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Hydrosphere :

All types of water resources, namely the oceans, seas, rivers, lakes, ponds, re

servoirs, polar ice caps,

glaciers, ground water and water vapour are collectively known as the hy drosphere.

The hydrosphere is an important part of the earth’s surface. About 70% of the ¢

with water, The northern hemisphere is dominated by land surface, while the

. N 3 — s M . \
almost entirely occupied by water bodies (oceans).

The distribution of water is as under

-} B SRR oceans and seas
j RAW e * in ice caps at polar regions
| S Wosaladn . as ground water
'\\ RERS Wi s o lakes, ponds, rivers, streams

Total quantity of water available on the earth surface is about 1.4 billion kn
spread over the earth surface, then it will form 2.5 km deep water mass.

3./ Lithosphere :

The upper layer of the earth’s crust is called

sarth’s surface i's covered

southern hemisphere is

3 and if this amount is

[Jan. 2010]

lithosphere. It is made up of soil, minerals, rocks

and other organic as well as inorganic matter.
“:‘

Rocks are subjected to continuous physical,

chemical and biological weathering. Plants grow 2
_ adius
and decay on the soil covering the rocks. Soil is =6370
Km

3409 km

Mantle

the major component of the lithosphere. The

organic matter in soil is decomposed by micro-

organisms thus forming biomass. This biomass is
———

mmed with the soil fauna.{The major componu\ts

e ——— | S,

of soil are air, water, miperals, and organic matter
obtained from weathering of the parent rock. Soil

plays a vital role in supplying nutrients to the plant Kingdom.

Fig. 1.4 Li

'ﬁ;e thickness of lithosphere ranges from 64 to 96 km. The uppermost part of
ilica L_S_i)__and aluminium (Al) and is therefore, known as the SiAl layer: ~J

—

4,/ Biosphere :
It is that portion of earth’s surface, hydrosphere and atmosphere where life exists.

thosphere

the lithosphere is rich in

-

Biosphere is a biological

environment where living organisms interact with physical environment, e.g. soil, water and air. It

extends from the lowest sea bed level to about 24 km of the atmosphere.

From the bottom of the sea level to the surface of the earth, whether it is
wells, rivers, lakes or even sky where the birds and other small creatures are

biosphere. Every living organism is getting the all basic resources from the

desert, grass land, hills,
existing are included in
biosphere i.e. air, water

food and sunlight, etc. and simultaneously the waste in the form of solid, liquid or gases produced by
it are discharged into the biosphere. Biosphere has a capacity to absorb, convert or dilute the waste

and make it useful once again to the next generation of organism.

.

Scanned by CamScanner



Scanned by CamScanner



Environmental Science

biochemical reactions by microorganisms are responsible for most of the chemical changes of matter

However, soil and rocks are mainly storage components for deposited matter.

All the components of environment are interrelated with each other. Any change in one of the

components affect other components also. For example, changes in the temperature of atmosphere,

cause changes in the rate of evaporation, humidity in atmosphere and after saturation of humidity when

rainfall takes place, it affects lithosphere as flood may occur causing erosion of earth. This also affects

the biosphere as different types of planfs grow differently according to the amount of rainfall they

receive.

Lithosphere is almost static component of environment while atmosphere and hydrosphere are dynamic

components of environment. Different types of movements in air due to wind and storms and movements

of river water as well as ocean water cause changes on the land surface and thus affect the lithosphere.

1.5 MAN AND ENVIROMENT RELATIONSHIP : [April 2010, Dec. 2011, May 2012]

Sl i ainnn ; . J .
" g/ Man is a biotic component at the centre of the biosphere surrounded by air, water, soil and material.
‘ The man’s daily life is dependent on it’s various abiotic components. For example,

¢ For breathing we are dependent on oXygeh, i.e. air.
e For water, we are dependent on water resources.

¢ For food, we are dependent on soil, plants and other animals.

Thus, we are dependent on environmentsfor our survival.

Ancient Indians used to worship nature — sun, water, air, soil, plants and animals. As per Indian tradition,

bodies of plants, animals and human beings are made up of five essential elements (water, air, earth,

akash, fire) and after death and decay, these bodies again converted to those five essential elements

Since ancient times, Indians have worshipped their natural resources in the form of God. For example,

Sun as Surya dev, Water as varun dev, air as Pawan dev, soil as pruthvi devi, trees as Van dev, fire as

Agni dev, cow as Mata and Elephant as Ganesh.

With the increase in population, man started interfering with the environment in the following ways :

e  Grass lands were converted to crop fields.

e  Forest were cut down for fuel and building material.

Irrigation systems were built to transport water.

e Inhabitant of some species were destroyed leading to their extinction.

. Some animals and birds were huntet to extinction.

In order to fulfill their basic needs quickly, human beings have modified the environment more, compared
to other organism using advanced technologies. After the 18th century, lot of advancement in technologies
and science took place, especially after the invention of steam engine and automobiles. The idea of
progress spread rapidly and made a profound impact on the environment as follows :

s Deforestations are done for human settlement and infrastructure development

+  People shifted from renewable wood to non-renewable fossil fuels. (Coal, oil, natural gas)

e  Factories began to use more natural resources.
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Activities and Impacts

r | Activity : Impacts
‘ | Agriculture *  Soil erosion
*  Discharge of nutrients into water bodies/ground water.
* Discharge of pesticides into the environment. These
pesticides end up in the foodchain of the ecosystem.

*  Water pollution.
* Imposing water burden on water resources.

2. | Water resources projects *  Deforestation

[Dams, reservoirs, canals] *  Submergence of forest and other lands

*  Water logging problems
*  Evacuation and rehabilitation of people and villages
* Disturbance to wildlife
* Mosquito breeding

3. | Construction * Cutting of forests
*  Extraction of construction materials
*  Energy utilization
* Stress on water resources
* Natural water drainage problems

4. | Transportation *  Deforestation for constructing highways and railways
* Utilization of valuable agricultural land for construction
*  Disruption of wildlife habitats
®*  Air pollution, noise pollution
*  Pollution of marine waters due to harbours

5. | Industries * Pressure on land and other natural resources for raw

material.

*  Air pollution
*  Water pollution
*  Noise pollution
*  Pressure on transport systems

6. | Mining *  Soil erosion, subsidence of land
*  deforestation

4 *  Air pollution

*  Water pollution
*  Transportation of ores imposes heavy burden on transport|
“ facilities.

9_, -
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Power generation

Thermal power plants create water pollution, air pollution

and thermal pollution.

*  Hvdroelectric plants causes submergenece of valuable land,

deforestation, disruption of wildlife etc.

¢  Nuclear power plants carry risk of radioactive hazards.

*  Global warming and acid rain are related to combustion

| of fossil fuels in thermal power plants.
> { Loursim and religious *  Create congestion
RN *  Transport problems

4 * Sanitation problems

* Spread of diseases like swine flu.

* Solid and plastic waste problems

9. | Urbanisation *  Air, water and noise pollution

* ¥ Water supply and sanitary problems

*  Traffic problems, accidents

*  Solid waste generation

o Increase in electricity consumption due to use of - A.C.

refrigerator, washing machine, water heater, etc.

* Social tensions

*  Expansion of cities eats away fertile agricultural lands.

*  Slums development

1.7 ENVIRONMENTAL DEGRADATION : @), [June 2010, Jan. 2013, Jan. 2016]
> e g
Environmental degradation can be defined as the deterioration of the environmental quality due to different
@ activities of living beings that pollute the key/elements like air, water and soil| Environmental degradation
can occur naturally or through human activities. j s

The factors of environmental degradation are divided into two groups :

A Natural factors
2 Man-made factors

‘1. Natural factors :

The natural factors causing environmental degradation are :

*  Droughts %SHD * Storms and floods
*  Earthquakes *  Volcanic eruptions
*  Tsunami, etc. -,

These factors not only cause physical and agricultural damage but are also responsible for disruption of
property and essential services like electricity and water supply.

ll

Environmental Science \ 2018 \ 3

-
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Introduction to Environment

1.8

<
<

The Impact equation - IPAT : [March 2009]

Famous physicist John Holdren and biologist Paul Ehrlich studied environmental degradation and
pollution in detail. They developed a model uSing three factors to assess the impact (I) on the environment
which is called IPAT equation.

It was one of the earliest attempts to describe the role of three multiple factors, Viz. Population (P),

Affluence (A) and Technology (T), in determining environmental degradation.

I=PxAXT
where,
I =  Environmental Impact

P = size of human population

A = Affluence - refers to the level of consumption by population
T =  Technology - refers to processess used to obtain resources and transform them into
useful goods and wastes.
In developing countries like India, basically population, poverty and pollution are three key factors
responsible for rapid environmental degraddtion which is called as P3 syndrome.
In developed countries, use of natural resources with very high rate is the main reason of

environmental degradation.

ENVIRONMENTAL EDUCATION :

Environmental Education is an integral process, which deals with man’s interrelationship with his natural
and man made surroundings, including the relation of population growth, pollution, resource allocation
and depletion, conservation, technology, urban and rural planning to the total human environment.
Environmental Education is a study of the factors influencing ecosystems, mental and physical health,
living and working conditions, decaying cities and population pressures. Environmental Education is
intended to promote among cirizens the awareness and understanding of the environment, our relationship
to it, and the concern and responsible action necessary to assure our survival and to improve the

quality of life. /

4
Importance of Environmental Education :

[May 2012, Dec. 2013, Dec. 2014, May 2015, June 2016, June 2017]

The objective of environmental education is to make public aware about environmental problems, and
importance of environmenl protection. Environmental education is important from the following view

points.
I. It gives us the basic understanding about various aspects of environment and its associated problems.

it teaches us the concept of sustainable development.

It gives an idea about beneficial use of natural resources without damaging it much.

H W N

It imparts the knowledge of eco-friendly techniques to be used in various fields.

5. It helps to promote the use of non-conventional energy resources such as solar energy, wind energy,
biomass energy, efc.
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nvironmental Science

6 It teaches us how to conserve energy and save our planet 'I}
It teaches us about bad effects of pollution and suggest measures to minimise environmental ‘
pollution

8 It helps us to understand about ecological imbalance and vatious ways to maintain ecological
balance

9

It gives the knowledge about interdepedency of man and nature.

10. Tt develops skills to identify environmental problems and their solutions.

< Objectives of Environmental Education : [Jan. 2010, June 2013, May 2018§]
. To increase awareness and sensitivity to the environment among the people.
*  To increase the knowledge of environment.
/" * To improve attitude towards the environment.
y * To acquire skills for solving environmental problems.
L]

To increase participation and to dey clop a sense of responsibility.

» Principles of Environmental Education :

7

[June 2013, May 2015]

The major principles of Environmental Education are as follows :

Environmental Education considers environment in its totality.

. Environmental Education is not a one short learning approach. It is a challenging area requiring
both disciplinary and interdisciplinary approach. This calls for a holistic rather than a piece meal
subject oriented approach. v

*  Environmental hazards are controllable and every cirizens has a moral obligation and responsibility
towards this.

. Concerns of environment are concerns of several agencies. Formal and nonformal education
system and programmes must work in unison,

L]

Education must cater to all sections of society-the gener

al public, and non specialists, socio
professional groups and technologists as well,

Promote the value and necessity of local, national and interpersonal coo

peration in the prevention
of and solution to environmental problems.

*  To appreciate the gifts of the Nature i.e. Natural Resources,

Help learners discover the symptoms and causes of environmental problems.

To help and understand the effect of over population and over exploitation of natural resources.

. To promte the value and necessity of local, national

» International cooperation in the prevention
and solution of Environmental problems.
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1.9 ROLE OF ENVIRONMENTAL ENGINEER :

Exvironmental engineers are the technocrats who are committed
harmful effets of environmental degradation daused by the pollution
explosion, urbanisation and industrialisation.

The major roles of environmental engineers are :

1. The environmental engineers make environmental strategies like evaluation of en

steps for improvement in quality of water, air and food.

They conduct research on proposed environmental projects, analyse scientific datiis

quality control checks by Environmental impact assessment.

They do the design, construction and operation of municipal water supply system for providing
safe drinking water to the people.

They do the design, construction and operation of sewage treatment plants depending upon the
characteristics of waste water.

They also design sewage and storm water drainage, network for proper disposal of sewage and

storm water. A

They design various treatment technologies for the municipal industrial solid waste management.

They deal with the concept of recycling and reuse of wastewater.

Environmental engineers also keep in their mind to protect natural resources from the effects of
disposal of hazardous waste, toxic chemicals and radioactive waste.

They provide legal and financial consulting on matters related to the environment.

Using the principles of biology and chemistry, environmental engineers develop solutions to
environmental problems.

They are also involved in the protection of wildlife.

. They are concerned with local and worldwide environmental issues. They study and attempt to
minimize the effects of acid rain, global warming and ozone layer depletion.

Important days of Environmental significance [Dec. 2014]

World environment day v 5th June

World Nature day 31 October
Earth .day
World Water day

227 April

227 March
215 March
1-7 October
1™ July

World Forest day
wild-life Week

World population day

Ozone day 16" September

4" October

World animal welfare day

World food day

16" October
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Environmental Science

| SHORT ANSWER QUESTIONS

Define the term ‘environment’, [Jan. 2010, April 2010, June 2010, Jan. 2011]

It is derived from the French word ‘environ’ means to encircle or surround.

The meaning of the word ‘environment’ is the surrounding of an erganism. It is defined as the
condition of air, water, land and other things surrounciing us.

Environment includes air, water and land and their relationship which exists among and between

water, air and land, and human beings, other living creatures, plants, micro-organisms and property.
What is biome envirement ?

The biotic and abiotic components of an environment are together known as the biome environment. "

Biotic components —> Plants, animals, birds, micro-organisms -

Abiotic components — light, water, air, temperature, humidity, etc.
Define environmental science.

Environmental science can be defined as the scientific study of earth, air, water, living organisms
and the man with his impact on environmeiit.

It is the study of both biotic and abiotic components of the environment.
Define environmental engineering,

Environmental engineering can be defined as the application of engineering principles, to the
protection and enhancement of the quality of the environment, public health and public welfare.
For example,

The environmental engineer plans, designs, constructs and operate sewage treatment plant, water
treatment plant, industrial effluent treatment plant, air pollution control equipments, etc.

