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Environmental Pollution and Health ENS 506

Unit 1: Environmental Pollution: Definition;
Historical development; Types and
classification of pollutants; Scope of the
study

Unit Structure

1.0. Learning objectives
1.1 Introduction
1.2. Environmental pollution: definition
1.2.1 Historical development (Pollution case studies)
1.3 Classification of Pollutants
1.3.1 On the basis of environment/medium in which they occurs
1.3.2 On the basis of their persistence in the environment
1.3.3 On the basis of their existence in the nature
1.3.4 On the basis of natural disposal
1.4 Types of Environmental pollution/pollutants
1.4.1 Air Pollution and air pollutants
1.4.2 Water Pollution and water pollutants
1.4.3 Soil/land Pollution and soil pollutants
1.4.4 Noise Pollution
1.4.5 Radioactive Pollution
1.5 Sources and effects of environmental pollution/pollutants
1.5.1 Sources and effects of air pollution

1.0. Learning objectives

After reading this unit we probably become able to:

» Describe environmental pollution

» Know about past historical pollution episodes/case studies and their
cause

» ldentify and enlist major types of agents (pollutants) deteriorating our
environment

» Distinguish between air, water and soil pollution and their respective
pollutants

» Be acquainted with biological accumulation and bio-magnification of
toxic pollutants through food chain mechanism

» Know about sources and toxic effects of environmental pollution.

1.1 Introduction

Nowadays, man is facing several types of environmental stresses and

ecological crisis among which environmental pollution is one of the major
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problem. In this unit we will discuss about environmental pollution which is
resulting in a number of calamities and harmfully affecting health of humans,
plants and animals. Environmental contamination is attributed by means of
any undesirable, unwanted and unpleasant physical, chemical and biological
alterations within the environmental constituents i.e. air, water and soil
majorly via anthropogenic activities. As the human population is growing
drastically, there occurs a demand for enormous resources and technological
advancement which ultimately lead to overexploitation of resources as well as
degrading the quality of environment by generating a lot of wastes. Therefore,
the absence of quality environment is the precursor of deteriorated or polluted

environment.
1.2. Environmental pollution: definition

Environmental pollution is the inauspicious and undesirable physical,
chemical or biological alterations in the physical, chemical and biological
aspects of different environmental constituents namely air, water and land
leading to deterioration of environment and makes it harmful for humans,
other living organisms and various cultural assets. Scientifically,
contamination of environment is termed as environmental pollution and the
respective contaminating agents are called pollutants. However, it is not the
wastes alone which deteriorate the environment quality. Sometimes, certain
valuable materials may also pollute the environment due to overuse or misuse
or mismanagement e.g., fertilizers improve the soil fertility but pollute soil due
to overuse and pollute water due to misuse and mismanagement. Any
constituent of environment weather biotic or abiotic may become pollutant if
its concentration exceeds beyond the desired limits in the environment.
Therefore, environmental pollution may also be defined as an addition of
undesirable materials or excessive addition of useful materials in the
environment beyond the threshold limits where the usefulness of that material
is damaged and resulting in the degradation of environmental quality thereby

making it unfit for life.
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1.2.1 Historical development (Pollution case studies)
It is reasonably essential to be familiar with the historical events pertaining to environmental pollution in order to be aware of cause and effects of

harmful pollutants and to prevent imminent tragedies. Major pollution case studies have been given below as in table 1:

1) London smog 2) Los Angeles smog 3) Bhopal gas tragedy 4) Chernobyl nuclear disaster 5) Fukushima nuclear disaster
6) Minamata Bay incident

Table 1: Major case studies related to environmental pollution

S. No. Name of the event/ Cause / pollutants involved Impact Place Year of
case study occurrence
5 day Classical smog formed by condensation of | >50% population& | London 5-11Dec,
1 London Smog water vapors with H,S & SO, over dust particles | vegetation affected, 4000 | (England) | 1952
at low temp.(-1° to -4°C) people killed
Los Angeles Smog Photochemical smog formed by interaction of | Thousands of people killed | Los 1943
2 sunlight with major vehicular exhausts, NO & | &biodiversity destroyed Angeles
Hydrocarbons at 24°-32°C (USA)
Bhopal gas tragedy Leakage of Methyl Isocyanate gas from
3 Insecticide unit of Union Carbide Killed over 2500 people Bhopal 2" Dec, 1984
(India)
Chernobyl nuclear disaster | Radioactive leakage (Radioactive pollution) >4000 deaths and other Ukraine 26™ April
4 sufferings (Russia) 1986
Fukushima nuclear disaster | Nuclear accident due to hydrogen and| >1000 people died & other | Fukushim | 11™ Mar,
5 radioactive materials leakage sparked by sufferings a (Japan) | 2011
earthquake and Tsunami
Minamata Bay incident Minamata disease from mercury poisoning >900 deaths Kyushu 1956
6 through eating mercury contaminated fish living >3000 people suffered island
in Minamata Bay (Japan)
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1.3 Classification of Pollutants

Pollutants can be described as the agents or materials which on addition into
the environment responsible for making it unfit for life by deteriorating the
environment quality. These may also be any useful substances or energies
available in the environment but in excess limits or in harmful concentrations.
Pollutants can be classified as per different criteria into following types

discussed below:

1.3.1 On the basis of environment/medium in which they occurs

Environment comprised of three different mediums i.e. air, water and soil,
which directly affect life in several ways by providing basic necessities of life
to man and other living creatures on this earth. Therefore, pollutants
responsible for any alteration in these mediums are divided into three
respective categories as follows:

1) Air pollutants

Substances which get released in the atmosphere or air or whose concentration
in the air alters air composition up to undesirable limits are referred to air
pollutants. These are responsible for making the air dirty and harmful for all
living organisms and damaging cultural assets. These are of three kinds:
Gaseous pollutants (e.g. CO, CO2, NO, NO2, SO2, SO3, VOCs, etc.),
Particulate pollutants (e.g. dust, smoke, aerosols, mist, fume, smog, pollens,
spores, etc.), Radioactive pollutants (e.g. nuclear explosives during war like
lead, uranium, etc.).

2) Water pollutants

Any foreign substances organic or inorganic or biological or radiological in
nature having ability to change physical and chemical characteristics of water
on their addition resulting health hazards for the living organisms are termed
as water pollutant. There are three kinds of water pollutants: Physical
pollutants (heat and oil spills), Chemical pollutants (Organic pollutants like
DDT, BHC, PCBs, inorganic pollutants like Pb, Hg, Ar, Cd, Ni, P, fluorides,
nitrites, etc.) and Biological pollutants (bacteria, viruses, protozoa, algae,

etc.).

3) Soil/land pollutants
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Substances which on addition into the soil are responsible for reduction in the
soil fertility and productivity by altering soil property are called soil
pollutants. These pollutants may include toxic chemical pollutants like Cu, Zn,
Cd, Al, Fe, Pb, Hg, tin, acids, cyanides, alkalies, etc., pesticides like aldrin,
dieldrin, endrin, malathion, parathion, DDT, etc., fungicides, weedicides,

fertilizers, etc.).

1.3.2 On the basis of their persistence in the environment
Different environmental pollutants responsible for destruction of
environmental quality when released into the environment from their sources

persist in the environment in two different forms as:
1) Primary Pollutants

Pollutants which remain throughout in the form in which they are added to the

environment are called as primary pollutants. Example: Plastics, etc.
2) Secondary pollutants

Primary pollutants interact with each other and results in the formation of new
pollutants synergistically called secondary pollutants. Synergistically or
synergism refers to combining two or more less toxic components to form two
times much toxic compound Example: Ozone (O3), Peroxyacyl nitrate (PAN).

These have more toxic effect that their parent molecules or primary pollutants.

1.3.3 On the basis of their existence in the nature
According to the occurrence of pollutants in the nature, they may be classified

into two types as:
1) Quantitative pollutants

These include those substances which are present and occur naturally in the
environment before the origin of man on this earth and also added by man but
in large quantities. Example: Carbon dioxide (CO2) is always present in the
environment and also added by man through breathing and other activities like

burning fire, emissions from industries and automobiles.

2) Qualitative pollutants
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These include those substances which normally do not occur in nature but are
added by man anthropogenically. Example: insecticides, pesticides,

herbicides, weedicides, fertilizers, etc.

1.3.4 On the basis of natural disposal
Depending upon their degradability and mode of elimination from the

environment, pollutants may be categorized into two following groups:
1) Biodegradable pollutants

Pollutants or contaminating substances which can naturally be decomposed
quickly by microbial action or other biological action like radiation are termed
as biodegradable pollutants. These are generally organic in nature. Example:
sewage responsible for water pollution (microbial degradation), Heat

responsible for thermal pollution (degradation via loss of Radiations).
2) Non-biodegradable pollutants

Substances which do not be degrade naturally or are degrade very slowly are
termed as non-biodegradable pollutants. These are generally inorganic in
nature and tend to pass through food chain and get bioaccumulate and
biomagnify in the living tissues.Example: inorganic pesticides like DDT,

heavy metals, plastics, glass, radioactive materials, etc.

1.4 Types of Environmental pollution/pollutants

Generally environment comprises air, water and soil, therefore, environmental

pollution associated with its components is of three major types:

» Air/atmospheric Pollution
> Water Pollution
> Soil/land Pollution

In addition to these, there are two other types of pollution having severe

impact on environment and living organisms. These are:

» Noise Pollution
» Radioactive Pollution
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1.4.1 Air Pollution and air pollutants

Air is a mixture of different constituents of specific concentration comprising
78% Nitrogen, 21% Oxygen, 0.04% Carbon dioxide and rest other gases in
very low concentration. Any significant alteration in normal composition of
air due to introduction of any foreign substance indicates air pollution posing a
serious threat on the well being of all living organisms, environment and
property. Therefore, air pollution could be understood as introduction of any
foreign, undesirable and unwanted physical, chemical biological materials in
the atmosphere in such concentrations that prove fatal for humans, plants and
animals and also damage property and further contribute to climate change.
Such polluting agents or materials that contribute to air or atmospheric

pollution are termed as air pollutants.
Causes of Air pollution

There are two major causes contributing air pollution: Natural Cause and
Anthropogenic cause. Natural cause of air pollution includes forest fires,
volcanic eruptions, dust storms, natural organic and inorganic decays that
produce harmful gases like sulphur oxides, methane gas, etc., dust particles,
ashes, etc. Natural pollutants also comprised of spores, bacteria, viruses,
pollens, etc. While anthropogenic cause includes air pollutants released into
the atmosphere through various human activities. With the rapid growth in
human population, demand for energy and resources to make better livelihood
has also been increased. With the advent of industrialization, invention of
automobiles and other developments to meet the rising demands of growing
population, deterioration of air quality has also been speeded up. Emissions
from industries, fireworks, nuclear explosions and many other human

activities are the major forces behind anthropogenic air pollution.

1.4.2 Water Pollution and water pollutants

Water especially pure water is the potent and vital necessity for life without
which life would be impossible. Alteration of physical, chemical and
biological characteristics of water due occurrence of any foreign material in

the water that results in degradation of water quality and seriously affecting
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the well being of humans, plants and animals is termed as water pollution.

These materials responsible for polluting water are called water pollutants.
Causes of water pollution

There are also two reasons behind the pollution of water: Natural and
Anthropogenic. Natural causes of polluting the water include soil erosion and
rock weathering through which soil particles and rock minerals respectively
get dissolved in water bodies and pollute them. Fall of dead fallen leaves and
decaying of fallen leaves and other organic matter in the water bodies also
deteriorates water quality. Anthropogenic or man-made causes of water
pollution include human activities which lead to discharge of various organic
wastes like, industrial effluents, domestic waste, sewage, animal waste, waste
from slaughter houses, etc., inorganic chemicals like pesticides, fertilizers,
etc., agricultural runoffs, oil spills, heat and radioactive wastes into water

bodies.

1.4.3 Soillland Pollution and soil pollutants

Soil is the topmost layer of land or earth’s surface and supports plant life,
which, in turn, supports animal life including humans. Humans also interact
directly or indirectly with soil as it nurtures life by providing indispensable
provisions to life such as foodstuff, shelter and also clothing from plants and
animals which directly and indirectly depends on soil. Therefore, any change
in soil composition due to presence of any foreign and harmful substance in
the soil may affect all organisms. Such alteration in soil due to addition of
foreign materials leading to reduced productivity and decreased fertility is
termed as soil or land pollution and the respective polluting materials are

called as soil pollutants.
Causes of soil pollution

There are natural as well as manmade causes of soil pollution. Natural causes
include floods containing contaminated water, acid rain, mineral deposition
via rainwater flow from weathering of rocks, etc while manmade causes
include a variety effluents and run offs that finally reach the soil directly with

water or indirectly through air which further contribute to acid rain and
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ultimately reach the soil. These effluents may include various chemicals,

pesticides, fertilizers, discarded materials, radioactive wastes, etc.

1.4.4 Noise Pollution

Sound is the only requisite and essential medium of communication in humans
and other animals. But, if the sound becomes unpleasant, loud, disturbing,
annoying, harmful, unwanted, cause stress or impair the hearing ability than it
is called noise. Such persistent, disturbing, often excessive level of noise
causing harmful effects in the environment from various sources like
automobile horns, industries, loud speakers, etc is termed as noise pollution.
This kind of physical pollution affects man directly to large extent than other
living organisms also without affecting life-supporting systems called

environmental components i.e. air/atmosphere, water and land.

Causes of Noise pollution

Noise pollution is completely contributed by manmade activities through
various activities that produce annoying, loud and harmful sound called noise.
Major activities include construction, blowing horns of transport vehicles,
running machines in various industries, using domestic gadgets, entertainment

equipments and many more.

1.4.5 Radioactive Pollution

Radioactive pollution is associated with radioactive substances which create
physical pollution of air, water and soil on introduction to them. Radioactive
material or substance are certain kind of elements e.g. Uranium, Radium, etc.
that give off harmful radiations (protons or alpha particles, electrons or beta
particles and gamma radiations) simultaneously on disintegration of their
atomic nuclei. Therefore, radioactive pollution can be defined as the
introduction of any radioactive material into physical environment or

environmental components leading to very disrupting impact on life on earth.
Cause of Radioactive pollution

Radioactive pollution occurs due to release of radioactive substances or

radiations into the environment due to any nuclear explosion or release of the
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radioactive waste generated from nuclear power plants, and other naturally

occurring radioactive elements present in earth crust, like Radium-224,
Uranium-235, Thorium-232, radon-222 and potassium-40, etc. into the

environment.
1.5 Sources and effects of environmental pollution/pollutants

In this section we will discuss about sources and effects of different
environmental pollution or pollutants such as air pollutants, water pollutants,

soil pollutants, noise pollutants and radioactive pollutants.

1.5.1 Sources and effects of air pollution

Major sources of air pollution include fossil fuels combustion in automobiles
and industries which give off emissions containing unburned hydrocarbons,
lead, carbonacious, nitrogenous and sulphurous compounds that may cause
severe impact on environment quality as well as health damaging effect on

living organisms.
Sources of air pollution

There are four main sources of air pollution which contribute emission of air

pollutants into the environment:

1) Point or Stationary Sources: These include sources which introduce or
emit pollutants into the atmosphere from specified points through chimneys.

Example: Industries, thermal power plants, etc.

2) Line or Mobile Source: These include sources which add pollutants into
the atmosphere along narrow belts (i.e. roads) over long distances. Example:

smoke coming out from automobile exhausts, etc.

3) Area source: These include sources which add pollutants from the fire

over wide areas. Example: Industrial estates and mining area, etc.

4) Diffuse source: These include sources which spread pollutants over a large
area through spraying or diffusion. Example: sprayed fertilizers and pesticides

spread over a large areas through runoff.

Major air pollutants, their sources and effect: Air pollutants are of three

kinds:
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Gaseous pollutants: include oxides of Nitrogen i.e. NO, NO,, oxides of

Carbon i.e. CO, CO, and oxides of Sulphur i.e. SO,, SO;, hydrocarbons,

photochemical oxidants (Peroxyacyl nitrate, Ozone,

aldehydes, peroxides,etc.

Smog), Fluorides,

Particulate pollutants: include dust, smoke, aerosols, mist, fume, smog,

pollens, spores, etc. Radioactive pollutants: include nuclear explosives

during war like lead, uranium, etc. These sources and their effects can be

llustrated from the below table 2.

