoor air quality monitoring, and research studies. It is particularly suitable
for collecting and analyzing fine particulate matter, such as PM2.5 or PM1, as well as ultrafine
particles. ESPs are commonly employed in air pollution control systems and can be integrated
with subsequent analysis techniques, such as gravimetric analysis, chemical analysis, or particle

characterization methods.

Clean air

Discharge corona

.—| / Negatively charged wire
Water line |
spray e / s

= —’_’( ll'.l“ air |

Dirty air————s , o -

P —

Dirty air—»

Dust

Particulate particles
matter Collection plate grounded
[[ilrn trostatic prec |p|l<|lm]

Scrubber

Fig. 3.6: electrostatic precipitator
Working Principle:

The principle of electrostatic precipitation is based on the attraction of charged particles
to oppositely charged surfaces. When an electric field is applied, the particles in the air become
charged by gaining or losing electrons. The charged particles are then influenced by the electric
field and migrate towards the collection surfaces, where they adhere and accumulate. The
collection surfaces can be cleaned periodically to remove the accumulated particulate

matter.Here are some common types:



a) Plate-Type Electrostatic Precipitator:

This type of ESP consists of a series of parallel plates arranged in the gas flow path. The
plates are charged with high voltage, creating an electric field. As the gas passes through the
plates, the charged particles are attracted to the plates and collect on them. Plate-type ESPs are
suitable for high-efficiency particle collection and are often used in industries such as power

generation, cement manufacturing, and steel production.
b) Tubular Electrostatic Precipitator:

Tubular ESPs consist of a series of tubular electrodes arranged in a cylindrical configuration.
The gas stream passes through the center of the tubes, while the outer surface of the tubes is
charged. The charged particles in the gas stream are attracted to the tubular electrodes and adhere
to them. Tubular ESPs are commonly used in applications where space is limited, such as small-
scale industrial processes and laboratory settings.

c) Wet Electrostatic Precipitator:

Wet ESPs utilize water or another liquid as a medium to enhance the particle collection
efficiency. The liquid is sprayed into the gas stream, creating a mist or fog that increases the
chances of particle capture. The charged particles combine with the liquid droplets and are
collected as a wet sludge. Wet ESPs are particularly effective in removing fine particles and
certain types of aerosols. They are commonly used in applications such as air pollution control in

waste incineration plants and industrial boilers.

d) Dry Electrostatic Precipitator:

Dry ESPs operate without the use of liquid as a collection medium. The gas stream passes
through a charged electrode system, and the particles are attracted to the charged surfaces.
The collected particles are then periodically removed through rapping or vibration
mechanisms. Dry ESPs are widely used in various industries, including power plants, cement
kilns, pulp and paper mills, and chemical processes.

e) Two-Stage Electrostatic Precipitator.

Two-stage ESPs consist of two distinct ESP sections designed to remove particles of
different sizes. The first stage focuses on larger particles, while the second stage targets finer

particles. Two-stage ESPs offer higher collection efficiencies and are suitable for applications



where a wide range of particle sizes need to be controlled, such as in biomass combustion or

waste-to-energy plants.
Advantages:

Electrostatic precipitators can achieve high collection efficiencies, typically ranging from
90% to 99%, depending on the particle size and properties.ESPs are effective in capturing a wide
range  of  particle  sizes, including both fine and  coarse  particles.
Continuous Operation: Electrostatic precipitators can operate continuously, making them suitable
for continuous air monitoring and sample collection.ESPs have relatively low pressure drops,

resulting in minimal energy consumption and allowing for the analysis of large air volumes.
Limitations:

The efficiency of electrostatic precipitation may be reduced for particles with high
electrical resistivity, as they tend to hold their charges and are less responsive to the electric
field.In some cases, electrostatic precipitators can generate ozone as a byproduct of the
ionization process, which may be a concern in certain environments or for sensitive
applications.Periodic cleaning of the collection surfaces is necessary to prevent excessive particle
buildup and ensure continued efficiency.

1.10. Scrubberand wet collectors

Scrubbers and wet collectors are air pollution control devices used to remove pollutants,
including gases and particulate matter, from industrial exhaust gases or air streams. They operate

by utilizing liquid solutions or slurries to capture and remove the contaminants.
1.10.1. Scrubbers

Scrubbers are devices that use liquid solutions or reagents to chemically react with and
remove pollutants from the gas stream. The contaminated gas is passed through the scrubber,
where the liquid contacts the pollutants, leading to their absorption, chemical reaction, or
physical capture. The cleaned gas is then released into the atmosphere. Scrubbers are versatile air
pollution control devices commonly used in industrial settings to reduce emissions and ensure
compliance with environmental regulations. The specific type of device chosen depends on the

pollutants to be controlled, the process conditions, and the desired removal efficiency.



There are different types of scrubbers, including:

Wet Scrubbers: Wet scrubbers use liquid solutions or suspensions to capture pollutants
through absorption, impaction, or reaction. Wet scrubbers are effective for removing gases,
aerosols, and particulate matter. They are commonly used in industries such as power plants,

chemical plants, and metal processing facilities.

Cilean gas out

Fig.3.7: Wet scrubbers

Venturi Scrubbers: Venturi scrubbers use the principle of gas acceleration and liquid
atomization to capture and remove pollutants. Venturi scrubbers are suitable for removing
fine particles and aerosols. They are often used in applications with high gas velocities, such
as incinerators and certain industrial processes.

Packed Bed Scrubbers: Packed bed scrubbers consist of a tower filled with packing
material that enhances contact between the gas and liquid phases. Packed bed scrubbers are
effective for removing soluble gases and some particulate matter. They are used in various
industries, including chemical manufacturing and wastewater treatment.

1.10.2. Wet Collectors:

Wet collectors, also known as wet dust collectors or wet cyclones, are devices that use
liquid sprays or immersion to capture and collect particulate matter. These collectors utilize the
principle of impaction and adhesion to remove the particles from the gas stream. Wet collectors
are commonly used in applications where dry collection methods are not effective or where wet

scrubbing is not required. Some examples include:



Wet Cyclones: Wet cyclones combine the principles of cyclone separators with the addition
of liquid sprays to enhance particle collection efficiency. Wet cyclones are effective for
removing larger-sized particulate matter, such as in mining and mineral processing
operations.

Wet Electrostatic Precipitators (WESPs): WESPs are electrostatic precipitators that use
water or a liquid solution to enhance particle capture efficiency. WESPs are suitable for
removing fine particles and aerosols, and they are often used in applications such as metal

finishing, glass manufacturing, and biomass combustion.
Advantages of Scrubbers and Wet Collectors:

a. Effective for capturing both gases and particulate matter.
b. Can remove soluble and reactive pollutants through chemical reactions.
c. Can handle high gas temperatures and corrosive gases

d. Provide a high removal efficiency for fine particle
Limitations of Scrubbers and Wet Collectors:

i.  Consumes water and requires water treatment or wastewater management.
ii.  Maintenance and cleaning are required due to liquid handling.
iili.  Can be bulky and require significant installation space.

iv.  Operating costs associated with liquid consumption and disposal.

1.11. Control of particulate matter

The control of particulate matter (PM) in the air is crucial for maintaining good air
quality and protecting human health. Several techniques and strategies are employed to control
and reduce the emission and dispersion of particulate matter. Here are some common methods

for particulate matter control:
Source Control:

4+ Implementing cleaner production technologies and practices to minimize the generation of
particulate matter at its source.

+ Using alternative raw materials with lower particulate matter emissions.

+ Optimizing industrial processes and equipment to reduce particle formation and emissions.

4 Implementing proper maintenance and operation practices to prevent fugitive dust emissions.



Filtration and Separation:

Using air filters and particulate control devices such as cyclones, electrostatic
precipitators, fabric filters (baghouses), and scrubbers to capture and remove particulate matter
from industrial exhausts and emission sources. Choosing the appropriate filter media and design

parameters based on the particle size, characteristics, and operating conditions.

Dust Suppression: Applying water or dust suppressants to minimize the generation and
dispersion of dust from construction sites, unpaved roads, and other dusty operations.Using

enclosures, barriers, or covers to confine particulate matter sources and prevent their dispersion.

Emission Standards and Regulations: Implementing and enforcing emission standards and
regulations that limit particulate matter emissions from industrial processes, power plants,
vehicles, and other pollution sources.Regular monitoring and reporting of particulate matter
emissions to ensure compliance with the established standards.

Alternative Energy Sources: Shifting to cleaner and renewable energy sources, such as solar,
wind, and hydroelectric power, which have lower or no particulate matter emissions compared to
fossil fuel combustion. Promoting energy efficiency and conservation to reduce the overall
energy demand and associated particulate matter emissions.

Public Awareness and Education:Raising awareness among the public, industries, and
policymakers about the health and environmental impacts of particulate matter pollution.
Encouraging responsible practices, such as proper waste management, reducing open burning,
and promoting sustainable transportation options.

Urban Planning and Land Use Management:Designing and implementing land use plans that
minimize the proximity of sensitive receptors (e.g., residential areas, schools, hospitals) to major
sources of particulate matter emissions. Promoting green spaces and vegetation in urban areas,
which can help mitigate particulate matter by acting as natural filters and reducing dust
generation. A comprehensive approach that combines multiple strategies is often necessary to
achieve significant and sustained reductions in particulate matter pollution. Additionally,
continuous monitoring and assessment of air quality are essential to identify areas of concern and

evaluate the effectiveness of implemented control measures.

1.12. Impact of particulate matter
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Impact on environment

Particulate matter contributes to the deterioration of air quality by reducing visibility and
creating haze or smog.

Certain types of particulate matter, such as black carbon (soot), absorb solar radiation and
contribute to global warming and climate change.

Particulate matter can deposit onto the surfaces of plants, soils, and water bodies, leading to
soil acidification, nutrient imbalances, and contamination of aquatic ecosystems.

Particulate matter can negatively affect ecosystems by impairing photosynthesis in plants,
reducing crop yields, and harming sensitive organisms such as lichens, mosses, and aquatic

organisms.

Impact on Human Health

Respiratory Problems: Inhalation of particulate matter can cause or exacerbate respiratory
conditions such as asthma, bronchitis, and other respiratory tract infections. Fine particles
(PM2.5) can penetrate deep into the lungs, leading to inflammation and long-term health
issues.

Cardiovascular Effects: Particulate matter has been linked to an increased risk of
cardiovascular diseases, including heart attacks, strokes, and hypertension. It can enter the
bloodstream, triggering inflammation, oxidative stress, and clotting responses.

Premature Mortality: Exposure to high levels of particulate matter is associated with
increased mortality rates, particularly from respiratory and cardiovascular diseases. Long-
term exposure to elevated PM levels can shorten life expectancy.

Cancer Risk: Certain toxic components of particulate matter, such as heavy metals and
polycyclic aromatic hydrocarbons (PAHS), have carcinogenic properties and can increase the
risk of lung cancer and other types of cancer.

Impaired Lung Development: Children exposed to high levels of particulate matter may
experience impaired lung development, leading to reduced lung function and increased
susceptibility to respiratory problems later in life.

Allergenic and Irritant Effects: Particulate matter can act as carriers for allergens,
exacerbating allergic reactions and asthma symptoms. Additionally, some particles have

irritant properties, causing eye and throat irritation.



1.13. Summary

Air sampling is a critical process used to collect and analyze air samples to assess air
quality, identify pollutants, and understand their sources and impacts. Particulate matter refers to
tiny solid or liquid particles suspended in the air. It can be categorized based on its size, with
PM10 referring to particles with a diameter of 10 micrometers or less, and PM2.5 referring to
particles with a diameter of 2.5 micrometers or less. PM2.5 is of particular concern due to its
ability to penetrate deep into the respiratory system and cause adverse health effects. Fine
particles (PM2.5) are especially concerning as they can penetrate deep into the lungs, causing
inflammation and long-term health issues. PM exposure is also associated with cardiovascular
effects, such as an increased risk of heart attacks, strokes, and hypertension. Long-term exposure
to elevated PM levels can result in premature mortality, particularly from respiratory and
cardiovascular diseases. Settling chambers, cyclones, filters, and electrostatic precipitators are
commonly used to capture and collect PM from air samples. Settling chambers allow particles to
settle out under the force of gravity, while cyclones utilize centrifugal force to separate particles
based on their size and density. Filters, such as high-efficiency particulate air (HEPA) filters,
physically capture particles as air passes through them. Electrostatic precipitators use electric
fields to attract and collect charged particles. Air sampling and the analysis of particulate matter
are essential for assessing air quality, understanding the sources and impacts of PM, and
developing strategies to mitigate pollution. Particulate matter has significant environmental
consequences, including air pollution, climate change, and ecosystem disruption. It poses serious
health risks, including respiratory and cardiovascular problems, premature mortality, and

increased cancer risk.

3.14. Terminal questions

Q.1. What are gaseous pollutants? Discuss the sampling of gases pollutants.

ANSWEN ;=== mmmmmmm e e e e e

Q.2. What do you know about adsorption and absorption methods? How it is used for gaseous

pollutant samplings.



Q.3.  What is the particulate matter? Write the types of particulate matter and its sources and

characteristics.

Q.4. Discuss the types of gaseous collection equipment. Its advantage and limitations.

ANSWET: ===-memmmmm e oo m e

Q.5. Briefly discus about settling chamber, its working methods, advantage and limitations.

ANSWET: ===-memmmmm e oo m e

Q.6. Briefly discus the electrostatic, it’s working methods, advantage and limitations.

3.15. Further suggested readings

1. Environmental Science, Subhas Chandra Santra, new central book agency, 3rd Edition,
2011.

2. A text Book of Environment Studies, Asthana, D. K. and Asthana, M. 2006, S. Chand &
Co.

3. Environmental Chemistry, A.K. De, New Age Publisher International Pvt Ltd.

4. Textbook of Environmental Chemistry and Pollution Control, S.S.Dara and D.D. Mishra,
S. Chand & Co. Ltd.
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Introduction

This second block of environmental chemistry consists of following three
units:

Unit-4: This unit covers the water properties such as structure, formula and
chemical composition. The chemical and physical properties of river, lake,
and ocean water also discussed.

Unit-5: In this unit covers the source, sink and types of water pollutants. The water
quality parameters such as dissolved oxygen, biochemical oxygen demand
(BOD), chemical oxygen demand (COD), dissolved organic carbon (DOC),
and total dissolve solid (TDS) and total suspended solid are briefly disused.

Unit-6: This unit covers the meaning of wastewater, industrial effluent, and
composition of industrial effluents, sludge and activated sludge. The role of
soaps, detergents and phosphorus fertilizers in Eutrophication also
discussed. Application of advanced oxidation processes is wastewater

mentioned here in briefly.



Unit-4: Properties of Water

Contents
4.1.Introduction
Obijectives

4.2.Structure of water molecule
4.3.Chemical bonding in water
4.4.Unique properties of water
4.5.pH Scale
4.6.Water as solvent
4.7.Chemical composition of water

4.7.1. River water

4.7.2. Ocean water

4.7.3. Lake water
4.8.Summary
4.9.Terminal question

4.10. Further suggested readings

4.1. Introduction

Water plays a vital role in the metabolic process, growth and development of living body.
Apart from that water is considered as universal solvent due to polar in nature, water make easily
solubility to other substances. Water has several physical and chemical properties that make it
suitable to living organism. pH is also referred to hydrogen ion concentration, pH, which is
physical parameter, plays important role in mentioning the nature of water that make it solubility.
Water formed weak bonds with number of polar and non polar molecules. A buffer is a solution
that resists a change in pH on addition of a small amount of acid [H¥] or base [OH~]more
effectively than an equal volume. Generally, buffer is an aqueous solution consisting of mixture

of weak acid and it conjugated base vice versa.
Objectives:

» To understand physical and biological properties of water



» to learn about bonding and chemical nature of water

» to know buffer and pH role in biological reactions

4.2. Structure of water molecule

Water molecules have a unique structure due to their composition and the arrangement of
their atoms. A water molecule consists of two hydrogen atoms bonded covalently to a central
oxygen atom. The chemical formula for water isH,0, indicating that there are two hydrogen
atoms and one oxygen atom in each molecule. A water molecule consists of two hydrogen atoms
bonded to an oxygen atom, and its overall structure is bent. This is because the oxygen atom, in
addition to forming bonds with the hydrogen atoms, also carries two pairs of unshared electrons.
All of the electron pairs-shared and unshared-repel each other. The oxygen atom in water has
eight protons in its nucleus, giving it an atomic number of 8. It also has six electrons in its
outermost energy level, known as the valence shell. The hydrogen atoms, on the other hand, have
one proton each and one electron in their valence shell. The oxygen atom forms covalent bonds
with the two hydrogen atoms by sharing electrons. Each hydrogen atom shares one of its
electrons with the oxygen atom, while the oxygen atom shares one of its electrons with each
hydrogen atom. This sharing of electrons allows each atom to satisfy the octet rule, which states
that atoms tend to gain, lose, or share electrons to achieve a stable configuration with eight
electrons in their outermost shell. The arrangement of atoms in a water molecule is often
described as bent or VV-shaped. The oxygen atom is positioned at the center of the molecule, and
the two hydrogen atoms are attached to it at an angle of approximately 104.5 degrees. This angle
gives water its unique properties and affects its behavior as a solvent, as well as its ability to

form hydrogen bonds with other water molecules.
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The oxygen atom in a water molecule has a slightly negative charge (8-) due to its higher

electro negativity compared to hydrogen. This creates a partial positive charge (6+) on each



hydrogen atom. As a result, water molecules are polar, with the oxygen end being more
negatively charged and the hydrogen ends being more positively charged. This polarity allows
water molecules to attract and interact with each other through hydrogen bonding, which gives
water its high boiling point, high specific heat capacity, and other important properties. Water
molecules consist of two hydrogen atoms covalently bonded to a central oxygen atom. The
arrangement of atoms in a water molecule is bent or V-shaped, with the oxygen atom having a
slightly negative charge and the hydrogen atoms having a slightly positive charge. This polarity
and the ability to form hydrogen bonds contribute to the unique properties and behavior of water.

4.3. Chemical bonding in water

Water is polar in nature and a good solvent. Water forms weak bonds with number of
polar and non polar molecules. We know the water have properties to form hydrogen bonding
due to presence of partially positive and partially negative charge. However, hydrogen atom also
covalently bonded to carbon atom, even it do not participate in hydrogen bonding because
carbon does not has negative charge. For example, butanol(CH;CH,CH,CH,OH) has relatively
higher boiling point (117 °C) as compare to butane (CH;CH,CH,CH3), which has boiling point
only -0.5 °Cbecause, butanol has hydrogen bonding. The butanol has hydroxyl group and formed
hydrogen bond with other molecules. However, hydrogen atom has stabilizing effect with some
polar molecules that’s why sugar dissolves readily in water. Hydrogen of water forms that form
hydrogen bonding between with hydroxyl groups or carbonyl group of the sugar. The other polar

water molecules, such as alcohol, aldehyde and ketones all form hydrogen bonding with water.
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4.4. Unique properties of water

Water present in nature in three form liquid, gas, and solid on the basis of temperature.
Our body contain about 70 to 90% water because it familiar and iniquitous in nature. Water
found in our body in the association with macromolecules and cell organelles that require to
biological properties of proteins, nucleic acid as well as membrane, ribosomes and many other
components. Water is the simple molecule that forms by the combination of hydrogen and
oxygen in 2:1. Water considered as universal solvent. It has molecular formula H,0, water is
reactive substance with usual properties. Water recognizes as good solvent because it is polar in
nature. Water ionizes in two forms as hydronium ions and hydroxide ions. Water as molecular
form has both partial positive (due to presence of hydrogen in one side of water molecules) and
partial negative charge (due to presence of oxygen in one side of water molecules). This nature

of water makes it more reactive to with other molecules.

The water molecules have special physical properties. The water molecule as liquid
phase has high boiling point, high melting point, high vaporization, specific heat capacity and
surface tension compare to other hydride molecules. Water molecules are formed by equal
sharing of electron by covenant bonding. It has sp3hybridization and hydrogen tetrahedral
arrangement, this type of arrangement result occurs net dipole in water in which the end of
molecule containing the unshared electron has partially positive charge character and the end
containing the two hydrogens has partially negative charge character shown in Fig. In addition,
hydrogen oxygen bonding as dipolar character due to unequal sharing of electrons between
hydrogen and oxygen. However, due to presence of equal partially positive and negative charge
in both sides, the resulting net charge in the molecule in zero. Thus, it is known as dipole
molecule. The spectroscopic and X rays studies define the precise H-O-H analysis is 104.5° a

hydrogen oxygen intra-atomic distance is 0.0965 nm.

Due to presence of partial positive charge on hydrogen atom and partially negative
charge on oxygen atom, two water molecule approach to closely attached together by
electrostatic attraction. Where positive charge of one water molecule (hydrogen atom) attracts
toward negative charge of other water molecule (oxygen), same as the partially negative charge
of one water molecule oxygen atom attract toward positive charge hydrogen atom of other water

molecule. This accompanied by redistribution of the electronic range in both molecules. Thus,



this is association of both two-hydrogen atom is called hydrogen bonding. This is only properties
that responsible for the great internal cohesion of liquid water. The hydrogen bonding is
relatively weak than covalent bonds. Each water molecules have hydrogen bonding to 4

neighbour molecules.