What are the different components of the environment ?
1. Atmosphere Zs
3. Lithosphere 4.

Define the term ‘biomes’.

Hydrosphere
Biosphere

[Jan. 2013]
Within the biosphere, living organisms form ecological communities based on the physical

surrounding of that area, these communities are referred as biomes.
Examples of biomes are,

grasslands, deserts, tropical rainforest, etc.

What is biosphere ?

[Jan. 2011]
It is that portion of earth’s surface, hydrosphere and atmosphere where life exists. Biosphere is a

biological environment where living organisms interact with physical environment, e.g. soil, water
!
and air. .

What is lapse rate ?

The density of the troposphere decreases with altitude. The air near the ground level is heated by

the radiation from the earth, but the temperature decreases uniformly with altitude. This decrease
of temperature with altitude is known as lapse rate.
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9. What is ozone layer ? ]

Stratosphere is known for the presence of ozone which is found at around 20 km from g
This layer of ozone is called ozonesphere and acts as a protectlve layer against the harmful effe

of ultraviolet radiations on living orgapisms.
10. What are the different spheres of atmosphere .?
The atmosphere can be sub-divided into five regions as given below :
i.  Troposphere ii.  Stratosphere
iii. Mesosphere iv. Thermosphere
v.  Exosphere

11.  What are the constituents of atmosphere ?

Nitrogen = 78% by volume
Oxygen =21% by volume
CO, =0.032 % by volume
12. How water is distributed on the earth ?
S N s oceans and sc;as
BAPR R i o, in ice caps :;t/ polar regions
067% ... as ground water
0:03% " - lakes, ponds, rivers, streams

13. Define ‘environmental degradation’.
Environmental degradation can be defined as the deterioration of the environmental quality due to

different activities of living beings that pollute the key elements like air, water and soil.

Environmental degradation can occur naturally or through human activities.

14. What is anthropogenic environment ?

It is the environment created by man through modifications in natural environment for fulfilling

their needs.

Anthropogenic activities :
e  Agricultural activities ' Construction activities
»  Transport activities e Mining activities

o Industrial activities, etc.

15. What is IPAT equation ?
tion to assess the impact (I) on the environment of three factors, viz Population (P),

It is an equati
Affluence (A) and Technology (T).

]=PXAXT

16. Define ‘sustainable development’.
Sustainable development is defi ned as a form of development or progress that meets the needs

of the present without compromising the ability of future generations to meet their own needs.
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6.

9.

12.

13

ssential for engineers, why ?

[Dec. 2011)
Because the engineers do the design, construction and operation of

o Municipal water supply system

e Sewage treatment plants
s Sewage and strom water drainage network
.

Solid waste management system, ete,

L MULTIPLE CHOICE QUESTIONS
The “world environment day’
(a) 15" June

is celebrated on

[June 2010, Dec. 2014, Jan. 2017)

(b) 5™ Jtine (¢) 5™ January (d) 15" February

Short term properties of the atmosphere at a given place and time is referred as, [Jan, 2013)
(a) Climate (b) Microclimate (¢)

Season () Weather
Which of the following is an ex

ample of impact of the development activities on hydrosphere ?

[Jan. 2013, Jan. 2017)

(a) air pollution (b) noise pollution

soil pollution (¢)

() water pollution
Study of trends in human popul

ation growth and prediction of future growth is called [Jan. 2013)

Biography (¢) Paleography
Ozone present in ‘ozonosphere’ protect us from

(2) Demography (b) (d) Psychology

(a) Infrared radiations (b)  Ultraviolet radintions (¢) Visiable radiations (d) None of these
Environmental degradation is due to

(a) rapid industrialization (h)lJrluu,imliun (¢) developmental works (d) all of the above
A
Atmosphere has major constituents of

(m) Nitrogen , Oxygen, Argon (b)  Carbon dioxide, Nitrogen
(¢) Ozone, Methane, Nitrogen (d)  Nitrogen, Oxygen, Ozone
The range of temperature varintions in troposphere s

(®) 20°Cto~56°C  (b) -856°C10~2°C (c) =2° to - 90°C (d) -90°C 1 1200°C
The layer in which Ozone is found iy

[June 2017)
()  Stratosphere (b)  Troposphere (€) lonosphere (d) Exosphere
The biggest pollutant receptor or sink on the earth is
(a) Biosphere (b)  Atmosphere (¢)  Lithosphere Ay Hydrosphere
The least pollutant receptor or sink on the earth |s [June 2017)
(n) Hydrosphere (b)  Atmosphere (v)  Lithosphere (d) None of these

/

The ambient lapse rate s y
(n) ~ 5°C per km (b) ~98°C per ki (¢)
The range of tempernture variations in strstosphere |s
() 20°C 10 -~ 56°C (bh) 56°C w0 - 2°C (¢) “2*%C w

CO8°C per kin  (d) Nonw of thase

90°C (d) 90°C 1 1200°C

S—
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14

16

23,

24.

3.

26.

23;

28.

29.

30.

Lithosphere consists of

(a) Crust (b) Mantle

(C) (&
I'he layer of atmosphere which provides the ideal site for fl3

(a) Thermosphere (b) Stratosphere (c) Mesosp

[Dec. 20

(d) Mesosphere
[June 2014]

(d) 22" May
[June 2014]

(d) Hydrosphere

Stratosphere contains an important spices which protects life on Earth is ....ccoceoveeeees [June 2014]
(a) Oxygen (b) Ozone (¢) Nitrogen (d) Hydrogen
[Dec. 2014]

Which is not true ?
(a) Lithosphere includes the crust and the uppermost mantle

I'he outer soil crust of the earth is kndwn as

(a) Hydrosphere (b) Exosphere (¢) Lithosphere

Earth day is celebrated on ......
(a) 5% Jupe (b) 12th May (e) 22™ April

A zone consisting of land, water and air which supports life on earth is

(a) Biosphere (b) Atmosphere (c) Lithosphere

(b)" Lithosphere is underlain by the stratosphere

(c) Lithosphere provides timber v
(d) Lithosphere is broken info tectonic plates
The Equitable use of resources is NECESSATY fOT wuvurvansinsareaernensesens [Dec. 2014]
(a) sustainable development (b) better Life Style for man
(¢c) Sustain natural wealth . (d)~~ All of the above
The range of temperature variation in mesosphere is ........... [May 2015]
(a) 20°C to —56°C  { (b} -2°C to -90°C (c) -56°C to -2°C  (d) —90°C to 1200°C
Stratosphere contains an important species which protects life on earth is [Jan. 2016]
(a) Oxygen \‘/(,b’) Ozone (c) Nitrogen (d) Hydrogen
Environmental degradation is due to [Jan. 2016]
(a) Rapid industrialization (b) onset of different development work
(c) Fast urbanization leading of deforestation [(d)~ All of the above W
In the atmosphere the layer above the troposhere is [June 2016]
(aysu-atosphere (b) Exosphere (¢c) Mesosphere (d) Thermosphere

r in which presence of ozonc':,is treated as pollutant is [Jan. 2017]

he laye

(a) Stratosphere
Percentage of total water found as fresh water is

(d) Exosphere

Troposphere (c) lonosphere
[Dec. 2014, June 2017]

@ 87.5% (b 2.5 % © 975% d) 75 %
The study of interaction between living organisms and their physical and biological environment
is called
(a) biology (b) ecosystem (c) ecology (d) zoology
The outer soil crust of the earth is-known as [Dec. 2013]
(a) Hydrosphere Lithosphere (c) Exosphere (d) Mesosphere
Earth day is celebrated on

(b) 22" March ey 221 April (d) 16™ September

@) e dinnc
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ANSWERS

(b) 2. (d) & (d) 4. (a)

n

® 6 (@ 7 (a)

8. (a) 9. (a) 10. (d) 11. (b) 12. (c) 13. (b) 14. (d)
15. (b) 16. (¢ 17. (¢) 18. (a) 9. () 20. (b) 21. (@)
22. b 23 (b 24 @ 25 (a) 26. () 27. (B 28. (o)
29. ) 30. (¢ i
REVIEW QUESTIONS
I.  What are the components of environment ? Explain by drawing sketch. :
[Jan. 2009, Nov. 2010, May 2012, Jan. 2016]
2.  Explain the impact of technology anld development on environment. -
{ [Jan. 2011, June 2011, May 2012, June 2016, Jan. 2017, June 2017]
3. Explain interrelationship between various components of the environment.
[Sept. 2009, June 2010, June 2014, Jan. 2016]
4.  Give the composition of atmosphere. [Jan. 2010, June 2011, Dec. 2014, June 2016, June 2017]
5. Explain the importance of environmental education. Discuss the impact of human on environment,
[Dec. 2011, May 2012, Dec. 2013, May 2016, June 2017]
6. What is relationship between man and environment ? Do you think that man has protected
environment ? [April 2010, Dec. 2011, May 2012]
| 7. Write a short note on : ‘environmental degradation’. [June 2010, Jan. 2013, Jan. 201 6]
8. Define the terms : | :
(i) Environment y [Jan. 2010, April 2010, June 2010, Jan. 2016]
(ii) Biosphere " [Jan. 2011]
(iii) Biomes [Jan. 2013]
(iv) Atmosphere [Jan. 2010]
(v) Lithosphere [Jan. 2010]
(vi) Ozone layer [June 2010]
(vii) Biotic and abiotic components.: [Jan. 2011, May 2012]
9. What is the role of an environmental engineer ? [June 2011]'
10. Explain the IPAT equation. | [March 2009]
11. What is sustainable development ? How it can be acﬁieved ? [Dec. 2014, June 2016]
12.

Why is environmental education provided to engineeris [Dec. 2014, June 2017]

L2 K
0’0 0’0 o
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2.

Envuronmental PoIIu

- Water PoIIutlon-

< In the waters between 0.25 km to 0.45 km deep, CO,

the rate as in the surface waters.

levels are rising at nearly twice
— Daniel Glick

15

2.6

Environmental Pollution

‘/

Pollutants and their Classification

Types of Environmental Pollution

Water Pollution

2.4.1 Water Quality Standards
\y Sources of Water pollution
\}3.’3 Classification of Water Pollutants
\}44.4 Effects of Water Pollutants

2.4.5 Health Effects of Chemical’ Parameters

Eutrophication

Control of Water Pollution

Short Answer Questions

Multiple Choice Questions

Review Questions
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Environmental Pollution

These i
are the pollutants which are degraded/decomposed natur

e.g

(b)

These are the pollutants which can n

Classification of pollutants :
On the basis of nature of material :

(a) Biodegradable pollutants :

Water Pollution

-

municipal waste water (sewage)

Wood

garbage

Non-biodegradable Pollutants :

water or degrade very slowly.

eg

DDT

gla:s

E-waste, etc

(a) Quantitative pollutants :

These are the substance

when their concentration increases the allowable limit.

For example, CO, when r

effect

(b)

These are the substances wi

Qualitative pollutants :

human for different purposes.

e.g.

Insecticides

Pesticides

Germicides, etc.

On the basis of form of pollutants :

(a) Primary pollutants :

These are th
added t

e.g.

o the environment. They ar¢ also called-di

Smoke

dust

(b) Secondary Pollutants :

These a
e toxic than secondary pollutants.

mor

e.g

PAN (Peroxyacyl nitrate)

aldehydes, etc.

Paper

ally by the action of bacteria

Cardboard, etc

ot be degraded decomposed naturally by the ac

® Plastic

tion of

* polythene bags

On the basis of their concentration in nature :
s which normally occur in the environment,

cleased in excess amount in the atmosphere ¢

hich do not occur naturally in the environmen

e substances which remain in the environme
rect pollutants.

* ash

but become pollutants

an cause green house

t, but are added by

nt in the same form in which they are

* hydrocarbon, etc.

re the substances which are formed from

* Ketones

* Qzone

primary pollutants. These are considered
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Environmental Science

between 10°C to 20°C,

for domestic use should be
ctionable

e Density of water is maximum at 4°C temperature

pH

Acidity 4 Alkalinity
Hardness . Chlorides
Fluorides ; "8 Metals
Organic matter

Total dissolved solids (TDS) :

These are organic particles (decay products, organic chemicals and gases etc.) and inorganic particles

(minerals, metals and gases) present in water in dissolved form.

Size of these particles varies from 10-3 um to 1073 pm.

Environmental Significance :

* Dissolved solids may impart colour, taste and toxicity to water.

*  Some of the dissolved organic constituents have been found carcinogenic.

- Degradation of organic matter may impart objectionable smell.

They can be removed by tertiary treatments like reverse osmosis, electro dialysis, distillation, ion

exchange process, zeolite process, etc.

pH :

It is defined as the negative logarithm of hydrogen ion concentration in water.

It is a measure of degree of acidity or alkalinity of water. It is measured on pH scale, which varies

from 0 to 14.

1)

H )

pH = — log,g H" = logo |

!
!
-

H* ion concentration = 10

pH

Max
v Alkaline Water ——————{ Alkalinity
) GETSE W W 5, TN ST ara
6 7 8 9 10 11 12 13 14

e Neutral Water

Fig. 2.1 pH scale
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pH value of neutral water is 7.

At pH = 7 water is neutral
for pH = 0 to 7, water is acidic.
for pH = 7 to 14, water is alkaline.
Environmental significance :
*  For potable water, pH of water should be between 6.5 to 8.5.

* Very low values of pH (acidic water) may cause corrosion and tuberculation.

*  Very high values of pH (alkaline water) may shut biological activities.
3. Acidity :
It is the capacity of substances to neutralise hydroxyl ions OH~ (basics).
It is due to the presence of minerals and dissolution of carbon dioxide.
Mineral acidity :
* It is due to the presence of minerals like sulphur and iron pyrites.
* pH range may be 0 — 4.5.
CO, acidity :
:

* It is due to dissolution of CO, in water from atmosphere.

/

*  pH range may be 4.5 — 8.5
Acidity is measured in mg// as CaCOj;.