Table 2: Major air pollutants, their sources and effects

Effects on
Air pollutants Sources Effects on plants,
humans & environment &
animals material, if any
Carbon Cigarette Smoking, | Reduces oxygen | Generally  no
monoxide vehicular exhausts, | carrying capacity | serious  impact
(CO) incomplete of blood may | on plants,
burning/combustion | cause death, | environment &
poisoning, material
giddiness,
reduced  vision,
nervous
&cardiovascular
disorders, etc.
Carbon dioxide | Respiration, decay, Green house
(COy) biomass  burning, | Nausea, effect that
smoking, headache, produces

automobile/ coal &
petroleum

combustion, etc.

carbonic acid &
resulting  acid

rain  damaging
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plant cells,
buildings,

monuments

Nitrogen oxides

Burning/combustion
of fuels & biomass,

lightening, etc.

Reduces oxygen
carrying capacity
of blood,
irritation of eyes,
nose, respiratory

epithelium,

Form PAN and
acid rain which

suppresses plant

growth, also
causes leaf
Nnecrosis and

defoliation in
plants. Spoil
metal & clothes

also

Sulphur oxides

Combustion of fuels,
petroleum refining,
metal ore smelting,
H,S, incineration,

etc.

Drying of mouth,
sore throat,
irritation in eyes,
respiratory tract,
lungs, respiratory

diseases, etc.

Causes acid rain,

damage to
clothes,
corrosion of

paints & metals.
Also injurious to
plant cells
causes chlorosis,
plasmolysis,
membrane
damage,
metabolic
inhibition —may
lead to

death

plant

Hydrocarbons

Decay of sewage,
landfills,
incomplete
combustion of fuels,

biomass, etc.

Carcinogenic

effect

Senescence and
abscission in

plants
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Peroxycayl Photochemical Irritating Produces haze,
nitrate (PAN) interaction  among | sensation or pain | blocking of
nitrogen oxides & |[in eyes, nasal | sunlight
hydrocarbons passage, throat, | resulting
present in the air in | respiratory tract, | reduction in
presence of sunlight | respiratory plant
diseases photosynthesis,
damage leafy
vegetables
Ozone (03) Photochemical Chest pain, | Premature
interaction  among | coughing, eye | yellowing of
nitrogen oxides & | irritation, leaves, fall of
hydrocarbons leaves,
present in the air in decolouration &
presence of UV rays disinte- gration
of clothes,
damages rubber,
tyres
Aldehydes Photochemical Irritating Decoloration of
interaction  among | sensation or pain | leaves &
nitrogen oxides & | in gastrointestinal | damaging of
hydrocarbons &  respi-ratory | clothes
present in the air in | tracts
presence of sunlight
Fluorides Steel,  aluminium, | Fluorosis Delays crop
phosphate fertilizer | (spotting of | maturing &
industries, coal | teeth), brittle | reduces fruit
burning, bones & uneven | yield due to

teeth

development due
to eating &
grazing fluoride

contaminated

fluoride

accumulation in
leaf stomata.
Also atack glass,

paints & metal
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plants & grasses | surfaces
Dusts Construction, stone | Lung fibrosis
crushing, industrial | (asbestosis, Blocking of
processes, forest | silicosis, sunlight retards
fires, coal burning, | byssinosis), lead | plant
etc. poisoning, & | photosynthesis
other respiratory
diseases
Polychlorinated | Burning of plastics | Damage liver &
biphenyls central nervous
system,  impair
vision, skin
pigment
alteration.
Pollens, spores, | Living organisms & | Allergies, Remain
bacteria, their components respiratory suspended in the
viruses diseases, hay | air &  block
fever & other | sunlight, etc.
diseases
Smog Dust + smoke or | Toxic to all | Destruction of
Smoke + Fog organisms, vegetation,
rubber cracking,
etc
Radioactive Nuclear explosions | Death of living | Death of plant
pollutants cells due to DNA | cells and tissues,

rupturing
resulting death of

organisms

disintegration of
metals, clothes,
building

materials, etc.

Acid rain: a product of air pollution

The term acid rain was first coined by Robert August in 1872. Acid rain

formation takes place naturally but initiated by manmade activities that lead to

the emission of major pollutants like oxides of sulphur and oxides of nitrogen.
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Normally, rain water has pH of acidic range i.e. 5.6-6.5.  Thus, acid rain

may be defined as the precipitation with pH less than 5. It is generally made
up of sulphuric acid and nitric acid formed in the atmosphere from sulphurous
and nitrogenous compounds respectively by oxidation. The process of
formation of acid rain can be illustrated through fig.1. Major sources of
nitrogenous compounds or oxides may include emissions from fossil fuel
combustors, lightening, automobile exhausts, etc. and that of sulphur
containing oxides include smelters, power plants domestic fires, biomass
burning etc. From different sources various sulphur and nitrogen containing
compounds or sometimes their respective oxides released into the atmosphere
and further undergo atmospheric oxidation to form higher oxides. These
oxides are changed into sulphuric acid (H,SO4) and nitric acid (HNO3) on
combination with water vapors present in the atmosphere and ammonium
sulphate and ammonium nitrates aerosols on combination with ammonia
(NH3). These aerosols may acts as cloud condensation nuclei (CCN) which are
responsible for cloud formation and precipitation.

From the atmosphere, these acids or acidic sulphur and nitrogen oxides deposit
over earth in two distinct forms: Dry deposition and Wet deposition. Dry
deposition takes place by settling down of windblown acid oxides and other
particles in dry state while Wet deposition on earth occurs in the form of rain

called acid rain, fog or snow.

Effects: Acid rain causes soil acidity that severely affects terrestrial flora and
fauna inhabited in it. It may also lead to contamination of water bodies present
on land that further affect aquatic flora and fauna. Terrestrial plants also get
affected directly from acid rain and indirectly from soil contaminated with
acid rain and produces symptoms like defoliation, necrosis, chlorosis, etc.
Acid rain is also responsible for damaging building materials like stones, slate
and corroding metals, painted surfaces, marbles, and monuments like Taj

Mabhal at Agra due to acid deposition.
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Figure 1: Formation of acid ramn in the atmosphere.
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Check your progress: Self-Assessment Questions (SAQ)

Q1. Which of the following is a gaseous air pollutant? A) Fume B) Smog C)
PAN D) Uranium.

Q2. What is the pH of acid rain? A) 6 B) 5.5-6.5 C) Above 7 D) below 5.
Q3. Bhopal gas tragedy resulted due to leakage of gas.
Q4. Secondary pollutants formed due to interaction of

Q5. Premature yellowing of leaves in plants caused by .

1.5.2 Sources and effects of water pollution

Water pollution is not only confined to surface water, but it has also spread to

underground and sea water to a greater or lesser extent.
Sources of water pollution:

Depending upon pollutants discharge into water bodies, there are two types of

water pollution sources:

1) Point sources: involve pollutants discharge directly from a definite source
through the regular channels i.e. municipal and industrial discharge pipes to

water bodies.

2) Diffuse/non-point sources: involves discharge of pollutants like pesticides,
fertilizers scattered on the ground from undefined and diffuse sources into the

water bodies through runoffs, etc.

Determination of water quality: water quality can be determined by three

major parameters i.e DO, BOD and COD describes below in table 3.

Depending upon the nature and producers of pollutants, there are six types of

water pollution sources:

1) Sewerage/Community waste water:lt comprised of domestic and
commercial waste discharge in the form of sewerage emitted into public
sewerage systems. Example: human and animal excreta, soaps, detergents,

food wastes and many more.
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Table 3: Major parameters for water quality determination
Parameter Definition Concentration
value for
unpolluted water
DO Amount of oxygen content
(Dissolved Oxygen) dissolved in water > 8.0 mgL”’
Amount of oxygen content
BOD needed by Dbacteria to
(Biological Oxygen decompose organic matter < 4.0 mgL"’
Demand) present in water
Amount of oxygen content
COD requisiteto  oxidize total
(Chemical Oxygen organic matter < 5.0 mgL'1
Demand) (biodegradable &  non-
biodegradable) present in
water

2) Industrial wastes: It includes waste or effluents generated and discharged

off from different kinds of industries given in table 4.

Table 4: Sources of water pollutants from industrial waste

Types of Inorganic pollutants, if any Organic pollutants,
industry if any
Cellulose fibres, berk,
Paper & pulp | Sulphides, bleaching liquors wood sugars, organic
acids
Various metals like iron, etc and
their Chlorides, sulphates,
hydroxides, H,S, heavy metals, Not defined
Mining surface wash offs, suspended
solids, sulphuric acids, etc.
Various oxides of metals like
copper, mercury, cadmium,
Iron and steel | chromium, sulphides, iron | Oil, naphthalenes,
cyanides, thiocyanates, suspended | phenols, etc.
solids, etc.
Higher fatty acids,
Soap & Alkalies,  tertiary = ammonium | fats, sulphonated
Detergents compounds, etc. hydrocarbons,
glycerols,
polyphosphates, etc.
Various acids, alkalies, metal | Organic solvants and
Chemical plants | chlorides, sulphates, nitrates, | acids, aromatic
fluorine, phosphorus, silica, | compounds, nitro

suspended particles, etc.

compound dyes, etc.
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Extremely
Food processing Not defined decomposable organic
matter, pathogens, etc.

Drugs, antibiotics,
Pharmaceuticals Not defined organic solvants,
proteins,
carbohydrates,
vitamins, etc.

3) Agricultural sources: These consist of agricultural run offs and drainages
containing fertilizers (constituting Nitrogen, Phosphorus and Potassium),
pesticides (insecticides, weedicides, fungicides, herbicides, rodenticides, soil

fumigants, etc.

4) Thermal pollution or heat: Major sources include thermal and nuclear
power plants where water is used as coolant and produce hot water. Discharge
of this high temperature water into the water bodies may kill aquatic life

prevailing there.

5) Ground water pollution: Seepage or leaching of various effluents and
contaminants like industrial and municipal waste, sewage channels,
agricultural runoffs, etc. pollute ground water posing a serious threat to

availability of pure drinking water.

6) Marine/ sea water pollution: Oceans and seas are the natural sink of all
variety of pollutants generated on this earth including even rivers that
discharge their pollutants into oceans. These pollutants may be any radioactive

waste, plastics, garbage, oil, grease, detergents, sewage, and many more.

Effects of water pollution: Water polluting contaminants alter the physical,
chemical and biological characteristics of water resulting into following

effects:-

» Water pollution results in the scarcity of pure, clean and fresh drinking
water. It also make water unsafe and unfit for domestic and other
purposes due to addition of soaps, dyes, detergents, chemicals, heavy

metals and other impurities in it.

» Drinking of polluted water may result in various health disorders and
can spread many diseases. For example, drinking of water
contaminated with poisonous chemicals like cadmium, arsenic,

mercury, nitrates, fluorides, etc. lead to many sufferings among living
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organisms. Contamination of Cadmium causes itai-itai disease (also
called ouch-ouch disease) which is an aching illness of bones and
joints, also cause liver and lung cancers. Arsenic poisoning may lead to
black foot diseases with symptoms like diarrhea, peripheral neuritis,
resulting in skin and lung cancers. Mercury poisoning leads to its
conversion by Dbacteria into methyl mercury that undergo
biomagnification through food chain and leads to deformity called
Minamata disease causing diarrhea, impairment of senses, hemolysis,
meningitis and even death also. Nitrate pollution proves lethal for
infants causes blue-baby syndrome or methaemoglobinemia that
impairs oxygen supply. Fluoride may result fluorosis that causes
dental problems and dysfunctioning of respiratory, neuromuscular,
gastrointestinal systems.

Eutrophication: Plant nutrients like nitrogen, phosphorus, potassium,
etc discharge off into water bodies leading to growth of oxygen
consuming algal population over the water surface, which deoxygenate

water and results in the killing of aquatic organisms thriving there.

1.5.3 Sources and effects of soil/land pollution

Soil pollution involves a variety of sources that add soil pollutants into soil.

These sources are described below in the table 5.

Table 5: Major sources of soil pollution

Sources

Soil pollutants

Industrial wastes

Chemicals like lead, mercury, copper, zinc, cadmium,
cyanides, organic compounds, acids, alkalies, chromates,
etc.

Pesticides Insecticides, herbicides, rodenticides, weedicides,
algaecides, fungicides

Fertilizers NPK fertilizers, urea, manures, etc.

Discarded Concrete, paper, food waste, plastics, glass, cans,

materials carcasses, etc.

Radioactive Radioactive elements like uranium, thorium, radium, etc.

wastes

Other pollutants Acid rain formed from major air pollutants like NO,,

SO,, etc.
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Effects of soil pollution: Soil affects drastically each and every component on

the earth as it supports life and feeds every organism. Humans, plants and
animals depend solely on soil for maintaining their livelihood and obtaining
food from it. Therefore, any alteration in soil characteristics by introducing

above said pollutants may causes many severe impacts as given below:

» Agricultural impacts: Soil pollution may results reduction in soil
fertility and productivity, decrease in nitrogen fixation ability of soil,
increase in soil erosion and loss of fertile land, loss of soil nutrients
reduction in crop yield, increase in soil salinity, acidity or alkalinity,
etc.

» Health impacts: Absorption of toxic contaminants by plants resulting
plants health damage and then transfer into human and other animals
via food chain creating severe toxicity among them also. Release of
toxic gases and dangerous chemicals from polluted soil into air and
ground water may cause many health disorders.

» Environmental impacts: Soil pollution may disrupt ecological balance
by reducing vegetation growth and may also cause imbalance in soil
fauna and flora.

» Other impacts: Waste management problems, foul smell due to release
of gases, inundation of areas, clogging of drains, etc.

1.5.4 Sources and effects of noise pollution

Sources of noise pollution: Noise pollution is mainly created by annoying,
unpleasant and damaging sound producing machines, equipments,
instruments, etc. There are following sources of noise pollution:-Industries,
transport or automobile vehicles, defence equipments, space rockets, domestic
gadgets, entertainment systems, public address systems, music concerts,
construction works, fire crackers, and many more.

Effects of sound pollution: Noise is measured in decibels (dB). Every 10dB
is equivalent to double the increase in loudness. World Health Organization
recommended that sound level of <30dB is safe for indoors. Any increase in

prescribed sound level results in various impacts as:

» Create annoyance among people which may badly affect their mood
swings
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» Continuous exposure to high sound levels can affects physiological

functioning like pulse rate, breathing amplitude, blood pressure, heart-
beat rate, blood cholesterol, etc.

» Continuous and prolonged exposure to sound level >75dB may result
loss of hearing

» High level noise distracts concentration of a person and affects his
performance also

» On exposure to infrasonic and ultrasonic waves, building and materials
may get collapsed and destroyed

» High level noise makes person sleepless, restless, also pain and ringing

in ears, feeling of tiredness.

1.5.5 Sources and effects of radioactive pollution

Sources: Radioactive pollution occurs due to the contamination of air, water
or soil with radioactive material. Radioactive materials produce harmful
radiations and may cause huge damage to life. Radioactive pollution has two
sources: Natural and manmade. Natural source include outer space cosmic
rays that reach the earth surface, terrestrial radiations from nuclides of
naturally occurring radioactive elements such as Uranium-235, Radon-222,
Thorium-232, Radium-224, etc. These have not so much hazardous as present
in very low concentration. On the other hand, manmade sources of radioactive
pollution include mining and refining of radioactive elements like plutonium
and thorium, nuclear explosions consisting Strontium-90, Cesium-137 and
Iodine-131, waste from atomic and nuclear reactors, nuclear fuel, radioactive

isotopes manufacturing like Carbon-14, Todine-125, Phosphorus-32, etc.,

Effects: The effect of radioactive material depends upon certain factors like
the intensity of radiation, rate of diffusion, radiation exposure time duration
and half life of material. Greater is the value for these factors greater is the

impact. Major impacts of radioactive pollution are:

» Short range effects which appear within few days or weeks after
exposure to these radiating materials include burns, hair loss, impaired
metabolism, alteration in number and proportion of blood corpuscles,

death of cells, tissues or whole organism.
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» Long range effects that appear months or years or even in next

generations after exposure to radioactive materials radiations include
genetic mutations, cancers, tumors, early deaths, embryo
developmental changes, etc.