Since, water molecule arrange in tetrahedral arrangement same the neighbour molecule is
also had tetrahedral arrangement. The ice which is the form of water also have tetrahedral
crystalline lattice in which water molecules attract by hydrogen bonding. The cohesion of water
molecules contains as high melting point and high boiling point in in spite of low molecular
weight (18 g/mole). The high special heat and high evaporation make it excellence thermal for

actively metabolizing cells and tissue.
a. Interaction between water and charge solutes or nonpolar gas:

The molecules that are easily dissolved in water (polar) are generally charged or polar
molecules are known as hydrophilic molecules. However, non-polar solvents are poor solvent for
polar molecules but they readily dissolve nonpolar molecules such as lipids and wax etc. For
example, NaCl (polar) is readily dissolved in water by hydrating and stabilising the Na™ and C1~
ions. Polar molecules such as glucose, glycine, aspartic acid and lactic acid etc easily dissolve in
water. O,, N,and CO, gases are non-polar in nature, but CO, gas forms carbonic acid (H,CO;)
in aqueous solution. The two the gas NH; and H,S dissolve in water and have biological role in

organism.
b. vander Waals interactions:

They are weak and non specific intrinsic, attractions. It formed when two charge atoms closely
stand at 3 to 4 4. They are weak and less specific than electrostatic and hydrogen bonding and
also have importance in biological system. All types of molecules exhibit van der Waals forces
which arise from the attraction of the bounding electron of one atom for the molecules of other.
When two atoms are for apart, this is very weak attraction which becomes stronger as the atom
closer together.

lonization of water:

It must be known that lots of properties of water molecules is governs by its uncharged

form as (H,0). While to understand their properties we should know the ionization of water as to



hydrogen ion [H¥] and hydroxide ion [OH~]. In this ionization, we can see through reversible

ionization of water molecules that yield a hydrogen ion and a hydroxide ion:
H,0 s H* + OH(i)
This reversible ionization is crucial to the role of water in cellular functions. In this reversible

reaction, the equilibrium of H20 and it’s ionized formed is determine by it equilibrium constants

as shown in Eq. (ii).
A+BsC+D (i)

Equilibrium constant can be defined in terms of concentration of reactant (A & B) and product

(C & D) present in equilibrium.

Koy = L (i)

Where key is equilibrium constant and bracket [] represent concentration of reactant and product.
The equilibrium constant is fix and characteristic for given chemical reaction at specific
temperature. The H,Oalso concentrated at given temp. 25 °Cabout only one of every
10”molecule in pure water is ionized at any instant. The equilibrium constant for the reversible

ionization of water is

[H*][0H-]

Keq = [H,0]

(iv)

In pure water at 25 °C, the concentration of water is 55.5 Mole. Thus, value is essentially

constant in reaction to the very low concentration of H+ and OH- normally 1 x 10" M.

[H*][0H-]

Keq - [55.5 M]

(v)
(55.5M)(keq) = [H*1+[0HT] = ky

Where k,, denotes the product (55.5 M), (k,,) the ion product of water is 25 °C. The value of k,,
is 1.8 x 10718 at 25 °C. Put the value of k,,in Eq (v) we found.

(55.5M) 1.8x10716M = [H*] + [OH"] = k,
99.9 x1071°M2 = [H*] + [0H"] = k,

1.0 x1071*M2 = [H*] + [0OH"] = k,,



Thus, the product [H*] + [0H] in aqueous solution at 25 °C always equal to 1 x 104 M?,

where are exactly equal concentration of both product [H*] + [OH™].

In pure water, the solution is said to be neutral pH. At this pH, the concentration[H*]and[OH ]

can be calculated from the ion product of water as follows
ky = [H*] + [OH"] = [H*]?
Solution of [H™] gives
H* = Jky/1x10-*M? = 1x107"M

OH™ = 1x107"M

4.5. pH Scale

pH is also refers to potential of hydrogen. pH is a symbol and donates the relative
concentration of hydrogen ion in solution of extend form of value 0 to 14, the lower the value,
the higher the acidity or the more hydrogen ion concentration. In solution water at 25 °C has a
concentration of hydrogen ion of 10-7, the pH therefore, is 7.

H* ion of water, k is the basis for the pH scale, it shows the actual concentration of
hydrogen ion in aqueous solution in range blew 1.0M H* and 1.0 M OH~.All the biological

reactions defined this pH scale.
The pH also defines that pH of a solution as the negative logarithm of concentration of
hydrogen ion, thus:

1 +
pH =logF = —logH

At mention solution at 25 °C the concentration of H" ion found 1 x 107 M. The pH can be
calculated as

1
H =log———— = —log(1 x 107

= log1.0 + log10’
=0+7.0

= 7.0



Solutions in which pH = 7.0 are defined as neutral. Solutions with pH < 7.0 are called "acidic,"”
and solutions in which pH > 7.0 are called "basic."” In Fig. 2.16 are shown the pH Values of

some common fluids.

4.6. Water as solvent




Water (H,0) is a molecule composed of two hydrogen atoms and one oxygen atom, with
a chemical formula of H,0. The atomic mass of hydrogen is approximately 1, while that of
oxygen is approximately 16. Therefore, the molecular weight of water is approximately 18.015
daltons (Da).

The chemical composition of pure water is therefore:

Two hydrogen atoms (H)

One oxygen atom (O)

This can be represented in a chemical equation as:
H,0=2H+0

Water is an excellent solvent due to its polar nature, which allows it to dissolve many
different substances. When a solute is added to water, it can dissociate or form solvation shells
around its particles, facilitating the dissolution process. The interaction between the solute and
water molecules can be represented by a chemical equation. The groundwater contains dissolved
minerals such as calcium, magnesium, and sodium, while surface water may contain dissolved
gases such as carbon dioxide and oxygen. The example of table salt (sodium chloride, NaCl)
dissolving in water. The chemical equation for this process is as follows:

NaCl (s) + H,0 (1) » Na*(aq) + Cl~(aq)

In this equation, NaCl is the solute, and H20 is the solvent (I stands for liquid water).
When NaCl is added to water, the crystal lattice of NaCl breaks apart, and the individual Na*
and CI~ ions dissociate from each other due to the interactions with water molecules. The arrow
represents the direction of the reaction. On the left side, we have solid NaCl (s) and liquid water
(), indicating the initial state. On the right side, we have aqueous Na*(aq) and Cl~(aq),
representing the dissolved ions in the water (aq stands for aqgueous solution). In this equation, the
water molecules surround the ions, forming solvation shells through electrostatic interactions.
The partially positive hydrogen atoms in water molecules are attracted to the negatively charged
chloride ions (CI7), while the partially negative oxygen atoms are attracted to the positively

charged sodium ions (Na™).

Some other examples of solutes that can dissolve in water:



lonic compounds: Water is particularly effective at dissolving ionic compounds due to its
polarity. Examples include table salt (sodium chloride, NaCl), potassium nitrate (KNO3), and

magnesium sulfate (MgS0,).

Polar molecules: Water can dissolve other polar molecules by forming intermolecular

interactions. Examples include sugar (sucrose), ethanol (ethyl alcohol), and ammonia (NH3).

Acids and bases: Water can dissolve acids and bases by forming ions through ionization
or dissociation. Examples include hydrochloric acid (HCI), sulfuric acid (H,SO,), and sodium
hydroxide (NaOH).

Gases: Water has the ability to dissolve certain gases, allowing them to be transported in
the bloodstream or absorbed by aquatic organisms. Examples include oxygen (0,), carbon
dioxide (CO,), and ammonia (NH3).

Some organic compounds: While water is not a universal solvent for nonpolar
substances, it can dissolve certain organic compounds with polar functional groups. Examples
include alcohols (e.g., methanol, ethanol), aldehydes (e.g., formaldehyde), and organic acids
(e.g., acetic acid). Water’s ability to dissolve substances depends on factors such as the nature of
the solute, temperature, and pressure. Additionally, some substances may have limited solubility
in water or may require specific conditions for dissolution. Water’s versatility as a solvent plays
a crucial role in various biological, chemical, and environmental processes, making it essential

for life as we know it.

4.6.1. River water:

The chemical composition of river water can vary depending on the location, season, and
surrounding environment. However, in general, river water contains the following chemical

compounds:

Dissolved ions:In river water, various ions can dissolve, leading to the presence of dissolved
salts and minerals. Rivers receive water from various sources, such as rainfall, groundwater, and
runoff, which can contain dissolved substances. These ions can affect the water's pH,
conductivity, and hardness. Sodium, calcium, magnesium, chloride, bicarbonate,sulfate and

nitrate ion are found in the river water. The specific composition of ions in a river can vary



depending on factors such as the geology of the area, human activities in the surrounding area,

and the flow and mixing of water from different sources
Dissolved gases:

River water can also contain dissolved gases such as oxygen, nitrogen, and carbon dioxide,
which are essential for aquatic life and can influence the water's oxygen saturation. Oxygen is
essential for aquatic organisms for respiration and plays a vital role in supporting aquatic
ecosystems. Carbon dioxide concentration in river water is also influenced by factors such as
photosynthesis by aquatic plants and the surrounding landscape's geology. Nitrogen gas can
dissolve in river water to a limited extent. Nitrogen gas is not very soluble in water compared to
other gases. Methane is a greenhouse gas that can dissolve in river water. It can be produced
through microbial activity in the sediments or from the decomposition of organic matter in the
water. Other gases, such as hydrogen sulfide (H,S) and various volatile organic compounds
(VOCs), can dissolve in river water depending on specific environmental conditions, pollution
sources, or nearby industrial activities. The solubility of gases in water depends on factors such
as temperature, pressure, gas concentration, and the specific chemical properties of the gas.
Dissolved gases in river water play important roles in supporting aquatic life, nutrient cycling,
and overall ecosystem dynamics.

Organic matter:

River water can contain organic matter, such as decaying plant and animal material, which can
affect water quality and nutrient availability. Organic matter in river water undergoes
decomposition by microbial activity. Bacteria and fungi break down the organic compounds,
releasing nutrients and energy. This decomposition process is vital for nutrient cycling, as it
releases essential elements such as carbon, nitrogen, and phosphorus that are then available for
uptake by aquatic plants and other organisms. Organic matter in river water exists in both
particulate and dissolved forms. Dissolved organic matter (DOM) refers to organic compounds
that are dissolved in the water column. DOM consists of complex mixtures of organic molecules,
including humic substances, proteins, carbohydrates, and dissolved gases. DOM can influence
water quality, nutrient availability, and light penetration in the water. Monitoring and managing
organic matter in river water are important for assessing ecosystem health, water quality, and the

impacts of human activities. Analyzing organic matter concentrations and understanding the



dynamics of organic carbon cycling in rivers are key for sustainable management and protection

of freshwater resources.
Microorganisms:

River water can also contain microorganisms, such as bacteria and viruses, which can pose
health risks if present in high concentrations. Microorganisms in the ocean are vital for
maintaining ecosystem health, nutrient cycling, and the overall balance of marine ecosystems.
The diversity and abundance of microorganisms in the ocean are incredibly vast, and scientists

continue to discover new species and uncover their ecological significance.
Anthropogenic pollutants

Anthropogenic pollutants are human-made pollutants that can contaminate river water and have
detrimental effects on aquatic ecosystems and human health. These pollutants can enter rivers
through various pathways, including industrial discharges, agricultural runoff, urban stormwater,
and improper waste disposal. Here are some common anthropogenic pollutants found in river
water. Monitoring and regulation of anthropogenic pollutants in river water are crucial for
protecting water quality, preserving aquatic ecosystems, and ensuring the safety of water
resources for human use. Implementing effective pollution control measures, promoting
sustainable practices, and adopting proper waste management strategies are essential for

reducing the impact of anthropogenic pollutants on river water.

The exact chemical composition of river water can vary greatly depending on the specific

location and environmental conditions.

4.6.2. Ocean water:

The chemical composition of ocean water is similar to that of river water, but with some
important differences due to the ocean's unique characteristics. The major components of

seawater include:
Salts:

The primary salt in seawater is sodium chloride (NaCl), commonly known as table salt.
It is the most abundant dissolved compounds in seawater are salts, which consist mainly of

sodium chloride (NaCl) about 85% of the total dissolved salts, and other ionic compounds such



as magnesium chloride (MgCl,) and calcium chloride (CaCl,)).The salinity of ocean water,
which refers to the concentration of dissolved salts, is approximately 3.5%. This means that for
every 1,000 grams of seawater, about 35 grams are dissolved salts. Besides sodium chloride,
other salts found in seawater include magnesium chloride, magnesium sulfate, calcium sulfate,
and potassium chloride; among others trace elements are also found. The calcium ions can
dissolve in river water comes from the weathering of calcium-containing rocks or the dissolution
of calcium salts. However, the magnesium ions present due to weathering of magnesium-rich
minerals. In addition, the ions such as bicarbonate ion (HCO3) ions Sulfate ion (SO;~) and
Nitrate ion (NO3) are also found in ocean water through various sources. Salinity is a crucial
parameter in oceanography as it affects various physical and chemical properties of seawater,
including density, freezing point, and conductivity. It plays a significant role in ocean circulation

patterns, the distribution of marine organisms, and the overall functioning of marine ecosystems.
Dissolved gases:

Seawater contains dissolved gases such as oxygen, carbon dioxide, and nitrogen, which
are essential for marine life and can influence ocean chemistry and climate. Oxygen dissolves in
ocean water through atmospheric exchange at the air-sea interface. Carbon dioxide is a
significant gas dissolved in ocean water. It enters the ocean through several sources, including
the atmosphere, runoff from land, and biological processes such as respiration and
photosynthesis. The ocean acts as a major carbon sink, absorbing a significant portion of the
atmospheric carbon dioxide, which plays a crucial role in regulating the Earth's climate.
However, small amounts of nitrogen gas can dissolve in seawater, primarily through atmospheric
diffusion. Methane concentrations in seawater can vary depending on local geology, temperature,
and microbial activity. Other gases that can dissolve in ocean water include nitrogen oxides
(such as nitric oxide, NO, and nitrogen dioxide, NO,), hydrogen sulfide (H,S), hydrogen (H,),
and various volatile organic compounds (VOCSs). The solubility of gases in ocean water depends
on factors such as temperature, salinity, pressure, and the specific chemical properties of the
gases. The dissolved gases in ocean water play important roles in regulating the Earth's climate,
supporting marine life, and influencing various biogeochemical processes in the marine

environment.



Trace elements: Seawater contains a variety of trace elements, including iron, manganese, and
zinc, which are important for biological processes in the ocean. The percentage of some other

elements are such as

e Oxygen (O): Approximately 85.84% of the atoms in ocean water are oxygen.

e Hydrogen (H): Approximately 10.82% of the atoms in ocean water are hydrogen.

e Chlorine (CI): Approximately 1.94% of the atoms in ocean water are chlorine.

e Sodium (Na): Approximately 1.08% of the atoms in ocean water are sodium.

e Magnesium (Mg): Approximately 0.1292% of the atoms in ocean water are magnesium.
e Sulfur (S): Approximately 0.091% of the atoms in ocean water are sulfur.

e Calcium (Ca): Approximately 0.04% of the atoms in ocean water are calcium.

e Potassium (K): Approximately 0.039% of the atoms in ocean water are potassium.

Iron is an essential trace element in ocean and it is vital micronutrient for marine
phytoplankton, which are the primary producers in the marine food chain. Zinc, manganese
and cobalt is another trace element present in ocean water is useful full in various biological
processes, including enzyme function, growth, and nitrogen-fixing bacteria of various
organisms. Copper is a trace element that is important for enzymatic reactions in marine
organisms. Molybdenum is a trace element that plays a role in nitrogen fixation by certain
bacteria and component of nitrogenase enzymes. Selenium is a trace element that can be
found in ocean water. The concentrations of these trace elements can vary depending on
factors such as water temperature, salinity, depth, and the influence of terrestrial inputs,
hydrothermal vents, and other geological processes. Trace elements are essential for
maintaining the health and functioning of marine ecosystems, and their availability can have

significant impacts on marine organisms and biogeochemical cycles.
Organic matter:

Seawater contains dissolved organic matter, such as sugars and amino acids, which are important
nutrients for marine life. Dead organisms, including phytoplankton, zooplankton, fish, and other
marine animals, contribute to the organic matter in the ocean. Organic matter in ocean water
consists of a complex mixture of compounds, including proteins, carbohydrates, lipids, nucleic
acids, and other organic molecules. The composition can vary depending on factors such as the

source of organic matter, the stage of decomposition, and environmental conditions. The



percentage of organic matter in ocean water can vary significantly depending on location, depth,
and the presence of specific marine ecosystems. On average, organic matter concentrations in the
open ocean range from about 0.1 to 0.5 milligrams per liter (mg/L) or 0.01% to 0.05% by weight.
Understanding the dynamics of organic matter in ocean water is crucial for assessing marine
ecosystem health, biogeochemical cycling, and the impacts of climate change on the oceans.
Monitoring and studying the distribution, composition, and fate of organic matter contribute to

our understanding of the complex interactions within marine environments.
Microorganisms

Ocean water contains a diverse range of microorganisms that play critical roles in marine
ecosystems. These microorganisms are essential for nutrient cycling, primary production,
decomposition, and overall ecosystem functioning. The microorganism such as phytoplankton,
Bacteria, Archaea, Viruses, Protists and Fungi are present in ocean water. The diversity and
abundance of microorganisms in the ocean are incredibly vast, and scientists continue to discover
new species and uncover their ecological significance. Microorganisms in the ocean are vital for

maintaining ecosystem health, nutrient cycling, and the overall balance of marine ecosystems.

Anthropogenic pollutants: Like river water, seawater can also be contaminated by various
anthropogenic pollutants, including plastics, heavy metals, and industrial chemicals, which can

harm marine life and pose a threat to human health.

The chemical composition of ocean water is relatively stable and does not vary much
from place to place. However, the salinity, temperature, and nutrient levels can vary greatly
depending on the location and season, and these variations can have a significant impact on the

ocean ecosystem.

4.6.3. Lake water:

Lake water is a vital component of the Earth's hydrological cycle, playing a crucial role in
sustaining ecosystems and human activities. Lakes are bodies of freshwater that vary in size from
small ponds to vast inland seas. The water within these bodies is dynamic and complex,
influenced by a multitude of physical, chemical, and biological processes. In this essay, we will
explore the characteristics of lake water, its importance, the factors affecting its quality, and the

challenges it faces in the modern world.



The water in lakes is predominantly freshwater, with low salinity levels compared to
seawater. It originates from various sources, including precipitation, surface runoff, groundwater,
and inflowing rivers and streams. Precipitation, in the form of rain and snow, is a primary source
of freshwater input to lakes. This water carries nutrients and dissolved substances from the

atmosphere and surrounding landscapes, which contribute to the lake's chemistry.

Lakes are not stagnant bodies of water; they are in a constant state of flux. Water
movement within lakes is driven by various factors, including wind, temperature gradients, and
the Earth's rotation. This circulation can lead to the stratification of the water column into
distinct layers, typically the epilimnion (surface layer), metalimnion (thermocline), and
hypolimnion (deep layer). The different layers have different temperature and oxygen profiles,

which influence the distribution of aquatic life.

Lake water is essential for both natural ecosystems and human societies. Ecosystems in
and around lakes are highly dependent on the availability and quality of lake water. Aquatic
plants, algae, and phytoplankton flourish in the well-lit, nutrient-rich epilimnion. These primary
producers form the base of the food web, supporting a diverse range of organisms, from
zooplankton to fish and waterfowl. Many bird species rely on lakes for breeding and feeding

grounds, making them critical habitats for avian biodiversity.

Beyond their ecological significance, lakes serve as important water resources for human
communities. They provide drinking water, irrigation for agriculture, recreational opportunities,
and sources of hydropower. In many parts of the world, lakes also play a role in transportation
and trade. For example, the Great Lakes in North America are interconnected water bodies that

have historically been vital for shipping and commerce.

However, the quality of lake water is susceptible to a variety of factors. Pollution from
human activities, such as industrial discharge, agriculture, and urban development, can introduce
contaminants into lakes. Nutrient runoff, particularly from fertilizers, can lead to eutrophication,
a process in which excessive nutrients cause algal blooms, oxygen depletion, and the decline of
fish populations. Additionally, invasive species can disrupt the natural balance of lake

ecosystems, outcompeting native species and altering the food web.

Climate change is also having a profound impact on lake water. Rising temperatures can

affect the stratification patterns of lakes, potentially leading to decreased oxygen levels in deeper



layers, which can harm fish populations. Changes in precipitation patterns and increased
evaporation can alter water levels, affecting the overall health of lake ecosystems. Additionally,
the melting of glaciers and ice caps contributes to rising lake levels in some regions, increasing
the risk of flooding.