Environmental significance :
*  Acidity interferes in the treatment of water (as in softening).

e Presence of acidity causes the corrosion of metals and pipelines.

o Industrial wastes containing acidity and alkalinity, must be neutralized before they are subjected

to bilogical treatment.

4. AlKkalinity :
It is the capacity of substances to neutralise acids.

It is due to the presence of bicarbonates, carbonates and hydroxides.

Alkalinity is measured in mg/! as CaCOj3.

Environmental Significance :

¢ Presence of alkalinity give a bitter taste to water and water becomes unpalatable.

e It is also required for chemical reaction with coagulants like alum.

S. Hardness :
Hardness of water may be defined as the soap destroying property of water. The hardness may be -

temporary hardness and permanent hardness.

of two types :
The temporary hardness is due to the presence of carbonates and bicarbonates of calcium and

magnesium. It is also called carbonate hardness. It can be easily removed by either boiling of
water or adding lime to the water. '
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to the presence of sulphates, chlorides and nitrates of calcium

| ' ter softeni
be removed by boiling and requires special methods of wa . ng
5s i also ce n—carbonate hardness,
like zeolite or soda lime process. The permanent hardness is also called no

and magnesium.

The hardness is measured in mg// of calcium carbonate (CaCOg).

Environmental significance :
L]

The hard water cause excessive consumption of soap in laundries.

*  Hard water forms deposits {bolier scales) in the boilers.

*  Ground water is generally harder compared to surface water.

*  The prescribed hardness limit for public supplies range between 75 to 115 ppm.

In terms of degree of hardness, water can be classified as under :

_ Type of water ; ¥ Hardness (mg/l as CaCOj,)
Soft water 0 to 75 ppm
Hard water

75 to 150 ppm
- 150 to 300 ppm
> 300 ppm

Very hard water

Extremely hard water

6. Chlorides :

Chlorides are mainly due to the intrusion of sea w
into the water supply source.

Chlorides are generally present in the water in the form of calcium chloride, sodium chloride and
magnesium chloride.

Environmental significance :

*  Chloride concentration in excess of 250 mg/|

produce a noticeable salty taste in drinking
water and are thus objectionable. .

water due to sewage and industrial wastes.
7.  Fluorides :

Water sources contain natural fluorides. Fluorides are mainly associated Wwith some sedimentary ‘
and igneous rocks. It is toxic to humans and other animals ip large quantities while small
concentrations can be beneficial.

Environmental significance :

*  Fluoride in water less than 1.0 mg// can cause de

mg// may cause discoloration or mottling of teet
8. Metals :
All metals are soluble to some extent in water. Metals in nat

deposits, discharge of domestic, industrial or agricultural w
Environmental significance of Metals’:

ntal cavities ip children, while more than 1.5
h (fluorosis).

ural water includes dissolution from natural
aste water,

«  Toxic metals are harmful to humans and other organisms

in small quantities, added to water
by mining, industrial or agricultural sources. &

p Arsenic, Barium, Cadmium, Chromium, lead and mercury are toxijce metals.
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. Non-toxic met: : ; :
ic metals commonly found in water include sodium, iron, mang

copper and zine.

D

Excessive concentrati g g
¢ concentration of Sodium cause a bitter taste in water, cause health hazard like

and Kideny

lron & B oo i .

on and manganese impart colour in very small quanities also.

a) Organic cne S . - g ;
(a) ganic matter : Many organic materials are soluble in water. They come from natural sources
d'\" s 5 PR oW - e B A < ik o
(decay products of organic solids) or from human activities (waste water from domestic,

industrial and agricultural sources)

Dissolved organics are divided into two categories :
Biodegradable organics consists of starches, fats, proteins, alcohols, acids, aldehydes etc. They
are utilized for food by natural micro-organisms.

. Non-biodegradable organic consists of tannic acids, cellulose and phenols. They are resistant
to biological degradation.

Environmental significance of Organic Matter :

Organic matter in water bodies utilized dissolved oxygen for their degradation. The amount of oxygen
consumed during microbial utilization of organics is called the Biochemical Oxygen Demand (BOD).
This may decrease dissolved oxygen (DO) level and affects on aquatic system.

(¢) Biological parameters :
The natural water contains living organisms like bacteria, viruses and protozoa, but pathogens (those

organisms which cause diseases) are most important.

Various diseases caused by pathogens are :

Pathogen ) diseases caused

Bacteria - Cholera, diarrhea, typhoid, jaundice, etc.
Protozoa - amebic dysentery, giardiasis etc.
Viruses Lo hepatitis, meningitis, poliomylitis, etc.

The bacteria may be of two types — pathogenic bacteria and non—pathrgenic bacteria. The pathogenic
rmful. It causes diseases like cholera, typhoid, diarrhea, etc. The non—pathogenic bacteria

But it is difficult to isolate the two.
e two bacteria (pathogenic and non—pathogenic) is termed as B-coil

bacteria are ha
is not harmful.
The combined group of th

group (i.e. bacterium and coli). Sometimes the
mon bacteria in this group is known as E—coli (Escherichia coli).

pathogens in water can be detected by the following techniques :

group is termed as coliform group.

The com

The presence of
Tests for detecting pathogens in water

l
) 4

E—coil test (B—coli test) Membrane Filter technique

rl

—  Presumptive test
— Confirmed test
— Completed test
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) 'le:ol::ct:csr:c:oc:fn:nlzlljogens in water can be detected indirectly by indicator Or’gams:ls‘ An indicatoy
e . ' indicates the presence of pathogens. The presence o
organisum is one whose presence in water in
indice zanisms is detected by E—coli test. s
I1:11?:1;—(1:0Ioiri:s[:l:ietcrmines the MPN (Most Probable Number) of coliform bacteria in 100 m| Water
sample.
The E-coli test is carried out in three phases :
1. Presumptive test :
This test is based on the belief that the coliform group can ferment the lactose broth and can
Produce gas. The procedure of the test is described below : ;
* A known amount diluted sample of water is taken in a standard fermentation tube containing
lactose broth.
®*  The trube is kept at a temperature, of 37°C for 48 hours.
After this period, if gas is seen in the tube, then this is an indication of presence of B—coli. This
result is positive and the sample of water is unsafe for drinking.
If no gas is seen, then the sample of water is free from B—coli. This is a negative result and the
water is safe for drinking.
2. Confirmed test :
This test may be carried out by any one of the following two methods -
Method-1 :
A small quantity of lactose broth showing positive presumptive test is taken on a plate containing
Endo or eosin — methy lene — blye agar. It is kept for 24 hours at 37°C. If colonies of bacteria are
seen, the positive result is confirmed. So, the completed test must be done.
Method-2 :
A small quantity of broth showing positive result in Presumptive test is taken to another fermentation
tube containing green lactose bile and k?pt for 48 hours. If £as 1s seen, then the presence of B—coli
is confirmed. So, the completed test must be done,
3. Completed test :
In this test, the samples of the Previous test are taken into lactose broth fermentation tube and agar
tube, and both tubes are incubated at 37°C for 24 to 48 hours If gas is seen after this period, then
it indicates positive result So, this type of water is unsafe for dnnkmg
MPN Per 100 m = Number of Positive tubes
(ml of sample in} ¢ (ml of sampleJ
negative tubes in all tubes
(b) Membrane filter technique :

Membrane filter technique gives a direct count of coliform bacteria

and it is Preferred by environmental
engineers as the results are obtained in 24 hours as compared to 7

2 hours in MPN test.

In this method, water sample is filtered through 0.45 Hm size filter and fj

" .
to grow with selective media and inhibitors of other bacteria
0 . . .

h gs After incubation period, the visible colonies are counted
ours.

reported in numbers of bacteria in 100 ml of water,
e et e S B s

Itered bacteria are allowed
a Appropriate temperature for 24
by colony meter and the results are
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Table 2.2 BIS (ISI) Standards for Discharge of wastewater

Characteristics
of wastewater

Tolerance limits
for Domestic
effluents
discharged into
inland surface
water :
15:4764-1973

Tolerance limits
for dndustrial
effluents
discharged

into inland

surface water :

Tolerance limits

for Industrial
effluents
disqcharged
into public
sewer

for Inland

used public

Tolerance limits
surface water

water supplieslgl
and bathing

o

e %

1S5:2490-1974 | 1S:3306-1974 ghats : '
G 18:2296-1974
BOD (5 days at 20 30 500 3
20 °C), mg/l
COD, mg/l = 250 - e
pH value - 5.5 10 9.0 55109.0 6.0 to 9.0
Total suspended
solids Mg// 30 100 600 - 600
Temperature, °C - 40 °C 45.°C -
Oil and grease y 10 100 0.1
(mg/7)
Phenolic - 1 5 0.005
compounds mg//
Fluoride (as F mg//) - 2.0 = | P
Chlorides = = 600 600
(as Cl mg/l) -
Sulphids = 9 )
(as S mg/l)
Total residual =3 1.0 5
chlorine mg//
Insecticides (mg//) - 0.1 & [
BesaEEY - 0.01 -
(as Hg mg//)
Cadmium B 2 5
(as Cd mg/)) :
Selenium - 0.05 = 0.05
(as Se mg./l)
Arsenic = 0.2 = 02
(as As mg//) -

C— e ——
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15 Selenium (as Se mg/1) 0.01 g
™S _Rr:nit (as As mg/l) L o
‘17 Cyanide (as Cn mg/l) | e e
_\l_tﬁh Lead (as Pb mg/l) 7 iy e
19 | pAH L
' 20 ("mmuim (as Cr*6 mg/|) 0.05 —
21 Ammonium (mg/l) 0.5 —
22 Boron (as Bo mg/l) Gl e
23 Pesticide 5
Fmr\\ 1-No E~Coli in 100 ml
2.4.2 SOURCES OF WATER POLLUTION :

(1)

[Jan. 2011, June 2014, June 2016]

Following are the tWO major sources of water pollution
Point Source :

They are the source of pollution from single identified location
Examples :

(i)

2. dye, textile

processing etc. are major sources of water P

» Pulp and paper, oil, refineries, food

ollution. It has organic and inorganic matter,
*Inorganic Pollutants

: Chlorides, sulphates, metal

S, oxides of metals, acids and alkalies ete
Oreanic Pollutants -

Carbohvdrates. proteins. oils. fgts. cellulose and phenols etc.

Acid rain ' ' : : = =

NARNAN
gl
o ||lll||I| a#
sy |1|1||| I _ "
Ll
X \\ ¥ Poliutants
2" a Thermal power plant
% oo '
—_— f—
¥ vyl N\ ) =
%% Fertilizers o
% %%5 S / Residential Area

e . O we
B owe Fer |

: =
Nalla \
\ 2~  Industral area i
O \ | I ~ . JJ
o o A d
Nuclear plant » 5 < ’ pollution o~ o >
i ~
e ~— -~ r

Fig. 2.2 Sources of water pollution

‘I
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Infilteration of industrial effluents, municipal sewage etc. contaminate 'the groundwater and cause
water pollution.

(2) Non-—point source (diffuscd source) :

[hose source whose location cannot be easily identified are called diffused sources.

he T i e b G cause water
The pollutants scattered on the ground ultimately reach the water sources and
pollution.

=Y - - . o~ . . *- n'
e.g. Runoff from agricultural fields eventually enters streams, FIVErs, lakes and the ocea

; : : R . face
Air pollution gets dissolved in rain water and contaminate the ground water as well as sur
water sources.

A

Ground Water Pollution :

The total water requirement Recharge

Solid waste disposal site

will be served from ground / (Wasto watr
- - -~ 1~ .I . ﬂl
water. which is about 30 Artificial sites  treatment pond) /Agncunural cattle

times more than surface | | l

i e channels
water. Ground water seems 1 Drainag

to be less prone to pollution Septic tanks
as the soil mantle through

which water passes helps to Unconfied Aquifer «—

retain VAriONS CORAMINANES <---c--iacnnsecoececzoconongocee] froceeceeretoonitoianiacoioRE i

L e .. . e
due to its cation exchange Confined Aquifer - Sea water

Intrusion
. . R niru:
capacity. Fig. No. 7.3 shows Wecnon = w\
the potential sources of

Fig. 2.:‘;‘ Potential sources of ground water pollution

ground water

contamination. Ground
water pollution with arsenic, fluoride and nitrate are posing Serious health hazards.

%+ Surface Water Pollution :
The major sources of surface water pollution are :

(1) Industrial / Municipal Discharge :
The principal point sources like municipal and industrial wastewater tiis‘chm"ges, cooling water from
power plants and intermittent discharges such as overflows from stabilization ponds and treatment
facilities contribute significantly to surface water quality changes. Industrial wastes containing toxic
chemicals, acids, alkalis, cyanides, radioactive substances, ammonia etc. are sources of water
pollution.

(2) Agrochemicals : ’
The diffuse non point sources which effect surface water quality are discharges from drainage
channels, agriculture fields, runoff from rain fall covering different land use patterns, varying
geology, vegetative cover which transport significant level of dissolved organic matter, sediment,
decaying matter etc.

@) oi :

Oil spillage into sea—water during drilling and shipment pollute it.

Scanned by CamScanner




Environmental Science

i

Synthetic detergents : .
4) ynthe g e ol pﬂ”lll‘-— wabet

Synthetic detergents used in washing and cleaning produce
= Major sources of surface water pollution are :

| Sewage : discharge of sewers and drains.

2 Industrial effluents —chemical, dying, paper, tannery, €tc

3. Intensive use of chemical fertilizers for agriculture.

4. Use of insecticides in agricultural fields.

5. Synthetic detergents used for washing and cleaning.

6.  Oil spillage during drilling and shipment.

~J

Discharge from nuclear power plant.

8. Discharge from nuclear research centre.

9. Radioactive ash which may spread due to nuclear explosion.
10. Throwing of dead animals in water bodies.

Il. Waste heat from industrial discharge and thermal power plants.