Strontium-90 can cause bone cancer due to accumulation in bones.
Iodine-131 can damage blood corpuscles, bone marrow, spleen ,
lymphatic system and also lead to skin cancer, lung cancer, loss of

fertility, loss of eyesight and many other impacts.

1.6 Summary

In this unit, we have read about the concept of environmental pollution and

their corresponding pollutants. So far you have learnt that:

Environmental pollution is the contamination of environmental
components i.e. air, water and soil by natural (lesser extent) as well as
manmade activities (greater extent).

Emission of toxic/harmful materials into air results air pollution and
the corresponding materials called air pollutants that comprised of
gaseous materials, particulate matter and radioactive substances (see
text for detailed understanding).

Release of harmful substances from various sources (described in text)
into water bodies causes water pollutant and the respective substances
called water pollutants that may include organic compounds,
pathogens, toxic chemicals, dust, heavy metals and many more.
Release of effluents and toxic materials from industries, agricultural
runoffs and domestic waste, etc. into soil or land leads to soil pollution
and the effluents and material called soil pollutants.

Noise pollution is the result of loud, unpleasant, disturbingand
damaging sound. Noise greater than 75 decibel may result loss of
hearing.

Radioactive pollution occurs due to harmful emissions given off by
radioactive materials present on the earth naturally or by manmade

activities.
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All kinds of environmental pollution may bring havoc by through their
damaging effects. For instance air pollution can cause several
respiratory and other diseases among humans, many health effects
among plants and damaging affect on material or cultural assets. While
water pollution may lead several diseases like fluorosis, blue-baby
syndrome, minamata disease and many more among humans, also
affect plants health, results eutrophication that degrade aquatic life in
waterbodies, etc. Soil pollution also impart its impacts on living
organisms through transfer of pollutants via food chain.

Noise pollution also have the ability to affects living being as well as
buildings and materials severely. While radioactive pollution can

damage living cells and tissues and often cause death of organisms.

1.7 Glossary
Abiotic:

Acid rain:

Anthropogenic activities:

Biotic:

Environment:

Environmental pollution:

Food Chain:

PAN:

Non-living components present in the
environment

Rain admixed with acids produced in
the atmosphere from air pollutants
a}rlld Vgater vapors and having pH less
than

Man-made activities

Living components present in the
environment

The sum total of living and non-living
components present in the
surroundings

Alterations in the environmental
characteristics by addition of harmful
materials into the environment

Linear sequence of organisms linked
together for food where an organism
becomes food for organism at next
trophic level

Peroxyacyl nitrate formed by the
Photochemical interactions among
nitrogen oxides & hydrocarbons
present in the air in presence in
presence of sunlight
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1.8 Answer to check your progress/Possible Answers to SAQ

Q1. C) PAN (Peroxyacyl Nitrate)
Q2. D) below 5

Q3. Methyl Icocyanate

Q4. Primary pollutants

Q5. Ozone (0O3)
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1.11 Terminal and Model Questions

Q1. Differentiate between qualitative and quantitative pollutants.
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Q2. Discuss major gaseous pollutants, their sources and impact on human

health.

Q3. Briefly describe various diseases among humans caused by water

pollution.
Q4. Explain the process of formation of acid rain.
Q5. Air, water and radioactive pollutants contribute to soil pollution. How?

Q6. What are the major effects of noise pollution?
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Unit 2: Air Pollution

Unit Structure

2.0. Learning objectives

2.1. Introduction

2.2. Overview

2.3. Sources

2.4. Types of Air Pollution

2.5. What is an Air Pollutant?

2.6. Common Air Pollutants

2.7. Methods for measuring air pollutants

2.8. Air Pollution and Meteorology

2.9. Atmospheric Stability
2.9.1 Atmospheric Stability & Lapse Rates
2.9.2. Different Conditions of Atmospheric Stability

2.10. Plume

2.11. Summary

2.12. Terminal Questions

2.0. Learning objectives

After reading the chapter, you shall be able to:
v Define air pollution and describe different types of air pollutants
v' Classify various air pollutants on various aspects
v' Differentiate between indoor and outdoor air pollutants
v" Describe importance of meteorological conditions in defining fate of
air pollutant
v Explain the types, nature and behavior of air pollutants under the

influence of atmospheric conditions.
2.1. Introduction

We can go without food and water for a few days, but we can't live without air
for more than a few minutes. This basic fact demonstrates the importance of
clean and pure air to us. However, numerous anthropogenic activities resulted
in a change in composition of air and the microclimate of the surrounding

environment. This undesirable change seems to be the most thoughtful threats
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to the environment, affecting everything from humans to livestock to crops,

forests, aquatic ecosystems and even materials.

Recent unprecedented growth in urban areas, rapid industrialization and
urbanization has added a massive number of sources of air pollutants. The
emission generated from these sources are creating short as well as long term
intense levels of outdoor air pollutants with significant health effects. The
problems associated with the indoor environment are also gaining recognition,
especially in low-income countries. The use of biomass fuel for cooking,
construction and furnishing material of the buildings appears prime sources for
indoor air pollutants.

In this unit we will consider different types of air pollutants, which originate
from variable sources. The air pollutants undergo chemical interactions with
constituents of air and other air pollutants to produce new pollutants.
However, the fate of air pollutants is greatly influenced by air mass and
meteorological conditions. The concentrations of air pollutants will build-up at
a location with calm and stable air mass. On the other hand, it disperses
quickly with turbulent air mass and reduces the impacts associated with the air
pollutants. The meteorological data has also a great importance also in
identification of pollutants’ sources, prediction of their behavior and hence in
defining air quality in the surrounding area.

A study of this unit will help you to understand different type and
classification of air pollutants on different aspects, indoor and outdoor air
pollutants and influence of meteorological condition in defining the air quality

in surrounding area.

2.2. Overview

Air pollution is described as the pollution in the environment by gaseous,
liquid, or solid materials or by-products that can adversely affect health and
plant and animal welfare, as well as create unpleasant odours. Any undesirable
change in quality of air that harmfully affects people’s wellbeing is considered
as air pollution. Air pollution in India affects millions of lives directly or
indirectly. In the year 2020, India had 22 of the top 30 highly polluted cities in
the world.
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Fig.1 Air Pollution (Source- Google)

2.3. Sources

There are two types of sources for air pollution: Natural and Anthropogenic.

» Natural Sources

a)

Terrestrial Ecosystems: Aerobic and anaerobic decomposition
are active sources of carbon compounds like carbon dioxide
(CO,) and methane (CH4). Biological oxidations and reduction
of inorganic nitrogen in soils result in nitrogen species such as

nitric oxide (NO), and nitrous oxide (N,O).

b) Aquatic Ecosystems: At the surface of wetlands and oceans, a

diversity of physical, chemical, and biological processes occur
that affect the global cycle of a variety of organisms, including
carbon, sulphur, nitrogen, and trace metals. The bacterial
production of methane is the most critical emission mechanism
in wetlands and anaerobic waterlogged soils. During biological
activities of phytoplankton dimethyl sulphide (DMS) is
produced, which then enters the atmosphere by the exchange
between sea and atmosphere.

Forest Fires: Nearly all fires are caused by humans. Lightning
is commonly the precursor of naturally produced forest fires.
Although carbon dioxide (CO,) is the major product of forest
fires. A large amount of particulates and trace gases are also
produced, including the products of incomplete combustion like
CO, non-methane volatile organic compounds (NMVOCs) and

sulphur species.
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d) Volcanic and Tectonic activities: Volcanoes emit a large

amount of gases and ash particulate into the atmosphere.
Volcanic emissions can emerge during both eruptions and long-
lasting non-eruptive activity. Water vapour is the most common
volcanic gas, accounting for 50-90% of total volcanic
emissions. However, in comparison to the amount of water
vapour in the atmosphere, this amount is insignificant. Sulphur
dioxide (SO,), Carbon dioxide (CO,), hydrogen sulphur (H,S)
and other sulphur species, hydrogen chloride (HCIl), and other
halogen compounds are other important gases emitted by
volcanic activities. In addition to gases, most volcanic plumes
emit a significant number of aerosols.

e) Lightening: During thunderstorms, lightning induces extreme
temperatures, which triggers chemical reactions. The
atmosphere's active ingredients (nitrogen, oxygen, and water
vapour) are experience these chemical reactions, resulting in
the creation of different molecules. Nitric oxide (NO) is a
compound element formed throughout lightning.

f) Process of radioactive disintegration- During the process of
decomposition of radioactive elements, particles or energy is
released. For example, radon gas is emitted from the ground
through cracks during the natural decomposition of thorium and
uranium in the crust of Earth and has the ability to aggregate in

spaces.

> Anthropogenic Emission Sources

1. Industrial energy production and use: During the processing and usage
of energy, combustion processes take place which is the chief human
caused source of air pollutants. Carbon dioxide is generated throughout
the combustion process. Furthermore, combustion produces a large
number of by-products, which originates either from incomplete fuel
oxidation (e.g. CO, hydrocarbons, aerosol particles etc.) or from the

oxidation of non-combustible species present in the combustion
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chamber (e.g., NOy, SOy etc.). Other pollutants released from industrial

combustion include heavy metals, polycyclic aromatic hydrocarbons
(PAH), polychlorinated dibenzo-dioxins and polychlorinated dibenzo-
furans  (PCDD/F), polychlorinated biphenyls (PCB) and
hexachlorobenzene (HCB).

2. Transport: Another big cause of air pollution is transportation. Public
transport on land, sea, and air consumes a lot of energy, and different
elements are released into the air during fuel combustion. Throughout
terrestrial transportation, the most vital impurities discharged by road
automobiles are ozone predecessor complexes, (CO, NOx, NMVOCs),
greenhouse gases (CO,, CHa, N>O), aerosol particles, heavy metals and
other toxic substances. Air contaminants released by aircraft may have
an effect on atmospheric procedures in both the permitted and inferior
stratospheres. Water navigation causes emissions of CO,, CHy, N>O as
well as carbon monoxide (CO), NMVOCs, sulphur dioxide (SO»),
particulate matter (PM) and NOy

3. Agriculture: Human-caused air pollution can also be released into the
environment as a result of agronomic actions. Animal husbandry and
compost administration are the primary bases of discharges. NH3 and
NO are released into the air as a result of these practices. Crop burning
is another, less significant agronomic cause of air pollution. Ammonia
(NH3), sulphur dioxide (SO,), non-methane volatile compounds
(NMVOCs), nitrogen oxides (NOy), heavy metals, carbon monoxide
(CO), particulate matter (PM), and dioxins are all discharged into the

environment as a result of these processes.

4. Biomass Burning: Open and domestic biomass burning contribute 25%
of global yearly CO releases, 18% of NOy releases, and 6% of non-
methane volatile organic compounds (NMVOCs) and CH,4 releases

(Intergovernmental Panel on Climate Change (IPCC), 2001).

5. Development and destruction activities— The process of construction,

establishment and demolition of buildings leads to the release of
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pollutants. Various construction materials are potential air pollutants.

Asbestos, PCBs and PBDEs are released from the destruction of old

buildings.

6. Building Heating — Different techniques like boiler and furnace are
used to increase the temperature of buildings which leads to the release
of particulate matter and gases due to combustion of fuels used in

them.

7. Process of disposal of landfills— Waste buried in landfills decomposes
by natural decaying process of microbes which leads to the production

of methane gas.

8. Prescribed burning in forest and agriculture management — It is the
process of management of controlled and planned burning to maintain
the health of forest and plants. But it reduces the quality of air by

emission of particulate matter and gases.

9. Military activities — Military activities and war introduce large amount
of Greenhouse gases (GHG) and affect the environment during training

and practicing.

10. Smoking — During the process of smoking, inhale and exhale of fumes
of burning material like cigarette takes place which release a large

amount of toxic and carcinogenic chemicals.

11. Deposition and use of household products - Sprays, dyes, paint and varnish,

etc evaporates in air and release organic solvents.

12. Dry cleaning - Dry cleaned clothes cause indoor pollution when stored
enclosed and emit PCE (Chlorinated solvents petroleum solvents) etc which

leads to health risk.
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2.4. Types of Air Pollution

There are two types of air pollution;
i.  Indoor air pollution
ii.  Outdoor air pollution

Indoor air pollution:

Indoor air pollution is the presence of undesirable component in the indoor air
that deteriorates its quality and disturbs its natural composition and chemistry.
Indoor air pollutants include carbon monoxide, VOCs, tobacco smoke,
asbestos, lead, radon and indoor particulate matter. Most victims are women,

children and factory workers.
QOutdoor air pollution:

Outdoor air pollution is demarcated as the adulteration of outdoor air by
natural and man-made sources. It affects the human health as it consists of
mixture of gases and particles. The sources include power plants, vehicle
emissions, domestic heating etc. Pollutants generated from these sources have
many adverse impacts on human beings like asthma, respiratory problems,
circulatory problems, eye irritation etc. E.g.,, NOy, SO, PAN, ozone,

particulate matter constitutes outdoor air pollution.

2.5. What is an Air Pollutant?

Only when a substance's concentration is substantially higher than its actual
levels and induces detrimental impacts will it be labelled as an air pollutant.
There are basically two physical forms of air pollutants. The first one is the
gaseous pollutants like ozone, sulphur dioxide, methane etc. The other form is
particulate matter which includes microscopic solid or liquid particles

suspended in air like dust, soot, fumes etc.
There are many methods of classifying air pollutants:
1) Based on the source of origin
a) Natural air pollutants: Volcanic activity, dust, sea-salt, forest fires,

lightning, soil out gassing, and other natural causes release natural air

contaminants.
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b) Anthropogenic air pollutants: The Contaminants comprise pollution

2)

b)

3)

b)

4)

b)

from immobile point sources (such as industries), mobile sources (such
as vehicular emissions, marine vessels, aircraft, and so on), waste

management landfills, and regulated burning, among others.

Based on the method of origin

Primary air pollutants- Impurities that are straight released from a
source and stay in the air in almost the same chemical form as when
they were generated from the source are referred to as primary
pollutant. Sulphur dioxide, nitric oxide, nitrogen dioxide, and other

gases are examples.

Secondary air pollutants- Secondary contaminants are created when
two and sometimes more primary pollutants combine to form a new
component that has a negative impact on the environment. For

example, ozone (O3) and peroxyacetyl nitrate (PAN).

Based on chemical composition

Organic air pollutants: Hydrocarbons, alcohols, ketones, aldehydes,

and amines are some examples.

Inorganic air pollutants: Carbon compounds (CO and carbonates),
halogen compounds (HF, HCI, etc.), sulphur compounds (H,S, SO,,
SO;3, H,SO4), nitrogen compounds (NOx and NHj), fly ash, silicon

oxide, and other materials are some examples.
Based on state of matter

Gaseous air pollutants: Gaseous air contaminants are pollutants that

are in the form of gas. For example, NOx, SO,, CO, O3, and so on.

Particulate air pollutants: Particulate air contaminants, also known as
particulate matter (PM), are minute solid or fluid particles suspended
in the environment. Particulate matter is divided up into multiple

forms:
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1.

1l
iii.

1v.

Total suspended particulate matter (TSPM): When a high-capacity
bulk sample is performed on a filter substratum, the concentration of
pollutants collected. It contains particles of various sizes.

PM10: These are elements with a thickness of not more than 10 pm.
PM?2.5: These are elements with a thickness of not more than 2.5 pm.

PM]1.0: These are elements with a thickness of not more than 1 um.

Granulated molecules have dimension of 10 um to 2.5 pm, while small

particulates have a dimension of less than 2.5 um. Ultra-small particles with a

dimension of less than 0.1 um are often classified as fine particles (PM 0.1).

2.6. Common Air Pollutants

Sulphur oxides, carbon monoxide, nitrogen dioxide, ozone, total suspended

particulate matter, and lead are six typical air contaminants, as per the EPA.

1) Sulphur oxides:

Sulphur dioxide is a poisonous gas with a strong odour. Sulphur
dioxide is one of the highly reactive gases of sulphur oxide (SO)
group. SO, gas is formed when sulphur is reacted with oxygen at high

temperature.