The chemical composition of lake water can vary depending on the location, size, depth,
and surrounding environment. However, in general, lake water contains the following chemical

compounds:

Dissolved ions: Like river water and seawater, lake water contains various dissolved ions such as
calcium, magnesium, sodium, and potassium, which are derived from the surrounding rocks and

soils. These ions can affect the water's pH, conductivity, and hardness.

Elements: Elements in a lake refer to the various chemical elements that are present in its water
and sediments. These elements play essential roles in the lake's ecosystem and influence its
overall chemistry and biological processes. The lake water contain several essential elements
such as Carbon, Nitrogen, Phosphorus, Oxygen, Calcium, Magnesium, and Sodium, In addition
it may contain trace amounts of various elements, including iron (Fe), manganese (Mn), zinc
(Zn), copper (Cu), and others. These elements are required in small quantities by organisms and

can have important biological functions but can become toxic at high concentrations.

Dissolved gases: Lake Water can also contain dissolved gases such as oxygen, nitrogen, and
carbon dioxide, which are essential for aquatic life and can influence the water's oxygen
saturation. Oxygen is one of the most important dissolved gases in lake water as it is vital for the
survival of aquatic organisms. The percentage of dissolved oxygen can range from about 0% to
20%, with higher concentrations typically found near the water's surface and lower
concentrations at greater depths. The percentage of dissolved carbon dioxide can range from less
than 1% to a few percent, depending on factors such as photosynthesis rates, microbial activity,
and water temperature. Nitrogen gas is relatively insoluble and tends to exist as a dissolved gas
in lower concentrations in lake water. Methane is a greenhouse gas that can be produced in

oxygen-depleted sediments or by certain bacteria in the lake.

Organic matter: Lake water can contain organic matter, such as decaying plant and animal
material, which can affect water quality and nutrient availability. The organic matter in a lake

plays a crucial role in its ecological functioning. It serves as a source of nutrients for the



organisms living in the lake, providing energy for their growth and metabolism. As organic
matter decomposes, it releases essential elements like carbon, nitrogen, and phosphorus into the
water, which are utilized by various organisms. The organic matter also contributes to the
sedimentation process in lakes. Over time, organic matter settles to the lake bottom,
accumulating as sediment. This sediment can serve as a historical record of past environmental
conditions and can provide insights into the lake's long-term ecological changes. Other gases
such as hydrogen (H2), hydrogen sulfide (H.S), and various volatile organic compounds (VOCs)
may be present in lake water

Microorganisms:Microorganisms in lakes refer to the diverse range of microscopic organisms
that inhabit lake ecosystems. These microorganisms play critical roles in the functioning of the
lake and have significant impacts on nutrient cycling, water quality, and overall ecosystem
health. The bacteria and viruses, which can pose health risks if present in high concentrations in
lake water. These microorganisms interact with each other and with the physical and chemical
conditions of the lake to form complex and dynamic microbial communities. They are integral to
the functioning and stability of lake ecosystems, impacting water quality, carbon cycling, and the
overall biodiversity of the system.

Anthropogenic pollutants: Lake water can be contaminated by various anthropogenic
pollutants, including pesticides, industrial chemicals, and heavy metals, which can pose a threat

to human and aquatic health.

The exact chemical composition of lake water can vary greatly depending on the specific
location and environmental conditions. The size and depth of the lake, the degree of water
circulation, and the presence of inflowing streams or groundwater sources can all influence the

chemical composition of lake water.

Conservation and management of lake water are critical to ensuring the long-term
sustainability of these ecosystems. Efforts to reduce nutrient pollution, control invasive species,
and mitigate the effects of climate change are essential. Many countries have implemented water
quality regulations and monitoring programs to protect their lakes. Lake water is a dynamic and
vital component of the Earth's freshwater resources. It sustains ecosystems, supports
biodiversity, and serves as a valuable resource for human societies. However, it faces numerous

challenges, including pollution, invasive species, and the impacts of climate change.



Conservation and management efforts are crucial to protect the quality and sustainability of lake

water for current and future generations.

Effect of climate change on Lake Water bodies

Climate change is having a profound impact on lake water and the ecosystems that

depend on it. Here are some of the key effects of climate change on lake water:

1.

Temperature Changes: One of the most noticeable effects of climate change on lake water
is rising temperatures. As global temperatures increase, lakes warm up, which can disrupt the
natural temperature stratification in lakes. This can affect the distribution of aquatic life and
lead to shifts in the composition of species within the lake.

Altered Thermal Stratification: Climate change can disrupt the typical seasonal patterns of
thermal stratification in lakes. Normally, lakes have distinct layers with different
temperatures. Climate-induced changes can lead to longer periods of thermal stratification,
affecting the distribution of oxygen and nutrients in the water column. This can have
significant consequences for the health of the lake and its inhabitants.

Reduced Ice Cover: Warming temperatures lead to reduced ice cover on many lakes,
especially in the winter. This can impact the physical and biological processes in lakes. For
example, less ice cover can result in increased evaporation and decreased water levels,
affecting the overall health of the ecosystem.

Algal Blooms: Higher temperatures and increased nutrient runoff due to climate change can
lead to more frequent and severe algal blooms in lakes. These blooms can disrupt the balance
of the ecosystem, decrease water quality, and have harmful effects on aquatic life and human
health.

Changes in Precipitation Patterns: Climate change can alter precipitation patterns, leading
to more intense rainfall events and changes in the timing and amount of snowmelt. This can
result in fluctuations in lake levels and increased risks of flooding in some regions, while
other areas may experience lower lake levels and droughts.

Impact on Aquatic Life: Climate change can affect the life cycles and habitats of fish and
other aquatic species. For example, changes in temperature and food availability can impact
fish spawning and migration patterns. Some species may be more resilient to these changes,

while others could face declining populations or even extinctions.



7. Spread of Invasive Species: The warming of lake water can create more favorable
conditions for invasive species. Invasive aquatic species, which are often more resilient to
changing environmental conditions, can outcompete native species, disrupt the food web, and
negatively impact the overall health of the lake ecosystem.

8. Increased Wildfire Risk: Climate change contributes to more frequent and intense wildfires,
which can have indirect effects on lake water quality. Wildfires can lead to the erosion of soil
and the release of ash and debris into nearby lakes, increasing the risk of sedimentation and
nutrient loading, which can harm the water quality.

9. Impact on Water Supply: Many communities rely on lakes as a source of drinking water.
Changes in lake water quality and availability due to climate change can affect water supply
systems, potentially requiring costly adjustments to ensure safe and reliable drinking water.

10. Socioeconomic Impacts: Climate change can affect the recreational and economic value of
lakes. Changes in water quality and the abundance of certain species can impact tourism,

fishing, and other industries that depend on healthy lake ecosystems.

4.4. Difference between river, ocean and lake water

While river, ocean, and lake water all contain similar chemical components, there are
some differences in their chemical composition and physical characteristics that distinguish them

from each other. Here are some key differences:

Salinity: One of the most significant differences between river, ocean, and lake water is their
salinity. Ocean water is highly saline due to the large amount of dissolved salts, while river water
is typically low in salinity. Lake water can vary in salinity, depending on its location and

surrounding environment.

Dissolved oxygen: The amount of dissolved oxygen in water can vary depending on various
factors, including temperature, depth, and photosynthesis. Ocean water typically has a higher
concentration of dissolved oxygen than river or lake water due to the high rate of photosynthesis

by marine plants and algae.

Nutrient levels: Rivers and lakes typically have higher levels of nutrients such as nitrogen and
phosphorus due to the surrounding land and vegetation. Ocean water may have lower levels of

nutrients in some areas due to the limited availability of these nutrients.



Water flow: Rivers and oceans have a continuous flow of water, while lakes may have limited
water flow or be stagnant in some areas. This can affect the water's chemical composition and

nutrient levels.

Anthropogenic pollution: Rivers and lakes are more vulnerable to anthropogenic pollution due
to the surrounding human activity, such as agricultural runoff and industrial discharge. While the
ocean is not immune to pollution, it has a larger volume of water that can dilute contaminants

more effectively.

Overall, while river, ocean, and lake water share many similarities in their chemical
composition, their physical and environmental characteristics can result in distinct differences in

their water quality and composition.

4.7. Water as solvent

Water is a highly versatile solvent due to its unique chemical and physical properties. Water's
polarity and ability to form hydrogen bonds make it an excellent solvent for a wide range of
chemical compounds. However, Water is a remarkable solvent that plays a critical role in
various chemical and biological processes. Its unique properties make it an ideal medium for
dissolving a wide range of substances, from simple salts to complex organic molecules. This
versatility as a solvent is essential for life on Earth and has far-reaching implications in many

fields of science and technology.

One of the key characteristics of water as a solvent is its polarity. Water molecules consist of two
hydrogen atoms bonded to one oxygen atom, and the oxygen atom is more electronegative than
hydrogen, creating an uneven distribution of charge within the molecule. This results in a partial
negative charge on the oxygen atom and partial positive charges on the hydrogen atoms. These
partial charges give rise to a strong electrostatic attraction between water molecules, forming

hydrogen bonds.

Hydrogen bonding is a crucial factor that enables water to dissolve a wide range of substances.
When a solute, such as a salt or a sugar, is introduced into water, the partially charged regions of
water molecules interact with the solute molecules. For example, in the case of table salt (sodium
chloride), the positively charged sodium ions are attracted to the partially negative oxygen atoms
of water, while the negatively charged chloride ions are attracted to the partially positive



hydrogen atoms. The result is the dissociation of salt into its constituent ions, making it soluble

in water.

The ability of water to dissolve polar and ionic compounds extends to a wide array of substances.
This is essential in biological systems, as many biomolecules, such as proteins and nucleic acids,
are polar or charged. Water's solvent properties are crucial for the proper functioning of these

biomolecules, as it allows them to interact and carry out their biological functions.

Furthermore, water's high heat capacity and thermal conductivity make it an excellent solvent for
temperature regulation in living organisms. It can absorb and release heat without significant
temperature changes, helping to maintain stable conditions for biochemical reactions.
Additionally, water's high specific heat capacity ensures that it can buffer temperature changes in

the environment, which is crucial for maintaining the stability of ecosystems and supporting life.

Water's solvent properties also have a significant impact on the environment. It plays a vital role
in the cycling of nutrients, such as nitrogen and phosphorus, through the natural world. It
dissolves these essential nutrients from rocks and minerals, making them available for plant
uptake and, subsequently, for consumption by animals. Water's solvent properties also influence
the movement of pollutants and contaminants in the environment, affecting water quality and

ecosystems.

In industry and technology, water's solvent capabilities are leveraged in various ways. It is used
as a solvent in chemical processes, such as in the production of pharmaceuticals and in the
development of new materials. Water is also a common medium for the extraction of valuable
compounds from natural sources, such as coffee and tea, and in the manufacturing of food

products.

Water can dissolve a wide variety of solutes, including ionic compounds, polar molecules, and
some nonpolar molecules that have polar functional groups. This makes it an excellent solvent

for many biological and chemical processes.

Water has a high heat capacity, meaning it can absorb a lot of heat before its temperature
increases. This helps to regulate the temperature of aqueous solutions and allows them to remain

stable.



Water is the most abundant substance on Earth and is readily available in most environments,

making it a convenient and accessible solvent.

In conclusion, water's role as a solvent is a result of its unique molecular structure and
properties, particularly its polarity and ability to form hydrogen bonds. These characteristics
allow it to dissolve a wide range of substances, making it an essential component of life on Earth
and a crucial factor in various scientific and industrial processes. Water's solvent properties have
profound implications in fields ranging from biology to environmental science and technology,
highlighting its central role in shaping our world.

4.8. Summary

Water is a unique and essential substance on Earth with many important physical and
chemical properties. Water is a polar molecule, meaning it has a partial positive charge on one
end and a partial negative charge on the other. This polarity allows water molecules to attract and
interact with other polar molecules or ions, making it an excellent solvent for many chemical
compounds.Water molecules can form hydrogen bonds with other polar molecules or ions,
increasing their solubility in water and creating unique physical properties such as high surface
tension and a high heat capacity.Water has a high heat capacity, meaning it can absorb a lot of
heat before its temperature increases. This property helps to regulate temperature and maintain a
stable environment, particularly in aquatic systems.Water has a high surface tension, which
allows it to form drops and maintain the shape of objects floating on its surface. This property is
also important for capillary action in plants and the formation of water droplets in the
atmosphere.Water is most dense at 4°C, which means that as it cools or warms, it becomes less
dense. This property is important for the maintenance of aquatic ecosystems and global ocean
currents.Water has strong adhesive and cohesive properties, which allow it to stick to other
surfaces and form a continuous column in plants. This property is also important for capillary
action and the formation of droplets.Water can dissolve a wide variety of solutes, including ionic
compounds, polar molecules, and some nonpolar molecules that have polar functional groups.
This makes it an excellent solvent for many biological and chemical processes. These properties
make water a unique and essential substance for life on Earth and a fundamental part of many

chemical and physical processes.



4.9. Terminal question

Q.1: Write the unique properties of water? Discuss the nature of water as a solvent.

Q.2: Discuss the chemical composition of water.

ANSWer; -------mmmmeemm e

Q.3: Discuss the polarity of water and its application.

ANSWer:; ---------mmmmmmm- e e

Q.4: How you can say that water is essential for life?

ANnswer: ----------------- e
Q.5: Discuss the role of water in living organism.
Answer: ------------mm-o- e

Q.6: Discuss the chemical composition of river and ocean water.

Answer: ------------mmmo- e

4.10. Further suggested readings

1. Environmental Science, Subhas Chandra Santra, new central book agency, 3rd Edition, 2011.
2. A text Book of Environment Studies, Asthana, D. K. and Asthana, M. 2006, S. Chand & Co.
3. Environmental Chemistry, A.K. De, New Age Publisher International Pvt Ltd.

4. Textbook of Environmental Chemistry and Pollution Control, S.S.Dara and D.D. Mishra, S
Chand & Co Ltd.
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5.1. Introduction

Water is essential for the existence of all life forms. The major part of water on earth is
marine water which cannot be used without processing by human beings. The only available
fresh water which could be used for drinking purposes arises from the ground water, lakes and
streams etc. The percent volume of it, however, is sufficient to cater the need of the living

beings, provided it would have been of high quality. However, the water pollution is one of the



most serious environmental problems. Water become polluted when water is contaminated by
such substances as human and animals wastes, toxic industrial chemicals, agriculture residues,
oil and heat. Most of our water bodies such as ponds, lakes, streams, rivers, seas, oceans,
underground water resources like tube well, bore well have become polluted due to urbanization,
industrial growth and other man made problems.The problem of water pollution is due to
discharge of domestic and industrial wastes into aquatic systems like rivers, ponds, lakes, seas,
oceans and estuaries has become as serious problem in our country. Most of our rivers and fresh
water streams which pass near the major cities, townships or other human dwellings are polluted
by industrial wastes or effluents. Our all major rivers are polluted either by industrial effluents or
by sewage or domestic waste water. Most of our holy rivers such as Ganga, Godawari, Yamuna
and many others have been turned into an open sewer. The sewage, industrial effluents
containing toxic chemicals and heavy metals are responsible for various diseases like enteric
disorders, typhoid, cholera, dysentery, dysfunction of kidney, liver, reduction in haemoglobin,
mental retardation. Fluoride causes knock-knee syndrome i.e. pain in the bones and joint and
outward bending of legs from knees, mottling. Methyl mercury causes minimata disease.Water
gets polluted naturally as well as artificially or man-made causes. For example fluoride a strong
pollutant, which causes knock-knee disease, occurs naturally in water bodies but it also results
from industrial activities such as ceramic industries, phosphate fertilizer plants and aluminum
factories. In India nearly 84% of water is used in agricultural sectors, 12% in industrial sector
and 4% in domestic sector. Even after 50 years of independence. Indian is not fortunate to obtain
pure and safe drinking water. Water problem is one of the most important crises on global as
well as national level. More than 60% of Indian populations do not have clean safe and pure
water to drink. The polluted waters are turbid, unpleasant bad smelling, unfit for bath and
washing or other purposes. They are harmful and are sources of number of diseases such as
cholera, dysentery, typhoid etc. Polluted water may look clean or dirty but contains germs,

chemicals and other harmful toxic materials that can causes inconvenience, illness or death.
Objectives

» To discuss the water pollution and its types
» To discuss marine and oil pollution
» To discuss the water quality parameters like, COD, BOD, DOC and TDS etc.

» To discuss the control of water pollutions



5.2. Water pollution

Water pollution is the contamination of water by pollutants such as bacteria,
parasites, chemicals, and trash like plastic. Water pollution refers to the contamination of
water bodies, such as lakes, rivers, oceans, and groundwater, by harmful substances or
pollutants. The main types of water pollution include groundwater pollution, surface water
pollution, suspended matter, oil spillages, microbiological pollution, chemical water
pollution, thermal pollution, and oxygen-depletion pollution. All of these can cause

pollutants and contaminants to enter our waterways.

Water is everywhere; it covers 70% of the Earth’s surface. It is also the most basic
resource of survival, supporting all life and ecosystems on our planet. After contaminated air
pollution, water pollution is the most common type of pollution, therefore, understanding what
water pollution is, and its effects are essential to improving water quality. However, not all types
of water pollution come from the same source, so identifying where the pollution comes from is

key to preventing and combating water pollution. Water pollution is defined as

“The addition of any substance to water, changing physical and chemical characteristic

of water in any way which interferes with its use for legitimate purpose”

Water is a contamination of streams, lakes, seas, underground water or oceans by

substances, which are harmful for living beings.



Water Pollutants

I

Biological

Inorganic

Organic

Ex.
Viruses / Bacteria

Ex. Chemical

Ex. Hydrocarbons

Discharge / Fertilizers

Water may be called polluted when the following parameters stated below reach beyond

a specified concentration in water.

Physical parameters:Colour, odour, turbidity, taste, temperature and electrical conductivity
constitute the physical parameters and are good indicators of contamination. For example,
colour, turbidity etc.

Chemical parameters: These include the amount of carbonates, sulphates, chlorides,
fluorides, nitrates, and metal ions. These chemicals form the total dissolved solids, present in
water.

Biological parameters: The biological parameters include matter like algae, fungi, viruses,
protozoa and bacteria. The life forms present in water are affected to a good extent by the
presence of pollutants. The pollutants in water may cause a reduction in the population of
both lower and higher plant and animal lives. Thus, the biological parameters give an indirect

indication of the amount of pollution in water.
Source of water pollution

Water pollution occurs in many forms, from a wide range of sources. Agriculture may
contribute to water pollution from feedlots, pastures, and croplands. Mining, petroleum drilling,
and landfills may also be major sources of water pollution. Other water pollution sources, related
to humans, are sanitary sewers, storm sewers, industry, and construction. The surface water

pollution has a number of sources and can be categorized into following two:

1) Point and Non-point Sources:



The well-defined sources that emit pollutants or effluents directly into different water bodies
of fresh water are called point sources. Domestic and industrial waste are examples of this type.
On the other hand, the non-point sources of water pollution are scattered or spread over large
areas. This type of source delivers pollutants indirectly through environmental changes and

account for majority of the contaminants in streams and lakes.

2) Natural and Anthropogenic Sources:

An increase in the concentration of naturally occurring substances is also termed pollution.
The sources of such an increase are called natural sources. Siltation (which includes soil, sand

and mineral particles) is one such natural source.

Point sources are distinct and specific, for example, sewage from specific industry,
domestic sewage, etc. Since, these sources are identifiable, they can easily be monitored whereas
the nonpoint sources are scattered and depend on certain natural and artificial factors, for

example, surface runoff like rivers, runoff from roads, streets etc.
Water contamination

Contamination refers to the introduction or presence of impurities, pollutants, or harmful
substances in a material, environment, or organism where they are not naturally or normally

found. It implies the alteration or degradation of the original state or quality of something by the



addition of unwanted or undesirable elements. Contamination implies the unwanted presence of
substances or elements that can cause harm, reduce quality, or compromise the integrity of a
system, material, or organism. Preventing and managing contamination is essential to maintain
safety, protect the environment, and safeguard human health. Contamination can occur in various
contexts such as environmental contamination, food contamination, contamination in healthcare,

microbial contamination and chemical contaminations etc.

Water contamination refers to the presence of harmful substances or pollutants in water
bodies, making it unsafe for various uses, including drinking, agriculture, and aquatic life. Water
can become contaminated through natural processes or as a result of human activities. Here are

some common sources and types of water contamination:

= Microbial Contamination: Water can be contaminated with microorganisms such as
bacteria, viruses, and parasites, which can cause waterborne diseases.

= Chemical Contamination: Water can become contaminated with harmful chemicals,
including heavy metals (such as lead, mercury, and arsenic), industrial pollutants, pesticides,
fertilizers, pharmaceuticals, and toxic substances.

= Nutrient Contamination: Excessive levels of nutrients, particularly nitrogen and
phosphorus, can lead to water contamination. This is often caused by agricultural runoff,
sewage discharges, or excessive use of fertilizers.

= Radioactive Contamination: Radioactive substances can contaminate water sources through
nuclear accidents, improper disposal of radioactive waste, or mining activities.

= Oil and Chemical Spills: Accidental or deliberate releases of oil and hazardous chemicals
into water bodies can cause severe water contamination.