2.4.3 CLASSIFICATION OF WATER POLLUTANTS :
[June 2010, June 2013, May 2015, June 2017)

The large no of water pollutants may be broadly classified under the following categories :
(1) Organic Pollutants (2) Inorganic Pollutants
(3) Sediments (4) Radioactivé materials
(5) Thermal Pollutants
(I) Organic Pollutants :
The organic pollutants present in water may be classified into five d.ift'ercnl categories such as :

(i) Oxygen demanding waste (i) Disease causing waste
(iii) Synthetic organic compounds (iv) Oil

(v) Sewage and Agricultural runoff
Along with pathogens, human and animal wastes contain organic matter that creates serious problems

if it enters bodies of water untreated. Gther kinds of organic matter (leaves grass clippings, trash
tic

etc.) can enter bodies of water as a consequence of runoff and, in the case of excessive 24ué
plant growth, can grow within the water with the exception of plastics and some human made
chemicals, these wastes are biodegradable.

(i) Oxygen demanding wastes :

water. The oxygen demanding wastes are generally biodegradable organic matter contained in sewag®
- . F food proc - . 5 g 168

industrial wastes from food processing, paper mills, agricultural return etc. These organic W& |
provide a good substrate for the growth of aerobic bacteria which decompose the waste and deple®

The amount of organic pollutant in water can be estimated by finding dissolved oxygen (DO) 5 !
1

!

|

the oxygen. "
The bacterial decomposition of organic wastes in the presence of dissolved oxygen (DO) cah

represented as :
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Organic matter + DO (O, p) —Docwria CO, +H,0
WO most import: :

ant measures of Oxygen demand
Biochemical Oxygen Demand (BOD) ;

are

‘[Jan. 2016]

anic material in water, in terms of how much oxygen
ak it down bIOIOUILﬂ”)

Chemical Oxygen Demand (COD) :

BOD is a measure of the amount of org

will be required to bre:

I‘, a & LV 1 1di 1
It 1S a amount of OXygen required to oxidize the waste chemically.
ease causing waste :

¢ most serious water pollutants are the infectious

crement from humans and other anim
ruses and other p

agents that cause sickness and deéath. The
als infected with certain pathogens (disease — causing bacteria -

arasitic organisms) contains large number of these organisms or their eggs.
Synthetic Organic Compounds :

Because water is such an excellent solvent, it is able to hold many chemical substances in solution
that have undesirable effects.

Organic chemicals are another group of substances found in polluted waters. Petroleum products
poilute many bodies of water

, from the major oil spills in the ocean to small streams receiving
runoff from parking lots.

Pesticides :

Other organic substances with serious impacts are the pesticides that drift down from aerial spraying
or that runoff from land areas and various industrial chemicals, such as Polychorinated Bipheyls
PCBs), cleaning solvents and detergents.

Many of these pollutants are toxic even at, low concentrations. Some may become concentrated by
passing up the food chain in a process called biomagnification. Even at very low concentrations,
they can render water unpalatable to humans and dangerous to aquatic life. At higher concentration
they can change the properties of bodies of water so as to prevent them from serving any useful
puPpose except navigation.

() fnorganic Pollutants :
This include inorganic salts, mineral acids, finly divided metals or metal compounds, trace elements,
complexes of metals with organic compounds in natural water.
Major sources of inorganic pollutants in water are :
*  Suspended solids, iron, cyanide, sulphides, oxides of Cu, Cd, Hg, bleaching liquors come

from iron and steel, paper and pulp industry.

*  Acid come from wastewater of various industries. Acids destroy the bacteria and other

microorganisms.
*  Phosphates come from detergents and nitrates from fertilizers.
*  Ferric and ferrous ions are derived from fertilizers.

Chemical Industries and mining activities are adding chlorides, various metals, acids, alkalies,
sulphates, nitrates etc.
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el

ed in aquatic system from industrial processes, domestic sewage discharg,
1

' runoff and fossil fuel burning. Traces of heavy metals like Hg, Cd, P, As,
Co. Mn. Fe and Cr have been identified as harmful to aquatic ecosystem and human healty,
Sediments :
Sediments are soil and mineral particles which are washed away from the land by flood waters apg
cause pollution of surface water. However, erosion from farmlands, deforested slopes, constructign
sites, minipg sites, roads can greatly increase the load of sediment entering waterways, sedimens
includes silt, debris, sand and clay, which have direct and extreme physical impacts on streams apg
rivers.
Sand, silt, clay and organic particles (humus) are quickly seperated by the agitation of flowing
water and are carried at different rates. Clay and humans are carried in suspension, making the
water muddy and reducing the amount of light penetrating the water and, reducing photosynthesis,
As the material, settles, it coats everything and continuous to block photosynthesis. It also kills the
animals by clogging their gills and feeding structures.

Radioactive materials :

Radioactive wastes enter in aquatic bodies in following ways :
(1) Water from nuclear power plants

(2) Fallout from nuclear weaponé testing

(3) Uranium ore processing

(4) Waste from research laboratories and hospitals that use isotopes in dignosis and therapeutic
procedures.

Thermal Pollul.anls :

Since water is able to absorb large amounts of heat with small increases in its own temperature, it
is much in use as a cooling medium. This explains the location of many industrial plants along |
rivers. The heat in water body is regarded as a pollutant, as high temperatures may disrupt life and
ecosystem processes. Since, species vary in their temperature tolerance ranges and levels at which
they perform the best, rise in water temperature leads to change in species composition. In a lake
the rise in temperature may lead to disapperance of blue—green algae.

Increase in BOD and consequent oxygen depletion is one of the common and principal consequence

of heat. Less oxygen dissolves in warm water than in cold water. In well mixed water, oxyge®
content is about 14.6 ppm at 0°C, but it is only 6 ppm at 40 °C

Table 2.4 The Major Types of Pollutants
Pollutant Major Sources |  Effects

B skl i 21

1o,qlgg:n demanding wastes | Sewage effluent; agricultural Decomposition by aerobic b

runoff including animal wastes;| depletes level of dissolved OX
some industrial effluents (from| in water; flora and fauna |
paper mills, food-processing,| further decomposition by
etc.) bacterial produces fou

toxic substances such as BY¥
sulfide.
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(v) Pesticides : Affects central nervous systel'n.

-

5. Metals : All metals are soluable in water to some extent. Meta

or agricultural sources.
(1)
(i)

Lead : damage to kidneys

Mercury : causes ‘minamata’ diseases

(ii1) Arsenic : Toxic, affect nervous system, carcinogenic
(iv) Chromium : Carcinogenic
(v) Cadmium : highly toxic, causes ‘itai-itai’ disease with
(vi) Aluminium : Causes ‘Alzheimer’ disease.

6. Susper .cd matter :
-~ Makes water aesthetically displacing.
- biodegradable suspended matter causes DO depletion in

in plants death.
7. Thermal pollutants :

49

s are added to water by mining, industrial

painful rheumatic condition.

water.

It reduces sunlight penetration into.water bodies thereby reducing photosynthesis process, resulting

The heat in water body is regarded as a pollutant, as high temperatures may disrupt aquatic life and

ecosystem processes.

Increase in BOD and DO depletion is one of the common consequences of heat. Less oxygen dissolves

in warm water than in cold water.
Increased temperature of water has following effects :
—  Increases biological activities.
Increase BOD and decrease DO.

Increase in algae growth.

Cause death of some heat sensitive animals.
- Toxicity of chemical pollutants increases.

i-“Z’ﬁEALTH EFFECTS OF CHEMICAL PARAMETERS

[April 2010]

Table 2.5 Heath Effects of Chemical Parameters
BIS Guideline _ V:;’s,'
Parameter | value (maximum General and Health effect
~ allowable) -r‘*;
Total dissolved 2000 mg/L Undesirable taste; gastro intestinal |
solids irritations; corrosion or incrustation
pH 6.5-8.5 Affects mucous membrane; bitter taste; corrosion: affects
aquatic life
600 mg/L Boiled rice turns yellowish
Hard 600 mg/L y ‘ i :
. i Ploo; Iatbe“"g with soap; deterioration of the quality of
clothes; scale forming; skin irritation; boiled meat and food
became poor in quality . 7

En
YIronmental Science \ 2018 \ 7

e
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. (& ] -~ .
25 EUTROPHICATION : (June 2011, Jan. 2013, June 2016]

b Ol | e 4 4

I d “eutrophication’ is originated flom Greek words
Yy

en’' means ‘well’

‘rophes’ means ‘feed’.

(hus, ‘eutrophication’ ans ‘we i
I ton’ means ‘well fed’ or ‘nutrient rich’,

: cutrop o4 ‘ Ci -} C i CXCC i C |

li u l lllk \ll()ll an hL (l '“\C(l a5 an cxcessive Illlllluﬂ l()ud i" a Wi Z y ;
¢ ‘: Y ‘) / e } ro

waltel ‘”‘ } “u'll( nts ll‘\C |)|I()S|)l\()l'll\ illl(‘ nll g(,ll.

Presence of nutrients is must for growth of organisms, but if these nutrients are peresent in excessive

- e, b _ h 8
nour hen they act as pollutants, because they allow excessive growth of aquatic plants like
algae

Depending upon the presence of nutrients, the water bodies (aquatic system) may be classified as
under :

1. Oligotrophie :
Water bodies with poor concentration of Nutrients and very low productivity of aquatic plants.

2. Mesotrophic :

Water bodies with moderate concentration of nutrients and average productivity of aquatic plants.

Eutrophic :

O«

Water bodies with very high concentration of nutrients and very high productivity of aquatic plants.

What causes eutrophication ? [June 2011, Dec. 2010, Jan. 2011, May 2015]

Newly formed water bodies such as lakes, ponds and reservoirs, whether natural or man—made do

ES@a

not support aquatic life as they are poor in nutrient supply. Gradually, with the passage of time
these water bodies become rich, in nutrients through the deposit of domestic waste, agricultural
residue (rich in nitrogen and phosphorus), land drainage and industrial waste. As a result,
eutrophication that is enrichment of the water body starts.

Natural eutrophication is a very slow process, often taking more than 100 years. But artificial
eutrophication is very fast as it depends on the input of organic waste matters. The aerobic
decomposition of organic waste in the presence of oxygen by bacteria leads to eutrophication.

The nutrient rich water body supports the growth of algae and the entire water body becomes
green. As more plants grow due to the additional supply of nutrients, more plants also die. Bacteria
decompose these dead plants and organic waste using dissolved oxygen. As a result, BOD of water
increses. Fish and other aquatic animals start dying due to the depletion of oxygen. Such a water
body is said to be eutrophied. With an increase in BOD, water starts emitting an offensive smell
and asthetic and recreational importance of the water body decreases.

Generally, it is observed that concentration of nitrogen higher than 0.3 mg// and phosphorus more
Vthan 0.15 mg/l causes eutrophication.

Effects of eutrophication : [Dec. 2010, Jan. 2011, June 2011]
I Increase in plant growth (i.e. algae) and decay.
%

Decrease in DO and high BOD.

‘I
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vmity of water.

4. Increase in rate of sedimentation.

5. Algal boom releases toxic chemicals which kill fish, birds and other aquatic animals causing

fish water to stink badly.
Asthetic and recreational importance of the water body decreases i.e. fishing, swimming, boating ete

Health related problems can occur where eutrophic conditions interfere with drinking water
treatment.

= . Control of eutrophication :

[May 2015]
Eutrophication can be controlled by : ;

I. Limited input of nutrients through treatment of waste water before discharge into water bodies,

2. Reduction in the discharge of agricultural runoff in the pond of lake.

3. Reduction in the intrusion of domestic waste water in the pond or lake.

4.  Removal of algal blooms by dredging.

3. Reducing the use of phosphates in detergents.

6. Reducing the use of nitrate containing fertilizers.

7. Application of algaecides (copper sulphate) on water surface, to kill algae.

8.  Using lime treatment for precipitation of phosphorous, i.e. removal of phosphorous.
9. Soil erosion control.

10.

Physical, chemical or biological methods can be adopted to remove dissolved nutrients from

water, i.g. phosphorus can be removed by precipitation and nitrogen by nitrification of
denitrification, electrodialysis, osmosis and ion exchange methods.
5

CONTROL OF WATER POLLUTION : [June 201@,

The following measures may be adopted to control water pollution :

By proper sewage treatment :

The sewage should be properly treated before discharging it into water bodjes. The sewage should
be given following treatments before discharging into water bodies. p
(i) Primary treatment :

Screening - removal of floating particles

sedimentation — removal of settleable solids. ,
Grit chamber - removal of grit and sand.

Skimming tanks — removal of oil and grease.
(ii) Secondary treatment :

i

2 . A . . "'V_Iv
In this treatment biodegradable organic matter and suspended solids are removed, by an action |

aerobic and anaeribic bacteria.
*  Activated sludge process — reduces organic matter (BOD and COD) by aerobic biolot'
oxidation through suspended growth.

Trickling filter process — reduces BOD by aerobic biol

ogical oxidation through ate¢®
growth,
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10.

Parameter Permissible limit
Colour : 25 (Hazen units)
turbidity 10 ppm :
temperature 20°C

pH .. 6.5 - 8.5

taste W aggreable

Give permissible limits for the following parameters in drinking water as per BIS. Toty

hardness, iron, chlorides, fluorides, calcium, magnesium, mercury, arcenic 1#
Parameter Permissible limit f
Total hardness 600 mg/! i.
iron 1.0 mg/l ;l
chlorides 1000 mg/! I
Fluorides 1.5 mg/l 1
Calcium 200 mg/l
Magnesium 100 mg//
Mercury 0.001 mg/!
arcenic : 0.05 mg/l

Define pH of water.

It is defined as the negative logarithm of hydrogen ion (H*) concentration in water.

1

pH=17 ........ neutral water
pH=0to 7 ........ acidic water
pH=7t0 14 ... alkaline water

What is temporary hardness of water ? How it can be removed ?

The temporary hardness of water is due to the presence of carbonates and bicarbonates of
calcium and magnesium.

It can be removed by either boiling of water or adding lime to the water.

Given environmental significance of hardness.

*  The hard water cause excessive consumption of soap in laundries.

*  Hard water forms deposits (boiler scales) in the boilers,

The prescribed hardness limit for public water supplies range between 75 to 115 ppm-
What is B—coil ?

The combined group of the two bacteria (pathogenic and non—pathogenic) is termed as B
group.

Scanned by CamScanner



vironmental Pollution - Water Pollution

55
11. What is MPN ?