Sources:

coal burning power plants and industries
coal burning stove

industrial boiler

refineries

heaters

Vehicles

Cement production units and copper smelting industries

Effects:

React in atmosphere resulting in the formation of acid rain which
deteriorate buildings and statues.
Eye irritation

Lung damage
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e Circulatory collapse
e Adverse effect on aquatic life
e Highly corrosive
e Leaf injury and discoloration
e Addition of SO2 in aerosol produces classical or London smog
2) Carbon Monoxide:
Carbon monoxide is a toxic gas, when present at high concentration
can cause death. It has no color and no odour, so cannot be detected by
just smelling. It is the most abundant of the criteria pollutants.
Sources:
e Methane oxidation
e Fossil fuel burning
e Hydrocarbon oxidation
e Biomass burning
Effects:
e C(Carbon monoxide has an indirect radioactive forcing effect by
elevating concentration of methane and tropospheric ozone.
e (Carbon monoxide is a part in the series of reactions that forms
photochemical smog.
e [eads to the formation of carboxy-haemoglobin when inhaled in high
concentration.
e Headache, dizziness and chest pain.
3) Nitrogen oxide:
Nitrogen oxide refers to a binary compound of oxygen and nitrogen.
The oxides of nitrogen are nitrate (NO3), nitric oxide (NO), nitrous
oxide (N,O), nitrogen dioxide (NO;), etc. Out of these oxides two
namely NO, NO, are major air pollutant. These two are also
responsible for the formation of smog and acid rain.
Sources:
e Vehicles
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e Industrial boiler
e Power plants
e Domestic heating
e Coal used as a fuel in power plants
Effect:
e Formation of acid rain, destroying the forest, building and monuments
e Corrosion of Brass, Nickel, fading of textile dyes and cause material
strength loss.
e Formation of ozone and other pollutants(smog)
e Lung damage
e (Cause Pneumonia and bronchitis
e Strong contributor to eutrophication
e Cause chlorosis (deficiency of chlorophyll)
4) Ozone:
Ozone is gas which is blue in colour. It is a secondary air pollutant i.e.;
it cannot directly emit from the sources. It can be generated by
combining oxygen molecules and oxygen atoms. It is a powerful
oxidizing agent which reacts with other chemical compounds to make
toxic oxides.
Sources:
e Reaction of ozone precursors NOy, CO and VOCs in the atmosphere
assisted by the energy from sunlight.
Effects:
e Result in cataract, melanoma, damage to DNA & RNA & reduction in
photosynthesis.
e Greenhouse gas
e Skin cancer
e Lung damage
e Eye irritation
e Respiration problem
e Cause cracking of rubber products
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5) Particulate matter (PM; s and PMy,)

PM,5 - PM, 5 is particulate matter whose aerodynamic diameter is not more

than 2.5um

PM;y - PMy is particulate matter whose aerodynamic diameter is not more

than 10pm.

Particulate matter has a great impact on earth. They influence the earth energy
budget, cloud formation, cycles of life (nitrogen cycle, carbon cycle, hydrogen
cycle). Particulate matter can be removed from the atmosphere by wet and dry
methods. Particle of size less than 10 pm can be termed as RSPM (Respirable
Suspended Particulate Matter).

Sources:

e Vehicle emissions
e Power plants

e Steel industry

e Soot and dust

e Wood used for domestic heating

Effects:

e [ung damage
e Reduce visibility
e Fade the colour of building and monuments

e Eye irritation

6) Lead:
Lead is an extremely toxic heavy metal that disturbs various physiological
processes of an organism. Lead causes air pollution when present in fuel.
Many countries use fuels with additives like tetraethyl lead. Lead can remain
in the environment for long time in the form of dust.

Sources:

o Gasoline loaded with lead
e Paint

e Power plants
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e Metal purification and extraction
Effects:
e Kidney and brain damage.
e Crop damage
e Smog
e Slow growth and learning disability, further leads to memory loss

2.7. Methods for measuring air pollutants

1)

>

2)

NO, (Nitrogen Oxide)
Bubbling air from a sodium hydroxide solution (NaOH) and sodium
arsenite, identified as absorbing solution, gathers ambient nitrogen
oxides.
The concentration of Nitrogen oxide produced during the sampling is
absorbing solution is determined by colorimetric analysis using the
chemicals-

e H,0, (Hydrogen Peroxide)

e Sulphanilamide

e NEDA (N-1 naphthyl ethyldiamine dihydrochloride).
Measuring the concentration of NOy at the absorbance at 540nm with
the help of Spectrophotometer.
Absorbing Solution: Dissolve 4gm of sodium hydroxide in distilled
water and add 1gm of sodium arsenite and diluted to 1000ml.
Standard used for Calibration Curve: Sodium Nitrite Solution

Name of Method: Jacob & Hoehhiser Method

SO, (Sulphur Dioxide)

Ambient Sulphur oxides is absorbed from air in a solution of TCM
(Potassium tetrachloromercurate) called absorbing solution.

A dichlorosulphitomercurate complex forms, which is resistant to
oxidation by air.

Powerful oxidants, for instance ozone and nitrogen oxide, have no

effect on the complex.
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>

4)

5)

Concentration of sulphur dioxide produced during the sampling in the
complex (absorbing solution) is measured colorimatically using the
chemicals-

e Formaldehyde solution

e Sulphamic acid

e Pararosaaline solution
Measuring the concentration of NOy at the absorbance at 560nm with
the help of spectrophotometer.
Absorbing Solution: Dissolve HgCl, with KCl and EDTA in distilled
water and dilute to 1000 ml to make the solution called TCM
(Potassium tetrachloromercurate)
Standard used for Calibration Curve: Sodium Thiosulphate Solution
Name of Method: Improved west & Gaeke Method

PM; 5

Collected on the principle of the cascador impactor.

The air sample is cascaded through a series of progressively finer
nozzles.

The air jet from the nozzle is impacted on a collection surface and
analyzed gravimetriclly.

Instrument: PM, s sample collected over the filter papers with the help

of Anderson sampler or fine particulate sampler.

PM;y or RSPM (Respirable Suspended Particulate Matter)
Collected on the principle of the Cyclone Precipitator (Gravimetric).
Air sample is passed through a cyclone which separate larger particle
using centrifugal force and rest are collected on a sampling surface and
weighed.

Instrument: PM;y sample collected over the filter paper with the help
of RDS (Respirable Dust Sampler).

Arsenic and Nickel
Particulate matter sample collected over the filter paper is digested in

nitric acid (HNOs) called Acid Digestion.

UTTARAKHAND OPEN UNIVERSITY Page 40



Environmental Pollution and Health ENS 506
> After digestion metals are analysed with the help of ICP-AAS

(Inductively Coupled Plasma- Atomic Absorption Spectrophotometer).
2.8. Air Pollution and Meteorology

Air quality can vary from site to site even though emissions may remain
relatively constant. The factor which determines this, is weather i.e., how
strongly are the wind blowing and in which direction the wind is blowing,
what is the temperature, how much sunlight is available? The parameters of

the environment, or meteorology, decide air quality.

Meteorology: It is a technique through which we can observe the change in
earth’s atmosphere; variations in temperature, heating of earth surface and
moisture patterns that produce different weather conditions. It is used to
understand the phenomena such as hurricanes, thunderstorms, tornadoes and

typhoons.
Scales of meteorology:

1.  Microscale — It is the research of atmospheric phenomena on a scale of
1 km or less. Clouds, individual thunderstorms and local air turbulence
caused by obstacles such as buildings and hills are modelled on this
scale. Microscale meteorological events include gusts, dust devils,

updraft and downdraft.

ii.  Mesoscale — It's the analysis of atmospheric phenomena on a 1km to
1000km scale. Mesoscale timescales range from less than a day to
weeks. Mesoscale phenomena are based on the principle of convection
in which light warm air goes up and heavy cold air sinks down. It
causes continuous circulation of air. The dispersion of air pollutants
released near surface is also caused by this process. Typical events of

this scale are thunderstorms, tornados, land breeze and sea breeze.

iii.  Symoptic scale — It is the analysis of atmospheric phenomena on a scale
of larger than 1000 km and time period of 10° sec (28 days). Extra

tropical cyclones, hurricanes or typhoons are typical events included in
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synoptic scale. The synoptic scale events are driven by the high- and

low- pressure areas visible on the weather map.

iv.  Global scale — Global scale phenomena are large- scale weather
patterns that affect the large area of the globe. These includes tropic to
poles transfer of heat and have time periods on the order of months or
years. Very large scale phenomena such as Madden-Julian oscillation,
El Nino-Southern Oscillation and Pacific decadal oscillation are

representative of global scale meteorology.
2.9. Atmospheric Stability

Atmospheric stability is the measure of the capability of the atmosphere to be
stable, unstable or neutral with different weather systems, place and time. The
word “stable” means which is balanced and cannot change. “unstable” means
that changes with time. For example, clouds change their shape with time and
indicate unstable conditions. Atmospheric stability depends upon lapse rate,
solar isolation, temperature gradient, cloud cover, wind speed and pressure

gradient. It is divided into three categories: stable, unstable and neutral.

ATMOSPHERIC STABILITY

STABLE
T oarcar= T au
The parcel is cooler than its
surroundings, so it sinks
and compresses

NEUTRAL
T =T_

parcel

UNSTABLE
T onnca™ T as
The parcel is the same

temperature as its
surroundings. no change

The parcel is warmer than
its surroundings, so it rises
and expands

Unstable

Stable

sinking

|
| ey

rising

Figure 2: Stability and instability in relation to air and parcel temperature.
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v In case of Unstable, the air parcel is warmer (less dense) than the
surrounding environment, so it expands and rises upward in a vertical
direction like a hot air balloon.

v' In case of Stable, the air parcel is cooler than the surrounding
environment, so it compresses and sinks downwards like a stone drop
down in water.

v In case of Neutral, the air parcel is at the same temperature as its
surrounding environment. No change takes place.

NOTE:
Lapse Rate: It is the decrease of temperature with height.
Lapse rate (I')= -dT/dz
where, dz = Change in altitude
dT = Change in temperature
Inversion: It is the increase in temperature with height.

Different Types of Processes:

1. Isothermal process: Process in which temperature remains constant
(AT =0).

2. Adiabatic process: Process in which heat change remains constant (4Q
=0).

3. Isobaric process: Process in which pressure remains constant (4P = 0).

4. Isochoric process: Process in which volume remains constant ( AV = 0)

2.9.1 Atmospheric Stability & Lapse Rates

The atmosphere stability involves the comparison of rising air parcel
temperature with the surrounding environment temperature at same altitude. It
can be described with the help of environmental lapse rate. Generally,
temperature decreases as we move upward with increase of height.

ELR (Environmental Lapse rate/Normal lapse rate): The amount by which
the temperature of atmosphere decreases over each unit of vertical distance is
called environmental lapse rate (ELR). It varies from place to place and time
to time but average is about 6.5 “C per kilometre.

DALR (Dry Adiabatic Lapse rate): The amount by which an individual air

parcel cools for each unit of vertical distance that it rises depends mainly
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‘Whether it is saturated or not. If a parcel is not saturated, it will always cool by
9.8 "C per kilometre, this is called dry adiabatic lapse rate. The warm air parcel
rises up and expands adiabatically leading to  decrease in its temperature.
Once the air parcel cools down it sinks down and compresses adiabatically

thus warms up and the process repeats again.

Dry Adiabatic Rate

Cools Compresses
2000 m [
et ..

I |
! |
Expands WWarms

Fig.3 Dry adiabatic lapse rate condition

SALR (Saturated Adiabatic Lapse Rate): If a parcel is saturated, then it will
cool down more slowly as it rises, because water vapour condenses in the
parcel as it cools, which converts the latent heat into heat in the parcel,
reducing adiabatic cooling. The rate at which saturated air parcel cools as it
rises is called saturated adiabatic lapse rate. The average value of SALR is

nearly about 4 °C per kilometre.

2.9.2. Different Conditions of Atmospheric Stability

A. Stable/Absolutely stable: It takes place in sub adiabatic condition when
dry adiabatic lapse rate is more than the environmental lapse rate.
Stable atmosphere restricts vertical air movement.

DALR > ELR
If the dry lapse rate is greater than saturated adiabatic lapse rate which
is gain greater than environmental lapse rate, and it doesn’t matter
whether air is saturated or not, we say the air is absolutely stable.

DALR > SALR > ELR
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B. Unstable/Absolutely unstable: It takes place in super adiabatic

condition when Dry adiabatic lapse rate is lesser than the
environmental lapse rate. It encourages vertical air movement.
ELR > DALR
If the environmental lapse rate is greater than the dry adiabatic lapse
rate which in turn is greater than saturated adiabatic lapse rate, and it
doesn’t matter whether air is saturated or not, we say the air is
absolutely unstable.
ELR > DALR > SALR

C. Neutral Stability: It is the condition of saturation when environmental
lapse rate is equal to dry adiabatic lapse rate. This situation is quite
common in windy, well mixed conditions in the lower troposphere. Air
heated at the ground is rapidly mixed upwards by convection and
turbulent winds, thus equalizing temperature.

ELR = DALR

D. Conditional Stability or unstability: It is the condition when
environmental lapse rate lies in between the dry adiabatic lapse rate
and wet adiabatic lapse rate. In this air parcel can be unstable or stable
depending on the relative humidity of the parcel. If the air parcel is
moist or saturated, the condition is unstable and if the parcel is dry, the
condition is reverse or stable.

DALR > ELR > SALR

=2 ~ Absolutely
>3
= Stable

Altitude

Absolutely =50 N
Unstable =

Temperature

Fig.4 Diagram showing the different conditions of the atmosphere stability
based on the dry and moist adiabatic lapse rates.
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2.10. Plume

Plume is a path and extent of the atmosphere of the gaseous effluents released

from a source called a stack (chimney).

Different types of Plume:

1.

ii.

1il.

.

Looping plume: Looping plume is occurring in when ELR>ALR, rapid
mixing of pollutant makes the atmosphere unstable. Looping plume
looks like a wave. It is observed in the afternoon when the air parcel
tends to mix rapidly in upward and downward direction. As a result
high concentrations of pollutants may be observed near the surface of
the ground.

Coning plume: Under sub-adiabatic conditions (ELR < DALR), when
there is limited vertical mixing and environment is slightly stable, the
plume attains cone like structure and is called coning plume. It usually

occurs when clouds block solar radiations during day time.

Fanning Plume: Fanning plume is formed when extreme inversion
condition occurs. Under this inversion condition, the environment is
stable just above the stack. Due to the stable atmosphere above the
stack plume does not move upward and there is only horizontal
movement of the plume. It is observed in the early morning when the
air parcel tends to remain at origin. It occurs when ELR < DALR and
in less disturbed (less turbulence) condition.

Lofting plume: Lofting plume also occurs in the inversion condition.
But the atmosphere above the stack is unstable and below the stack is
stable. Therefore, the upward movement of plumes is very rapid and
pollutants mix well and cover long distances from their origin. This
type of plume is ideal for the dispersion of pollutants. In this, mixing in
upward direction is uninhibited but downward motion is restricted by
the inversion layer. That's why pollutants cannot settle down towards
the ground.

Fumigation: It occurs in the negative lapse rate condition. Atmosphere
above the stack is stable and below the stack is unstable. Due to

unstable atmosphere below the stack pollutants cannot escape and
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occur near the ground level. Therefore, fumigation plume is bad for the
dispersion of pollutants and affects human health. It is the reverse of
the Lofting plume. It forms when the stack is under an inversion layer.
Emission moves downward more easily than upward. The resulting
fumigation plume can leave a greatly elevated downward condition.

vi.  Trapping plume: In trapping plume pollutants get trapped between two
inversion layers. Pollutants cannot move upward or downward. These
types of plume are not ideal for the dispersion of air pollutants. It is

limited to a certain height.

th, @

_'5: Strong lapse condition

| LOOPING
emperature—s

T 3 (b)

= i

_% Weak lapse condition

T CONING

emperature—»

Inversion condition
FANNING

Height —

Temperature—»

N\, @

=

3 Inversion below, lapse aloft

L ? LOFTING
Temperature—»

= )

% Lapse below, inversion aloft

I FUMIGATION
Temperature—

tL 2 o

£

‘% Weak lapse below, inversion aloft

- TRAPPING

Temperature—»

Fig.5 Different Types of Plume
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2.11. Summary

In this unit we have studied that:

The ever growing human population and subsequently increasing
demands for food, energy and other goods are leading to higher
consumption of natural resources which are not only resulting in their
depletion but the by-products of their usage are causing the
contamination of environment.