= Sediment Contamination: Sediments in water bodies can carry pollutants such as heavy
metals, pesticides, and other contaminants.

= Thermal Pollution: Discharge of heated water from industrial processes or power plants can
raise the temperature of water bodies, leading to thermal pollution.

Water contamination poses significant risks to human health, ecosystems, and the

environment.
Types of water pollution

Water pollution can be categories into two types



Fresh water pollution

Marine water pollution

The fresh water pollution may be further categories into surface water pollution and
ground water pollution. If pollutant enters in a lake, pond or river is known as surface water
pollution and if pollutants find its way into aquifer, along with water of percolation can
deteriorate ground water pollution. The fresh water bodies have very low salt content always less
than 5 ppt (parts per thousand). The marine water salt content is between 35 ppt or above. The
Estuaries and brackish water having salts content between 5 to 35 ppt. Thus, the pollution of

oceans, seas, estuaries, salt marshes are known as marine pollution or ocean pollution.

Ground
water

Apart that the water pollution may be categories that based on origin of water pollutants

Industrial Water Pollution: Industrial activities release a wide range of pollutants into
water bodies. These can include toxic chemicals, heavy metals, organic compounds, and
wastewater. Industries such as manufacturing, mining, power plants, and chemical processing
contribute to industrial pollution.

Agricultural Water Pollution: Agricultural practices often lead to water pollution through
the use of fertilizers, pesticides, and herbicides. These substances can run off from fields and
enter nearby water bodies, causing eutrophication, algal blooms, and harming aquatic life.
Municipal And Domestic Water Pollution: Sewage and wastewater from households and
urban areas can contaminate water bodies if not properly treated. This pollution includes

organic waste, nutrients, pathogens, and chemicals from detergents and cleaning products.



Thermal Water Pollution: Discharge of heated water from industrial processes or power
plants can raise the temperature of water bodies, negatively impacting aquatic ecosystems.
High temperatures reduce dissolved oxygen levels and affect the survival and reproduction of
aquatic organisms.

Marine Debris Water Pollution: Plastics, metals, glass, and other solid waste materials that
end up in water bodies contribute to marine debris. These materials can harm marine life
through ingestion, entanglement, and disruption of ecosystems.

Nutrient Pollution Water Pollution: Excessive nutrients, such as nitrogen and phosphorus,
entering water bodies can cause eutrophication. This process leads to excessive algae growth,
oxygen depletion, and the death of aquatic organisms.

Acid Rain Water Pollution: Acid rain, primarily caused by air pollution from burning fossil
fuels, can lead to the acidification of water bodies when it falls into lakes, rivers, or oceans.
Acidic water can harm aquatic organisms and disrupt the ecological balance.

Radioactive Pollution: Discharge of radioactive substances from nuclear power plants,
mining activities, or improper disposal of radioactive waste can contaminate water bodies,
posing serious health risks to both humans and aquatic life.

Groundwater Pollution: Underground sources of water, such as aquifers, can become
polluted by contaminants that seep through the soil, such as agricultural chemicals, industrial

pollutants, and leaking underground storage tanks.
Classification of water pollutants

e Organic water pollutant:

e Inorganic water pollutant

e Pollution due to industrialization
e Radioactive pollution

e Thermal

Organic water pollutant

Organic water pollutants refer to various types of chemical compounds derived from or
containing carbon that can contaminate water bodies. These pollutants can come from both
natural and anthropogenic (human) sources and pose a significant threat to aquatic
ecosystems and human health. The examples of organic water pollutants such as pesticides,



iv.

V.

industrial chemicals, petroleum products, pharmaceuticals and personal care products
(PPCPS), polychlorinated biphenyls (PCBS), chlorinated solvents, chlorinated hydrocarbons,

synthetic organic dyes.
Inorganic water pollutant

Inorganic water pollutants refer to chemical substances that do not contain carbon in their
molecular structure. These pollutants can originate from both natural and human activities
and can have significant impacts on water quality and ecosystem health. Here are the
examples of inorganic water pollutants like Heavy Metals (lead, mercury, arsenic, cadmium,
and chromium), Nutrients (nitrogen and phosphorus), Acids and Bases, Salts (sodium
chloride (table salt), calcium chloride, and potassium chloride), Toxic Inorganic Compounds
(chemical compounds of arsenic, selenium, and mercury) and Sediments and Suspended
Solids etc.

Pollution due to industrialization

Industrial water pollutants refer to a wide range of contaminants that are released into water

bodies as a result of industrial activities. These pollutants can have adverse effects on water
quality, aquatic ecosystems, and human health. Some examples of industrial water pollutants are
Heavy Metals, Organic Chemicals, solvents, pesticide, herbicides, Acids and Bases, Nutrients,

Suspended Solids, and Pharmaceutical and Chemical Residues etc.

Radioactive pollution

Radioactive water pollutants are contaminants that contain radioactive elements or isotopes

and can contaminate water bodies. These pollutants can have severe implications for human
health and the environment due to the harmful radiation they emit. Some examples of radioactive
water pollutants like radionuclides, tritium, strontium-90, cesium-137, iodine-131, radon,

plutonium and other transuranic elements etc.

Thermal

Thermal water pollutants, also known as thermal pollution, refer to the release of heated

water into natural water bodies, such as rivers, lakes, and oceans. This increase in water
temperature can have significant impacts on aquatic ecosystems and organisms. Even a slight

increase in temperature can have detrimental effects on aquatic organisms. Temperature-



sensitive organisms, such as fish, invertebrates, and plants, may be particularly vulnerable to

thermal pollution.

5.2.1.Marine pollution

Marine pollution refers to the contamination of the Earth's oceans and other bodies of
water by various pollutants. It is a significant environmental issue that poses threats to marine
ecosystems, aquatic life, and human health. The marine pollution occurs when harmful, or
potentially effects result from the entry of chemicals, particles, industrial, agricultural, and
residential waste, noise, or the spread of invasive organism into the ocean waters. About 71% of
the earth surfaces are covered with oceans. Ocean is the ultimate sources or sink of natural and
manmade pollutants. In addition to pollutant entering the ocean through rivers, the ocean
pollution consist of navigational discharge of oil, detergents, sewage, garbage and radioactive
waste, offshore oil mining, oil spills and volcanic eruption. Marine pollution observed in coastal
environments occurs mainly due to anthropogenic activities being conducted on the coast and on
land adjoining the ocean environment. However the major part of marine pollution comes from
the land i.e. dumping of garbage and sewage (30%), through the atmosphere as air pollutants
(20%), farm runoff (20%), maritime transportation (10%) as well as industrial wastewater (10%).
The consequences of offshore drilling and liter make up for the rest (10%). In addition some

other main sources of marine pollutants are such as

e Surface runoff: the surface runoff is the main contribute of marine pollutants because the
surface runoff water brings lots of different waste material form land to ocean water which
consist solid waste, garbage, agriculture and industrial effluents etc. However, these runoffs
contain high amount of phosphorous and nitrogen from agricultural and industrial sources. It
can lead to the problem of eutrophication in which influx of nutrients causes ‘algal blooms’
and imbalance in the marine ecosystem. Dust particles coming from metal ore and metal
mines, also wash away in the rivers. Large chunks of plastics dumped in oceans are the main
killer of life in the ocean and may take up to 450 years to degrade. Micro—plastics (size < 5
mm) has been reported in deep-sea sediments and surface waters of Southern Ocean. Runoff
water contains harmful contaminants including fertilizers, pesticides, petroleumand other
forms of soil pollutants that contaminate the ocean. Sewage or other polluting substances

flow through the rivers, or drainages directly into the ocean. Minerals and substances from



mining activities also move to the oceans through this pathway. The discharge of other
chemical nutrients into the ocean’s ecosystem can cause reductions in oxygen levels, affect
plant life, decline in the marine water quality itself

e Atmospheric pollution:The atmospheric pollutants also contribute in the marine pollution
by adding of different suspended particulate matter and green house gases. The increased
concentration of CO2 in the atmosphere contributes to ocean acidification as a secondary
consequence. Combustion processes produce a significant amount of SO2 and NOx which
will increase the occurrence of acid rain.

e Ships: Ship’s engines along with incineration of garbage produce CO2, SO2 and NOx,
which also contribute to warming.

e Ballast water: During unloading of cargo certain amount of oil remains adhered to the walls
of container and this may amount to 800 metric ton in a 200,000 metric ton tanker.

e Bilge water: Bilge is a specific compartment, designed to capture all water (from rough seas,
rain, minor leaks) that does not drain off over the side of the deck.

e Biological contamination: when ballast water is taken up, it is bound to contain a number of
microscopic life forms, such as algae and larval forms of invertebrates that belong to the
specific region the ship resides in.

e Ship accidents: Oil spills from ships containing crude oil causes marine pollution. An
accidental oil spillage can cause large damage as crude oil mainly contains different
hydrocarbon molecules. Oil discharged into the sea appears as oil slicks, dissolved/dispersed
petroleum hydrocarbons, floating petroleum residues (tar balls) and tar on beaches.

e Deep Ocean Mining: Another source of marine pollution is mining in the deep sea. An
ocean mining site which drills for silver, gold, copper, cobalt and zinc create sulfide deposits
up to 1400- 3700 m down in to the ocean

Types of Marine Pollution:
Marine pollution can take different forms, including:

a. Chemical Pollution: Chemical pollutants enter the marine environment through industrial
discharges, agricultural runoff, and improper waste disposal. Examples of chemical
pollutants include oil spills, heavy metals (such as mercury, lead, and cadmium), pesticides,

herbicides, industrial chemicals, and pharmaceuticals. These pollutants can have toxic effects



on marine organisms, leading to health issues, reproductive problems, and ecosystem
disruption.

Plastic Pollution: Plastics are a major contributor to marine pollution. Discarded or
improperly disposed of plastic waste enters the oceans and breaks down into smaller pieces
known as microplastics. Marine animals can mistake plastic debris for food, leading to
ingestion and digestive blockages. Additionally, marine animals and birds can become
entangled in plastic debris, causing injuries, suffocation, or drowning.

Nutrient Pollution: Excessive nutrients, primarily from agricultural runoff, sewage
discharges, and aquaculture operations, can cause nutrient pollution in marine ecosystems.
The increased availability of nutrients, such as nitrogen and phosphorus, leads to excessive
algal growth, known as algal blooms. These blooms can deplete oxygen levels in the water,
leading to hypoxic or anoxic conditions that harm marine organisms and disrupt ecosystems.

. Thermal Pollution: Thermal pollution occurs when heated water from industrial processes
or power plants is discharged into the marine environment. The elevated water temperature
can have detrimental effects on marine organisms, especially those sensitive to temperature
changes. It can disrupt reproductive cycles, alter species distributions, and contribute to coral
bleaching events.

Oil Pollution: Oil spills and leaks from offshore drilling, shipping accidents, and illegal
discharges pose a significant threat to marine ecosystems. Oil spills can coat the water
surface, impacting marine birds, mammals, fish, and invertebrates. The toxic components of
oil can suffocate organisms, impair their ability to regulate body temperature, and
contaminate habitats.

Noise Pollution: Underwater noise pollution has become a concern due to increased
shipping, seismic surveys, sonar systems, and other human activities. The loud sounds can
disrupt marine mammals' communication, navigation, and foraging patterns. It can cause
stress, disorientation, and even physical injury to marine animals.

Radioactive Pollution: Radioactive substances can enter the marine environment through
nuclear accidents or improper disposal of nuclear waste. These substances can persist in the

environment for long periods and pose serious health risks to marine life and humans.

Examples of marine pollution



One of the most notable examples of marine pollution is the Deepwater Horizon oil spill
that occurred in the Gulf of Mexico in 2010. An explosion on the Deepwater Horizon oil rig
caused a massive release of oil into the ocean. It resulted in extensive oil slicks, contaminating
marine habitats, and causing significant harm to marine life, including fish, birds, and marine
mammals. Plastic pollution is a widespread issue in our oceans. Examples of plastic marine
pollution include discarded plastic bags, bottles, fishing gear, and microplastics (tiny plastic
particles). These items can end up in the ocean through improper waste disposal or be carried by
rivers and wind. They pose a threat to marine life, as animals can ingest or become entangled in
plastic debris.Industrial and chemical discharges contribute to marine pollution. For instance,
untreated industrial wastewater containing toxic substances, heavy metals, and chemicals can be
released directly into the ocean, contaminating the water and harming marine organisms.
Agricultural runoff containing pesticides, fertilizers, and herbicides can also find its way into the
ocean, leading to nutrient pollution and ecological imbalances.Improperly treated sewage and
wastewater discharges from coastal cities and towns can introduce harmful pathogens, nutrients,
and pollutants into the marine environment. This pollution can lead to the degradation of water
quality, harm marine ecosystems, and pose risks to human health, particularly for those who
come into direct contact with contaminated waters. Improper disposal or accidents related to
nuclear waste can result in radioactive pollution in marine environments. Radioactive substances
can contaminate seawater, affecting marine organisms and the overall ecosystem. The
Fukushima nuclear disaster in Japan in 2011 released radioactive material into the Pacific Ocean,
impacting marine life and posing long-term risks.Underwater noise pollution from various
human activities, such as shipping, sonar systems, seismic surveys, and offshore drilling, can
disrupt marine life. Marine mammals, like whales and dolphins, rely on sound for
communication, navigation, and finding food. Increased levels of noise pollution can interfere

with their behavior and affect their overall well-being.
Marine pollution in India

Marine pollution is a significant concern in India due to its long coastline and extensive
marine resources. India’'s coastline, spanning over 7,500 kilometers, faces pollution challenges
from both land-based and ocean-based sources. Industrial discharges, untreated sewage,
agricultural runoff, and solid waste contribute to the degradation of coastal waters. The presence

of industries and ports along the coast increases the risk of chemical and oil spills, impacting



marine ecosystems. India has witnessed several oil spill incidents in its coastal waters. For
example, the Mumbai oil spill in 2010 caused by the collision of two vessels resulted in
significant pollution along the coastline, affecting marine life and habitats. Oil spills have the
potential to cause long-lasting damage to marine ecosystems and pose risks to coastal
communities. Plastic pollution is a growing concern in India, with the country being one of the
largest contributors to marine plastic debris globally. Inadequate waste management systems,
littering, and the improper disposal of plastic waste result in its entry into rivers and eventually
the ocean. Major rivers like the Ganges and the Brahmaputra transport significant amounts of
plastic waste into the Bay of Bengal, impacting marine life and ecosystems. Coastal cities and
towns in India often face challenges in treating and managing sewage and wastewater
effectively. Insufficient infrastructure and improper treatment lead to the discharge of untreated
or partially treated sewage into coastal waters. This contamination can introduce pathogens,
nutrients, and pollutants into marine ecosystems, posing risks to both marine life and human
health. Unregulated coastal development, including infrastructure projects, ports, and tourism
activities, can result in habitat destruction, coastal erosion, and disruption of marine ecosystems.
The destruction of mangroves, coral reefs, and seagrass beds for development purposes has
adverse effects on the health and biodiversity of marine ecosystems. Overfishing and destructive
fishing practices, such as bottom trawling, dynamite fishing, and the use of illegal fishing gear,
negatively impact marine biodiversity and ecosystems. These practices can lead to the depletion
of fish stocks, destruction of marine habitats, and disruption of the food chain. The Government
of India has recognized the importance of addressing marine pollution and has taken initiatives to
mitigate its impacts. Efforts include the implementation of pollution control regulations, waste
management schemes, and awareness campaigns. However, continued efforts are necessary to
strengthen enforcement, improve waste management systems, and promote sustainable practices

to protect India's marine environment.
Effect of marine pollution on ocean biodiversity

Marine pollution can have significant effects on ocean biodiversity. Here are some of the

impacts of ocean biodiversity are such as

e Habitat Destruction: Pollution, such as chemical contaminants or sedimentation from

runoff, can degrade or destroy important fish habitats, including coral reefs, seagrass beds,



and mangrove forests. These habitats provide essential shelter, feeding grounds, and breeding
areas for fish. Habitat destruction disrupts the balance of ecosystems and can lead to a
decline in fish populations.

e Contamination: Chemical pollutants, including heavy metals, pesticides, and industrial
chemicals, can accumulate in fish tissues through the process of bioaccumulation. Fish that
are exposed to contaminated water can absorb and accumulate these pollutants over time.
Contaminants can affect the fish's physiological functions, impair their reproductive abilities,
and compromise their overall health. Consuming contaminated fish can also pose risks to
human health if the pollutants bioaccumulate to levels that exceed safe limits.

e Oxygen Depletion: Pollution, such as nutrient runoff from agricultural activities or sewage
discharges, can lead to excessive algal growth, known as algal blooms. When these blooms
die and decompose, they consume oxygen from the water, leading to oxygen-depleted zones,
also known as hypoxic or dead zones. Fish and other aquatic organisms rely on dissolved
oxygen in the water to survive, and low oxygen levels can cause fish to suffocate or be forced
to migrate to other areas, disrupting their natural behavior and migration patterns.

e Reproductive Impairment: Pollution can interfere with the reproductive success of fish. For
instance, exposure to endocrine-disrupting chemicals (EDCs) can affect fish hormone levels
and disrupt their reproductive systems. This can lead to reduced fertility, altered sex ratios,
and impaired development of eggs and larvae. These effects can ultimately lead to reduced
fish populations and hinder the ability of fish species to recover and maintain healthy
populations.

e Disruption of Food Chain: Marine pollution can impact the availability and quality of food
sources for fish. For example, oil spills can contaminate plankton populations, which serve as
the base of the marine food chain. As a result, fish and other organisms that rely on this
plankton as a food source may suffer from food scarcity or ingest toxic substances, leading to
reduced growth, malnutrition, or increased susceptibility to diseases.

It is important to mitigate marine pollution and implement measures to protect fish and
their habitats. This includes reducing pollutant discharges, implementing proper waste
management practices, promoting sustainable fishing methods, and raising awareness about the

impacts of pollution on fish and the marine environment.



5.2.2. Oil pollution

Oil pollution refers to the contamination of the environment, particularly water bodies
such as oceans, seas, and rivers, by oil or petroleum products. Oil pollution can occur due to
various causes, including oil spills, leaks from pipelines or storage facilities, offshore drilling
accidents, and illegal discharges from ships. Here are some key points about oil pollution:Qil
spills are one of the most significant contributors to oil pollution. They occur when oil is released
into the environment in large quantities, typically from tanker accidents, offshore drilling
mishaps, or pipeline ruptures. Oil spills can have devastating effects on marine ecosystems,
wildlife, and coastal communities. The spilled oil forms slicks on the water surface, which can
spread over vast areas, impacting marine life, birds, and coastal habitats. Oil pollution has severe
consequences for the environment. The toxic components of oil can harm marine organisms,
both directly through physical contact and indirectly through the contamination of their food
sources. Oil can suffocate marine life by clogging their gills, disrupt their ability to regulate body
temperature, and impair their reproductive systems. The oil can also coat and contaminate
shorelines, affecting coastal ecosystems, mangroves, and wetlands. QOil spills pose a significant
threat to wildlife. Birds, mammals, fish, and invertebrates can be directly affected by oil, leading
to injuries, poisoning, or death. Birds' feathers can become coated in oil, impairing their ability to
fly and insulate themselves from cold temperatures. Marine mammals, such as dolphins and
whales, can suffer from toxic effects, respiratory problems, and damage to their habitats. The
impact of oil pollution can persist long after a spill occurs. Oil can remain in the environment for
years, affecting ecosystems and organisms over an extended period. It can accumulate in
sediments and be ingested by bottom-dwelling organisms, entering the food chain and potentially
reaching higher trophic levels, including humans. The long-term ecological effects can include
population declines, reduced biodiversity, and ecosystem disruptions. Cleaning up oil spills and
mitigating their impacts is challenging. Various methods and technologies are used to contain,
recover, and remove spilled oil from the water surface. These methods include the use of
containment booms, skimmers, sorbents, and dispersants. However, complete restoration of
affected ecosystems can be difficult, and the environmental damage caused by oil pollution may
persist for years or even decades. Prevention is crucial in minimizing the risk of oil pollution.
This involves implementing strict regulations, conducting regular inspections and maintenance

of oil infrastructure, and promoting safe practices in transportation and offshore drilling. In the



event of an oil spill, a rapid and coordinated response is necessary to minimize the environmental

impact. This includes containment, cleanup, and rehabilitation efforts, as well as holding

responsible parties accountable. Addressing oil pollution requires a combination of preventive

measures, effective response strategies, and international cooperation to protect marine

ecosystems, wildlife, and coastal communities from the harmful effects of oil contamination.

Types of oil pollution

There are several types of oil pollution that can occur in the marine environment. These

include

Oil Spills: Qil spills are perhaps the most well-known and visible form of oil pollution. They
occur when large quantities of oil are released into the environment, typically as a result of
accidents, such as tanker collisions, pipeline ruptures, or offshore drilling mishaps. Oil spills
can contaminate large areas of water, forming slicks on the surface.