MPN = Most Probable Number

The E—oli (B - coli ] i
’ | 'u i (B — coli) test determines the MPN of coliform bacteria in 100 ml of water sample.r
12. What is ‘Eutrophication’ ?

[Dec. 2011]

‘eu’ means ‘well’
‘trophes’ means ‘feed’.
Thus, eutrophication means ‘well fed’ or ‘well nourished’

E s _ }
utrophication can be defined as an excessive nutrient load in a water body or enrichment of
water body by nutrients like phosphorous and nitrogen.

13. What is BOD and COD ?

BOD is called biochemical oxygen demand. it is defined as oxygen demand created by the

aerobic bacteria to decompose the biodegradable organic matter aerobically.

COD is called chemical oxygen demand. It is defined as requirement of equivalent oxygen to
degrade biodegradable and non-biodegradable organic matte

r by oxidising agents like potassium
dischromate under controlled conditions.

The value of COD is mostly more than the BOD.
_14.. What is ‘Minamata’ ? g [Jan. 2013]

i
It is a disease caused by eating fishes inhabiting mercury contaminated water.

MULTIPLE CHOICE QUESTIONS

| Water is acidic if its pH is

(a) 7 (b) greater than 7 (c) less than 7 (d) None of these
5. Which of the following is an example of impact of the development activities or
hydrosphere ? [Jan. 2013]
(a) Air pollution (b) Soil pollution (c) Noise pollution | (d) Water pollution
3. Disease caused by eating fish inhabiting mercury contaminated water is
: (a) Bright’s disease (b) Minimata disease
©) Hashimoto disease (d) Osteosclerosis .
4. Nitrate pollution causes [Jan. 2017)
(a) Skin diseases () Typhoid (¢) Blue baby disease (d) None of these
5. Fluoride pollution mainly affects {June 2016]
\w""‘kidney (b) Brain (c) Heart l,/“( Teeth
6. The main pathogen present in contaminated water is
(a) Bacteria (b) Algae (c) Protozoa (d) All the above
7. BOD measures
(a) pathogens (b) Inorganic matter
(©) Wic matter from domestic waste waters (d) None of these
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8. COD is a measure of
(a) Pathogens
(b) Only biodegradable organic matter
(¢) Only nan-biodegradable organic matter

(d) both (b) and (c)

9. For potable water which of the fellowing statement is not correct ?

(a) It should be odourless and colourless (b) Turbidity less than 10 ppm

(¢) Temperature maximum 20°C. (d) All of the above
10. Fishes may start dying if DO in water body is
(a) Less than 4 mg// (b) More than 4 mg/l
(c¢) 7 mg/! (d) None of these
I1. Water will be considered saline if/the TDS value is i
(a) < 1500 mg/! (b) > 5000 mg/{ (c) < 500 mg/i (d) None of these
12. Potable water is [June 2017]
(a) Polluted water (b) Conaminated water '
" (c)"’gafe drinking water (d) Pure form of water

13. The biggest pollutant receptor or sink on the earth is

(a) Biosphere (b) Hydrosphere (¢c) Atmosphere (d) Lithosphere

14. Lakes which are rich in nutrient are called [Jan. 2017]
(a) Oligotrphic  (b) Mesotrohic \/('ﬁf Eutrophic (d) All of these

15. Lakes which are poor in nutrient are called
(a) Oligotrphic  (b) Mesotrophic (c) Eutrophic (d) All of these

16. Which disease occurs due to consumption of methyl mercury by bacterial action ?

| [Dec. 2013]
\/ﬁ( Minamata (b) Fluoropyrosis (c) Cholera (d) None of these
17. Which of these is not a physical quality parameter for determining quality of water ?
[Dec. 2013]
(a) Turbidity (b) Odour \y)/ Hardness (d) temperature
'§ O, gives an empirical value of water quality and is a param.ter for organic mater pre:
in water. , [June 20 '
BOD (b) COD (c) DO (d) All of the ‘w"l,
19, Discharge of organic waste water into river will ~ [Dee. 2014
\%uce dissolved oxygen (b) Reduce pH 3
¢) increase total dissolved solids (d) Toxic to humans
20. V'Ih'ich of the group of diseases is spread through contaminated food or water........ £
. [Dec.
\(’Y Typhoid, claolera & dyscnter‘;' (b) Tetauns, Hepatitis & AIDS | 3
(¢) Measles, influenza & small pox (d) Rabies, Malaria & encephalitis
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Dust :

| are z "'lt‘.‘d h ln'dtcriill crus hil]g:
” |] [)'\l-[i‘l\‘ (l/ I {o 0 }l]l) Z"l(l arc gLI]Ll‘ y :
Y ) - sma SOIIC b s

indi - plasting. |
orinding OI bl § b s .
r | 1 / settic T ience of gravity.
Il 1in in \H\pcnsion but finally settle under infl

ey ren su

Fumes : . condensation of vapo
lid particles of size around 0.1 to 1 pm formed by the condenst ponr S
1e solid pe 3 e

'”h‘_\ are fun

solid matter. b [ i
. o p » yisible. |
Thev are odourless vapours which may or may not b i ‘

Smoke : . he incomplete combusti

They are also fine solid particles of siz¢ around 0.1 to 1 pm, formed by the 1f B 2
« JdidL

of organic matter like coal and wood.

i B ifferent odours.
Depending upon the nature of the material burnt, smoke may have differer

Mist :

It consist of liquid droplets of size around 0.1 to 10 pm and formed by the condensation of vapours :
in the atmosphere.

Fog : [June 2010, Jan. 2013] |

If the mist is made up of water droplets at high concentration so as to obscure vision then mist is
called fog.
Flayash :

These are inorganic substances released after the burning of organic part from coal or wood. These

3.
are finely divided non-combustible light paraticles present in the gases.
Soot : [June 2013]
These are the carbon particles impregnated with tar, and released by the incomplete combustion of
carbonaceous materials. :
Photochemical smog : [June 2016] L
Atmospheric pollution formed by chemical reactions among hydrocarbons, ozone and other pollut
in the presence of sunlight is referred as photochemical smog.
(¢) Classification based on presence in environment :
According to the presence of pollutants in the environment, they are classified as :
1. Indoor air pollutants
2. Outdoor air pollutants
1. Indoor air pollutants : (

The air pollutants which are generated from households are called indoor air pollutants.

eg. ° Cleaning agents
. mosquito repellents
° Pesticides
L

Paints, glues, varnishes
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(viii) Microorganisms :

| &

oceans.

YR fungis bacteria, yeast, etc. These organisms can be transporteq

These are in the form .
als and human beings.

by wind to far distances and can affect plants, anim

(ix) Radioactive substances :

_ P . ium, etc. present in the earth
Ihe radioactive substances like uranium, radium, thorium P AIL Crust g

responsible for imparting the radioactivity of air.

Man-made sources :
The following are the man made sources of air pollution :

(i) Combustion of fuel :

In domestic areas, the burning of coal, wood, oil, LPG. etc. forms harmful gases which poliuge §

the air. v

(i) Automobile exhaust :

Automobiles like truck, buses, cars, tWo wheelers, autorickshows, etc. exhaust carbon mono

(CO) which is dangerous 10 human health
(iii) Industries :
The industries like iron and steel manufacturing oil refinery, chemical factories, pelro-
chemical plants, pulp and paper, etc. cause serious air pollution.
(iv)  Thermal and Nuclear power plants :

The thermal power plants contribute sulphur dioxide (SO,) and nuclear power pil
contribute radioactive fly ashes to the atmospheric air.

(v) Agricultural activities :
Use of pesticides for growing crops may cause air pollution.

(vi)  Construction materials : )
i

The manufacture of bircks, cement, stone chips, etc. pollute the atmosphere by
smoke, gases and dusts.

(vii) System of sanmitation :

The unscientific disposal of garbage produces foul gases, bad odour and insanitary cond

In t i
owns where the conservancy system is followed, the system of disposal of BIE%
produces foul gases and fly nuisance. 3

(viii) Mining
(ix)
(x)

(xi) Waste water treatment plants

Nuclear explosions

Air crafts
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Environmental Science ,
= 1»i Food l71_1‘1_\17”?-_[.7;‘1'5crving‘ ﬁ;lhour, odour, dust i Sour
,‘fu‘n.u\ . ! i )
"-“:ri\:ulllllf- [\{\\‘CS.\'!HQJ L_‘,‘,l,\:\“:l :—.. ——— \ 4
; Crop ' Pest and weed control Organic phosphates,
spraying and chlorinated HC, organic,
7 .
dusting lead. =
Field burning [ Refuse burning Smoke, fly-ash and soot, 3.
= = \
Chomicals. Petroleum Boilers, process heaters, SOx, HC, NOy, . 4
petroleum, refining catalyst regenerators, particulate matter, Eoy 5t
arec > (s i 6.
pulp and flares, storage tanks, aldehyde, ammonia,
paper compressor engines. odours. S
. - oy ~ S
Inorganic Sulphuric acid plants, fertili- SOy, HF, HpS, NOy, NH3, i
S ol . : g
chemical zer manufacturers, nitric particulate matter,
acid and ammonia plants, H3POy4, etc. ‘ ?
phosphoric ‘acid 3"
manufacture. :
: - — 4. ]
Organic Plastics, paint and varnish Particulate matter, s
chemicals manufactures, synthetic odours, §0,, CO, organic :
2. Carbg
rubbers, rayon, insecti- imermediates, solvent
_ I Carbor
cides, soap and detergent vapours i concent
manufacture, methanol, Thoiets
phenol, etc. of the fa
Pulp and Digester blow system, pulp Particulate matter, HgS, ‘f Sources :
paper (Kraft washers, recovery furnace, methyl mercaptans, l.  Fos;
L process) €vaporators, oxidation towers dimethyl sulfide, Ne)) | 2. Jet |
; | 3. Resp
3.7 MAJOR AIR POLLUTANTS - SOURCES AND EFFECTS : 1
4. Fores
[April 2010, June 2010, May 2012, pec. 2013, June 2014] | 5. . Dact
The major air ollutants are - : '
: 3 ‘ Effects
I. Carbon monoxide (CO) 2. Carbon dioxide (CO,) ‘ L. Itisd
3. Oxides of Nitrogen (NO,) 4.  Oxides of Sulphur (SO‘) 2 CO, is
5. Hydrocarbons : ; '
g Py' (HC) 6. Photochemncal Oxidants ‘ 3. It distu
- Farticulate matter (PM) 8. Ground level ozone atmosph

[/Carbon monoxide (CO);
O

3. Oxides of Ni

Among the si)
and nitrogen c

NO is colourle
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N . : ' '
atural processes like volcanic eruptions, natural gas |

sto 3 inat:
rms, seed germination, marsh gas production, etc. contn
atmosphere.

Iransportalion. sources contribute about 65% of CO in air. |
Solid waste disposal.

Forest fires
Coal mines

[ndustri tri
trial processes such as eleciric furnaces and blast furnaces If
petroleum refining, paper industry, efc.

Effects :

CO has strong affinity with haemoglobin and it combines with blbod‘
Carboxyhaemoglobin (COHD) which reduces the oxygen carrying capacity @

It reduces visi_on, causes headache.

It affects the nervous system and imparts laziness.

3
4. It causes cardiovascular disorders.
5

It may cause coma, respiratory failure and even death.
Carbon dioxide (CO,) :
Carbon dioxide is ideally not considered as an air pollutant if its presence does not exce d \
concentration ideally present in atmosphere. _
The content of CO, in the air has increase’d by approximately 15% during the last century inspit‘e .
of the fact that photosynthesis process of green plants balance the CO, - O, ratio to a large extent. i
Sources : |
. Fossil fuel combusiton.
2. Jet planes use O, and release CO,
3. Respiration process
4. Forest fires
9 Dec;ly of organic matter, etc.
Effects :
It is the main green house gas responsible for rise in average temperature of atmosphere.
CO, is less dangerous than CO and causes nausea and headache.
It disturbs atmospheric stability and thus plays an important role in climate changes in
atmosphere. .
Oxides of Nitrogen (NO,) : - [Dec. 2014]
Among the six different oxides of nitrogen [NO, NO,, N,0, N,0;, N,0,, N,0s] nitric oxide (NO) ‘

and nitrogen oxide (NO,) are very important pollutants.

NO is colourless, odourless gas but NO, is reddish brown and have suffocatiﬁg odour.
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Liydrocarbons (HC) :

'he main hydrocarbons which ma

Y be gaseous and/or volatile air pollutants are methane (CHy),
ethane, acetylene and etj .

ylene.

Sources @

l.  Incomplete ¢ombustion of fossil fuels.

Emissions from vehicles.
3. Refineries and industries

>

Foresi firea.
5. Agricultura] burning

Effects :

N

Emissions from trees

Rp—

Unburned hydrocarbons with oxides of n

‘ i itrogen in the presence of sunlight form photochemical
SmMog which can hav

¢ adverse effects on humans and plants.

2. Ethylene may inhibit the growth of plants,

(P8}

Some aromatic hydrocarbons may cduse cancer.

6. Photochemical Oxidants 2

The major photochemical oxidant is ozone (0,).

Ozone is produced in the upper

atmosphere by solar radiation. Small concentrations of this gas
diffuse downwards and become i

€ major concern in air pollution.
Formation :

In the presence of sunlight, the oxides of nitrogen react with the unburned hydrocarbons released
by the exhausts of automobiles (fuel combustion) and following a series of complex reactions produce
secondary pollutants like peroxyacylnitrate (PAN), Ozone (0O,), aldehydes and ketones etc.

Unburnt Hydrocarbon i NO\ Abundant Sunligl

t
T

Photochemical Smog

Sources :
(1) Automobile exhausts
Health Effects :
(1) Photochemical oxidants cause irritation of eye, nose and throat, headache etc. in man.
(2) Ozone damage chromozomes.
(3) O, and PAN cause damage to plants by interfering with plant cell metabolism especially in
3

leafy vegetables. _
(4) Premature fall and Yellowing of leaves are due to this pollutant.