Air pollution is the increased concentration of a contaminant in the
air that causes an undesirable change in the quality of air thus
affecting the wellbeing of humans and other organism. Among the 30
most polluted cities in the world 22 are in India.

Pollution in the closed space of a room is called as indoor air
pollution. The indoor air pollutants are CO, VOCs, indoor
particulates, tobacco smoke and others. Population groups which stay
indoors most of the time like children, women and elderly are most
affected by this. Lack of proper ventilation amplifies the effect of
indoor air pollution.

Outdoor air pollution on the other hand affects the general human
population and ecology as well the materials. Outdoor air pollutants
are SOy, NOy, particulate matter (PM,s, PMjg), ozone and heavy
metals.

Air pollutants can be classified on different basis: natural or
anthropogenic on the basis of source, primary or secondary on the
basis of origin, organic or inorganic on the basis of chemical
composition and gaseous or particulate on the basis of state of matter.
Monitoring of air pollutants is done using a number of methods
depending upon the nature of pollutant. NOx and SOy are measured
colorimetrically using an absorbing solution and complexing
reagents. While particulate matter is monitored by gravimetric
analysis. Heavy metals and many other pollutants are measured using

AAS.
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e Meteorological processes affect the dispersion of air pollutants. The

convective currents which cause the circulation of air in the
troposphere also help in dispersion of pollutant preventing them from
concentrating in a localized area.

e Stable atmosphere or occurrence of inversion layer in the troposphere
can lead to concentration of pollutants near ground surface. Different
patterns of smoke plumes released from a stack are also caused by

these phenomena.

Terminal Questions

1. Define air pollution. What are the different kinds of pollution? Explain

ANSWERS

Hint: Pg. 2, 5

Hint: Pg. 11, 12

Hint: Pg. 4, 5

West & Gaeke Method

Ealb o e
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Unit 3: Air Pollution: Effects and Control

Unit Structure

3.0. Learning objectives
3.1. Introduction
3.2. Air Pollutants
3.3. Sources of Air Pollution
3.4. Effect of Air Pollution
3.4.1. Effect on Human Health
3.4.2. Effect on Animals
3.4.3. Effects on Plants
3.4.4. Effects on archeological sites and buildings
3.5. Air Pollution Control Techniques
3.5.1. Direct Capture Method
3.5.1.1. Raw material substitution
3.5.1.2. Modification in technology or process
3.5.1.3. Equipment Modification
3.5.1.4. Equipment Care and Maintenance
3.5.2. Techniques for Pollutant Removal
3.5.2.1. Equipment to control Particulate pollutants
3.5.2.2. Gravitational Settling Chamber
3.5.3. Equipments to control gaseous pollutants
3.5.3.1 Absorption
3.5.3.2 Adsorption
3.5.3.3. Combustion
3.5.3.4 Condensation
3.5.4. Diffusion
3.5.5. Plants
3.5.6. Zoning
3.6. Standards of Ambient Air Quality
3.7. Summary

3.0. Learning objectives

This chapter explains:

Air pollution

Air pollutants ( Primary and Secondary Pollutants)
Causes and Effects of air pollution

Effective techniques to control or reduce air pollution

AN N N NN

Standards of ambient air quality
3.1. Introduction

Air pollution, the greatest environmental evil has become a major

public concern. Change in the concentration of any substance that
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exists in the air to an extent that it causes harm to living and nonliving
things is called air pollution. Air has both life supporting and life
damaging properties. Clean and dry air consists of mainly Nitrogen
(78.084%), Oxygen (20.946%), Argon (0.9340%), Carbon dioxide
(0.0415%) and the rest includes other noble gases, oxides of nitrogen
and other gases. A chemical species which deteriorates the quality of
air is called contaminant. Globally the major concern is about air
pollution and its influence on every organism, plants, animals and even
property at all levels (local, regional and global). India is one of the
most polluted counties in the world. According to a study by WHO in
2016, approximately 140 million people respire air polluted beyond
safe limits. Air pollution is caused majorly due to industries (51%),
followed by vehicles (27%), slash burning (17%) and fireworks (5%).
After China and U.S, India is considered as largest emitter of
greenhouse gases and one of the riskiest places to breathe. In 2020, 22
cities are from India out of total 30 most polluted cities in the world.
The air pollution effects:

» Human health,

» Animals,

> Plants, and

» Other archeological sites and buildings.

3.2. Air Pollutants

Air pollutants are the solid, liquid and gases substance that deteriorate
or lowers the quality of air and their high concentration cause threat to
human health, plants and animals. Air pollutants are of two types:

I.  Primary Air Pollutants:It includes the pollutants which are
directly from the source and cause harm to human, plants and
animals in original form.

For example, Hydrocarbons, Carbon monoxide, NOx (Mixture of NO
+ NO,), SO, Particulate matter (PM,s and PM,q), Hg vapours,
Ammonia (NH3), Lead (Pb).
II.  Secondary Air Pollutants: Secondary pollutants formed when
primary pollutants react with each other in presence of sunlight

or oxygen.

UTTARAKHAND OPEN UNIVERSITY Page 51



Environmental Pollution and Health ENS 506

For example, Tropospheric ozone (Ground- level ozone), Acid rain,
Peroxyacetyl nitrates (PAN), H,SO4, SO3, NO3’, HNO3, H,0,, SO42',
Photochemical smog etc.

Criteria pollutants

It includes the pollutants whose concentrations beyond a permissible
limit are harmful for human health. Criteria pollutants are established
by Environmental protection Agency under Clean Air Act and set
national ambient air quality standard for them. Criteria pollutants play
an important role in atmospheric chemistry.
There are 6 criteria pollutants:

» Carbon monoxide (CO)
Sulphur dioxide (SO;)
NO,
Particulate matter (PM; s and PM )
Lead (Pb)

YV V V V V

Tropospheric Ozone (Secondary ozone or Bad ozone or
Ground-level ozone)

» Ammonia (NH3)
3.3. Sources of Air Pollution

Causes of Air Pollution can be natural or man-made (anthropogenic).

Natural Source:These are the sources which occur naturally in the

environment. It includes volcanic activities, increasing temperature,
forest fires, wind and air currents, radioactive decay, thunderbolts,
wind erosion, biological material like pollen, spores etc.

Anthropogenic or artificial Source: Sources which occur due to the

influence of human activities. It includes deforestation, combustion of
fossil fuels, smoking, mining, biomass burning, organic solvents like
paints, smelting, agriculture (pesticides/insecticides), landfill disposal,
transportation and other industrial processes etc.

Air pollution sources can be categorized into:

Point sources — such as power plants, oil refineries, factories

Line sources — such as railway lines, road ways, navigation routes,
airports

Area sources — such as cities, agricultural fields, forest fires
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3.4. Effect of Air Pollution

3.4.1. Effect on Human Health

Air pollution has become health hazard for humans. It mainly affects
the respiratory system. Various diseases are caused due to exposure of
polluted air are bronchitis, silicosis, asbestosis, asthma, cough,
emphysema, lung cancer, laryngospasm, fatigue, headache, anxiety,

irritation in eyes, nervous system damage and cardiovascular damage.

SHORT TERM EFFECTS LONG TERM EFFECTS

AFFECTS CENTRAL NERVOUS SYSTEM
LEADAGLIE (HEADACHE, ANXIETY) @

NOSE, THROAT, =

EYES INFLAMMATION ‘ CARDIOVASCULAR DISEASES
COUGHING,

PAINFUL BREATHING

RESPIRATORY DISEASES
(ASTHMA, CANCER)

>

PNEUMONIA,
BRONCHITIS

SKIN IRRITATION

BISIOLS

Fig 1: Air pollution effects on Humans

»  Sulphur dioxide (SO,) is most serious and widespread air pollutant. It
acts as an allergic agent and damage lungs. It contributes to the
formation of H,SO4 which is the main component of acid rain.

SO, + H,O — H,S03
H,S0; + H,O — H,SO04

»  Carbon monoxide (CO) influences binding capacity of oxygen to blood.
CO reacts with haemoglobin present in blood and combines to form
carboxy haemoglobin (COHD). Carbon monoxide has a 200 times more
affinity for haemoglobin than oxygen. So it can combine with
haemoglobin even at low partial pressure

O,Hb + CO — COHb + O,
Where, O,Hb = oxy-haemoglobin
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>

Mercury is produced from burning of fossil fuels in power plants and
leads to damage of brain, nerve and kidney.
Nitric oxide act as respiratory irritant and leads to acute bleeding of
lungs (pulmonary hemorrhage).
Nickel is emitted from burning of fuel oils, mining and refining and
incineration of municipal waste and results in respiratory damage,
cardiovascular and kidney diseases and even cancer.
Lead acts as toxicant which causes brain damage. Its effects extend to
mental disability, comma, muscle spasm and leads to death in severe
conditions.
Particulates of cadmium cause, kidney failure, cardiovascular diseases,
and liver damage.
» Hydrogen sulphide is also toxic. Effects range from headache
and eye irritation to unconsciousness and death.
» Radioactive particles cause genetic and semantic effects like
cancer, mutation and radiation sickness.
» Smog is also result of air pollution and has killer effect. E.g.,

London smog nearly killed 1200 people in 1952.

Table 1: Effect of air pollutants on health by varying

concentration
Air Pollutants Concentration (ppm) Health Disorders
1. CO 10 Impairment of judgement & vision
100 Headache, dizziness
250 Loss of consciousness
> 700 Death (60% CoHb)
2. NG, 50~ 100 Inflammation of lung tissue
150 - 200 Bronchiolitis fibrosa
> 500 Death
3. 50, »5 Trachial irritation & cough
5=10 Bronchial spasms
> 200 Death
4. O;&PAN »5 Irritation of eyes & respiratory tract
=50 Death due to pulmonary edoma
5 Particulates > 100 Respiratory hazard, Cardiovascular change ]

Due to air contamination, 7 million people died per year (WHO, 2012).
According to Lancet report, 2019, 1.7 million peoples of India died due
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to air pollution. WHO (World Health Organization) set Threshold
Limit Values (TLV) to the maximum concentration of pollutants to
which healthy person are permitted to be exposed for a particular
period of time. According to WHO 2019, 91% of the world’s
population is living in areas beyond a limit set by WHO guidelines. 9
out of 10 people respire contaminated air globally. 16kg of air/day is
taken by an average man by breathing 22,000 times in a day. The
impact of air pollution on human health is more during winter, when
pollution level reaches its climax due to low mixing. Different factors
which affect the human health are:
» Nature and source of contaminant
» Pollutant concentration
»  Exposure time
»  Age group of affected person

»  Health state of receiver

Table 2: Health effects and Air Quality Guidelines for air pollutants

Pollutant WHO guidelines Effects
Annual mean 98 percentile
(ug/m® of alr) (ugim? of air)?
Sulphur dioxide 40-60 100-150  Exacerbations of respiratory illness from
short-larm axposUres.
Incraased prevalence of respiratory symp-
toms, Including chronic bronchitis fror: long-
term exposures
Suspended particulate malter
Black smoke 40-60 100-150  Same as for SO,
Total suspended particulates  60-90  150-230  Combined exposure 1o SO, and SPM® may
have pulmonary effects
Lead 05-1 - Blood enzyme changes. Anamia. Hyperactiv-
ity and neurcbehavioural atfects
Nitrogon dioxida
1 howr 400 - Effects on lung function in asthmatics from
24 hours = 150 short-term exposures
Carbon monoxide
15 minutes 100,000 - Reduced oxygen-carrying capacity of blood

3.4.2. Effect on Animals

Animals are adversely affected by air pollution. It affects their lungs,
cardiovascular system and nervous system. Moreover pollutants may settle on
the vegetation which might be consumed by animals. Metals accumulate in

animal bodies through food chain and cause danger to animal health like
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heavy metal poisoning cause diarrhea, anemia and stiffness. Lead poisoning

leads to inflammation of mucous membrane (bronchitis) and appetite loss.

» Aquatic life in streams and lakes are destroyed due to the formation of
acid rain or acid deposition.

» Ozone cause skin cancer and destroys lung tissues in animals.

» Presence of toxic elements in air enforces animals to migrate from one

habitat to another.
3.4.3. Effects on Plants

» Air pollution harms flora and foliage globally. If the absorption level
of pollutants is in excess then the cells die and ultimately tissues
collapse. Lesions, drying of leaves are common symptoms. It interferes
with photosynthesis and respiration of plants. It results even into death.

» Air pollutants enter into plants directly by gaseous diffusion or from
the contaminated soils. Gaseous pollutants enter directly by stomata of
plants and solid particulates are absorbed on surface. Penetration of

pollutants into plants is mainly through the leaves.

NOx O3 S0z VOCs (TCA, formaldehyde)

Pollutants
present in the —
atmosphere

Gas released by the plant via stomatas —————
wa-pinene, [i-pinene, isoprenes, CyH4, H20, 002, H¥S, NH3, 02

Boundary 4 . ez v -

layer

Cuticule —{7

Epidermal J_
cells |

Intracuticular
Waxes

Mesophyll
cells

.
Stomata: Guard cells Ostiole  Sub-stomatal cavity

Fig 2: Absorption of pollutants through leaves.
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» Air pollution affects the energy exchange as the sun’s energy
falling on leaf surface is reduced due to dust layer. Air
pollutants can be stored in plants and introduced into food
chains, which further affect other animals who feed on them.

» Plant growth and metabolism is reduced due to pesticides used
in agriculture activities. Chlorophyll destruction and
photosynthesis interruption takes place when exposed to high

amount of pollutant.

Deposit on land

Fig 3: Behavior of different air pollutant towards vegetation

» SO, extract chlorophyll from leaves and cause chlorosis (i.e.
yellowing of leaves due to chlorophyll loss). It can also effect
stomatal opening resulting in excess loss of water.

» NO; cause abscission (premature leaf fall) and suppress growth
of plants.

» Ozone causes necrosis (condition in which cells and tissues of
organism die) which makes the plant more susceptible to pests
and diseases.

» Peroxyacylnitrate (PAN) harms leaf vegetables by curling and

bleaching of leaves.

Table 3: Air pollution effect on Plants
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Pollutants Phytotoxic concentration Symptoms
{ppm/h)
{A) MAJOR POLLUTANTS:
(&) Sulphur dioxide 0.1-05 Interveinal bleaching and marginal bleaching,
chlorosis, discolouration (red/orown)
(b) Oxides of nitrogen 0.21 - 100 Chiorosis and marginal bleaching
(c) Ozone 0.04 - 0.70 Bronzing, Chilorosis, coloured flack
(d) Fluorides 0.001-0.10 Chlorosis, particularly along he leal margin,

marginal necrosis from leaf tips to leaf bass

(B} MINOR POLLUTANTS:
Leaves tum dull green and the brown or black

a) Ammonia 0.001-0.10
i glaling or silvering on the underside of leaves.
{b) Ethylene & propylene 0.0005 - 10 Leaf curling.

100 - 500 Chiorosis followed by reddening & yellowing,

(c) Particulates {with toxic metals)

necrosis, bleaching of leaf margin.

3.4.4. Effects on archeological sites and buildings
Air pollution also damages buildings and structures. Iron, aluminum
alloy, copper, steel and other metals are also deteriorated due to rusting
in presence of polluted air. Structures are mainly affected due to
v Rusting
v Chemical attack
v Abrasion
v Material elimination and deposition
Damages caused by air pollution to building are
» Construction material gets damaged due to presence of sulphur
dioxide, aerosols and acid rain.
» SO,, particulates and hydrogen sulphide leads to dissolution of
paints.
» Leads to oxidation and rusting of metals.
» Ozone, SO, and NO, discolors, deteriorates and lowers the

mechanical strength of fabrics.

Table 4: Air pollution damage to buildings and material
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Material ¢ Damage Responsible Air pollutants

Metals Tarnishing, corrosion, structural weakening | Acidic gases’, molsture, salt

Masonry Surlace erosion, soiling Acidic gases, moisture, particulate matter
Caramic Surface erosion, encrusting Acidic gasas, especially hydrogen fluoride
Paints Surface erosion, discolouration Acidic gases, H,S, ozona, particulate matter,

meisture

Paper Embrittlement, discolouration Acidic gases, moisture

Textiles Reduced strength, solling Acidic gases, molsture

Textlle dyes Fading Ozone and oxides of nitrogen in sunlight
Leather Weakening Oxides of sulphur

Rubber Cracking Ozone

Photographic film Blemishes Onidas of sulphur, moisture

*Unless otherwise noted, “acidic gases” refer 1o oxides of nitrogen and sulphur that react with moist air to form the
ﬂng acids H,S0, (sulphuric acid) and HNO, (nitric acid).