Chronic Oil Pollution: Chronic oil pollution refers to the continuous or repeated release of
small amounts of oil into the environment over an extended period. It can result from
ongoing activities such as industrial discharges, illegal dumping, or leakage from storage
facilities or vessels. While each individual release may be relatively small, the cumulative
impact can still be significant.

Ballast Water Contamination: Ballast water is taken on board by ships to maintain stability
and balance. However, this water often contains oil residues, sediments, and various
organisms. When ballast water is discharged, it can introduce oil and other contaminants into
the marine environment, leading to pollution.

Operational Discharges: Operational discharges refer to the intentional or unintentional
release of oil or oily waste during regular ship operations. This can include the discharge of
bilge water, engine room effluents, or cleaning residues that contain oil. If not properly
treated or managed, these discharges can contribute to oil pollution.

Oil Platform and Rig Operations: Offshore oil platforms and drilling rigs can also
contribute to oil pollution. Accidental spills or leaks during drilling, production, or
transportation processes can release oil into the surrounding marine environment. These

incidents can have significant environmental impacts, similar to oil spills from other sources.

Source of oil pollution



Oil pollution in the marine environment can originate from various sources. Some

common sources of oil pollution are:

e Oil Spills: Oil spills occur when large quantities of oil are accidentally or intentionally
released into the environment.

e Shipping and Transportation: Ships and vessels are a major source of oil pollution.
Accidental spills can occur during the loading, unloading, and transportation of oil and
petroleum products.

e Offshore Oil and Gas Operations: Offshore oil drilling and production platforms are
another significant source of oil pollution

e Industrial Discharges: Industries that handle, process, or store oil and petroleum products
can be sources of oil pollution

e lllegal Dumping and Disposal: lllegal dumping and improper disposal of oil-containing
waste are significant sources of oil pollution.

e Natural Seepage: Natural oil seepage from the seafloor is another source of oil pollution,

although it is relatively minor compared to human-induced sources.
Effect of marine pollution on marine diversity

Marine pollution can have significant effects on marine diversity, which refers to the
variety of species and ecosystems found in the marine environment. Pollution, including
chemical contaminants, oil spills, and physical debris, can degrade or destroy marine habitats
such as coral reefs, seagrass beds, mangrove forests, and estuaries. Chemical pollutants, such as
heavy metals, pesticides, industrial chemicals, and oil-related compounds, can enter the marine
environment through various sources, including runoff, spills, and discharges. These
contaminants can accumulate in the tissues of marine organisms, leading to toxic effects. Marine
pollution can disrupt food chains and affect the interactions between different species. For
example, oil spills or chemical contamination can contaminate plankton populations, which form
the base of the marine food web. Marine pollution, along with other human activities, contributes
to the decline in marine biodiversity. The loss of habitats, the introduction of invasive species,
overfishing, and the destruction of ecosystems all play a role. Pollution, particularly from
nutrient runoff and increased water temperatures due to climate change, can contribute to coral

bleaching. Coral reefs, which are highly diverse and productive ecosystems, can bleach and



eventually die when exposed to stressful conditions. Some pollutants can have genetic effects on
marine organisms, including changes in gene expression, mutations, and alterations in

reproductive systems of marine organism.

5.3. Water quality parameters

Water quality parameters are measurements or characteristics used to assess the physical,
chemical, and biological conditions of water. These parameters provide information about the
overall health and suitability of water for various uses, including drinking water, aquatic
ecosystems, and recreational activities. Some important water quality parameters commonly

evaluated such as:

5.3.1. Temperature:
Water temperature affects the physical and biological processes in aquatic environments.
It influences the dissolved oxygen levels, metabolic rates of organisms, and overall
ecosystem dynamics. Temperature measurements are typically recorded in degrees Celsius
(°C) or Fahrenheit (°F).
5.3.2. pH:
pH is a measure of the acidity or alkalinity of water. The pH scale ranges from 0 (highly
acidic) to 14 (highly alkaline), with 7 being neutral. Maintaining an optimal pH is essential
for aquatic ecosystems and drinking water treatment processes. The pH indicates the
concentration of hydrogen ions in the water. pH is an important parameter as it influences the
solubility of various substances and the biological processes of aquatic organisms. The pH
scale ranges from 0 to 14, with 7 being neutral. Values below 7 are acidic, and values above
7 are alkaline. Dip the pH test strip into the water sample and hold it there for a few seconds.
Remove the strip and compare the color changes on the strip to the color chart provided with
the test strips. The color corresponding to the closest match will indicate the pH value of the
water sample.
5.3.3. Dissolved Oxygen (DO):
Dissolved oxygen is the amount of oxygen gas dissolved in water. It is essential for the
survival of aquatic organisms. DO levels can vary depending on temperature, salinity, and
biological activity. Insufficient dissolved oxygen can lead to hypoxia, suffocating aquatic

life. DO is typically measured in milligrams per liter (mg/L) or parts per million



(ppm).Dissolved oxygen analysis is a measure of the amount of oxygen dissolved in water. It
iS an important parameter in assessing water quality and the health of aquatic
ecosystems.Obtain a representative sample of the water you want to test. Use a clean
container to minimize contamination.

Winkler Method (Titration):

In this method of DO analyses add manganese (Il) sulfate (MnSO,) and an alkaline
iodide-azide reagent (KI-NaNO;) to the water sample. These reagents convert dissolved
oxygen into a measurable form. After that add sulfuric acid (H,SO,) to the water sample.
This fixes the dissolved oxygen as manganese (I1) sulfate. Add sodium thiosulfate (Na,S,03)
solution to the water sample until the brown color disappears. This titration reaction
consumes the iodine that was produced during oxygen fixation. Add a few drops of starch
solution to the water sample. The starch forms a deep blue color in the presence of excess
iodine. Continue adding sodium thiosulfate solution drop by drop until the blue color
disappears, indicating that all the iodine has reacted. The volume of sodium thiosulfate
solution used in the titration corresponds to the amount of dissolved oxygen in the water
sample. Calculate the concentration of dissolved oxygen using the stoichiometry of the
reaction.

5.3.4. Turbidity:

Turbidity refers to the cloudiness or haziness of water caused by suspended particles,
such as sediment, algae, or pollutants. High turbidity levels can reduce light penetration,
affect photosynthesis, and alter the behavior and feeding patterns of aquatic organisms.
Turbidity is often reported in Nephelometric Turbidity Units (NTU) or Formazin Turbidity
Units (FTU).

5.3.5. Nutrients:

Nutrients, such as nitrogen and phosphorus, are essential for aquatic plant growth.
However, excessive nutrient levels, often caused by agricultural runoff or wastewater
discharges, can lead to eutrophication. This process promotes excessive algal growth,
depletes dissolved oxygen, and harms aquatic ecosystems.

5.3.6. Biological Oxygen Demand (BOD):
BOD is a measure of the amount of dissolved oxygen consumed by microorganisms

during the decomposition of organic matter in water. It indicates the level of organic



pollution and the microbial activity in water. High BOD levels can deplete oxygen resources,
leading to degraded water quality and harm to aquatic organisms. BOD is measured through
a laboratory test called the BOD test or BODS test. It involves collecting a water sample in a
BOD hottle, which is then sealed to prevent oxygen exchange with the atmosphere. The
sealed BOD bottle is stored at a controlled temperature (usually 20°C) for a specific
incubation period, typically five days (BOD5). During this time, microorganisms present in
the water consume the organic matter, using oxygen for respiration. At the end of the
incubation period, the dissolved oxygen concentration in the BOD bottle is measured using a
dissolved oxygen probe or titration methods. This measurement represents the remaining
oxygen in the water after microbial activity. The BOD value is calculated by subtracting the
final dissolved oxygen concentration from the initial dissolved oxygen concentration in the
water sample. This difference indicates the amount of oxygen consumed by microorganisms
during the incubation period. High BOD values indicate a greater amount of organic
pollutants in the water, such as sewage, industrial effluents, or excessive organic debris. High
BOD levels can lead to decreased dissolved oxygen concentrations, which can negatively
impact aquatic ecosystems. Insufficient dissolved oxygen can harm fish and other aquatic
organisms, potentially leading to the death of sensitive species. BOD testing is crucial for
monitoring and managing water quality in various settings, including wastewater treatment
plants, rivers, lakes, and coastal areas. It helps assess the efficiency of wastewater treatment
processes, evaluate the impact of pollution sources, and determine compliance with
regulatory standards. By monitoring and controlling BOD levels, water resource managers
can make informed decisions to protect and maintain the health of aquatic ecosystems and
ensure the safety of water supplies for human use.

BOD (Biochemical Oxygen Demand) analysis is a measure of the amount of oxygen
consumed by microorganisms while they decompose organic matter in water. It is an
important parameter in assessing water quality and determining the level of organic pollution
in a water sample. Clean and dry several BOD bottles (usually 300 mL) with glass stoppers.
Rinse them with the water sample to be tested to minimize contamination. If the organic
matter concentration in the water sample is too high, dilute it with distilled water to ensure
the BOD value falls within the measurable range. Measure the dissolved oxygen (DO)

concentration of the water sample immediately after collection using a dissolved oxygen



meter or probe. Record the initial DO value. And add a specific volume (usually 1-2%) of a
BOD seed solution to each BOD bottle. The seed solution is a mixture of wastewater or
activated sludge that contains a high concentration of microorganisms. Pour a measured
volume of the water sample into each BOD bottle. The volume should be sufficient to
maintain a proper ratio of sample to seed solution. Prepare a control bottle by adding
sterilized water (or a solution without any organic matter) and the seed solution. This serves
as a reference to account for the oxygen consumption by the seed solution alone. Seal the
BOD bottles tightly with the glass stoppers to prevent the exchange of atmospheric oxygen.
Place the bottles in a dark location at a specific temperature (usually 20 °C). This mimics the
natural conditions where microorganisms decompose organic matter. After a specific
incubation period (typically 5 days), measure the DO concentration in one of the BOD
bottles. This will be the final DO value. Calculate the BOD value using the following
formula:

BOD = (Initial DO - Final DO) x Dilution Factor

The dilution factor is the ratio of the volume of the original water sample to the volume
of the water sample added to the BOD bottle. The resulting BOD value represents the amount
of oxygen consumed by microorganisms during the incubation period and provides an
indication of the organic pollution in the water sample. Higher BOD values indicate a higher
level of organic pollution.

5.3.7. Chemical Oxygen Demond (COD):

Chemical oxygen demand is another water quality parameter that provides information
about the amount of organic and oxidizable inorganic substances present in water. COD is a
measure of the oxygen required to chemically oxidize the organic matter in a water sample.
COD analysis is performed in a laboratory setting. A water sample is collected and mixed
with a chemical oxidizing agent, usually potassium dichromate (K,Cr,0-,). The oxidizing
agent reacts with the organic matter present in the sample. The water sample and oxidizing
agent mixture is heated under controlled conditions to promote the oxidation reaction. This
process is often carried out using a closed reflux system or a digestion apparatus. After the
oxidation reaction is complete, the remaining excess oxidizing agent is determined through
titration with a reducing agent or measured using colorimetric methods. The amount of

oxidizing agent consumed in the reaction is proportional to the COD of the water sample.



The COD value indicates the overall amount of organic substances present in the water,
including both biodegradable and non-biodegradable compounds. High COD levels typically
indicate the presence of significant organic pollution in the water, such as industrial effluents,
wastewater discharges, or agricultural runoff. Organic pollutants can lead to oxygen
depletion in water bodies, adversely affecting aquatic life and causing environmental
degradation. COD analysis is essential for monitoring and managing water quality,
particularly in industrial and wastewater treatment contexts. It helps evaluate the efficiency
of treatment processes, assess the impact of pollutants, and ensure compliance with
regulatory standards. By monitoring and controlling COD levels, water resource managers
can take appropriate measures to protect water quality, prevent environmental degradation,
and safeguard human and aquatic life.
5.3.8. Dissolved Organic Carbon (DOC):

Dissolved organic carbon is a water quality parameter that measures the concentration of
organic carbon compounds present in the dissolved form in water. It includes various organic
substances derived from decaying plant and animal matter, as well as synthetic organic
compounds introduced through human activities. DOC is an important parameter in assessing
the quality and character of natural waters, especially freshwater systems. DOC is typically
measured by collecting a water sample and passing it through a filter to remove particulate
matter. The filtered sample is then analyzed using a variety of laboratory techniques.
Common methods include high-temperature combustion followed by infrared detection,
chemical oxidation, or UV absorption spectroscopy. DOC in water bodies originates from a
range of sources, including terrestrial vegetation, soil leaching, decaying organic matter, and
anthropogenic inputs such as wastewater discharges and agricultural runoff. Natural
processes, such as leaf litter decomposition, microbial activity, and the breakdown of organic
matter, contribute to the release of organic carbon into the water. The presence of DOC can
influence various aspects of water quality. It can affect the color, taste, and odor of water,
contributing to the "tea-color™ or brownish appearance of some natural waters. DOC can also
influence the absorption and scattering of light, impacting the penetration of light into aquatic
ecosystems. Furthermore, DOC serves as a substrate for microbial metabolism and can
influence nutrient cycling and oxygen dynamics in water bodies. DOC plays a crucial role in

the functioning of aquatic ecosystems. It provides a source of energy and nutrients for



aquatic organisms, including bacteria, algae, and other microorganisms. It also influences the
composition and activity of microbial communities. DOC can serve as a food source for
aquatic organisms and contribute to the food web dynamics and productivity of ecosystems.
Monitoring and understanding DOC levels and dynamics are essential for managing water
resources and assessing ecosystem health. It provides insights into organic carbon sources,
biogeochemical processes, and the overall functioning of aquatic ecosystems. Moreover,
DOC analysis contributes to our understanding of carbon cycling, climate change impacts,
and the role of freshwater systems in the global carbon cycle.
5.3.9. Total Dissolved Solids (TDS):

Total Dissolved Solid is a water quality parameter that measures the total concentration
of inorganic salts, minerals, and other dissolved substances in water. TDS provides
information about the overall mineral content and dissolved solids present in a water sample.
It is an important parameter for assessing water quality and determining its suitability for
various purposes. TDS is typically measured by collecting a water sample and passing it
through a filter to remove any suspended particles. The filtered sample is then evaporated,
and the remaining solids are weighed. The weight is expressed as milligrams per liter (mg/L)
or parts per million (ppm), indicating the concentration of dissolved solids in the water. TDS
includes a wide range of substances, such as salts (e.g., calcium, magnesium, sodium, and
potassium), minerals (e.g., carbonates, sulfates, and chlorides), metals, organic matter, and
other dissolved substances. These substances can originate from natural sources, such as
weathering of rocks and soils, as well as human activities, including industrial discharges,
agricultural runoff, and wastewater effluents. The sources of TDS can vary depending on the
specific water body and its surrounding environment. Groundwater sources may have higher
TDS concentrations due to the leaching of minerals from rocks and soils. Surface waters can
receive inputs of TDS from various sources, including runoff from agricultural lands, urban
areas, and industrial activities. High TDS levels can affect the taste, odor, and appearance of
water. It can give water a salty or brackish taste, and in extreme cases, it may be undesirable
for certain uses, such as drinking water or irrigation. Elevated TDS can also impact the
suitability of water for industrial processes, aquatic habitats, and agricultural practices. While
TDS itself does not pose a direct health risk, high TDS levels can indicate the presence of

other contaminants, such as heavy metals or excess minerals, which may have health



implications. For example, high levels of certain minerals like arsenic, lead, or fluoride can

be detrimental to human health if consumed in excessive amounts. Monitoring TDS levels

helps assess water quality, determine its suitability for different uses (e.g., drinking water,

agriculture, industrial processes), and identify potential issues related to mineral content and

dissolved solids. It is important to consider TDS levels in conjunction with other water

quality parameters to obtain a comprehensive understanding of water quality characteristics.
5.3.10. Total Suspended Solids (TSS):

Total Suspended Solids (TSS) is a water quality parameter that measures the
concentration of suspended particles, such as sediment, organic matter, and other solids, in
water. TSS represents the total mass of solid particles that remain in suspension and can be
used as an indicator of water clarity and the presence of particulate matter. TSS is typically
measured by collecting a water sample and filtering it to separate the suspended particles.
The filtered solids are then dried, and their weight is determined. The weight is expressed as
milligrams per liter (mg/L) or parts per million (ppm), indicating the concentration of
suspended solids in the water. TSS can consist of a variety of particles, including sediment,
clay, silt, algae, organic matter, industrial pollutants, and other fine particles. The
composition of TSS can vary depending on the water source and surrounding environment.
For example, in urban areas, TSS may include road runoff, construction debris, and other
urban pollutants. Suspended solids can enter water bodies through various sources, including
erosion of soil and sediment from land surfaces, runoff from agricultural areas, construction
activities, wastewater discharges, and natural processes such as algae blooms or resuspension
of bottom sediments. Human activities can significantly contribute to the increase in TSS
levels. High TSS levels can have several impacts on water quality and aquatic ecosystems.
Excessive suspended solids can reduce water clarity, making the water appear turbid or
cloudy. This reduction in light penetration can affect photosynthesis in aquatic plants and
limit visibility for fish and other organisms. Sedimentation of TSS can also degrade aquatic
habitats by smothering benthic organisms and altering substrate composition. TSS can have
adverse effects on aquatic life. The deposition of sediment on fish gills can impede
respiration, and the presence of high TSS levels can reduce the availability of food resources
for aquatic organisms. Suspended solids can also transport nutrients, heavy metals, and other

pollutants, leading to potential ecological and health risks. Monitoring TSS levels is crucial



for assessing water quality, evaluating the impacts of land use activities, and identifying
sources of pollution. It helps in the management and protection of aquatic ecosystems, as
well as in designing appropriate erosion control and sediment management measures to

mitigate the effects of suspended solids on water resources.

5.4. Control of water pollution

Water pollution at point sources can be reduced by legislation and to prevent water
pollution from non-point source is difficult due to absence of proper policies and strategies.
Sewage treatment is must before it released into water by physical method-sedimentation and
filtration for removing large and suspended particles. Then by secondary treatment to promote
bacterial treatment which leads biological oxidation carried out in oxidation pond and biosolid
get formed. The tertiary treatment to pathogens, metals are removed by strong oxidizing agents
like chlorine gas, ozone gas and then waste water is discharged into natural water or used for
irrigation. Industrial hot water should be cooled when released from power plants or from
industrial plants. Washing clothes and taking baths in tanks or wells from where supply of
drinking water is made, it should be strictly prohibited.Acids and alkalis can be neutralized
before releasing into water i.e., acids by lime stone and Alkalis by CO,, sulphuric acid. Metallic
salts can be precipitated before releasing. Oil spills in water, enemy of aquatic can be cleaned
with Bregoli resembles saw dust. Avoid chemical fertilizers and use biofertilizers. Use of
pesticides should be minimized or at least agrochemicals should be used judiciously and avoids
the use along sloped area. Integral pest management need of sustainable yield. Use nitrogen
fixing plants as supplements to the fertilizers. Separate drainage channels for sewage and rain
water should be provided. Nutrient rich water should not be used as fertilizer in field. Water
pollution can be controlled and minimized by ecosystem stability. Activated carbon absorbents
reduce the level of pollutants when waste water passes through and technique is used to remove

pesticides/insecticides

5.5. Summary

Water pollution is a significant environmental issue that occurs when harmful substances

enter water bodies and degrade their quality. It poses a threat to ecosystems, human health, and



the overall balance of our planet's natural systems. This summary provides an overview of water
pollution, its causes, effects, and potential solutions. Water pollution can be attributed to various
sources, including industrial activities, agricultural practices, municipal wastewater, improper
disposal of waste, oil spills, and urban runoff. Industrial processes release toxic chemicals and
heavy metals into water bodies, while agricultural runoff carries fertilizers, pesticides, and
animal waste. Improper sewage treatment and inadequate wastewater management contribute to
the contamination of water sources. Additionally, oil spills from shipping and offshore drilling
activities result in devastating pollution incidents. The effects of water pollution are far-reaching
and impact both ecosystems and human beings. Aquatic ecosystems suffer from the loss of
biodiversity, as pollutants disrupt the delicate balance of marine and freshwater ecosystems.
Contaminants in the water can harm aquatic plants and animals, leading to reduced populations
and impaired reproductive capabilities. Furthermore, water pollution can result in the
eutrophication of water bodies, causing excessive algal growth, oxygen depletion, and the
creation of dead zones where aquatic life cannot survive. Human health is also significantly
affected by water pollution. Contaminated water can transmit diseases such as cholera, typhoid,
and hepatitis, leading to illness and even death. Pollutants in water sources can accumulate in the
food chain, potentially causing long-term health issues for those who consume contaminated fish
and shellfish. Moreover, exposure to polluted water for recreational activities like swimming and
bathing can lead to skin rashes, respiratory problems, and gastrointestinal disorders. Water
pollution is a pressing environmental challenge with severe consequences for ecosystems and
human well-being. By implementing pollution prevention measures, improving wastewater
treatment, enforcing regulations, raising public awareness, promoting sustainable practices, and
fostering international cooperation, we can mitigate water pollution and ensure the availability of

clean and safe water for current and future generations.