) Photali oxidants also effect the materials like rubber plants, textile fibers etc.
otoc

7. Particulate Matter (PM) : : o [Jan. 2011, May 2012]
P atter are finely divided air borne, solid and liquid particles (droplets) which remain §
articulate m

ime in air, i ension.
for very long time in air, in susp .
particulate ranges from 0 02 p to 500 p.

The size of i
i articulate matter are dust, fume, smokes, fog, mist, etc.
p ' :

The examples of
The more general cl

(i) TSPM - Total sus

assification of particulates is

pended particular matter

EVironmantal Criance \ 2018 \ 10
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Sources :

Effects : '
i causes respir iseases.
I. Fly ash and soot discharged by burning of coal causes respiratory disea
2. Atmospheric dust causes allergic and respiratory diseases in man. If dust contains silica, i

= Black Carbon :

Environmental Science

j 10
R 1 7|L i [ '&' [ aruec ¢ ma ter, pOpllld ly . .
espiri »U>S C Il cn t { k“UW” 1S I hl
rlkull (“l]“lbtcl ()f ]0 ’“” or ILS S. I MI/) d”eCth af‘ec‘ heahh

(ii) RSPM

uivalent sphe

s of particulates.

PM,, are particulates of eq

and not the whole range of size

i st storms
| Volcanic eruptions 2. Dust stc ! -
3 Spraying of salts by oceans 4, Fly ash from combustion of fossil fuels.
3. Spra 4 /

6. Mining

5. Smoke from vehicles.

7. Agricultural burning.

leads to silicosis.
Metal dust containing heavy metals and cotton dust may also cause respiratory diseases.

Air borne asbestos and toxic metals are carcinogenic.

Vehicular particulates containing lead affects haemoglobin formation.

Mist and fog reduce visibility.
Flyash reduces pH balance and potability of water.

9. Particulates cause damage to buildings, sculptures and plants.

3

4

5

6. Aerosols released from aeroplanes may affect ozone layer.
7

8

It is a particulate air pollutant produced from incomplete combustion of fuels. It is a solid particle.

It is also called soot or aerosol.

Brown carbon is referred for green house gas.
Sources of black carbon :

-  diesel exhaust

- cooking with solid fuels

~  biomass burning

Black carbon warms the earth by absorbing heat in the atmosphere. 1
It reduces albedo (the ability to reflect sunlight) when deposited on snow and ice.

25 to 35 % of black carbon in the global atmosphere comes from China and India 9

Ground level Ozone :

Grour.ld level ozone is the Ozone present in the earths lower atmos
chemical reaction when nitrogen oxides (NO)
compounds (VOC's ) such as xylene, react in thexpr

phere. It is produced by a ¢o
Carbon monoxijde (CO) and volatile 08
esence of sunlight. These chemicals are f
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San k‘_ﬂrsy trucks, electric power plants, paint fumes and industrial process. Ground level ozone is
the primary constituent of smog. Ground Kvel ozone, though less concentrated than ozone in the
stratosphere, is more of a problem because of its health effects :

I'he major health effects are —

l

I

lrr‘ltatlon of the respiratory system causing coughing, throat irritation and an uncomfortable
sensation in the chest,

2. /\ggravatnons of asthma. The reason is that ozone makes people more sensitive to allergies,
which in turn triggers asthma attacks.

Increases susceptibility to respiratory infections.

4. Inflammation and damage of the lining of lungs.

3.8 EFFECTS OF AIR POLLUTION :

(a) Eff¢cls of Air pollution on Human health :
[Jan. 2010, April 2010, June 2013, June 2014, Jan. 2017]

!,f"< .
['he general health effects of air pollution are :

((_‘“ .,l/' Carbon monoxide (CO) and nitric oxide (NO) combine with sra.emog]obin to form carboxy
haemoglobin (COHb) which reduces oxygen carrying capacity ¢ f blood.

Oxides of nitrogen (NO,) and oxides of sulphur (SO,) cause irritation to eye, throat and nose.
They also cause diseases like asthama angd bronchitis, etc.

32 Secondary pollutant (PAN) produced by hydrocarbons and NO,, results in the formation of
photochemical smog, which causes irritation of eyes, nose, throat and respiratory diseases.

3

@ Some aromatic hydrocarbons may cause cancer.

Dizziness
Headache
Eye irritation
Nasal irritation

- Caughing and "
% shortness of breath

Constriction

Sore throat

Possible lung cancer
and other lung diseases

Chest pain, Increased
cold allergies

Aftected by pollution

azards caused by Fig. 3.3 Effects of polluted air on

Fig. 3.2 Health B
bronchial tubes

air pollution
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ratory diseases like asthama,
P ’

danimral ves
t may induce several res

moke, smog and s

cancer
taining slilica may cause stlicosis
Y dust n B!
A [ |
3 tals are rcinogenic
ind toxic 5

ey s y cau S ‘ § S "\"C”], dlnnaé\- to kldl](.y a ld
MISONIE L'“LL" Oon Nervous 5Y: ]
3 1 -al ( O B A" e
. Ii'ul'v“r H‘(,'.J"v like a ma) ! n

Vi problems
? Pollens initiate asthamatic attacks ; p
ity L, : ain <idney damage.
: i i fuels, plants result in nerve brain and kidney g
¥ Mercury from combustion of fueis, pli
/ : atory damage.
'1- Nickel particulates in tobacoo smoke result in respirator ‘
ect kidney, liver, brain and sometimes may
12. Radioa, tive substances cau: e diseases and affect Kidney, ’
Use canceg
' "Mnos
Fable 3.4 Effect of Air pollutants on Human beings
Name of pollutan v Effect on human being
_n—\_‘\ G e -~ g b
Carbon monoxide (CO) Reduction in oxygen ¢ arrying capacity of blood, affects nervoug

educes vision, causes headache.

System, imparts laziness, 1
e e Y

Carbon dioxide (CO,) | Causes nausea and headache
Nitrogen Oxide (NO,)
Sulphur dioxide ( (50,)

LS. l Hydrocarbons (HC) Effects 1&\,»” iory system, m;l) cause cancer

Irritation to eye and nose affect lungs and cause bronchitis.

Irritation in eye and throat, lL‘w])il{ll\)r) diseases, heart diseases.

j\ — e
Photochemical oxidants . da, bronchius, effects on lungs.
L O 1

Particulate matter (PM) Respirztoty diseases. silicosis

8. | Heavy metals like lead Poisoning effects on nervous system, damage to kidney, visiod
problems. )

t 9. I Hydrogen fluoride Bone diseases, mottling of teeth, respiratory diseases. X
Llo [ Hydrogn sulphide Irritation in eye and nose, nausea, bad smell. '
[1. | Aldehydes, Ketones, Irritation in respiratory tract, long term €Xposure Ammonia may cause .
luken:ia. be

T e LICTRE P U A

(b) Effects of Air pollution on plant. ., ., wetations [June 2017] )

*  Air pollutants affect plants by ¢, ering tmouuh(leaf pores through which gases diffuse),
destroy chlorophyll and affect pholosynthesrs During the day time

to facilitate photosynthesis. Air pollutants during ¢
through these Stomata more thap night.
*  Pollutants aJso erode w
a :
Xy coqlmz/g of the leaves calle

water loss and damage from diseases, PEsts, drought ang
dropping of leaves,

*  Paticulates like dust, fog, i ; |
so deposit o i : 5
i N plant | ves, block Stomata ahd affect the rate of

the stomata are wide open
ay time affect plants by entering the leaf

d cuticle. Cuticle prevents excessive
frost. Damage to leaf structure causes
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s of air pollution on climate : ' [Jan. 2013y
Due to man made activities like industrialization, automobiles, deforestations etc., concentration
of CO, and other green house gases in atmosphere will increase. About 50% of Green House
Effect may be attributed to CO,, which resulted in the increase in temperature of earth. This
increase in temperature caused the melting of ice caps and glaciers. Thus the increase in ambient
air temperature will increase the mean sea level.

(e) Effect of air pollution on Aesthetic beauty : [Jan. 2013)

. The most noticeable effect of air pollution on the properties o‘f atmosphere is the reduction ip
visibility, which may lead to safety hazards. Visibility is reduced by absorption and scattering
of light. The aesthetic beauty of nature is not visible due to scattering of light by air borpe
particles (0.1 to 1 mm size). Industrial and automobiles emissions, sewage and garbage emit

foul odours causing loss of aestetit beauty.
() EfTects of air pollution on Animals : [Jan. 2009, June 2017)
Animals are indirectly affected by air pollution mainly by eating contaminated vegetation.
. Lead poisoning occurs in animals grazing near smelters and lead mines. It causes paralysis
and difficulty in breathing. It also leads to loss of appetite and diarrhoea.
«  Arsenic poisoning in animals causes severe salivation, thirst, vomiting irregular pulse and ‘I‘

respiration, abnormal body temperature and death.

«  Farm animals like cattle and sheep are quite susceptible to fluorine toxicity. It affects to lack §
of apetite, periodic diarrhoea, muscular, weakness loss of weight and death. ‘

3.9 CONTROL OF AIR POLLUTION : [June 2013} |

The most effective means dealing with the problem of air pollution is to prevent the formation of

the pollutants or minimise their emissigns at the source itself.

Following measures can be taken to control air pollution :

1. Dilution
2. Zoning N
3. Control at source

4. By using controlling equipments
1. Dilution : ;

The atmosphere, like natural stream, possesses self cleansing properties which contmuously
and remove the pollutants from the atmosphere under natural conditions, provided the poﬂ
are discharged in the atmosphere judiciously so that effective dispersion take place.

If the pollutants are carried away to some distance or taken to high altitudes, they are reducet
concentration by diffusion and dilution: The pollutants are taken to high altitudes by means
stacks. i.e. high rise chimneys. The height of the stack should be such that the maximum

level concentration, which varies inversely with the square of the stack height, is ¥ hin
permissible limits. .

_
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(!)

(ii)

(iii)

pollution can be e

ffectively Comrolled b
Zoning syste .
In this system
rone, located aw :

adopting the zoning system at the planning stage

The ‘exclusi
he exclusive ’
which provides for compatible uses for each zone, excluding

I uUses.
a Sc ara . » 4 . . .

ay fr parate zone (area) is set aside for industries known as industrial
. i Y Trom the resid
ur of residential area

c“ » i Ml v . « - e 1
tial zone. This will result in low concentration of pollutants in

th

Control at source : :

I'his method is known as ‘air polluti
pollution prevention at source’. This can be achieved through :

: Raw material changes

] ~
Process changes

Ji. Equi i '
luipment modification or replaement

Haw material changes :

In(l( S S respq |S. ¥ i .r .()l use o p

material is often benefici
enefic : i ' . £
reficial and may reduce the formation of undesirable impurities and byproducts.
For example,

* use of low sulphur fuel in place of high sulphur fuel

a . .
use of natural gas in place of coal for power generation.
* use of LPG/CNG instead of diesel/pefrol in automobiles.
Process Changes :
Process changes involving new or modified techniques offer important ways of lowering atmospheric
pollutant emissions.
For example,
9 Washing of coal before pulverization to reduce the fly ash emissions.
e Substitution of bauxite flux for fuorine containing fluorspar in the open hearth method.

¢ Radical changes in chemical and petroleum refining industries have resulted in minimising of

the release of materials

condensation and the non-co
are a major source of dust generation in cement plants. Reduction of gas velocities

to the atmosphere. The volatile substances are recovered by
ndensable gases are recycled for additional reactions.

e  Rotary kilns
within the kil
a dense curtain of li
ent modification or
nt, which contribute to

n, modification of the rate and location of feed introduction and employment of
ght weight chain at the discharge end of the kiln can lead to dust control.

replacement’ :

Equipm : .

Old equipme greater degree of air pollution can be modified or completely
e

replaced.

For example,

+  Replacing open heartl
ndustry can reduc

e of equipments in pa

) furnaces, with controlled basic oxygen furnaces or electric furnaces in

s e smoke, carbon monoxide and metal fumes and conserving energy.
steel 1

» Newer typ
cmitted-

per and pulp industry also cut down the quantity of pollutants
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c dars of an ¢ bile engi i
earbon monoxide ind hydrocarbons In the cylinders of an sutoms gine, which
‘ \ . L » j Y g . . R -

osphere through the tail pipe, can be burnt by injecting air

" are otherwise emitted into the atm
into the hot exhaust manifold of the engme.
' -olling equi nts
By using controlling equipmen : : | : |
Certain mechanical devices can be installed in the industrial processes, which may help in reducing
cru . i .

the emission of pollutants. : :

| to control the emission of particulate pollutants :

Following equipments or devices are usec
i Gravitational settling chambers

ii. Cyclone separators or centrifugal collectors
Electrostatic Precipitators

il.
iv. Fabric Filters
V. Wet Scrubbers

Disad

Gravitational Settling Chambers :
large abrasive particles (usually >
1

(i)
Gravitational settling chambers are gc‘flcrull_v used to remove
50 um) from gas streams.

a large circular/rectangular expansion chamber in which

A gravitational settling chamber consists of
dust is separated from the gas by reducing the velocity of the gas. Due to this the dust particles

settle down under gravity, in the bottom of the chamber. Gravity settling chambers are set

2
3
horizontally, often on the ground and can be constructed in brick or concrete. In order to reduce § G
the size of the chamber, the gas velocity is kept between 0.5 m/s to 3 m/s. to prevent re-entrainment 1 C

of settled particles. 4 pa
4 g
The simplest form of horizontal type settling chamber is shown in Fig. 3.5. : I
pa
Chamber } A
L f
‘ shc
Gas / ‘ |
o 1 = - -~ Gas outlet |} hea
\ \ atta
tang
outl
\':-_;.._ < Cy“‘
Jonte Y
R exte
15; to pi
Dust i G
" hoppers : ouil
ig. 3.5 Horizontal flow settling chamber .. disch
The emitted smokes, when e
, made to pass through a i :
sized particles in the chamber under Stoke’ lg settling chamber, drop some of thetr enterj
) ¢ . % 3
with 100 % efficiency in a chambe f1 Lo Tl.]e largest size particle (d) that be re at its
r of length (L), height (H) is given by the equation & outer
L centrifi
Particle
Spirals
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concentrate on the surface of the cycle from where they are led to the receiver.

l'he centrifugal force generated can be expressed by,

~

m, X V-
P |
e ™ : o
r
where,
F. = Centrifugal force
m, = mass of the particles
r = radius of cyclone
Vi = inlet gas velocity

Cyclones are widely used in industries producing larger quantities, of
particles like cement and fertilizer plants, petroleum refineries, asphalt
cotton gins, etc.