» Buildings get damaged due to long exposure to sulphates.
H,SO, causes damage to marble buildings by formation of
CaSO4 which is more soluble and leaves a pitted appearance on

marbles.
CaCO; (insoluble) + H,SO4 — CaSOy (soluble) + H,O + CO,

For example, Taj Mahal is turning yellow due to air pollution. In 1972,
sulfur dioxide and soot particles released from oil refinery at Mathura
lead to acid rain which caused yellowing of Taj Mahal. When the acids

fall on the marble they react and cause “Marble Cancer”.

Fig 4. Taj Mahal is turning yellow due to air pollution

3.5. Air Pollution Control Techniques

The different ways used to control air pollution are:
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Direct capture method
Techniques for pollutant removal
Diffusion

Plants

ok D~

Sectioning method (zoning)

3.5.1. Direct Capture Method
Industries play a major role in causing air pollution. The pollutants
release in air can be minimized or prevented directly by controlling
them at their source. It includes elimination, prevention and reduction
of pollutants at its sources. Different methods used for source control
are:
3.5.1.1. Raw material substitution
It includes the replacement of existing raw material which causes air pollution
by the other materials that produce less waste and are non toxic in nature. For
example,
» High sulphur fuels are replaced by low sulphur fuels to reduce the formation of
sulphur dioxide.
» Coal and biomass fuel are substituted by more pure fuels like LPG (Liquid
petroleum gas) and LNG (Liquefied natural gas).
3.5.1.2. Modification in technology or process
It includes the change in technologies or process to reduce pollution emission
by using alternate technologies like use of counter- current washing and
reducing the cleaning frequency. For example,
» Coal is washed before crushing or grinding to reduce fly-ash emission.
» The emission of fly ash has reduced by adjustment of air intake at power

plants.

3.5.1.3. Equipment Modification

It includes changes in design and characteristics of equipments to reduce
pollution which improves instrument maintainability, functioning, reliability
and safety concern. For example the design of storage tank used in petroleum
refineries are changed to floating roof covers to reduce loss of hydrocarbon

vapours. It can also do by pressurizing the tanks.

3.5.1.4. Equipment Care and Maintenance
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Emissions of pollutants are reduced by proper care and maintenance of
equipments. It includes corrective repair work and routine checkups to reduce
the risk associated with the instrument and to provide safe and healthy

working environment.

3.5.2. Techniques for Pollutant Removal

It includes a series of pollution control instruments to prevent gaseous and
particle pollutants. The factors considered during installing of a suitable and
appropriate device are toxicity, particle size, collection efficiency, cost,

concentration, pressure drop and corrosivity.

3.5.2.1. Equipment to control Particulate pollutants
The two major categories to classify pollution control equipment’s are:
(i) Equipment to control particulate matter.

(i1) Equipment to control gaseous pollutants.

Control devices for
particulate contaminants

(a) Grawvitational settling

(b)) Cyclone separators

(c) Fabric Alters

(d) Electrostatic precipitators
({e) Wet collectors (Scrubbers)

Spray Wernturi Cwclomic
tomarmeT scrubber scrubber

Fig 5 Classification of control equipments for particulate contaminants

3.5.2.2. Gravitational Settling Chamber

It is the simplest method used to remove particles of more than 50um size
present in polluted gas. It works on the principal of gravity. This is the
simplest device in which exhaust gas velocity is slow down sufficiently to
allow large particles to settle down by gravity. Collection efficiency can be
increased by installing a series of settling chamber. It has large rectangular
chambers consisting of different horizontal trays. Polluted gas enters from

inlet present at one side. The polluted gas stream is allowed to move at low
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velocity so that the particles get enough time to settle down on the bottom of
chamber consisting of dust hopper. Then, particulate matters are removed
directly from dust hopper. The multiple horizontal plates used in settling
chamber increase the collection efficiency of particles by increasing their
settling path.

Clean G
Outet fe eE‘q‘x[;ts )
Dean Gas
it

Dirty Gas
Enter

7B\

Fig 6: Gravitational settling chamber

Dust Hoppers

3.5.2.3. Cyclonic Precipitator or Centrifugal separator (Reverse flow
Cyclone)

Cyclone separator works on the principle of centrifugal force to remove
particulate matter from the contaminated gas. It is cylindrical in shape with
conical base. The dirty gas enters tangentially from the inlet present at the top
of instrument. After entering of gas inside the cylindrical body, the gas spins
due to centrifugal force. The gas in the separator forces the particles against
the outer wall of separator by centrifugal force. The particles then drop out at
bottom into the hopper due to gravity and removed ultimately. The cleaner gas
exits the collector from top. It is inexpensive and maintenance free but not

much efficient. Efficiency is 60-90% for PM;, and 20-70% for PM, s.

Clean Gas
Exits

Outlet Tube
Diirty Gas Cylinder
Enter

Cone

Dust
Hopper

Collected
Dust Exits

Fig 7: Cyclone Separator
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3.5.2.4. Bag houses (Fabric Filters)

It is the most efficient technique for the removal of particulate matter from
polluted air. It consists of large amount of fabric filter bags. It contains a
tubular or cylindrical bag which is closed at the top and opens at the bottom
which leads to hopper for the collection of pollutants removed from the fabric.
When the polluted air is transferred through the bags the particulates get
filtered out. The particulate matter gets accumulated inside the bags which are
then settled down at the bottom in hopper (conical base) and removed. The
clean air exists out from the outlet.

It is 100% efficient for removing sub-micron(less than 1um) particles. It is
expensive and has high maintenance. Maintenance cost of fabric filter is very
high. They cannot work in moist condition and at high temperature. If the gas
contains any corrosive material, the fabric filter bags get damaged. The filter
bags should be cleaned occasionally with the help of mechanical shaker to
increase its life.
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Fig 8: Bag House
3.5.2.5. Electrostatic Precipitators

It is most efficient device used for removal of ultrafine particles. It consists of:
i.  Grounded collector plates (positive charged).
ii.  Insulator to hang the electrode wire from the top of precipitator.
iii.  High voltage negatively charged discharged electrode wire

iv.  To keep the wire in position a weight is hanged at bottom of it.
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Fig 9: Electrostatic Precipitator

The high voltage negatively charged discharge electrode wires are placed
parallel between the grounded collector plates. Electrode wires are maintained
at 20 to 80 KV. It produces a corona discharge due to intense electric field
around the wire that produces electrons. These electrons get attached to dust
particles and give them negative charge. The collection plates are grounded
and attract the negatively charged dust particles toward itself by influence of
electric field. Then, the particulate matter is removed from collection plates by
flushing with any liquid or by gravitational forces.

Their efficiency is very high approx. 98% even for sub — micron < lpm
particles. They are costly and has huge space requirement. It requires small

power for its working.

3.5.2.6. Scrubbers

These are used to remove particulate matter and gas present in polluted air. It
is a device which utilizes water to remove particulate pollutants from polluted
air. It is divided into three types. Their collection efficiency depends on

particle concentration, liquid gas ratio and flow velocity.

Different types of scrubber are:
» Spray Tower

» Venturi Scrubber
» Centrifugal wet Scrubber

(i) Spray Tower:
It is a simplest type of wet scrubber, in which the polluted gases rises from the

bottom while water is sprayed down from a number of nozzles present at top.

The particles more than 10um are washed out from the polluted gas by the
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water slowly. The particulate pollutant combined with water droplets settle
down in the hopper of spray tower due to the influence of gravitational force
and are removed. It is low energy scrubber.It has more than 90 percent of

removal efficiency.

Mist Eliminator

Inlet for
Water Spray Nozzle
Spray
i R,
Satling Down "

Outlet for Dirty __|
Water

Fig 10: Spray Tower
(ii) Venturi Scrubber

It is high energy wet scrubber used for removal of submicron particulates
having 0.5 to S5pm in size from polluted air. It consists of a Venturi shaped
throat section. The polluted gas enters the venturi throat vertically down from
the inlet at a particular velocity. The velocity should be in range of 60 to
180m/sec. As the gas encounters the throat, the scrubbing liquid (water) is
injected or sprayed upward in the polluted gas. The water gets atomized into
small droplets due to turbulence and high velocity of gas. Therefore, the
interaction between water droplets and polluted gas increases.

Now, the particles get attached or captured by water droplets which are then
removed from the air with the help of other separation device like cyclone

separator connected to it. It is easy to install and have low maintenance cost.

Inlst for Polluted
O CLEAN GAS OUTLET
Spray of
Scubbing Lllllﬂd — Mist Eliminator
Sc{ybbz\g 4 ¢
Throat of = Botiing Chambar irlet S=or; ~ St
Venturi Wet Wall e P 3
Venturi —>
Venturi —
Throat
Outlet for Ligud
Droplata Carrying 3
Particulatas Elbow Slurry Outiet

Fig 11: Venturi Scrubber connected to Cyclone separator
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(iii) Centrifugal wet Scrubber:
It is similar to cyclonic precipitator except presence of high pressure nozzles

in it. As the polluted gas enters the chamber, the nozzles spray water at high
pressure. The water comes in contact with particles and forces them towards
the wall of scrubber by centrifugal force. Then the particles are dragged down
into the bottom due to gravity and clean air exits from the top of scrubber. It

has high removal efficiency of approx. 99 percent.

Outlet For Cleaned Aar

Pl Vi . 2 a— Mlist Elimmimnmntor

— Core Buster Disc

High Pressure
" Bpamy Mossls

/
Inlet for /‘/4_[

Polluted Gas J‘

Outlet of Water

Fig 12: Cyclone Scrubber

3.5.3. Equipments to control gaseous pollutants

3.5.3.1 Absorption

It is a technique in which polluted air is transferred through a medium
containing a suitable absorbent matrix (contacting liquid), which adsorbs
gaseous pollutant that exists in air. Contact liquid like water act as a solvent
and capture pollutants present in air by chemically reacting with them. The
pollutant reactswith the contacting liquid and gets trapped in it. The devices
have removal efficiencies of 90-95 percent. Absorption process can be carried
out in different devices like packed scrubbers, or towers etc. For example,
sulphur dioxide (SO2) from the polluted air is removed with the help of an
absorption process known as FGD (Flue gas desulphurization). In which the
SO2 present in flue gas released from the power plants react with the

contacting liquid (either slurry of solid material or liquid) used and trap them.
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Fig 13: Process of absorption

The efficiency of this process depends on following factors
a) Relationship between gas — liquid surface area
b) Absorber concentration
c) Reaction velocity
d) Contact time
Different absorbers used to remove gaseous contaminants are:
Oxides of Nitrogen — water, aqueous nitric acid
SO, — Ammonium sulphate, sodium sulphite, calcium sulphate,
calcium sulphite, alkaline water
HF — water, sodium hydroxide
H,S — NaOH & phenol mix, sodium alamine & potassium dimethyl
glycin, ethanolamines etc.
3.5.3.2 Adsorption
It is the process in which the polluted gas is transferred through an adsorption

matrix. The pollutants present in the air are adsorbed at the surface of the

Steamfor
removed are called adsorbate and the Regeneration

adsorbent and clean air passes

through it to out. The pollutants

process done by the matrix on which Carbon Bed

pollutant  deposited is  called
Dirty Gas

adsorbent. -
Condensate Out

It is commonly used in industries to
remove organic and inorganic Fig 14: Process of adsorption
compounds. The adsorbents used in

industries are carbon bed, zeolite, silica gel, activated bauxite, alumina etc.
Factors important in the removal of gaseous pollutants are

a) Adsorbent physical and chemical nature
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b) Adsorbent surface arca

¢) Temperature and pressure

d) Nature and concentration of the gas

e) Gas recovery

Different types of adsorbent commonly used in purifying air are

SO, — limestone
H,S — iron oxide
Oxides of nitrogen — silica gel
Organic solvent vapours — activated carbon

HF — lump limestone
It can be further divided into two types.

Fixed bed adsorber (FBA): It consist of fixed adsorbent bed used for the

removal of gaseous pollutants.

Clean Gas Oullet

Al sorioate
INnlet

Distributor

Acisorbent

In this technique, the polluted air enters into the chamber through inlet and
passes through the fixed adsorbent matrix. The pollutants are adsorbed on the
surface of adsorbent. Clean air enters into distributor and then exits out from

outlet.

Moving bed  adsorber
(MBA): It is continuous
adsorption model with a o f ‘

cylindrical bed. The

cylindrical bed moves around

its axis slowly. It consists of
Fig 16: Moving bed adsorber
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adsorption bed which continuously circulates in different phases or sections. It
involves adsorption of pollutants, regeneration, cooling and drying of gas. In
this process less adsorbent is used as it is regenerated continuously. It is more

complex and expensive method in comparison to fixed bed adsorber.

3.5.3.3. Combustion
It is the process of oxidation in presence of heat. It mainly converts
the gaseous pollutants into water and carbon dioxide. High
temperature, catalyst for reaction, proper mixing or turbulence are
different factors responsible to completely oxide the pollutants
present in air. It is mainly used to remove organic gaseous pollutants
emitted from paint factories, paper mill and refineries. It can be
divided into three different methods used to remove gaseous
pollutants, which are:

a. Direct Combustor or flaring

b. Thermal oxidation

c. Catalytic oxidation

Direct Combustor: It is a thermo-chemical technique. In this, the
biomass or combustible waste are burned is presence of excess air

with the help of burner.

Thermal Incinerator: It is a device in which oxidation takes
place at high temperature. It involves the oxidation of pollutants
by raising the temperature above its ignition point. Polluted gas
enters into the combustion chamber and passes over the burner
flame. Oxidation of gas takes place and clean air passes out. It has

99% efficiency to destroy pollutants.

N\ Rangas

Hol
Ceramic B I@D ) Clean gas
Matrix

Oxidation
Zone

Combustion chambr

Fig 17: Thermal Incinerator

UTTARAKHAND OPEN UNIVERSITY Page 70



Environmental Pollution and Health ENS 506

Catalytic incinerator: It is similar to thermal incineration in working
except presence of catalyst bed in it. In this technique, air passes from the
burner flame and is transferred to the catalyst bed. Pollutants are oxidized with
the help of catalysts. Catalyst increases the efficiency of instrument as it
decreases the time of reaction. It works on low temperature. Efficiency is more

than 95 percent.

(ad
Ch

Combuston chanber

Fig 18: Catalytic incinerator

3.5.3.4 Condensation

It is a process of conversion of gas into liquid by increasing its
pressure and lowering its temperature. They are pre-treatment
devices. It has removal efficiency ranges from 50 percent to more
than 95 percent. It is of two types: direct contact and indirect surface
condenser.

Contact condenser (direct condenser): In this, the gases come into
contact with cold liquid. It is operated by mixing of contaminated gas
with the cooling medium. They are usually simple and low cost
devices.

Surface condenser (indirect condenser): It is widely used condenser.
In this, the gases are circulated outside the tubes with cooling
medium which act as physical barrier. In this, contaminated gas is

kept separate from the coolant medium.

Fig 19: (a) Contact Condenser and (b) Surface Condenser
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3.5.4. Diffusion

Diffusion of contaminants present in polluted air is also another approach for

pollution removal. If the pollutants are emitted in small quantity then the
pollution is not identified as it easily dispersed into the atmosphere. But if
pollutants are present in excess or crosses the limit of environment to absorb,
adsorb and remove pollutants, pollution occurs which adversely affects the
environment.

Dispersion of pollutants in air depends on direction, velocity and temperature
of wind. It can be controlled by proper construction of stacks above the

inversion to reduce ground level pollution.

3.5.5. Plants

Plants used carbon dioxide and released oxygen which also plays an important
role in removal of pollutants. Plants purify the air. Plants are known to have
ability to absorb and metabolize gaseous pollutants.Plants remove pollutants
from air through stomata uptake, absorption, and adsorption to plant surfaces.
Plant leaf act as biofilters & are able to capture pollutants.