5.6. Terminal questions

Q.1. What is water pollution? Discuss the sources and effects of water pollution.
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Q.2. Define the marine pollution, its sources and effects on ocean diversity.



Q.3.  What is the oil pollution? Write the types of oil pollution.
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Q.4. What is water quality parameter? Discuss the Chemical oxygen demand (COD) and its

analysis.
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Q.5.  Write the difference dissolved oxygen and biochemical oxygen demand (BOD).
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Q.6. What is the total suspended solid? Discuss the suspended solid and its permissible limits

in drinking water.

5.7. Further suggested readings
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Chand & Co Ltd.



Unit-6: Wastewater and Industrial Effluents

Contents
6.1.  Introduction
Obijectives
6.2.  Wastewater
6.3.  Industrial effluent
6.4. Composition of industrial effluents
6.5.  Sludge
6.6.  Activated sludge
6.7.  Eutrophication
6.8.  Algal bloom
6.9. Role of soaps, detergents and phosphorus fertilizers in eutrophication
6.10. Pathogenic bacteria
6.11. Waste water born diseases
6.12. Wastewater treatment
6.13. Advanced oxidation waste water treatment
6.14. Summary
6.15. Terminal question

6.16. Further suggested Readings

6.1. Introduction

Wastewater and industrial effluent are terms used to describe the water that has been
contaminated through various human activities and is no longer suitable for immediate use.
These terms refer to the liquid waste generated from residential, commercial, and industrial
sources, which contains a wide range of pollutants and contaminants. Managing and treating
wastewater and industrial effluent is essential for maintaining public health, protecting the
environment, and ensuring sustainable water resources. Wastewater originates from numerous
everyday activities, such as domestic water use, sanitation, and urban runoff. It contains a

mixture of organic and inorganic substances, including human waste, soaps, detergents, food



scraps, chemicals, and heavy metals. On the other hand, industrial effluent refers specifically to
the wastewater generated by industrial processes. This effluent can be highly contaminated, as it
may contain chemicals, heavy metals, oils, solvents, and other pollutants specific to the industry.
The discharge of untreated or inadequately treated wastewater and industrial effluent into water
bodies can have severe consequences. It can contaminate drinking water sources, harm aquatic
ecosystems, and pose risks to human health. Pathogens present in wastewater can cause
waterborne diseases such as cholera, typhoid, and hepatitis. Additionally, the high levels of
nutrients like nitrogen and phosphorus in wastewater can lead to eutrophication, a process that
depletes oxygen in water bodies and harms fish and other aquatic life. To mitigate these risks,
wastewater and industrial effluent are treated through a series of processes. The primary
treatment involves the physical removal of large solids through screening and settling processes.
After primary treatment, secondary treatment takes place, where biological processes, such as
activated sludge or trickling filters, are used to break down organic matter and remove nutrients.
Finally, in some cases, tertiary treatment is employed to further remove specific contaminants,
such as pathogens, heavy metals, or pharmaceutical residues. Wastewater and industrial effluent
pose significant challenges to the environment and public health. Proper management and
treatment of these waste streams are essential to protect water resources and ecosystems.
Through the implementation of effective treatment processes, the reuse of treated effluent, and
the enforcement of regulations, we can minimize the impact of wastewater and industrial effluent
and move towards a more sustainable and environmentally responsible approach to water

management.
Objectives

» To discuss the wastewater and its characteristics
To discuss the nature of wastewater and its treatment
To discuss the waste water pathogenic bacteria and waste water born diseases

To discuss the nature and chemical composition of activated sludge and its treatment

Y V VYV V

To discuss the advanced oxidation process for wastewater treatment

6.2. Waste water

Wastewater is a term used to describe water that has been used in various human

activities, such as domestic, commercial, and industrial activities, and is no longer suitable for



immediate use. It contains a mixture of organic and inorganic substances, including human
waste, soaps, detergents, food scraps, chemicals, and heavy metals. Wastewater can be
categorized into two types: domestic wastewater and industrial wastewater. Domestic wastewater
is generated from residential sources, such as homes, apartments, and public facilities like
schools and hospitals. It typically contains organic matter, nutrients, and pathogens from human
waste and cleaning products. Industrial wastewater, on the other hand, is generated by various
industries and manufacturing processes and contains a range of chemicals and pollutants specific
to the industry. Managing and treating wastewater is essential for maintaining public health,
protecting the environment, and ensuring sustainable water resources. The discharge of untreated
or inadequately treated wastewater into water bodies can contaminate drinking water sources,
harm aquatic ecosystems, and pose risks to human health. Pathogens present in wastewater can
cause waterborne diseases such as cholera, typhoid, and hepatitis. The high levels of nutrients
like nitrogen and phosphorus in wastewater can lead to eutrophication, a process that depletes
oxygen in water bodies and harms fish and other aquatic life. Efforts are also being made to
promote the concept of "water reuse” in managing wastewater. Water reuse involves the
treatment and repurposing of wastewater for various non-potable purposes, such as irrigation,
industrial uses, or toilet flushing. This approach not only conserves water resources but also
reduces the environmental impact associated with wastewater generation. Wastewater
management is a critical aspect of ensuring public health, protecting the environment, and
maintaining sustainable water resources. Through the implementation of effective treatment
processes, the reuse of treated wastewater, and the enforcement of regulations, we can minimize
the impact of wastewater and move towards a more sustainable and environmentally responsible

approach to water management.

6.3. Industrial effluent

Industrial effluent refers to the wastewater generated by industrial processes. It contains a
wide range of pollutants and contaminants that are specific to the industry producing it.
Industrial effluent can be highly contaminated, as it may contain chemicals, heavy metals, oils,
solvents, and other substances used or produced during industrial operations. The composition of
industrial effluent varies depending on the type of industry. For example, effluent from chemical

manufacturing plants may contain hazardous chemicals and organic compounds, while effluent



from metal processing industries may contain high concentrations of heavy metals. Other
industries, such as textile manufacturing, food processing, and pharmaceutical production, also
generate effluent with their specific pollutants. Managing and treating industrial effluent is
essential to protect the environment, public health, and water resources. If released untreated or
inadequately treated, industrial effluent can have severe impacts on ecosystems and human
health. It can contaminate water bodies, leading to the destruction of aquatic life and the
degradation of ecosystems. Moreover, the presence of toxic substances in industrial effluent can
pose health risks to people living near industrial areas or using water sources affected by the
discharge. Chemical precipitation involves the addition of chemicals that react with the
contaminants in the effluent to form solid precipitates that can be easily separated. lon exchange
is used to remove heavy metals and other ions from the effluent by exchanging them with less
harmful ions in a resin bed. Sedimentation and filtration processes are employed to separate
solids and suspended particles from the effluent. Biological treatment methods utilize
microorganisms to break down organic matter and remove pollutants through processes like
activated sludge, aerobic or anaerobic digestion, and constructed wetlands. Industrial effluent
poses significant challenges to the environment and human health due to its diverse range of
pollutants. Proper management, treatment, and regulation are essential to minimize its impact.
Through the adoption of treatment technologies, pollution prevention strategies, and regulatory
frameworks, industrial effluent can be effectively managed, protecting water resources and
promoting sustainable industrial practices.

6.3.1. Source of industrial effluent:

Industrial effluent can originate from various sectors and industries. The specific sources
of industrial effluent can vary depending on the region, local industries, and the specific
processes employed within each industry. Additionally, the composition and volume of effluent
can vary widely depending on the industry and the effectiveness of treatment measures in place.

Some common sources of industrial effluent are followings:

o Manufacturing industries: Effluent is generated from manufacturing processes such as
chemical production, textile manufacturing, pulp and paper mills, metal processing,

electronics manufacturing, and pharmaceutical production.



o Food and beverage industry: Effluent is produced from food processing plants, breweries,
distilleries, dairies, and slaughterhouses.

o Mining and mineral processing: Effluent is generated from mining operations, mineral
processing plants, and coal mines.

o Oil and gas industry: Effluent is produced from oil refineries, petrochemical plants,
offshore drilling operations, and gas processing facilities.

o Power generation: Effluent can be generated from thermal power plants, nuclear power
plants, and hydropower facilities.

o Chemical industry: Effluent is produced from chemical manufacturing plants, including
those involved in the production of fertilizers, pesticides, plastics, and specialty chemicals.

o Textile industry: Effluent is generated from textile dyeing and finishing operations, which
often involve the use of various chemicals and dyes.

o Automotive industry: Effluent can be produced from car manufacturing plants, where
processes such as painting, metalworking, and cleaning generate wastewater.

o Construction industry: Effluent may come from construction sites, where activities like
concrete production, excavation, and demolition can produce contaminated water runoff.

o Pharmaceutical industry: Effluent is generated from pharmaceutical manufacturing
facilities, which produce wastewater containing active pharmaceutical ingredients and other

chemicals.

6.4. Composition of industrial effluent

The composition of industrial effluent can vary widely depending on the type of industry
and the specific processes involved. Different industries produce effluent with unique
characteristics and pollutants. The specific composition of industrial effluent can vary
significantly depending on factors such as the type of industry, the specific processes and
chemicals used, and the effectiveness of any treatment measures in place. As a result, the
treatment and management of industrial effluent require tailored approaches to address the
unique challenges and characteristics associated with each industry. However, some common

components found in industrial effluent include:



Chemicals: Various industries use and generate a wide range of chemicals that can be
present in effluent. These chemicals may include solvents, acids, alkalis, detergents, pesticides,

and synthetic compounds.

Heavy metals: Industries such as mining, metal processing, and electroplating can
release effluent containing heavy metals such as lead, mercury, cadmium, chromium, and
arsenic. These metals are often highly toxic and can have significant environmental and health

impacts.

Organic compounds: Many industrial processes involve the use of organic substances
that can end up in effluent. These can include oils, greases, fuels, hydrocarbons, and volatile
organic compounds (VOCs). Organic compounds can have harmful effects on aquatic life and

may be persistent in the environment.

Suspended solids: Effluent from industries often contains solid particles, such as
sediments, particulate matter, and insoluble materials. These solids can contribute to water
turbidity and affect aquatic ecosystems by blocking sunlight penetration and reducing oxygen

levels.

Nutrients: Certain industries, including food processing and agricultural operations, may
release effluent rich in nutrients such as nitrogen and phosphorus. While these nutrients are
essential for plant growth, excessive amounts in water bodies can lead to eutrophication, causing

harmful algal blooms and oxygen depletion.

pH imbalance: Industrial processes can alter the pH of effluent, resulting in acidic or
alkaline conditions. Extreme pH levels can be harmful to aquatic organisms and affect water

quality.

Temperature: Some industries discharge effluent at elevated temperatures due to their
manufacturing or cooling processes. Thermal pollution can adversely impact aquatic ecosystems

and disrupt the natural balance of temperature-sensitive organisms.

6.5. Sludge

Sludge is a semi-solid or solid residual material that is generated during the treatment of
wastewater, industrial effluent, or other types of water treatment processes. It consists of a

combination of water, organic matter, inorganic substances, and microorganisms. The



characteristics of sludge can vary depending on the source, treatment process, and specific

composition, but some common characteristics include:

Moisture content: Sludge typically contains a significant amount of water, with moisture
content ranging from 60% to 99%. The moisture content affects the handling, transportation, and

further processing of sludge.

Organic matter: Sludge contains organic compounds derived from the wastewater or
industrial effluent being treated. These organic materials can include biodegradable substances
such as sewage, food waste, and organic chemicals. The organic matter content of sludge

contributes to its potential for energy recovery through processes like anaerobic digestion.

Inorganic substances: Sludge may also contain inorganic substances such as sand, grit,
metals, and inert materials. These substances are often removed during the wastewater treatment

process but can still be present in the sludge to some extent.

Nutrient content: Sludge can contain significant amounts of nutrients, including
nitrogen, phosphorus, and potassium. These nutrients, which originate from wastewater or
industrial sources, can be beneficial for agricultural use or may require further treatment to meet

specific disposal requirements.

Microorganisms: Sludge contains a diverse population of microorganisms, including
bacteria, fungi, viruses, and protozoa. These microorganisms play a crucial role in the biological
treatment processes and contribute to the decomposition and stabilization of organic matter in the
sludge.

Pathogens: Sludge can also harbor various pathogens, including bacteria, viruses, and
parasites. These pathogens may originate from the wastewater source and can pose risks to

human health if not properly treated or handled.

Volume and density: The volume and density of sludge can vary depending on its
composition and moisture content. Sludge can range from being relatively thick and dense to
more fluid and liquid-like, depending on the treatment process and the desired consistency for

handling and disposal.

It's important to note that the characteristics of sludge can be modified through various

treatment processes. Treatment methods such as dewatering, stabilization, digestion, and drying



can reduce moisture content, stabilize organic matter, and reduce pathogen levels, making the

sludge more manageable for further use or disposal.

6.6. Activated sludge

Activated sludge is a widely used wastewater treatment process that involves the use of
microorganisms to break down organic matter in wastewater. It is a biological treatment method
that utilizes a combination of aerobic bacteria, protozoa, and other microorganisms to remove
pollutants and improve the quality of the treated water.The activated sludge process typically
consists of the following components:

= Aeration tank: This is the main component of the activated sludge system, where
wastewater and a mixed culture of microorganisms, known as activated sludge, are
combined. The aeration tank is equipped with diffusers or mechanical aerators that introduce
air or oxygen into the wastewater, creating an aerobic environment that supports the growth
and activity of microorganisms.

= Return activated sludge (RAS): A portion of the settled sludge from the secondary clarifier
is recycled back to the aeration tank. This return activated sludge helps maintain a sufficient
population of microorganisms and provides biomass for the treatment process.

= Mixed liquor suspended solids (MLSS): MLSS refers to the concentration of suspended
solids, including microorganisms, in the aeration tank. It is an important parameter that is
closely monitored and controlled to ensure optimal treatment performance.

= Secondary clarifier: After the wastewater has been treated in the aeration tank, it flows into
the secondary clarifier. In this settling tank, the activated sludge particles settle to the bottom
as sludge, while the clarified water, known as effluent, is discharged or further treated as

needed.

The activated sludge process works through a series of biological reactions carried out by
the microorganisms in the aeration tank. The microorganisms utilize the organic matter present
in the wastewater as a food source and convert it into carbon dioxide, water, and biomass. This
process is known as the aerobic degradation of organic matter.The efficiency of the activated
sludge process depends on several factors, including the retention time in the aeration tank, the
ratio of wastewater flow to activated sludge biomass (known as the sludge age), dissolved

oxygen concentration, and nutrient availability (such as nitrogen and phosphorus). The treated



effluent from the activated sludge process is typically of significantly improved quality
compared to the influent wastewater. However, further treatment processes may be employed,
such as tertiary treatment, to meet specific water quality standards or to remove additional

contaminants.

Overall, activated sludge is a widely adopted and effective biological wastewater
treatment process that helps to remove organic pollutants and improve the quality of wastewater

before its discharge into the environment.
6.6.1. Composition of activated sludge

Activated sludge is a complex mixture of microorganisms, organic matter, inorganic
particles, and water. The composition of activated sludge can vary depending on several factors,
including the characteristics of the wastewater being treated, the operational parameters of the
treatment plant, and the specific microorganisms present. The components typically found in

activated sludge are followings:

Microorganisms: The activated sludge consists of a diverse community of
microorganisms, including bacteria, fungi, protozoa, and sometimes rotifers and nematodes.
These microorganisms play a crucial role in the treatment process by metabolizing and degrading

organic matter present in the wastewater.

Organic matter: Activated sludge contains organic compounds that are derived from the
wastewater being treated. This includes biodegradable substances such as carbohydrates,
proteins, fats, oils, and other organic compounds. The organic matter serves as a food source for
the microorganisms, and their metabolic activities result in the breakdown and conversion of

organic pollutants.

Inorganic particles: Activated sludge can contain various inorganic particles and
suspended solids that are present in the wastewater. These particles may include sand, grit, clay,
minerals, and other non-biodegradable substances. Inorganic particles can affect the settling
characteristics of the sludge and may require removal or management during the treatment

process.



Water: Activated sludge is primarily composed of water, which makes up the majority of
its volume. The water in the sludge originates from the wastewater being treated and can contain

dissolved substances and ions.

Extracellular polymeric substances (EPS): EPS are complex compounds secreted by
the microorganisms in the activated sludge. EPS play a vital role in the formation and structure
of the sludge flocs, providing cohesion and stability. EPS also contribute to the settling

characteristics of the sludge and facilitate the removal of solids during the settling process.

Nutrients: Activated sludge may contain various nutrients required for microbial growth
and metabolic processes. These nutrients include nitrogen (in the form of ammonia, nitrite, and
nitrate) and phosphorus. The availability and concentration of nutrients in the activated sludge

can influence the treatment efficiency and the growth of microorganisms.

It's important to note that the composition of activated sludge is dynamic and can change
over time due to fluctuations in wastewater characteristics, process conditions, and the presence
of different microbial species. Regular monitoring and control of the treatment process, including
maintaining optimal sludge age, nutrient balance, and environmental conditions, are necessary to

ensure efficient and effective treatment performance.

6.7. Eutrophication

Eutrophication is a process that occurs when a water body, such as a lake, river, or
coastal area, becomes enriched with excessive nutrients, primarily nitrogen and phosphorus. This
nutrient enrichment leads to an accelerated growth of algae and other aquatic plants, a
phenomenon known as algal bloom. Eutrophication is a significant environmental issue with
numerous ecological and economic implications. The process of eutrophication typically

involves the following steps:

= Excessive Nutrient Input: The primary cause of eutrophication is the input of excessive
nutrients into the water body. This can result from various human activities, such as
agricultural runoff, sewage discharges, industrial effluents, and the use of fertilizers. These
nutrients are often carried by surface runoff or through groundwater into nearby water

bodies.



= Algal Blooms: The elevated nutrient levels promote the growth of algae and other aquatic
plants in the water body. Algal blooms can occur rapidly, leading to dense populations of
algae covering the water surface. These blooms can be green, blue-green, red, or brown in
color and may produce toxins harmful to aquatic organisms and humans.

= Decreased Water Clarity: As the algal blooms proliferate, they can reduce water clarity by
blocking sunlight from reaching deeper water layers. This reduction in light penetration
negatively impacts submerged aquatic plants, which depend on sunlight for photosynthesis.
Reduced water clarity also affects the visual appeal of the water body and can limit
recreational activities such as swimming and fishing.

= Oxygen Depletion: Algal blooms eventually die and decompose. During decomposition,
bacteria and other microorganisms consume oxygen, leading to oxygen depletion in the
water. This depletion is particularly severe during the night when photosynthesis ceases, and
respiration continues. Oxygen-depleted conditions, known as hypoxia or anoxia, can harm
fish, shellfish, and other aquatic organisms, resulting in fish kills and the collapse of
ecosystems.

= Changes in Aquatic Community: Eutrophication can cause shifts in the composition of the
aquatic community. Algal blooms may outcompete native aquatic plants, leading to a
decrease in plant diversity. Additionally, the oxygen depletion and release of toxins during
the decomposition process can be harmful to fish, invertebrates, and other organisms. This
can result in declines or shifts in fish populations and disruptions to the food chain.

= Economic and Social Impacts: Eutrophication can have significant economic consequences.
It can impair recreational activities, such as swimming, boating, and fishing, leading to
economic losses for tourism-dependent areas. The decline in water quality can also impact
industries relying on clean water, such as aquaculture and water supply. Furthermore, the

cost of treating drinking water to remove excessive nutrients can be substantial.

Preventing and mitigating eutrophication involves implementing measures to reduce
nutrient inputs into water bodies. This includes better agricultural practices, proper wastewater
treatment, and responsible fertilizer use. Additionally, restoration efforts such as nutrient
removal techniques, artificial aeration, and the use of buffer zones can help improve water
quality in eutrophic systems. Addressing eutrophication requires a comprehensive and

collaborative approach involving governments, industries, communities, and individuals to



protect and restore the health of water bodies and ensure sustainable management of water

resources.
6.7.1. Types of eutrophication

Here are two main types of eutrophication: natural eutrophication and cultural (or
anthropogenic) eutrophication. While both types involve the excessive enrichment of nutrients in

water bodies, their causes and characteristics differ.
4+ Natural Eutrophication:

Natural eutrophication occurs over long periods of time, typically spanning centuries or even
millennia. It is a natural process that happens as water body’s age and gradually accumulates
nutrients. Over time, sediments and organic matter build up, and nutrients such as nitrogen and
phosphorus are released into the water. This slow and natural process of eutrophication is part of
the aging process of lakes and ponds. It is generally a slow and balanced process that allows the

aquatic ecosystem to adapt and maintain a certain level of equilibrium.
+ Cultural (Anthropogenic) Eutrophication:

Cultural eutrophication is a result of human activities and occurs at a much faster rate than
natural eutrophication. It is primarily caused by human inputs of nutrients, particularly nitrogen
and phosphorus, into water bodies. The main sources of nutrient pollution include agricultural
runoff, sewage discharges, industrial effluents, and the use of fertilizers. These activities increase
the nutrient load in water bodies, leading to accelerated growth of algae and other aquatic plants,
resulting in algal blooms and subsequent ecological changes. Cultural eutrophication is a
significant environmental issue and is often associated with human population growth,

urbanization, and industrialization.
6.7.2. Impact of eutrophication

Eutrophication has significant impacts on ecology and the environment, affecting various

components of aquatic ecosystems. Here are some key impacts of eutrophication:

+ Algal Blooms: Excessive nutrient enrichment promotes the growth of algae and
cyanobacteria, leading to the formation of algal blooms. These blooms can cover the water
surface and reduce sunlight penetration, inhibiting the growth of submerged aquatic plants.