Advantages :
1. low initial cost
2.  Simple to design and maintain
3. requires less floor area
4. ensures dry continuous disposal of collected dusts

5. Low to medium pressure loss (2.5 to 20 cm)

6. Can handle large volumes of gases at temperatures up to 90°C.
Disadvantages :

1. Requires much headroom

2. Collection efficiency is low for smaller particles

3. Quite sensitive to variable dust loading§ and flow rates
(iii) Electrostatic Precipitators (ESP) :

bottom, the gas flow reverses to form an inner vortex which leaves through 1}
: a0 th

outlet pipe situated at the top of the cyclone. Due to their inertia, the dust particles {.

nvironmentaj Science

nd tg

gas containing large Sized

mixing plants, grain millg,

The electrostatic precipitator is one of the Power supply

most widely used devices for controlling

particulate emissions at industrial installations [z
ranging from power plants, cement and paper; =
mills to oil refineries. In most cases, the
particulates to be collected are byproducts of

combustion.
Electrostatic precipitation is a physical
process by which particles suspended in
a gas stream are charged electrically and

under the influence of electrical field,

separated from the gas stream.

For industrial applications, vertical plates

exposed to horizontal gas flow are /’
Gas inlet i\

normally used. In this type of collector,

the gas flows between two parallel plates Fig. 3.7 Parallel plate preci?’

;

Discharge electrode 8
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bottom.

electrode.

<

8.

e

between which

are sus : :
Pl rPC"dCd a number of vertical wires held in place by weights attached at th®
Se wires ‘ '
es form the discharge electrodes, while the vertical plates form the collection

ydvantages :

Particles as small as 0.] Hm can be removed.
High collection efficiency |
Power requirement is less

Large gas columns can be handled

Pressure drop is less (0.25 - 1.25 ¢cm of w;ter)

Lan remove tar and acid mists

ability to operate over a wide range of conditions, temperature up to 800°C and pressures of
50 atmosphere.

treatment time is negligible (0.1 to 10 seconds)

Disadvantages :

I

High initial cost

2. Large space is required .
3. high voltage equipment necessitates special safety precautions
4. There are possible explosion hazards during collection of combustible particulates or gases.
5. Collection efficiency raduces with time
6. Sensitive to variable dust loadings and flow rates
3.10_~FACTORS AFFECTING AIR POLLUTION : — [Jan. 2011]
Vel i =
The major factors affecting air pollution are :
1. Meteorological characteristics :
*  Wind direction . Wind speed
*  Atmospheric lapse rate . Relative humidity, etc.
2. Topographical features :
¢ Unevenness of land forms and barriers like mountains
*  Valleys
3. Characteristics of pollutants :
e Type and size of pollatants
*  Interaction among pollutants
4.  Mode of release of pollutants :

Intermittent, continuous, cyclic
From single source or multiple source

From point source or area source
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3.11 AIR POLLUTION EPISODES :

Air pollution episode means air Pollution disasters.
The major air pollution disasters of the world are :
1. Bhopal (India) :
’ 3rd December, 1984
- Union Carbide Company, Bhopal.
» 30 tonnes of deadly methyl isocynate (MIC) gas was leaked from storage tank. '
*  More than 2500 people died and about 1 lakh people severely affected with coughing,
conjuctivities, suffocation and cardiac failure.
2. Donora (USA) : )
¢ October 1948
e Donora, Pennsylvania 45 km north of Pittsburgh

* anticyclone weather condition characterized by little or no air movement occured over a periog

of 4 days.

*  Temperature inversion and fog resulted in the death of 20 people and 6000 people become ill,

3. London (England) :
*  December 1952

*  Anticyclone weather created a subsidence inversion and fog formed over the london area.

e  Due to low temperature inversion, stagnant air, smoke and sulphur dioxide, 4000 people died,

and several thousands hospitalized for respiratory troubles.

MULTIPLE CHOICE QUESTIONS

. Damaging effect on Taj Mahal is due to [Jan. 2017, May 2(
(a) CO (b) SO, ' (¢) CFCs (d) Hydrogen

2. The atmosphere of big cities is polluted by
(a) Household waste (b) Radioactive fallout
(c¢) Automobile exhaust (d) Pesticides

3.  Air pollutant which reduces oxygen carrying capacity of haemoglobin is
(a) Ammonia (b) Hydrogen sulphide
(c¢) Carbon monoxide (d) Sulphur dioxide

4. Chemical reaction of nitrogen oxides and hydrocarbons in the presence of sunlight form 4 4

= =

(a) SO, (b) Benzene (¢) CO (dj PAN :
5. Coal is the main contributor of 1

(a) CO, (b) CO (¢) SO, (d) N, ;
6. Bhopal gas tragedy was due to leakage of [Jan. 2016,

(a) methyl iso cynate (b) Carbon monoxide (c¢) Chlore benzane (d) None of ]

fl
i3d

"
- L
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9.

10.

12.

b

14.

13,

16.

15

18.

19.

20,

(i icosig disease are - [Jan. 2017]
a -
i borne (b) (c) both (a) and (b) (d) none of these

a) p
(n) A'N (b) 0, (¢) H,S0, (d) NH,CI

1€ main Important indogr air pollutant s
® So, - (b) co, () NoO, )
Whnch. one is g Primary pollutant ?
(a) | Smoke (b) Co, (c) PAN b=
Which ajr pollutant

reduces the OXygen carrying capacity of the blood by combining with

carboxy| hemoglobin 2 : [Dec. 2013, June 2016]
(b) so, (¢) CO, : (d) N,0
rs which force is utilized to separate the particulate matter from the gas.
y [Dec. 2013]
(b) Centrifugal force

(d) Hydrostatic force
PAN is a secondary pollutant that ... : [June 2014]

(a) Forms when hydrocarbon radical reacts with nitrogen dioxide.
(b) Cause photochemical smog

In cyclone separato

(a) Electrostatic force
(c) Gravitational force

(c) May cause respiratory diseases in human
(d) All of the above

Automobile exhaust consists of ... [June 2014]
(a) -Hydrocarbons, carbon monoxide and nitric oxide

(b) Lead vapour (c) Sulphur dioxide (d) Carbon dioxide

Solid or liquid particle in the air smaller than 2 pm is known as

(a) Flyash (b) Aerosol (c) Soot (d) Mist
The removal of carbon dioxide from‘the earth’s atmosphere and the provision of long term
storage of carbon in the terrestrial biosphere is called

[May 2015)

................ [June 2016]

(a) carbon sequestration (b) carbon dating
(¢) carbon fixing | (d) photosynthesis ‘
Soot particles come in air by . | [May 2017] }
(a) photochemical reaction (b) volcanic eruption
) f\ id rain (d) Fuel combustion
(c ci e
i i biles is
t pollution fuel in automo
:4 e)as Pztrol (b) Diesel (¢) LPG (d) CNG
a )
i d due to
is in plant leaf is cause
?zm‘:: ' (b) €O, () N0 " (d) co
a 2 - .
i ollutant is
t important indoor air p
:];e l;‘;s - (b) CO, (c) N0 (d) Radon gas
a 2
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| ANSWERS | - T

1. (b)
~No @ 1L (@) 12.(b) 13 () 14 (@)  15.(b) 16 (¢) 17.(d). 18. (d)

2. (¢) 3. i1.[0) 4. (d) 5. (a) 6. (a) 7.(b) B.(a) 9. (a)

19. (a) 20. (b)
REVIEW QUESTIONS
I.  Define air pollution. Give the classification of air pollutants.
. [Jan. 2010, Jan. 2013, May 2013]
2. Explain the effects of air pollution on climate and aesthetic beauty. [Jan, 2013] |
3. Discuss various gaseous and particulate air pollutants with their sources. [May 201:] i
4. Define : (i) Fog (ii) Soot [June 2010, Jan, 2013‘1 5
5.  Enlist the common air pollutants stating their permissible limits as per ambient air qunlltyf
standards. Discuss the effect of high carbon monoxide presence in atmosphere upon humag
beings. [June 2019)
6. Enumerate different primary and secondary air pollutants and explain the effect of carbop
monoxide on human beings. [June 2011, Jan. 2016, June 2017
7. What are the effects of carbon monoxide and particulate matter in air on humap
health ? [Jan, 2011[
8. Describe structure of atmospheric air. Give types and effects of common air pollutants jn
detail. [April 2010
9, Give classification of air pollutants based on source. [Jan. 2019)
10. Enlist the important factors affecting air pollution and explain any one. [Jan. 201 ;.‘f
11. Explain effect of air pollution on human beings and animals. ¥
[Jan. 2009, June 2013, Jan, 2(
12. Describe different air pollutants. [Jan. 2009, Sept. 2009, June 20 "
13. Give types and effects of common air pollutants in detail. [Dec. 2013
14. Discuss the controlling measures of air pollution. [June 2
15. Discuss the air pollution caused by oxides of nitrogen and sulphur. [Dec.
16. Discuss ambient air quality standards of important air pollutants. [(May
e KNOW THE FACTS e
I.  Carbon Diaxide (CO,) is powerful cerebral dilator. At concentration between 2 to 10%
CO, can cause nausea, dizziness, headache, mental confusion, increased blood pressure
and respiratory rate. Above 10%, suffocation and death can occur within minutes. .
2. Shipping by sea produces 1/60 t‘IJ:e emission of shipping by air and about 1/5 ‘_
trucking. -~ Daniel Goleman ;.[{“
3. It takes 27 to 54 barrels of oil to build a car. A barrel of oil that sells for $ I"
only $1 to extract from the ground in Iraq. — Mathew David 4
4. More than 60% of carbon monoxide (CO) is contributed into the atmosphere by vehX

emissions caused by the transportation services.

o
o 0’0' 0\'
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giomedical Waste : Generati
ration And Management e

6.1 BIO MEDICAL WASTE-GENERATION : O

\

“Bio-medical waste” means any wast ich i
e, which is generated during the diagnosis, treatment or

inununiz&tiOn of human bei i
! ng of RN ngs or animals or research activities pertaining thereto or in the production or
te: gical or in health camps. It is also known as “ Health

ealth care waste”.

The wastes from hospi i
spit s
s genoraik IHRER ’no? als, nursing ho.mes, clinics, research laboratories, etc. are bio-medical wastes. It
ich may R & ; IS-,dtreatment or immunization of human beings or animals. The bio-medical wast&
’ or liquid are potential sour .
c .
diossd e of health hazard and need to be specially treated and
Bio-medical waste i i : :

ocases, AR mer;l.ay lbe infectious or non-infectious waste. Infectious waste may transmit infectious

ical waste the proportion of infectious waste may be about 15 % and that of non-

infectious waste i ) : 1
”l 4 body fl .C;S about 85 %. The examples of infectious wastes are: Human tissues and organs, discarded
blood, y tluids, bandages and dressings, discarded gloves, laboratory waste, etc

The Central Government, in 2016 published the Bio-medical Waste Management Rules, 2016. These
rules aPply to all persons who generate, collect, receive, store, transport, treat, dispose, or handle bio medical
waste in any form including hospitals, nursing homes, clinics, dispensaries, veterinary institutions, animal
houses, pathological laboratories, blood banks, ayush hospitals, clinical establishments, research or educational
institutions, health camps, medical or surgical camps, vaccination camps, blood donation camps, first aid
rooms of schools, forensic laboratories and research labs.

Biomedical waste poses hazard due to two principal reasons — the first is infectivity and other toxicity.

Indian hospitals generate approximately 1.50 kg of bio-medical waste per patient per day. According to
WHO report about 85% of the bio-medical wastes are non-hazardous, 10% are infectious and about 5% are
non-infectious but hazardous.

The quantity of the bio-medical wastes generated in some countries are given below :

Country = o+ Quantity of Bio-medical waste
‘ (kg/bed/day)

USA 4.5

Netherlands 2.7

France 2.5

India 1.5

Bio Medical waste consists of : i

¢«  Human anatomical waste like tissues, organs and body parts

Animal wastes gencrated during research from veterinary hospitals
. nim

gy and biotechnology wastes

s Microbiolo
syringes, scalpels and broken glass

«  Waste sharps li
Discarded medicine

d waste such as d

ke hypodermic needles,

s and cytotoxic drugs
ressing, bandages, plaster casts, material contaminated with blood, tubes
Soile , :

and catheters
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on And M'~""‘E’9f3ment

P
6.3 IMPORTANCE OF MANAGEMENT OF BIO-MEDICAL WASTE :

e anagement of hospitals waste are:
I. Injuries from sharps lead; . 2
e :p eading to infection to all categories of hospital personnel and waste handle
; Intections i i ] : ‘
S I patients from poor infection control practices and poor waste management.

3. Risk of infection outside hospi
T ospital for waste handler | :
living in the vicinity of hospitals. ¥ N T SR SN

Risk associated wi ]
d with hazardous chemicals, drugs to persons handling wastes at all levels.

“D‘ » <
isposable” being repacked and sold by unscrupulous elements without even béing washed.

Drugs which have been disposed of, being repacked and sold off to unsuspecting buyers.

Rlcsik gF wir, Wit eoil palijtion directly due to waste, or due to defective incineration emissions
and ash. 4

b S = S S T

Problems relating to biomedical waste :

A major issue related to current Bio-Medical waste management in many hospitals is that the
implementation of Bio-Waste regulation is unsatisfactory as some hospitals are disposing of waste in a
haphazard, improper and indiscriminate manner. Lack of segregation practices, results in mixing of hospital
wastes with general waste making the whole waste stream hazardous. Inappropriate segregation ultimately
results in an incorrect method of waste disposal.

Inadequate Bio-Medical waste management;thus will cause environmental pollution, unpleasant smell,
growth and multiplication of vectors like insects, rodents and worms and may lead to the transmission of
diseases like typhoid, cholera, hepatitis and AIDS through injuries from syringes and needles contaminated
with human.