The rate of reducing pollutants by plants is influenced by plant species, light
intensity and pollutant concentration. There are different plants used to
remove pollutants Epipremnum aureum, Pyrus, Ficus variegate, Shingonium
podophyllum, Brassica juncea,Thlaspi carulescens, Helianthus annus,
Phascolus vulgaris etc. the process of removal of pollution with the help of

plants is called Phytoremediation.

3.5.6. Zoning

Zoning is one of the pollution regulation methods of government based on
human health, comfort, welfare and convenience. It is divided into
agricultural, commercial, residential and industrial zones. WHO sets a
particular emission criteria or limit for emission of pollutants in different
zones.

It is method of controlling air pollution adopted in cities at stage of planning.
Zoning separates the residential area from industrial area. Industries must be
far from residential area due to air pollution in concern of health and should
not be located close to each other. New industries are actually situated away
from larger cities due to concern of increase in urban density. Populated cities

like Delhi and Bangalore are not permitted for industries.
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3.6. Standards of Ambient Air Quality

NAAQ (National Ambient Air Quality Standards) are the standards or limits
for ambient air quality set by the CPCB (Central pollution Control Board)
which is used across the nation. It consists of guidelines and allowable level of
harmful air pollutants. These standards for air quality are set by CPCB on 18,
November 2009 under the Air (Prevention and control of Air Pollution) Act
(1981).

Table 5: National Ambient Air Quality Standards (2009)

Pollutants Time Industrial, Ecologically | Methods of Measurement
weighted | residential, sensitive
average rural and other | area (notified
areas by central
government)
Sulphur dioxide (SO,), pg/m* | Annual* 50 20 Improved West and Gaeke Method
24 hours** 80 80 Ultraviolet Fluorescence
Nitrogen dioxide (NO,), pg/m? | Annual* 40 30 Jacob & Hochheiser madified (NaOH-NaAsO,) method|
24 hours** 80 80 Gas Phase Chemiluminescence
Particulate matter (size less Annual* 60 60 Gravimetric
than 10 pm) or PM.g, ug/m® [y p o 100 100 TEOM

Beta attenuation

Particulate matter (size less Annual* 40 40 Gravimetric
than 2.5 pm) or PM 5, HaM” | 24 hoyrse 60 60 TEOM
Beta attenuation
Ozone (0) pg/m? 8 hours* 100 100 UV Photometric
1 hour** 180 180 Chemiluminescence

Chemical Method

Lead (Pb) pg/m? Annual* 0.5 05 AAS/ICP Method after sampling on EPM 2000 or
equivalent filter paper
24 hours** 1 1 ED-XRF using Teflon filter
ICarbon Monoxide (CO) ug/m® | 8 hours** 2 2 Non dispersive Infrared (NDIR) Spectroscopy
1 hour** 4 4
JAmmonia (NH3), pyg/m? Annual* 100 100 Chemiluminescence
24 hours** 400 400 Indophenol blue method
Benzene (CGH&), ug/m? Annual* 5 5 Gas chromatography (GC) based continuous analyser

Adsorption and desorption followed by GC analysis

Benzo(a) Pyrene (BaP) Annual* 1 1 Solvent extraction followed by HPLU/GC analysis

particulate phase only, ng/m?

JArsenic (As), ng/m? Annual* 6 6 AAS/ICP Method after sampling on EPM 2000 or
equivalent paper

Nickel (Ni), ng/m? Annual* 20 20 AAS/ICP Method after sampling on EPM 2000 or

equivalent paper

Air Quality Index (AQI) is an index to measure the quality of air on daily
basis. It reports the effect of air pollution on human health over a short period
of time. AQI is introduced by Environment Minister Shri Prakash Jawedkar on
17" September 2014 under Swacch Bharat Abhiyaan in New Delhi. The

objective of AQI is to aware peoples about the health impacts caused by air
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pollution and change in air quality. AQI mainly composed of 8 pollutants
(PMyg, PM; 5, NO,, SO,, CO, O;, NH; and Pb). It is divided into 6 categories
on the basis of their exposure time, concentration, and health effects and rates
them as good, bad, satisfactory etc.

Table 6: Air Quality Index rating scale

Air Quality Index
Levels of Health
Concern

Air quality Is acceptable; however, for some pollutants there may be
Moderate 51 to 100 a moderate health concern for a very small number of people who
are unusually sensitive to air pollution.

bormsa i Members of sensitive groups may experience health effects. The
general public Is not likely to be affected.
sensitive groups may upad.lm more serious Inlnh effects.

Numerical

Value Meaning

Holthmﬂ:myommlymﬂmummmmmm

Health wamnings of emergency conditions. The entire population is

3.7. Summary

» In this unit we read the fundamental concepts associated with air
pollution.

» Now, we know that air pollution is the undesirable change in the
quality of air which causes ill effects on human health, animal life and
plants as well as buildings and monuments. It is caused by increase in
the concentration of a gas or particulate matter in the air beyond a

particular limit.

» Air pollutants are classified into primary or secondary pollutants
depending upon their origination. The pollutants emitted directly from
a source are called primary sources and those which are generated by
the reaction of primary pollutants in the air are called secondary

pollutants.
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» Pollutants directly affect humans and animals by causing respiratory,

cardiovascular and neurological illness or by causing acid rains or
smogs. Besides humans and animals, air pollution affects plants,
reducing their photosynthetic efficiency, and also damages buildings

and articles, corroding and discoloring them.

Different control measures are employed to combat the menace of air
pollution. Use of alternate raw materials and fuels are the first step in
controlling air pollution. Maintenance of vehicles and industrial
machinery is also helpful. Replacement of old and obsolete
vehicles/machines with new and efficient ones is yet another major
contributor in controlling pollutant emissions. Beyond source control
removal of pollutants from effluent gas is employed using techniques

and devices.

National ambient air quality standards (NAAQS) are limits set by
Central pollution control board (CPCB) on the allowable concentration
of criteria pollutants in ambient air. The effects of air pollutants on
human health are quantified using air quality index (AQI) rating scale.

The higher the index more polluted is the air.

TERMINAL QUESTIONS

1.

What is Air pollution?
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6.

11.

12.

13.

14.

15.

What are the different methods used to control gaseous pollutants?

Which of the following country is the largest emitter of Greenhouse gas?
a. China b) Japan c) India d) US

Explain the effect of Carbon monoxideon human body?

. Cyclonic precipitator works on:

i. Principal of Centripetal force

ii. Principal of Centrifugal force

ii. Principal of Gravity
iv. Principal of Frictional force

Define adsorbate and adsorbent?

How plants plays role in the removal of air pollution?

What are the Criteria
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ANSWERS

1.

A I

Air pollution is defined as change in the concentration of any
substance exists in air to that extent which cause harm to living and
non — living things.

Refer Page no. 3, 4, & 5.

Refer Page no. 6& 7.

Refer Page no. 8 & 9.

Different techniques used to control Particulate Matter are
Gravitational Settling Chamber, Cyclonic separator, Electrostatic
precipitator, Fabric filters, Scrubber.

Different methods used to control gaseous pollutants are Absorption,
Adsorption, Combustion and Condensation.

Clean and dry air consists mainly of Nitrogen (78.09%), Oxygen
(20.94), Carbon dioxide (0.03%), Helium (0.005%), Oxides of nitrogen
(0.001%), Sulphur dioxide (0.0002%), Carbon monoxide (0.1%).

a) China

Carbon monoxide is a harmful gas when breathed. As it replaces
oxygen present in the blood and influences binding capacity of oxygen.
CO reacts with haemoglobin present in blood and combines to form
carboxy haemoglobin (COHb). Carbon monoxide has a 200 times
more affinity for haemoglobin than oxygen. So it can combine with
haemoglobin even at low partial pressure causing you to lose

consciousness and suffocate.

O,Hb + CO — COHb + O,

10.
11.

12.

13.
14.
15.

a) Principal of Centrifugal force

The substance (pollutant) removed are called absorbate. The matrix on
which pollutant deposit to done the adsorption process is called
absorbent. For example, Carbon bed, Silica gel etc.

Different absorbent used to remove gaseous contaminants are Calcium
Sulphite, Aluminium Sulphite, Sodium Hydroxide, glycin, Water, Aq.
Nitric Acid, Sodium Sulphite etc.

Refer Page no. 20.

Refer Page no. 22.

Refer Page no. 2 & 3.
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Unit 4: Noise Pollution: Causes, Consequences and
control measures

Unit Structure

4.0. Learning objectives
4.1. Introduction
4.2. Noise
4.3. Characteristics of Noise
4.4. Propagation of Sound
4.5. Factors Affecting Sound Propagation
4.6. Noise Measurement Units
4.6.1. Sound Level Meter
4.7.  Standards and Guidelines of Ambient Noise Level In India
48. Sources

49. Effects
4.10. Control
411. Summary

4.0. Learning objectives

After reading this chapter, you will be ready to:

v" Detailed understanding of noise and its characteristics.
Knowledge of Indian standards for noise.

Familiarity with noise measure and instrument used.
Having the ability to calculate noise

Identify control measures

AN NI NI

4.1. Introduction

As we all know that the pollution of air & water has been increasing day by
day. Likewise, noise pollution is also increasing due to urbanization, increase
in number of vehicles, modern lifestyle etc. Noise has been shown to reduce
productivity, harm health, and increase accident rates, to name a few effects.
Noise may damage hearing instantly at high levels, and gradual loss of hearing

might be occurred at lower levels.

This chapter detailed about the sources, characteristics, and effects of noise,
delineates its measurement and analysis methods, and lists some control

measures that helps to reduce the problem.
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4.2. Noise

Noise, am unwanted sound becomes
a part of our day to day life due to
advancement in industrialization. The
progression of the machines in
factories, steam engines, and petrol
engines in the 19th century resulted
in increase in noise level. The further

increase in the levels of noise was

accelerated with evolution of high-

tech industries, vehicular traffic and

Figure 1: Noise

construction site machineries in the

Source: http:// iconscout.com/icon/noise-1659489
20th  century. It has been
acknowledged as the matter of concern for both human and environment.
Noise is produced by human activities, especially urbanization and the
expansion of transportation and industry. While pollution has a greater impact
on the urban population, small towns/villages along side roads or near

factories are also affected.

Sound is the form of energy that consists of wave motion and travels through
the medium i.e. solid, liquid and gas for its propagation while noise is the
sound that causes exasperation in the hearing of a normal human being. Noise
is measured by two important ways i.e. sound pressure and sound intensity.
The sound intensity is measured in decibels (dB). Noise is one of the most
serious issues, despite the fact that sound is essential for communication.
Sound is the term used to describe intentionally induced auditory signals such
as speech and music. The word "noise" is used to describe any unwelcome

sound.

The term ‘noise’ is derived from the Latin word ‘“nausea” that means

‘unwanted sound’ or ‘sound that is loud, noisy or unpredicted’ (figure 1).
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4.3. Characteristics of Noise

For all practical purposes, noise may be defined as unwanted sound; therefore,
sound characteristics are considered for better understanding of the noise that

deteriorates our environment.

Sound is a form of energy which is produced from a vibrating body. These are
the vibrations that cause pressure variation in the medium in which they travel.
The interference brought in the medium due to pressure variation generates
sound which is heard by our ears. Therefore, the sound is the any change in

the pressure of the travelled medium.

There are two important characteristics of sound or noise - frequency and

loudness.

Frequency — A sound wave comprised of the variation in the pressure or
oscillation of a medium. The ambient pressure changes periodically as sound
passes through air. The number of oscillation is called as the frequency of
sound and also defined as the number of pressure variations per second and is

measured in Hertz (Hz) i.e. cycles per second.

Loudness - The loudness of a sound or noise is another characteristic. A noisy
noise has a greater pressure variation, while a weak noise has a smaller
variation. The sound loudness depends on the intensity of the sound waves and

intensity refers to the energy in the sound waves.
4.4. Propagation of Sound

Sound is produced by vibrating objects. A medium is the matter or material by
which sound is transmitted. It may take the form of a solid, a liquid, or a gas.
From the point of generation to the listener, sound travels through a medium.
When an entity vibrates, it causes the medium's particles to vibrate as well.
The particles do not make it all the way to the ear from the vibrating object.
The equilibrium position of a medium particle in contact with a vibrating
object is first displaced. It then applies a force to the particle next to it. As a
consequence, the neighboring particle is shifted from its resting spot. The first

particle returns to its original location after displacing the neighboring
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particles. This method continues until the sound reaches the end of the

medium in the ear.

The most popular medium for sound transmission is air. When an object
vibrates, the front air particles of it compresses and in closet with each other
forming a high-pressure zone. This area is referred to as a compression zone
(C). When the compression begins to shift away from the vibrating object, it
begins to vibrate less. When a vibrating object travels backwards, and
produces a low-pressure area known as rarefaction (R). compression and

rarefaction of sound was shown in figure 2.

) I

SOUND RAREFACTION COMPRESSION

Figure 2: Showing Compression & Rarefaction of sound (source-
http://lossenderosstudio.com/glossary.php?index=r)

The sinusoidal pattern is generated by the simplest sound wave from a pure
tone, and it is used to determine sound properties such as amplitude,
frequency, and wavelength (shown in figure 3). These characteristics describe

sound vibrations.

PRESSURE (Pa)

r

PERIOD

-~
L

AMPLITUDE

Figure 3: Simple wave motion
Amplitude-The amplitude of a sound wave is a measurement of the height of
the wave and also determined its relative loudness. The maximum

displacement of the vibrating object from its mean location can be described
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as the loudness of a sound wave. It is the difference between the wave's crest

or trough and its mean location. The highest part of the sound wave referred to

as crest and the lowest part of it is called as trough.

Frequency-Frequency is the number of cycles repeated in a given amount of
time. Cycle/sec or Hz is the unit of measurement (1 Hz= 1 Cycle/sec).
Pressure waves with frequencies ranging from around 20 hertz (Hz) to 20,000
Hz make up audible sound. A pure tone is a sound that consists primarily of a
single-frequency sinusoidal pressure wave. Infrasound has a frequency below
the audible range i.e. 20 Hz, while ultrasound is a sound wave having

frequency beyond the audible range i.e. 20,000 Hz.

Wavelength-The wavelength of a sound is the measurement of the distance
between two adjacent equal parts of a wave. If a pure-tone pressure wave can
be detected at a given moment, the wavelength could be directly defined as the

duration of one cycle of the wave in propagation. Thus,

=
Where, A - wavelength (m),

¢ - propagation speed (m/s) and
f - frequency (Hz).

The sound wavelength affects the efficacy of noise filters and sound-absorbing
materials.

4.5. Factors Affecting Sound Propagation

Propagation of a sound is complicated in an urban setting because it is
obstructed by trees, houses, roads or ground surfaces, boundary walls, building
facades and other objects, resulting in many reflections of the sound. The
sound is affected by the atmospheric and surface constituents due to whom it
is absorbed (by atmosphere and plants), reflected and transmitted (buildings or

other structures).

Sound pressure and sound energy is directly affected and lost, respectively in
its propagation due to the presence of such elements in the mixed urban
climate. Atmospheric properties such as pressure, temperature, wind speed,
ground surface, relative humidity, topography, trees, and other natural and

artificial obstructions are important to note in the study of sound propagation.
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These are also known as attenuation factors because they reduce the strength

of sound.
4.6. Noise Measurement Units

As mentioned earlier, the two main parameters of noise measurements are -
sound pressure and sound intensity. The decibel (dB) is a common scientific
acoustic unit. It is defined as the ratio, expressed as a logarithmic scale relative
to a reference sound pressure level, rather than an absolute physical unit like

volt, metre, and so on.

The threshold of hearing is described as sound that can be perceived for the
first time at a sound pressure of 2 x10°° N/m” or a sound strength of 107"
W/m’.

Noise metres are manufactured to track noise from low to high frequencies,
which is typical of human hearing capability. These metres use the decibel
scale to calculate noise levels in general. Peak noise levels, length of noise
exposure, and noise efficiency, all of which are characteristics of a specific

noise situation, have been taken into account by refined noise metres.