The dominance of certain algae species can disrupt the natural balance of the ecosystem and
decrease overall biodiversity.

Oxygen Depletion: Algal blooms eventually die and decompose. During decomposition,
microorganisms consume oxygen, leading to oxygen depletion in the water. This process is
known as oxygen sag, and it can create hypoxic (low oxygen) or anoxic (no oxygen)
conditions in the water, which are harmful to fish and other aquatic organisms. Oxygen
depletion can result in fish kills, disruptions to the food chain, and the loss of sensitive
species.

Loss of Habitat and Biodiversity: Eutrophication can lead to the loss of aquatic plant
species, including submerged macrophytes. These plants provide essential habitats, spawning
grounds, and nurseries for many aquatic organisms. Their decline can result in the loss of
biodiversity, as well as changes in the composition and abundance of fish and invertebrate
populations.

Harmful Algal Blooms (HABs): Some species of algae, particularly cyanobacteria, can
produce toxins during algal blooms. These toxins, known as harmful algal blooms (HABS) or
cyanobacterial harmful algal blooms (CHABS), can pose serious risks to aquatic organisms,
wildlife, and human health. HABs can cause fish Kills, contaminate drinking water sources,
and result in illnesses or even fatalities in humans and animals that come into contact with or
consume the affected water.

Disruption of Food Web: Eutrophication can alter the structure and functioning of the
aquatic food web. Algal blooms can provide a temporary surge in food availability, leading
to increased populations of herbivorous zooplankton and other organisms that feed on algae.
However, the subsequent decomposition of the algae and oxygen depletion can cause a
collapse in populations of fish, invertebrates, and other higher trophic level organisms that
rely on oxygen-rich water.

Water Quality Issues: Eutrophication often leads to degraded water quality in affected
water bodies. The excessive growth of algae and the accumulation of organic matter can
result in murky, turbid water with reduced clarity. This can impact the aesthetics of the water
body and limit recreational activities such as swimming, boating, and fishing. Additionally,

eutrophication can lead to foul odors and taste issues in drinking water supplies.



+ Economic Implications: The environmental impacts of eutrophication have significant
economic consequences. The decline in water quality can harm industries dependent on clean
water, such as fisheries, aquaculture, and tourism. The costs associated with treating drinking
water to remove excess nutrients, managing algal blooms, and restoring affected ecosystems

can also be substantial.

To mitigate the impacts of eutrophication, efforts are focused on reducing nutrient inputs
into water bodies, implementing effective wastewater treatment, adopting sustainable
agricultural practices, and promoting responsible nutrient management. Restoring affected
ecosystems through measures such as nutrient removal techniques, wetland restoration, and the
establishment of buffer zones can also help to mitigate the impacts of eutrophication and restore

ecological balance.

6.8. Algal bloom

Algal blooms occur when there is a rapid and excessive growth of algae in aquatic

ecosystems. These blooms can have various ecological and environmental impacts.
Red Tide (Harmful Algal Bloom):

Red tide is a type of harmful algal bloom caused by the rapid proliferation of certain
species of dinoflagellates, such as Karenia brevis. These blooms often occur in coastal areas and
produce toxins known as brevetoxins. Red tide can lead to the discoloration of water, giving it a
reddish or brownish hue, and can result in fish kills and the deaths of marine mammals and birds.
The toxins produced by red tide can also cause respiratory issues and shellfish poisoning in

humans if contaminated shellfish are consumed.
o Cyanobacterial Harmful Algal Blooms (CHABS):

Cyanobacterial blooms are caused by the rapid growth of certain species of cyanobacteria,
also known as blue-green algae. These blooms are often found in freshwater bodies such as
lakes, ponds, and rivers. Cyanobacterial blooms can produce toxins called cyanotoxins, which
can be harmful to aquatic organisms, livestock, wildlife, and humans. They can cause skin

irritations, gastrointestinal issues, and liver damage if exposed or ingested.

o Green Algal Blooms:



Green algal blooms are caused by the excessive growth of green algae, such as species from
the genus Chlorella and Spirogyra. These blooms are often observed in nutrient-rich freshwater
bodies and can result in the water appearing green or murky. While not necessarily harmful,
green algal blooms can still have negative impacts on aquatic ecosystems. They can deplete
oxygen levels, leading to fish kills, and create unfavorable conditions for other organisms,

including submerged aquatic plants.
o Diatom Blooms:

Diatoms are a type of single-celled algae that are widespread in both freshwater and marine
environments. Diatom blooms occur when certain diatom species experience rapid growth and
become dominant in the water column. These blooms can cause water discoloration, ranging
from brown to yellow-green. Diatom blooms play an essential role in the food chain by
providing food for zooplankton and other organisms. However, under certain conditions, they
can contribute to oxygen depletion and subsequent negative impacts on fish and other aquatic
life.

6.8.1. Measureof eutrophication

Eutrophication can be measured using various indicators and monitoring techniques.

Some common methods used to measure and assess eutrophication:

o Nutrient Concentrations: Monitoring the concentration of key nutrients, such as nitrogen
and phosphorus, is crucial in assessing eutrophication. Water samples are collected from
different points in a water body and analyzed in a laboratory for nutrient levels. High nutrient
concentrations indicate a greater risk of eutrophication.

o Chlorophyll-a Concentrations: Chlorophyll-a is a pigment found in algae and serves as an
indicator of algal biomass in the water. Monitoring chlorophyll-concentrations provides
insights into the extent of algal growth and the potential for algal blooms. Water samples are
collected and analyzed to quantify the chlorophyll-a concentration.

o Secchi Disk Depth: Secchi disk depth is a measure of water transparency or clarity. A
Secchi disk is a white or black and white disk that is lowered into the water until it is no
longer visible. The depth at which it disappears provides an indication of water transparency.
A decrease in Secchi disk depth suggests reduced water clarity, which is often associated

with eutrophication.



o Dissolved Oxygen Levels: Dissolved oxygen is a critical parameter in assessing the health of
aquatic ecosystems. Eutrophication can lead to oxygen depletion as a result of algal blooms
and subsequent decomposition. Monitoring dissolved oxygen levels helps determine if
hypoxic (low oxygen) or anoxic (no oxygen) conditions are present, which can be harmful to
fish and other aquatic organisms.

o Biological Assessments: Biological assessments involve studying the abundance and
diversity of aquatic organisms to evaluate eutrophication impacts. This can include
measuring the abundance of algae, aquatic plants, zooplankton, fish, and macroinvertebrates.
Changes in species composition and population dynamics can provide insights into the
ecological effects of eutrophication.

o Remote Sensing: Remote sensing techniques use satellite imagery and aerial photography to
monitor eutrophication on a larger scale. This method allows for the assessment of algal
blooms, water color, and vegetation dynamics over a wide area. Remote sensing data can

provide valuable information on the spatial and temporal patterns of eutrophication.

It is important to note that measuring eutrophication is often a multidimensional process,
as eutrophication impacts various aspects of aquatic ecosystems. Combining multiple indicators
and monitoring methods provides a more comprehensive understanding of the eutrophication

status and allows for better management and mitigation strategies to be implemented.
6.8.2. How to control eutrophication

To control eutrophication, several measures can be implemented. Here are some key strategies in

bullet point format:

= Implement nutrient management practices in agriculture, such as:
o Applying fertilizers based on soil nutrient testing and crop requirements.
o Using slow-release or controlled-release fertilizers to minimize nutrient runoff.
o Employing conservation practices like cover cropping, crop rotation, and buffer
strips to reduce nutrient losses from fields.
= Implement proper wastewater treatment:
o Upgrade wastewater treatment plants to include nutrient removal technologies
o Implement advanced treatment methods, such as tertiary treatment or nutrient stripping, to

reduce nutrient loads in discharged water.



@)

Encourage the use of decentralized treatment systems, such as constructed wetlands or

biofilters, to treat smaller-scale wastewater sources.

= Control and manage storm water runoff:

(@]

Implement best management practices to capture and treat stormwater runoff before it
enters water bodies.
Incorporate green infrastructure techniques, such as rain gardens, permeable pavement,

and constructed wetlands, to promote natural filtration and nutrient uptake.

= Control the use of phosphorus-containing detergents and cleaning products:

(@]

Promote the use of phosphate-free or low-phosphate alternatives in household cleaning
products.

Enforce regulations on phosphorus content in commercial cleaning products

Establish and enforce buffer zones and riparian vegetation:

Protect and restore riparian areas and establish buffer zones along water bodies to trap
and filter nutrients before they enter the water.

Plant native vegetation that can absorb excess nutrients and stabilize the soil, preventing

nutrient runoff.

= Implement lake and reservoir management strategies:

o

o

o

Implement aeration or oxygenation techniques to prevent oxygen depletion.
Control algae growth through the use of algaecides or algal control measures.
Apply nutrient inactivation methods, such as chemical precipitation or biological nutrient

removal, to reduce nutrient concentrations.

= Raise public awareness and education:

(@]

Educate the public about the impacts of eutrophication and the role of individual actions
in nutrient reduction.
Promote responsible fertilizer use, proper disposal of household chemicals, and water

conservation practices.

= Enhance monitoring and research:

©)

o

Conduct regular monitoring of water bodies to assess nutrient levels, algal growth, and
ecosystem health.
Invest in research and innovation to develop new technologies and strategies for

eutrophication control and nutrient management.



o It's important to note that eutrophication control requires a holistic and integrated
approach involving multiple stakeholders, including government agencies, industries,
farmers, and the general public. Collaboration and long-term commitment are essential

for effectively managing and mitigating eutrophication.

6.9. Role of soaps, detergent and phosphorus fertilizer in eutrophication

Soaps, detergents, and phosphorus fertilizers can contribute to eutrophication by
introducing excessive amounts of phosphorus into water bodies. Phosphorus is a key nutrient that
promotes the growth of algae and aquatic plants. Here's a breakdown of how these substances

can impact eutrophication:
= Soaps and Detergents:

Many household cleaning products, including soaps and detergents, contain phosphates
as a key ingredient. When these products are used for cleaning or washing activities, phosphates
can be washed down drains and enter wastewater systems. If the wastewater is not adequately
treated, phosphates can be discharged into rivers, lakes, or other water bodies.Once in the water,
phosphates act as a fertilizer, promoting the growth of algae and aquatic plants. This excessive
growth can lead to algal blooms, reduced water clarity, and oxygen depletion. Additionally, the
decomposition of the algae can further deplete oxygen levels in the water, negatively impacting
fish and other aquatic organisms. To mitigate the impact of soaps and detergents on
eutrophication, many countries have implemented regulations and encouraged the use of
phosphate-free or low-phosphate cleaning products. These products reduce the amount of
phosphorus entering wastewater and help mitigate eutrophication.

=  Phosphorus Fertilizers:

Phosphorus is an essential nutrient for plant growth, and it is commonly used in the form of
phosphorus-based fertilizers in agriculture. When phosphorus fertilizers are applied to farmland,
excess phosphorus can be washed away by rainfall or irrigation water, eventually finding its way
into nearby water bodies through surface runoff or leaching into groundwater.
The introduction of excess phosphorus from fertilizers into water bodies can lead to
eutrophication. The additional phosphorus acts as a nutrient source for algae and aquatic plants,
causing excessive growth and algal blooms. The subsequent decomposition of the algal biomass



consumes oxygen, leading to oxygen depletion and potentially harming fish and other aquatic
organisms. To minimize the impact of phosphorus fertilizers on eutrophication, agricultural best
management practices are crucial. These practices aim to optimize fertilizer application rates,
timing, and methods to minimize nutrient runoff and leaching. Additionally, implementing
conservation practices such as buffer strips, cover crops, and nutrient management plans can help
reduce phosphorus losses from agricultural fields. Overall, the use of soaps, detergents, and
phosphorus fertilizers can contribute to eutrophication by introducing excess phosphorus into
water bodies. Proper wastewater treatment, phosphate-free or low-phosphate cleaning products,
and responsible nutrient management in agriculture are essential to mitigate these impacts and

protect water quality.

6.10. Pathogenic bacteria in wastewater

Wastewater can contain various pathogenic bacteria, which are microorganisms capable
of causing diseases in humans and animals. Here are some examples of pathogenic bacteria

commonly found in wastewater:

= Escherichia coli (E. coli): E. coli is a common bacterium found in the intestines of humans
and animals. While most strains of E. coli are harmless, some can cause serious illnesses
such as diarrhea, urinary tract infections, and even life-threatening conditions like hemolytic
uremic syndrome (HUS). Contamination of wastewater with fecal matter can introduce
pathogenic strains of E. coli into the water.

= Salmonella spp.: Salmonella is a group of bacteria known to cause salmonellosis, a food
borne illness. It can be present in the gastrointestinal tracts of animals and humans and is
typically transmitted through contaminated food and water. Wastewater contaminated with
fecal matter can contain Salmonella bacteria, posing a risk of infection if not properly treated.

= Campylobacter spp.: Campylobacter is a leading cause of bacterial gastroenteritis
worldwide. It is commonly associated with the consumption of contaminated food, but
wastewater can also be a potential source of Campylobacter infection. Proper wastewater
treatment is necessary to prevent the spread of this pathogen.

= Shigella spp.: Shigella bacteria are responsible for causing shigellosis, a diarrheal disease.
The bacterium is highly contagious and can spread through fecal-oral transmission, making



contaminated wastewater a potential source of infection. Proper sanitation and wastewater
treatment are essential to prevent the transmission of Shigella.

Vibrio cholerae: Vibrio cholerae is the bacterium responsible for cholera, a severe diarrheal
disease. Although cholera is primarily associated with contaminated drinking water and poor
sanitation, untreated or poorly treated wastewater can contribute to the spread of this
pathogen. Proper wastewater treatment and disinfection are crucial in preventing cholera

outbreaks.

6.11. Wastewater born disease

Wastewater can serve as a vehicle for the transmission of various diseases, commonly

referred to as wastewater-borne diseases or waterborne diseases. These diseases are caused by

pathogens, including bacteria, viruses, protozoa, and helminths, which can contaminate water

sources through improper disposal or inadequate treatment of wastewater. Here are some

examples of wastewater-borne diseases:

Gastroenteritis: Gastroenteritis is characterized by inflammation of the gastrointestinal tract
and symptoms such as diarrhea, vomiting, abdominal pain, and fever. Several pathogens,
including bacteria like Escherichia coli, Salmonella, Campylobacter, and viruses like
Norovirus and Rotavirus, can be transmitted through contaminated wastewater and cause
gastroenteritis.

Hepatitis A: Hepatitis A is a viral infection that primarily affects the liver. It is transmitted
through the fecal-oral route, often via contaminated water or food. Inadequately treated
wastewater can contain the Hepatitis A virus, posing a risk of infection if consumed or in
contact with the mouth.

Typhoid Fever: Typhoid fever is a bacterial infection caused by Salmonella typhi. It is
transmitted through the ingestion of food or water contaminated with fecal matter containing
the bacteria. In regions with inadequate sanitation and wastewater management, the improper
disposal of wastewater can contribute to the spread of typhoid fever.

Cholera: Cholera is an acute diarrheal disease caused by the bacterium Vibrio cholerae. It is
primarily associated with poor sanitation and contaminated drinking water. Inadequately
treated wastewater can introduce V. cholerae into water bodies, leading to the spread of

cholera if consumed.



= Polio: Poliomyelitis, commonly known as polio, is a viral disease that can cause paralysis.
The poliovirus is primarily transmitted through the fecal-oral route, and contaminated water
sources, including wastewater, can serve as a means of transmission.

=  Cryptosporidiosis: Cryptosporidiosis is a parasitic infection caused by the protozoan
parasite Cryptosporidium. It can be transmitted through water contaminated with the parasite,
including inadequately treated wastewater. Cryptosporidium is highly resistant to chlorine
disinfection and can cause prolonged diarrhea, especially in individuals with weakened

immune systems.

6.12. Waste water treatment

Wastewater treatment is the process of removing pollutants and contaminants from
wastewater to make it safe for disposal or reuse. It involves a series of physical, chemical, and
biological processes designed to remove suspended solids, organic matter, nutrients, pathogens,
and other harmful substances. Here is an overview of the common steps involved in wastewater

treatment:
Preliminary Treatment:

The wastewater undergoes preliminary treatment to remove large objects, such as debris,
stones, and grit, through processes like screening and grit removal. This step helps protect

downstream treatment processes and prevents damage to equipment.
Primary Treatment:

In the primary treatment stage, the wastewater is subjected to physical processes to
separate suspended solids and settleable organic matter. It typically involves sedimentation or
clarification, where heavier solids settle to the bottom as sludge, and lighter materials, known as

primary effluent, are skimmed off the top.
Secondary waste water treatment:

Secondary wastewater treatment is a crucial step in the wastewater treatment process,
following the primary treatment stage. It focuses on the biological degradation and removal of
dissolved and colloidal organic matter that remains in the wastewater after primary treatment.

The most common method used for secondary treatment is the activated sludge process, which



involves the use of microorganisms to break down organic pollutants. Here is an overview of the

secondary wastewater treatment process:

(@]

Activated Sludge Process:In the activated sludge process, the wastewater is mixed with a
culture of microorganisms, known as activated sludge, in an aeration tank. The
microorganisms, including bacteria and protozoa, consume and metabolize the organic matter
present in the wastewater, converting it into carbon dioxide, water, and additional microbial
biomass.

Aeration: Aeration is a vital component of the activated sludge process. Air or oxygen is
introduced into the aeration tank to create an aerobic environment, promoting the growth and
activity of aerobic microorganisms that degrade organic pollutants. The aeration also helps to
mix the wastewater and maintain optimal conditions for microbial activity.

Sludge Settling: After the wastewater has undergone aeration, it flows into a settling tank,
also known as a secondary clarifier or sedimentation tank. The hydraulic flow velocity is
reduced in this tank, allowing the activated sludge and any remaining suspended solids to
settle to the bottom as sludge. The settled sludge is then returned to the aeration tank for
further treatment, while the clarified wastewater, known as the secondary effluent, is
collected from the top.

Return and Waste Sludge Treatment: A portion of the settled sludge, called return sludge,
is recycled and returned to the aeration tank to maintain a stable microbial population and
ensure continuous treatment. The excess sludge, known as waste sludge or surplus activated
sludge, is removed from the system for further treatment and disposal, such as sludge
thickening, dewatering, digestion, or drying.

Trickling Filters: Trickling filters are another biological treatment method for secondary
wastewater treatment. They consist of a bed of porous media, such as rock or plastic, over
which wastewater is distributed. Microorganisms grow on the media and degrade organic
matter as the wastewater trickles down through the bed. The treated effluent then passes
through a settling tank to separate solids before discharge.

Rotating Biological Contactors (RBC): RBC is a variant of the trickling filter system. It
utilizes a series of rotating discs or drums partially submerged in the wastewater. As the discs

rotate, microorganisms attached to their surface come into contact with the wastewater,



promoting biological degradation of organic pollutants. The treated wastewater is then settled
and discharged.

o Sequencing Batch Reactors (SBR): SBR is a batch process that combines several treatment
steps within a single reactor tank. It operates in cycles, including fill, react, settle, and decant
phases. The wastewater is mixed with microorganisms in the reactor, where biological
treatment occurs. After the treatment phase, the sludge settles, and the clarified effluent is
decanted for discharge. SBR systems offer flexibility and good nutrient removal capabilities.

o Oxidation Ditches: Oxidation ditches are circular or oval-shaped channels where wastewater
is continuously circulated, providing an oxygen-rich environment for microbial degradation.
The ditches can have a complete mix or plug-flow configuration. The microorganisms in the
ditch consume organic matter, and the treated effluent is settled and discharged.

o Membrane Bioreactors (MBR): MBR combines biological treatment with membrane
filtration. It uses an activated sludge process in combination with ultrafiltration or
microfiltration membranes to separate treated effluent from the biomass. The membranes act
as a physical barrier, allowing only clean water to pass through, resulting in high-quality
effluent.

o Constructed Wetlands: Constructed wetlands are engineered systems that mimic natural
wetlands to treat wastewater. They utilize wetland plants and microbial activity in the root
zone to remove pollutants through biological, physical, and chemical processes. The wetland
vegetation and the underlying substrate provide an environment for microbial growth and
pollutant removal.

o Effluent Quality Control: The secondary effluent is monitored and tested for various
parameters to ensure it meets the required water quality standards and regulatory guidelines.
Additional treatment processes, such as tertiary treatment, may be implemented to further
improve the quality of the effluent if needed.

The secondary treatment process significantly reduces the concentration of organic
matter, suspended solids, and pathogens in the wastewater, resulting in improved water quality.

However, it may not effectively remove nutrients such as nitrogen and phosphorus, which may

require additional treatment steps or tertiary treatment processes.

Tertiary waste water treatment



Tertiary wastewater treatment involves various processes and chemical reactions to

further refine the quality of the effluent. While specific chemical equations can vary depending

on the treatment method and target contaminants. These are just a few examples of chemical

reactions that occur during tertiary wastewater treatment are such as:

Chemical Precipitation (Phosphorus Removal): Phosphorus removal is often achieved
through chemical precipitation using metal salts, such as aluminum or iron salts. In this
reaction, aluminum sulfate reacts with calcium dihydrogen phosphate to form aluminum
phosphate, calcium sulfate, and sulfuric acid. Aluminum phosphate precipitates and can be
separated from the wastewater, thereby removing phosphorus.
2Al,(S0,); + 3Ca(H,P0,), + 2H,0 — AIPO, + 6CaSO, + 6H,SO0,
Chlorination (Disinfection): Chlorine compounds, such as chlorine gas (Clz) or sodium
hypochlorite (NaOCI), are commonly used for disinfection in tertiary treatment. Chlorine gas
dissolves in water to form hydrochloric acid (HCI) and hypochlorous acid (HOCI).
Hypochlorous acid acts as a powerful disinfectant, capable of inactivating pathogens by
damaging their cellular structures and genetic material.
Cl, + H,0 — HCl + HOCl
HOCl - H* + Cl~™

Ozonation (Advanced Oxidation): Ozonation involves the use of ozone gas (0;) for
advanced oxidation and removal of organic compounds. Ozone reacts with organic
compounds in the wastewater, leading to the formation of reaction intermediates.
Additionally, ozone reacts with water to produce hydrogen peroxide (H,0,) and oxygen gas.
Hydrogen peroxide further reacts with ozone to produce hydroxide ions (OH") and more

oxygen gas, contributing to the overall oxidation process.
O3 + organic compounds — reaction intermediates

H,0, + 05 - 20H™ + 20,

Sludge Treatment

Throughout the treatment process, sludge is generated as a byproduct. Sludge treatment

involves various methods to reduce its volume, stabilize it, and minimize its environmental



impact. Techniques such as thickening, dewatering, digestion, and drying are employed to treat

and manage sludge effectively.
Disinfection:

Disinfection is a critical step in wastewater treatment to inactivate or kill pathogenic
microorganisms, making the treated water safe for discharge or reuse. Common disinfection

methods include chlorination, UV disinfection, and ozone treatment.
Effluent Discharge or Reuse:

The final effluent can be discharged into receiving water bodies, such as rivers or oceans,
after meeting regulatory standards for water quality. Alternatively, the treated wastewater can
undergo additional processes for reuse in various applications like irrigation, industrial

processes, or groundwater recharge, depending on local regulations and requirements.

6.13. Advance oxidation waste water treatment

Advanced oxidation processes (AOPs) are a group of treatment methods used for the
degradation and removal of persistent organic compounds and contaminants in wastewater. They
involve the use of powerful oxidants or reactive compounds to break down and transform
organic pollutants into simpler, less harmful substances. Here are a few examples of AOPs along
with their chemical equations:

= (Ozone-based Advanced Oxidation:Ozone (O3) is a strong oxidant that reacts with organic
compounds through direct ozone oxidation or the formation of hydroxyl radicals (°OH) to
degrade pollutants. Ozone reacts directly with organic compounds, leading to the formation
of reaction intermediates. It also reacts with water to produce hydrogen peroxide (H,0,) and
oxygen gas. Hydrogen peroxide can then react with hydroxyl radicals to generate water and
additional hydroxyl radicals, contributing to the overall oxidation process.The reactions

involved in ozone-based AOPs are such as
05 + organic compounds — reaction intermediates
03 + H,0 - H,0, + 0,
H,0, + °OH - H,0 + °OH

= Fenton's Reagent:



Fenton's reagent consists of hydrogen peroxide (H,0,) and ferrous ions (Fe3*) and is
used for the oxidative degradation of organic pollutants. in this process ferrous ions react
with hydrogen peroxide to generate hydroxyl radicals (°OH) and hydroxide ions (OH™). The
hydroxyl radicals then react with organic compounds to produce reaction intermediates. The
reactions involved in Fenton's oxidation are:

Fe?* + H,0, - Fe3* + °OH + OH™

°OH + organic compounds — reaction intermediates
Photocatalysis (TiO2):

Photocatalysis involves the use of a semiconductor material, typically titanium dioxide

(Ti0,), activated by ultraviolet (UV) light to generate reactive species for pollutant degradation.

When exposed to UV light, titanium dioxide generates electrons (e~) and positive holes (h*).

The holes react with water to produce hydroxyl radicals (°OH), while the electrons react with

oxygen molecules (0,) to form superoxide radicals (03 ). Both hydroxyl radicals and superoxide

radicals can then react with organic compounds, leading to the degradation of pollutants.

TiO, + hv (UV light) - e~ + h*
h* + H,0 - °OH + H*
e +0, > 03"
°OH+ organic compounds — reaction intermediates

03 °+ organic compounds — reaction intermediates

6.13.1. Application of advance oxidation process:

1.

2.

AOPs are effective in the degradation of persistent organic compounds that are resistant to
conventional treatment methods. These include various organic pollutants such as
pharmaceuticals, personal care products, pesticides, industrial chemicals, and emerging
contaminants.

AOPs can target and remove micropollutants, including endocrine-disrupting compounds and
trace organic contaminants, which may have adverse effects on aquatic ecosystems and

human health.



3. OPs can be used for advanced disinfection of wastewater, particularly for the inactivation of
pathogenic microorganisms and viruses. The strong oxidizing properties of AOPs help in
destroying the cell structures and genetic material of pathogens, providing a high level of
microbial inactivation.

4. AOPs are effective in removing color and odor-causing compounds from wastewater,
particularly those associated with industrial effluents. These processes can break down
chromophores and organic compounds responsible for color and unpleasant odors, resulting
in clearer and odor-free effluent.

5. OPs can be employed for the treatment of contaminated groundwater, particularly in cases
where conventional methods are not sufficient to remove persistent contaminants. AOPs can
degrade and transform organic compounds present in groundwater, contributing to the
remediation of contaminated sites.

6. AOPs play a crucial role in wastewater reclamation and reuse. By effectively degrading
organic pollutants and inactivating pathogens, AOP-treated effluent can be reused for non-

potable purposes such as irrigation, industrial processes, and groundwater recharge.

6.14. Summary

Wastewater treatment and the management of industrial effluent are crucial processes to
protect the environment, ensure public health, and promote sustainable water resources. Here is a
summary of wastewater treatment and industrial effluent management: Wastewater treatment
refers to the processes that remove pollutants and contaminants from wastewater before it is
discharged back into the environment or reused. The treatment typically involves several stages,
including primary, secondary, and tertiary treatment. In primary treatment, physical processes
such as screening and sedimentation are used to remove large solid materials and suspended
solids from wastewater. This step helps in reducing the organic load and prepares the wastewater
for further treatment. Secondary treatment focuses on the removal of dissolved and colloidal
organic matter and nutrients. Tertiary treatment is an advanced stage that further refines the
quality of the effluent. It involves processes like filtration, disinfection, and nutrient removal.
Filtration methods such as sand filtration and membrane filtration are used to remove remaining
particles and microorganisms. Wastewater treatment and industrial effluent management are vital

for protecting water resources and ecosystems. Through the implementation of effective



treatment processes, adherence to regulations, and continuous improvement of industrial

practices, we can mitigate the environmental impacts of wastewater and industrial effluent,

ensuring a sustainable and clean water supply for present and future generations.

6.15. Terminal questions

Q.1: What is the waste water? Discuss the sources, sink and characteristics of waste water.

g ] G

Q.2:  Define the industrial effluents and its chemical compositions.

Y g L

Q.3:  What is the sludge and activated sludge?

F Y o]

Q.4:  Discuss the chemical composition of sludge and activated sludge.

6.16. Further suggested readings

1. Environmental Science, Subhas Chandra Santra, new central book agency, 3rd Edition,

2011.

2. A text Book of Environment Studies, Asthana, D. K. and Asthana, M. 2006, S. Chand



&Co.
. Atmosphere, Weather and Climate, Barry, R. G. 2003, Routledge Press, UK.
Ecology: Theories and Applications (4th Edition) by Peter Stiling; Prentice Hall.

. Biodiversity: a beginner’s guide, john I. Spicer, One world Publications.
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Introduction

This third block of environmental chemistry consists of following
three units:
Unit-7: This unit covers the chemical composition, sources and types of
soil pollutants. The soil carbon, essential elements and soil fertility
Is discussed here. The cation and anion exchange capacity,
exchangeable sodium percentage, ion exchange, pH and acidity of

soil are discussed briefly.

Unit-8: This unit covers the sources; frequency, intensity and
permissible ambient noise levels of noise. The effect on
communication, impacts on life forms and humans and control

measures of noise discussed briefly.

Unit-9: This unit covers the Industrial Pollution in which chemical
solvents used in dyeing, tanning, metallurgical and platinum
industry are discussed, the pollutants rising from burning of fossil
fuels like coal, oil, natural gas and sources of other industrial
pollutants such as petroleum, heavy metals pollution etc are also

mentioned



Unit-7: Soil Pollution
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7.1. Introduction

Soil contamination or soil pollution as part of land degradation is caused by the presence
of xenobiotic (human-made) chemicals or other alteration in the natural soil environment. It is
defined as the presence of toxic chemicals (pollutants or contaminants) in soil, in high enough
concentrations to pose a risk to human health and/or the ecosystem. In the case of contaminants

which occur naturally in soil, even when their levels are not high enough to pose a risk, soil



pollution is still said to occur if the levels of the contaminants in soil exceed the levels that
should naturally be present. It is a serious environmental concern since it harbours many health
hazards. For example, exposure to soil containing high concentrations of benzene increases the
risk of contracting leukaemia. All soils, whether polluted or unpolluted, contain a variety of
compounds (contaminants) which are naturally present. Such contaminants include metals,
inorganic ions and salts (e.g., phosphates, carbonates, sulfates, nitrates), and many organic
compounds (such as lipids, proteins, DNA, fatty acids, hydrocarbons, PAHSs, alcohols,
etc.). However, the concentration of such substances in unpolluted soil is low enough that they
do not pose any threat to the surrounding ecosystem. When the concentration of one or more
such toxic substances is high enough to cause damage to living organisms, the soil is said to be

contaminated.

7.2. Soil and its composition

Soil is an essential component of our environment and its quality can be maintained by
land management. Soil is made up of broken-down rock materials of varying degree of fineness
and changed in varying degree from the parent rocks by the action of different agencies, such
that the growth of vegetation made possible. Soil is derived from the Latin word solum, which
means floor or ground.Soil is a dynamic natural body on the surface of the earth in which plants
grow, composed of mineral and organic materials and living forms. It is more or less loose and
crumby part of the outer earth crust in which, by means of their roots, plants may or do find foot
hold and nourishment and as well as other conditions essential to their growth.Soil is a natural
body developed by natural forces acting on natural materials. It is usually differentiated into
horizons from minerals and organic constituents of variable depth which differ from the parent
material below in morphology, physical properties and constituents, chemical properties and

composition and biological characteristics.
Composition of Soil

The soil consists of four major components, i.e., mineral matter, organic matter, soil air and soil
water. All these components cannot be separated with much satisfaction because they are very
intimately mixed with each other. The mineral matter forms the bulk of soil solids and a very

small amount of the soil solids is occupied by organic matter.



Volumetric composition of mineral (inorganic) soil is.

1. Mineral matter (45%), obtained by the disintegration and decomposition of rocks;

2. Organic matter(5%), obtained by the decay of plant residues, animal remains and
microbial tissues;

3. Water, obtained(25%), from the atmosphere and the reactions in soil (chemical,
physical and microbial);

4. Air or gases (25%), from atmosphere, reactions of roots, microbes and chemicals in

the soil

In fact, soil is the mixture of various inorganic and organic chemical compounds. The chief
inorganic constituents of soil are the compounds of Ca, Al, Mg, Fe, Si, K and Na. Small amounts
of the compounds of Mn, Cu, Zn, Co, B, I, and Fe etc. are also present in the soil. Soil solution
also contains complex mixtures of minerals of carbonates, sulphates, chlorides, nitrates and also
the organic salts of Ca, Mg, K, Na etc. The chief organic compounds of soil is humus, which
contains a large number of organic compounds such as amino acids, proteins, aromatic
compounds, sugar, alcohols, fats, oils, waxes, resins, tannins, lignin, pigment, purines and many
other. As a result, humus is a black colored, homogeneous complex material.Physically, the soil
consists of stones, large pebbles, dead plant twigs, roots leaves and other parts of the plants, fine
sand, silt, clay and humus-derived from the decomposition of organic matter. In the organic
matter of the portion of the soil, about 50% of the organic matter is composed of dead remains of
the soil life in all stages of decomposition and the remaining 50% of the organic matter in the
soil is alive. The living part of the organic matter consists of plant roots, bacteria, earthworms,

algae, fungi, nematodes, actinomycetes and many other organisms including rodents and insects.

7.3. Soil pollution

Soil pollution refers to the presence of a chemical or substance out of place and/ or
present at a higher than normal concentration that has adverse effects on any non-targeted
organism (FAO and ITPS, 2015). Although the majority of pollutants have anthropogenic
origins, some contaminants can occur naturally in soils as components of minerals and can be
toxic at high concentrations. Soil pollution often cannot be directly assessed or visually
perceived, making it a hidden danger. Soil contamination or soil pollution can occur either

because of human activities or because of natural processes. However, mostly it is due to human



activities. The soil contamination can occur due to the presence of chemicals such as pesticides,
herbicides, ammonia, petroleum hydrocarbons, lead, nitrate, mercury, naphthalene, etc in an
excess amount. However, the concentration of such substances in unpolluted soil is low enough
that they do not pose any threat to the surrounding ecosystem. When the concentration of one or
more such toxic substances is high enough to cause damage to living organisms, the soil is said
to be contaminated. The diversity of contaminants is constantly evolving due to agrochemical
and industrial developments. This diversity, and the transformation of organic compounds in
soils by biological activity into diverse metabolites, makes soil surveys to identify the

contaminants both difficult and expensive.
7.3.1. Types of soil pollutants

= Biological agents: Biological agents work inside the soil to introduce manures and digested
sludge (coming from the human, bird and animal excreta) into the soil.

= Agricultural practices: The soil of the crops is polluted to a large extent with pesticides,
fertilizers, herbicides, slurry, debris, and manure.

= Radioactive substances:Radioactive substances such as Radium, Thorium, Uranium,
Nitrogen, etc. can infiltrate the soil and create toxic effects.

= Urban waste:Urban waste consists of garbage and rubbish materials, dried sludge and
sewage from domestic and commercial waste.

= Industrial wastes: Soil, pesticides, textiles, drugs, glass, cement, petroleum, etc. are
produced by paper mills, oil refineries, sugar factories, petroleum industries and others as

such.

7.3.2. Common sources of soil pollution

Agricultural practices pesticides, herbicides, and chemical fertilizers

Mining activities heavy metals and other toxic substances

Improper waste solid waste, such as plastics, household garbage, and electronic
disposal: waste, etc.

Accidental spills spills out of chemicals, liquid spillage or hazardous materials,

such as oil spills,




Industrial and urban House hold and industrial waste disposal, metals and solvent

sources release form mining and painting industries

7.3.3. Impacts of soil on nature

The impacts of soil pollution are far-reaching and can have serious consequences. Some of the

effects of soil pollution include:

Reduced agricultural productivity: Soil pollution can decrease soil fertility, impair nutrient
cycling, and disrupt the balance of beneficial soil organisms, leading to lower crop yields and

poor agricultural productivity.

Contamination of groundwater: Pollutants in the soil can leach into the groundwater,

contaminating water sources and posing risks to human health when consumed.

Damage to ecosystems: Soil pollution can disrupt soil ecosystems, affecting plant and animal
life in the area. Soil organisms such as worms, bacteria, and fungi play crucial roles in

maintaining soil health, and their disruption can have cascading effects on the entire ecosystem.

Health risks: Soil pollution can lead to the accumulation of toxic substances in crops, which,
when consumed by humans or animals, can cause health problems such as heavy metal

poisoning or exposure to harmful chemicals.
7.3.4. Effects of soil pollution on human health

o congenital disorders (chromium, lead and other metals, petroleum, solvents, and many
pesticides and herbicide)

o leukemia (benzene)

o kidney damage (Mercury and cyclodienes)

o liver toxicity (PCBs and cyclodienes)

o neuromuscular blockage (organophosphates and carbonates)

o depression of the central nervous system (chlorinated solvents)

o headache, nausea, fatigue, eye irritation and skin rash (chemicals)

o some irreversible diseases other chronic health conditions



o can cause death by exposure via direct contact, inhalation or ingestion of contaminants

in groundwater contaminated through soil

7.4. Characteristics of polluted soil

Polluted soil exhibits several characteristic features that can indicate its contamination. Here

are some common characteristics of polluted soil:

Discoloration: Polluted soil may have an abnormal color compared to healthy soil. It can
appear dark, black, or discolored due to the presence of pollutants.

Unpleasant odor: Contaminated soil often emits strong and unpleasant odors, which may
be caused by the presence of chemicals, organic matter decomposition, or microbial
activity associated with pollution.

Reduced fertility: Polluted soil generally has decreased fertility compared to
uncontaminated soil. The presence of pollutants can disrupt nutrient cycles, inhibit the
growth of beneficial soil organisms, and impact the availability of essential nutrients for
plants.

Poor drainage: Contaminated soil may have altered physical properties, such as poor
drainage. The pollutants can affect the soil structure, leading to compaction or clogging,
reducing the soil's ability to absorb and retain water.

Altered pH levels: Pollution can cause changes in soil pH levels. Certain contaminants,
such as acid rain or industrial discharges, can make the soil more acidic, while others
may make it more alkaline. These pH changes can affect nutrient availability and impact
plant growth.

Accumulation of toxic substances: Polluted soil often contains elevated levels of toxic
substances such as heavy metals (e.g., lead, mercury, cadmium) or organic pollutants
(e.g., pesticides, hydrocarbons). These substances can persist in the soil for extended
periods and pose risks to human health, wildlife, and plants.

Reduced biodiversity: Soil pollution can lead to a decline in soil biodiversity. The
presence of pollutants can harm or kill soil microorganisms, worms, and other beneficial

organisms essential for soil health and ecosystem functioning.



= Contamination of groundwater: Polluted soil can act as a source of groundwater
contamination. Pollutants present in the soil can leach into the groundwater, potentially

affecting drinking water sources and causing environmental and health concerns.

7.5.S0il pH and acidity of soil

Soil pH and soil acidity are closely related concepts that describe the chemical properties of soil.
To measure soil pH and acidity, soil samples are typically collected and tested using a pH meter
or a pH testing kit. The results provide valuable information for determining soil health and
suitability for specific plants. If soil acidity is too high, it can be amended by adding agricultural
lime or other materials that neutralize the acidity, thereby raising the pH and making the soil
more suitable for plant growth. Soil pH and acidity are critical factors that influence the health

and productivity of soil, which in turn, affects the growth of plants and crops.

Soil pH: Soil pH is a measure of the acidity or alkalinity of soil. It indicates the concentration of
hydrogen ions (H*)in the soil solution. The pH scale ranges from 0 tol4, with pH 7 being
considered neutral. Values below 7 indicate acidic soil, while values above 7 indicate alkaline
(basic) soil. Most plants prefer a slightly acidic to neutral pH range for optimal growth, typically
between pH 6 and 7.5.

Acidic Soil:

pH Range: 4.5-5.5

Example: Many coniferous forests, such as those dominated by pine trees, tend to have
naturally acidic soils.

Neutral Soil:

pH Range: 6.5-7.5

Example: Most agricultural soils aim to maintain a neutral pH level, as it is generally
suitable for a wide range of crops.

Alkaline Soil:

pH Range: 8.0-9.0

Example: Arid and semi-arid regions, like deserts, can often have naturally alkaline soils

due to low rainfall and high evaporation rates.



Soil Acidity: Soil acidity refers specifically to the presence of excess hydrogen ions (H") in the
soil, resulting in a low pH. It is primarily caused by the presence of acidic substances in the soil,
such as organic matter decomposition, acidic parent materials, or acidic fertilizers. Acidic soils
can have detrimental effects on plant growth and nutrient availability. They can also increase the
solubility of toxic elements like aluminum and manganese, which can further inhibit plant
growth.

The pH and acidity of soil is crucial for selecting suitable plants, determining nutrient
availability, and implementing appropriate soil management practices. Conducting a soil test
specific to your location and intended crops is recommended for accurate assessment and

recommendations regarding pH and acidity levels.
Measurement of Soil pH

Soil pH can be measured using a pH meter or pH paper, which provides a quick and
accurate assessment. Another method involves mixing soil with a pH indicator solution and
comparing the resulting color to a standardized chart. The most common method is the use of a

glass electrod