4.6.1. Sound Level Meter

A sound-level metre (figure 4), a hand-held instrument that provides either a
linear evaluation of the time-varying pressure in decibels or a spectral
breakdown of the signal, is widely used to measure noise levels. So, it is very
important for us to understand this device carefully for measuring sound. It
consists of following parts;

i.  Microphone - A microphone is a device that allows you to speak
through a microphone. The microphone detects changes in sound
intensity and transforms them to an analogue electrical signal.

ii.  Preamplifier -The preamplifier is used for impedance matching and
can also supply the microphone with a DC polarization voltage.

iii. Frequency Weighting Network - This stage includes a network
structure (generally A, C, and linear) for modifying the measurement

instrument's frequency response characteristics. Depending on the form
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of measurement, the required frequency weighting characteristic must

be chosen.

iv.  Range Control Amplifier - The range of signal levels for which most
sound level metre detectors accurately work is small. The signal
voltage is adjusted to levels that are within this range using this
amplifier.

v.  Detector - This factor is used to describe the amplitude of the
incoming signal. Detectors come in a variety of shapes and sizes. RMS
(root mean square), peak, and integrating are some of them.

vi.  Display - The display is used to show the signal's amplitude after it has
been detected. SLM displays are usually scaled in decibels based on
the international norm of 2*107 Pa.

vii.  Outputs - Signal outputs are often provided by sound level meter in

order to obtain advanced interpretation and graphical hard copy.

Figure 4: Sound Level Meter (source-
https://commons.wikimedia.org/wiki/File:Son%C3%B3metre_avan%C3%A7a
t Classe 1 i redu%C3%AFdes mides.jpg)

The Sound Level Meter is made up of three globally recognized weighing
networks. Weighing networks are electronic filter circuits built into the metre
to reduce the frequency of a specific frequency. They allow the sound level
metre to respond differently to some frequencies than others, similar to how
human ears do. There are three weighing scales available;

i. A weighing scale: A-Weighting is the most common weighting used

in noise calculation. It basically cuts the lower and higher frequencies
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which an average person cannot detect, much like the human ear. A-

weighted measurements are expressed in decibels (dBA) or decibels

dB (A).

ii. B weighing scale: B weighting is similar to A weighting, but with less
attenuation. For relatively high sound pressure levels, B weighting was
an effort to approximate human understanding of loudness. It has

become obsolete and is no longer in use.

iii.  C weighing scale: The human ear's response varies depending on the
volume of sound. The ear's answer is flatter at higher speeds, such as
100 dB and above. It is often used in peak measurements, as well as in
some entertainment noise measurements at which bass noise
transmission can be a issue. dBC or Db (C) are the abbreviations for

C-weighted measurements (C).

iv.  Z weighing scale: A flat frequency response of 10Hz to 20 kHz 1.5dB
is achieved with Z-weighting. The older "Linear" or "Unweighted"
responses were obsolete because they could not specify the frequency
range at which the metre would be linear. dBZ or Db (Z) are the

abbreviations for Z-weighted measurements (Z).
4.7. Standards and Guidelines of Ambient Noise Level In India

Due to the negative effects of rising ambient noise levels in public places from
various sources such as activities of the industries and manufacturing, noisy
speakers, music systems, vehicular horns, and other mechanical devices on
health and psychology of a human-being, the Indian government has taken
steps to regulate and monitor noise levels. The central government has made
the ‘Noise Pollution (Regulation and Control) Rules, 2000' under the
Environment (Protection) Act, 1986, for the regulation and control of noise

producing and generating sources.

The Central Pollution Control Board of India has set allowable noise standards

for towns, as shown in Table 2. These boundaries, however, are broken in all
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of India's major cities, with Calcutta being the worst offender. Blaring horns,

screeching brakes, and rumbling tyres all adds up to a noisy atmosphere.

Accidents on the road add to the suffering.

Table.2‘Noise Pollution’ (Regulation and Control) Rules, 2000; MOEFCC

AREA Noise Limits, Leq, dB (A)

Day Time Night Time
Silent Zone 50 40
Residential Zone 55 45
Commercial Zone 65 55
Industrial Zone 75 70

Note: -1. Daytime is described as 6:00 a.m. to 10:00 p.m.

2. Nighttime is described as 10:00 p.m. to 6:00 a.m.

3. A Silence Zone is the 100-meter radius region around hospitals, courts,
devotional sites, educational institutes, or any other area designated as such by
the competent authority.

4. The competent authority may declare division of areas as one of the four
categories listed above.

* The time weighted average of the sound level in decibels on scale A, which
is comparable to human hearing, is denoted by dB(A) Leq.

A decibel is a measurement unit for noise.

The letter "A" in dB(A) Leq stands for frequency weighting in noise analysis,

which matches to the human ear's frequency response characteristics.
4.8. Sources

Noise sources can be grouped into three types: transportation, industrial,

and residential.

Most common sources of noise are automobiles and aircraft, but other vehicles
like motorcycles, scooters, and snowmobiles should also be considered. The
noise level was increased due to the increase in number of vehicles. Increased
traffic has resulted in traffic jams in congested areas, where angry drivers'
frequent shouting pierces the ears of all road users. On urban roads, traffic

increases during the peak hours i.e. 10 a.m. (morning) and 6 p.m. (evening) as
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people commute to and from work. Currently, the noisiest vehicle on the

routes is heavy diesel trucks.

Noise coming from airplane is becoming a serious issue in major cities such as
Delhi and Mumbeai. Airplanes fly over suburban areas from the airport, which
is located near population centres. Heavy cars, buses, trains, jet planes, and

other vehicles abound, but the end result is the same i.e. noise pollution.

Figure 5: Sources of noise pollution (Source -
https://cdn.pixabay.com/photo/2016/09/07/00/25/flyer-1650549  340.jpg and

https://upload.wikimedia.org/wikipedia/commons/6/64/Public-address-
system.jpg)
Some manufacturing processes and machinery generate a lot of noise. Some

examples are the machine tools, high-speed rotating or stamping operations,
pneumatic machines, and duct, fan, and blower systems. In industrial towns
such as Kolkata, Ludhiana, Kanpur etc., the industrial zones are frequently not
segregated from the residential zones, particularly in small businesses. These
type of businesses functions from workshops on the ground floors of
residential areas, causing frustration, pain, and annoyance to the inhabitants
who are subjected to the inevitable noise. In modern planned cities like
Chandigarh, the condition was much fine due to the separated industrial and

residential by a sufficiently broad green belt.

At first glance, residential sources, both indoor and outdoor, may appear
insignificant. The outlets namely air conditioners, lawn mowers, dishwashers,
kitchen and laundry equipment, television, stereos, pets, and children can also
add up to the total noise levels which can’t be overlooked. In simple words,
increase in the number of tools, gadgets, vehicles, and appliances used in
modern industrial societies will result in a significant increase in noise

pollution.
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The household is an industry itself, producing a variety of indoor noises like

slamming doors, children's laughter, infants' screaming, furniture movement,
and residents' noisy conversations. Aside from that, the house's entertainment
devices, such as the radio, record players, and television sets. Indoor sources
of noise emissions include mixer-grinders, pressure cookers, exhaust fans,

desert coolers, vacuum cleaners, sewing, and washing machines.

Artillery, tanks, missile launches, collisions, war aircraft exercises, and firing
ranges all contribute significantly to noise pollution in the atmosphere. Jet
engine screams and sonic booms are deafening to the ears, and have been
notable to smash window panes and old dilapidated buildings in extreme

cases.

Other sources of noise pollution include car repair shops, building sites,

drilling, bulldozing, stone grinding, and so on.

Figure 6: Picture showing road repairing site (Source-
https://c8.alamy.com/comp/EFM451/construction-workers-are-working-at-
the-road-construction-EFM451 .jpg)

Rail Traffic: As opposed to the previous forms of traffic noise, rail traffic is

less bothersome.

Occupational Noise: For 48 hours a week, industrial employees are subject to
a chaotic working atmosphere (8h a day for about 6 days in a week). Millions
of staff suffers from progressive hearing loss as a result of their working
conditions, making them more vulnerable to injuries. Their productivity is also

influenced.
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Neighborhood Noise: Loud television and radio sets, loud tape players,

loudspeakers at public events, dance music etc. can irritate and annoy the

general public, as well as damage patients.
4.9. Effects

Numerous health effects of noise has been characterized such as alterations in
the morphology and physiology of an organism which resulted in the
impairment of functional ability, capacity to compensate for additional stress,
or enhance the susceptibility of an organism to the ill effects of other
environmental influences, according to the International Programme on
Chemical Safety (WHO 1994).Noise has inherently negative influence and
poses a significant health risk. It has wide spread implications and has a
variety of physical, physiological, and psychological effects on humans. The
implications of noise pollution to one's health will be discussed in this chapter

under various headings.

i. Hearing Problems

Humans have five senses, one of which is
hearing. As a result, it is an important part of
anyone's life. When something becomes noise,
it is considered undesirable because it

interferes with one's ability to hear.

»

Figure 7: Hearing issue

This is why, when there are a lot of noise,
people cover their ears. Hearing damage, . 4
(Source-https://pixabay.com/vectors/noise-
including permanent hearing loss, may pollution-anxiety-noise-3583915/)
occur as a result of such loud noise. Long-term exposure to noise levels above

85 decibels is linked to hearing loss caused by noise pollution.

ii.  Difficulty in Sleeping
Noise has a psychological impact that can make it difficult to sleep. Noise can
disrupt a restful night's sleep by causing tension. Furthermore, being in a noisy
environment almost eliminates the possibility of getting some sleep.

Inadequate sleep, on the other hand, disrupts the body's normal functioning,

resulting in pain, exhaustion, and irritability.
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iii. Cardiovascular Problems

The heart is ‘excited' by noise. When there is so much noise, the heart is also
distracted, and it beats faster, raising blood pressure. Stress hormones like

adrenaline and cortisol are released in response to loud noise.

As a result, blood pressure will almost certainly rise in noisy conditions,
causing faster blood flow and the release of catecholamine, a hormone that
increases the amount of times the heart pumps blood. Normal exposure can

keep the body receiving higher impulses, resulting in elevated blood pressure,

as long as there s ™~

is no damage. .
% Premature death

If blood

pressure

’ Type 2 diabetes

continues to

Respiratory ¢
rise it i
> Musculoskeletal disorders, Sucgzrstaln
. especially osteoarthritis and |
increases the \_ /
risk of heart- Figure 8: Effects of noise pollution
related (Source- https://commons.wikimedia.org/

wiki/File:Figure3 digest5.j
disorders like gure3_digest5.jpg)

high blood pressure and stroke. Hypertension and arteriolosclerosis, which
are caused by pupil dilation and blood vessel constriction, are two other

cardiovascular disorders.

iv.  Emotion and Behavioral Change

This is not the same as cognitive thought. Too much noise can cause irritation
or frustration because it disturbs the peace. People in this state have chronic

headaches, which can get worse if the noise is constant.

As a result, stress levels may rise, emotions may take over, and aggression
may result. Anxiety is said to be the cause of this form of behaviour. Due to
the inefficiency of such actions, it becomes difficult to focus on work and

achieve set goals.

v. Interference with Speech Communication
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Noise-induced speech impairment causes a wide range of personal disorders,

handicaps, and behavioral changes. Speech interference is essentially a
masking mechanism in which speech is rendered unintelligible due to

overlapping, interfering noise.

vi.  Annoyance

In a population exposed to environmental noise, the most common response is
annoyance. Noise irritation can occur when noise disrupts everyday activities,
feelings, thoughts, sleep, or rest, and can be followed by negative emotions

such as frustration, displeasure, fatigue, and stress-related symptoms.

vii. Reproduction Problems

Various studies have been performed to estimate the impact of noise pollution
on human reproduction, and interestingly, the majority of these studies have
concluded that pregnant women who are subjected to noise pollution during
their pregnancy give birth to children who are smaller in size. The unborn

child is similarly disturbed by the stress levels faced by the expectant mother.

viii. Effect on Wildlife

Since wildlife is more reliant on sound than humans, they face far more
problems as a result of noise pollution. Since their life depends on it, animals
develop a stronger sense of hearing than humans. Excessive noise has negative
consequences that start at home. In a domestic establishment where noise is
extreme, pets react more belligerent. They are more easily distracted and have
a variety of behavioral issues. Hearing loss is common in nature, making
animals easy prey and resulting in declining populations. Others become
ineffective hunters, disrupting the eco-balance system. Due to unnecessary
man-made noise, species that depends on mating calls to reproduce are often

unable to hear these calls.

As a result, they are unable to reproduce, resulting in population decline.
While migrating, others rely on sound waves to echo-locate and find their

way.
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4.10. Control

Understanding the fundamental physics of sound is completely essential for
developing a systematic approach to noise control. Since we've covered all
facets of noise, the next part of this chapter focuses on noise emissions

reduction initiatives.

Control of noise pollution includes the reduction of noise at the source,
transmission paths, and protection of the receiver. The control at the source of
its generation is preferred. With source noise reduction as top priority, we

shall now focus attention on noise control methods.
How to reduce noise pollution

Noise emission is inevitable in some situations. There are, however, methods

for reducing noise levels inside the household. It is possible to try:

e Reducing noise from appliances: Air conditioners, heaters, fans, and
other appliances can all add to the overall noise level in the house. Try
turning them off more often or setting a timer so they only turn on

when you want them to.

e Reducing noise from media devices: Consider how loud music,
televisions, radios, and video games are and how long they last. Avoid
listening to sounds at too high a volume or making unwanted noise
playing in the background for long periods of time. Setting aside time

to watch television or listen to music can be beneficial.

e Repair or replace old machinery: Older appliances, cars, and other
things can make a lot more noise than newer versions. Consider

upgrading or replacing any noisy appliances in your home.

e Soundproofing: Echo from other rooms, neighbors, or outside may be
muffled by strategically placing insulation around the house. Rugs,

carpets, and curtains may also be beneficial.

e Create more quiet time: Make time for quiet tasks like reading,
puzzles, or artistic hobbies on a regular basis. Playing music or making

background noise during this period is not recommended.
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o Ear protection: If noisy noise is inevitable, cover your ears with

earplugs or earmuffs.

Figure 9: Control measures of Noise pollution —

a) Earplugs (Source- https://cdn pixabay.com/photo/2019/10/19/16/44/carplugs-4561728_1280.pg),

b) No Horn (Source-https://c8.alamy.com/comp/R7W7Y T/in-an-attempt-to-reduce-noise-pollution-from-car-
horns-official-hand-painted-no-horn-warning-signs-are-installed-around-cites-in-india-R7W7YT.jpg)

e Go green by planning trees: We should plant more trees because
trees withstand noise well. According to the studies, plants can
minimize noise by 5 to 10 dB near their surroundings.

e Use noise absorbents in noisy machineries: We should look for
machines that make noise due to vibrations and install noise absorbents
to decrease the noise.

o Use proper lubrication and better maintenance: To minimize noise
pollution and increase performance, we should utilize proper
lubrication and better machine maintenance. It helps to minimize noise
by reducing friction between moving parts.

4.11. Summary

This chapter defines the fundamental concepts associated with sound (and
noise), and readers should now understand noise — its causes, effects, sources,
control measures, and so on. This chapter discusses the characteristics of noise

as well as how sound propagates through a medium and its effects.

. We've learned about different sources of noise pollution. Noise pollution
standards are also considered. Noise has a variety of effects on people,
discussed in the chapter. It leads to improper communication, insomnia, and
decreased productivity. The consequences of noise pollution must be taken

seriously. Finally, the chapter emphasizes that control measures such as
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planting trees around the noisemaking facility are practically easy to

implement in order to diminish environmental noise.

TERMINAL QUESTIONS

1. What is noise? Also write its sources.

6. What are the measures needed to control the noise levels?
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ANSWERS

1. Noise may be defined as unwanted sound which is derived from the
Latin word “nausea” means ‘unwanted sound’.
Hint: Noise sources can be grouped into three categories: transportation,

industrial, and residential.

2. Amplitude- The maximum amount of displacement of a particle on the
medium from its rest location is referred to as the amplitude of a wave.
Frequency- Frequency is the number of cycles repeated in a given amount of

time. Cycle/sec or Hz is the unit of measurement (1 Hz= 1 Cycle/sec).

Wavelength- The wavelength of a sound is the measurement of the distance

between two adjacent equal parts of a wave.

3. See Page no. 6

4. See Page no. 7

5. Source of noise pollution are the activities from where it comes i.e.
transportation, domestic or commercial activities and it affects the
mental health of a living organisms i.e. hearing disorder, annoyance

etc.

It can be controlled by reduction at its source and their transmission pathways

and also by protecting the exposed well being.
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Unit 5: Water Pollutio