Various communicable diseases, which spread through water, sweat, blood, body fluids and contaminated

organs, are important to be prevented. The Bio Medical Waste scattered in and around the hospitals invites

flies, insects. rodents, cats and dogs that are responsible for the spread of communication disease like plague

and rabies.
Rag pickers in the hospital, so

The recycling of disposable syringe

sterilization are responsible for Hepatitis, - ]
Health administrators to manage hospital waste in most safe and eco-friendly manner.
ini

Th blem of bio-medical waste disposal in the hospitals and other healthcare establishments has
e proble

become an issue of increasing concern,

sfe ang cost effective management of the waste, an : iy . .
this area. The need of Proper hospital waste management system is of prime importance and is an essential
rea. The ne

“mponent of quality assurance in hospitals.

rting out the garbage are at a risk of getting tetanus and HIV infections.
s, needles, IV sets and other article like glass bottles without proper
HIV, and other viral diseases. It becomes primary responsibility of

prompting hospital administration to seek new ways of scientific,
d keeping their personnel informed about the advances in
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proper labeling of bins :

Ihe bins and bags should carry the bj

: ohazard symbo] indicating the nature of waste to the patients and
public. Label shall be non-washable and p

rominently visible.
Schedule III (Rule 6) of Bio-medical

Waste (Mana i 1998 specifies the
Label for Bio-Medical Waste Contilie gement and Handling) Rules, 1998 spe

rs / Bags as :

LABEL FOR BIO-MEDICAL W

ﬂ BIOHAZARD |

ASTE CONTAINERS or BAGS

HANDLE WITH CARE
(a) Bio Hazard Symbol

HANDLE WITH CARE

(b) Cytotoxic Hazard Symbol
Fig. 6.2 Label for Bio-medical waste containers or Bags

2. Collection :

The collection of biomedical waste involves use of different types of container from various sources of
biomedical wastes like Operation Theatre, laboratory, wards, kitchen, corridor etc. The containers/ bins should I ,
be placed in such a way that 100 % collection is achieved. Sharps must always be kept in puncture-proof
containers to avoid injuries and infection to the workers handling them. :

The system of using different coloured bins and bags to collect different types of solid medical wastes :
s known as colour coding.
3. Storage :

Once collection occurs then biomedical waste is stored in a proper place. Segregated wastes of different l t’.

“legories need to be collected in identifiable containers. Each container may be clearly labeled to show the

Vard or room where it is kept. The reason for this labeling is that it may be necessary 1o trace the waste ;| i

back to its source. Besides this, storage area should be marked with a caution sign. ',
The bio-medical waste should not be stored for more than 48 hours.

4 Transportation :

The waste should be transported for treatment either in trolleys or in covered wheelbarrow. Manual
|0ading should be avoided as far as for as possible. The bags / Container containing BMWs should be tied/
liddeg before transportation. Before transporting tl)c bag containing BMWs, it should be accompanied with a
tigneq document by Nurse/ Doctor mentioning date, shift, quantity and destination,

Special vehicles must be used so as to prevent access to, and direct contact with, the waste by the
‘r"‘sportation operators, the scavengers and the public. The transport containers should be properly enclosed.

© effects of traffic accidents should be considered in the design, and the driver must be trained in the
Cedures he must follow in case of an accidental spillage. It should also be possible

to wash the interior of
¢ Containers thoroughly.
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VITOIITTIENTal Science

edical wastes categories and their segregation, collection,

reatment, processing and disposal options [Schedule-1)
Category Type of Waste Type of Bag or Treatment and DiSposaﬁ,
Container to be options
used
T w @) 3) : () i
1. Yellow (a)

—

Human Anatomical Waste:| Yellow coloured| Incineration or Plasma Pyrolysis or

non-chlorinated| deep burial

plastic bags

Human tissues, organs, body
parts and fetus below the

viability period

(b) Animal Anatomical Waste
Experimental animal
carcasses, body parts, organs,
tissues, including the waste
generated from animals used
in experiments or testing in
veterinary hospita]‘s or
colleges or animal houses.

(¢) Soiled Waste: Items
contaminated with blood,
body fluids like dressings,

plaster casts, cotton swabs and

Incineration or Plasma Pyrolysis or
decp burial* In absence of above
facilities, autoclaving or micro-
waving/ hydroclaving followed by
shredding or mutilaton or
combination of sterilization Md#
shredding. Treated waste to be sent
for energy recovery

bags containing residual or
discarded blood and blood
components.

(d) Expired or Discarded|Yellow coloured

Expired ‘cytotoxic drugs and items
Medicines: Pharmaceutical|non-chlorinated

contaminated with cytotoxic drugs
to be returned back to the
manufacturer or supplier for
incineration at temperature 1200
0C or to common bio-medica
waste treatment facility ©f

waste like antibiotics,|plastic bags or
cytotoxic drugs including all|containers
items contaminated with
cytotoxic drugs along witl3

glass or plastic ampoules,

vials etc. hazardous waste treatment __~

] . ineration O
(e) Chemical Waste: Chemicals | Yellow coloured| Disposed of by '.“c'm 1ol
used in production of | containers or non-| Plasma Pyrolysis or Encapst

t

: treatmen®
biological and used or | chlorinated plastic|in hazardous W"l‘"f c:my
cility:

discarded disinfectants. bags storage and disp_o‘si——/
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(2) Red
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3.  White Waste sharps including Metals: |Puncture proof, |Autoclaving or Dry He;\
(Translucent) | Needles, syringes with fixed |Leak proof, [Sterilization followed by

needles, needles from needle tip [tamper

proof |shredding or mutilation or
cutter or burner, scalpels, blades

containers encapsulation in meta]

container or cement concrete

4. Blue (a) Glassware: Broken or|(Cardboard boxes |Disinfection (by soaking the

with blue colored |washed glass waste after
marking cleaning with detergent and
Sodium Hypochlorite
treatment) or  through
autoclaving or microwaving or
hydroclaving and then sent for
recycling.

discarded and contaminated
glass including medicine vials
and ampoules except those

contaminated with cytotoxic
wastes.

(b). Metallic Body Implants Cardboard boxes

with blue colored
marking

*Disposal by deep burial is permitted only in rural or remote areas where there is no access to common

bio-medical waste treatment facility. Heel Source: CPCB

“biological” means any preparation made from organisms or micro-organisms or product of metabolism

- and biochemical reactions intended for use in the diagnosis, immunization or the treatment of human beings
or animals or in research activities.

“handling” in relation to bio-medical waste includes the generation, sorting, segregation, collection,

use, storage, packaging, loading, transportation, unloading, processing, treatment, destruction, conversion, or
offering for sale, transfer, disposal of such waste.

management” includes all steps required to ensure that bio- medical waste is managed in such
manner as to protect health and environment against any adverse effects due to handling of such waste.

“Occupier” means a person having administrative control over the institution and the premises generating

bio-medical waste, which includes a hospital, nursing home, clinic, dispensary, veterinary institution, animal
house, pathological laboratory, blood bank, health care facility.

’

g . i 2
“Operator of a common bio-medical waste treatment facility” means a person who owns or controls

Common Bio-medical Waste Treatment Facility (CBMWTF) for the collection, reception, storage,
treatment, disposal or any other form of handling of bio-medical waste.

“Prescribed authority” means the State Pollution Control Board in nespect of a State and polluti®®
Control Committees in respect of an Union territory.
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incinerated
—

Waste types not t0 be
. Pressurized gas containers.

: Large amounts of reactive chemical waste.

. Silver salts and photographic or radiographic wastes.

Halogenated plastics such as polyvinyl chloride (PVC).

Waste with high mercury or cadmium content, such as broken thermometers, used

batteries, and lead-lined wooden panels.

STANDARDS FOR INCINERATION :
All incinerators shall meet the following operating and emission standards
A. Operating Standards
(i) Combustion efficiency (CE) shall be at least 99.00%.
(ii) The Combustion efficiency is computed as follows:
C.E. = %C02/(% C02 + % CO) 100 %
(iii) The temperature of the primary chamber shall be a minimum of 800°C and the secondary chamber
shall be minimum of 1050°C + or - 50°C.
(iv) The secondary chamber gas residence time shall be at least two seconds.
(v) The stack height should be minimum of 30 m above ground level.
2. Plasma Pyrolysis or Gasification :
This system uses plasma torch or burner for heating the waste to super-high temperatures. The furnace

temperature may be as high as 10,000°C. The plasma fired chambers operate in an oxygen deficient mode.
The residue produced is a glass-like substance, rather than a particulate ash typical of incinerators.

All the operators of the Plasma Pyrolysis or Gasification shall meet the following operating and emission
standards:
(i) Combustion efficiency (CE) shall be at least 99.99%.
(ii) The Combustion efficiency is computed as follows:
C.E. = %C02/(% C02 + % CO) 100 %
(iii) The temperature of the combustion chamber after plasma gasification shall be 1050 + 50° C with

gas residence time of at least 2(two) second, with minimum 3 % Oxygen in the stack gas.

(iv) The Stack height should be minimum of 30 m above ground level.

3. Autoclaving : ?
Autoclaving is a low heat thermal process and it uses steam for disinfection of waste. Autoclaves ¢
two types depending on the method they use for removal of air pockets are gravity flow autoclave

vacuum autoclave.
When operating a gravity flow autoclave, medical waste shall be subjected to: 1
e A temperzfture of not less than 121°C and pressure of about 15 pounds per square inch (psi) it
autoclave residence time of not less than 60 minutes; or I
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A temperature of not |ess than | 133
|

not less the : 35°C a - . el : .
ot less than 45 minutes; or nd a pressure of 31 psi for an autoclave residence time of
o A temperature of not less than 1490

Rt . C 4nd A ; .
not less than 30 minutes. a pressure of 52 psi for an autoclave residence time of

Microwaving :

Microwave treatment shall
not be used fi
or ¢

1 carcasse totoxi . . ity
jimal carcasses, body parts and large metal ite YIRUkSS hapacdous,or radipsetive smstan. Aceiaringieg
ms

The l“icro Vv S | y
I | V (& Sy&ttn\ Sha” Con]ply ith the Cllicacy tests/ i
Ih . \Vﬂ - W ” s/routine tests

ave should com
pletely and consis : '
gsured by the tently kill bacteria and other pathogenic organism that is

h m :

A pit or trench shoul
o li ; within 50 1ould be dug about 2 m deep. It should be half filled with waste, and then covered
yith lime within 50 cm of the surface, before filling the rest of the pit with soil.

[t must be ensured that animals do not have access to burial sites.

Covers of galvanized iron/wire meshes may'be used.

On each occasion, when wastes are added to the pit, a layer of 10cm of soil be added to cover the
wastes. Ground water table shall be a minimum of 6m below the lower level of pit.

Burial must be performed under close and dedicated supervision.
The site should be relatively impermeable and no shallow well should be close to the site.

The pits should be distant from habitation, and sited so as to ensure that no contamination occurs of

ay surface water or ground water.
The area should not be prone to flooding or erosion

No shallow well shall be close to the site.

6. Chemical Disinfection : |

Chemical disinfection used routinely in health care t0 kill microorganisms on medical equipment and |
1 ’

o floors and walls, is NOW being'extended to th,e trez.nment of health-care \‘vastc‘. ClTe.rnical? are added to
waste to kill or inactivate the pathogens it contaifis; this trea‘tmeth ulsdually resu“j n i:lnzecm?n ratherlthan
Yerilization. Chemical disinfection is most suitable for treatmg}:lqllltlh \:::l:?v ::; ; a:] s u_0d<:n, l::in‘e; ;tors, Orl
hospital se»;'age However, solid—-—and even highly hazardous— health-¢ ) g microbiologica

tlures, sharps, etc., may 2150 e dist

: for d
T hemicals used
he type and phenolic compounds.

“mpounds, ammonium salts, !

nfected chemically. |
isinfection of health-care waste are mostly aldehydes, chlorine \

Heat Sterilization : { by dry heat sterilization at a temperature not less than 185°C, at least for .-1
Waste sharps can be treated DY

: : h cy¢
aresidence period of 150 mmutes in eac Yy

ting parameters.
(1] : .
“matic recording SYSt€™ :

le, which sterilization period of 90 minutes. There should be

0 moﬂitor OPCra
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Environmental Science

E-WASTE : p

‘e-waste’ means electrical and electronic equipment, whole or in part discarded as waste by the consumer
or bulk consumer as well as rejects from manufacturing,

Rapid growth of technology,
the electronics industry have led t

end of life electrical and electroni

refurbishment and repair processes.

upgradation of technigal innovations, and a high rate of obsolescence in
© one of the fastest growing waste streams in the world which consist of
¢ equipment product such as - Refrigerator, Washing machines, Computers
and Printers, Televisions, Mobiles, Ipods etc. Many of which contain toxic materials.

E-waste (Management) Rules, 2016, were published by the Government of India, Ministry of
Environment, Forest and Climate Change. [Amended in 2018].

7.2 CLASSIFICATION OF E-WASTE [SOURCES OF E-WASTE] :

E-waste composed of discarded electrical and electronic appliances which

have reached the end of
their life and no longer serve the purpose they were intended for,

Categories of electrical and electronic equipment covered under the e-waste management rules,2016
are:

(I) Information technology and telecommunication equipment :

Centralized data processing: Mainframes, Minicomputers

Personal Computing: Personal Computers (Central Processing Unit with input and output devices)
Personal Computing: Laptop Computers (Central Processin
Personal Computing: Notebook Computers

Personal Computing: Notepad Computers

Printers including cartridges

g Unit with input and output devices)

Copying equipment
Electrical and electronic typewriters
User terminals and systems
Facsimile
Telex ‘
Telephones
Pay telephones
Cordless telephones
Cellular telephones
Answering systems
‘) Consumer electrical and electronics:

‘l
Television sets (including sets based on (Liquid Crystal Dis

play and Light Emitting Diode technolog))
Refrigerator |

Washing Machine
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ountries. This is couple —
L

d witjy India’
as | . tour 2
veling. ack of APPropriate infrastructure and procedures for its disposal and
rc\" L o

The predictions highlight th
like [ndia where the
Waste and the recycling process is yet to be properly
and health problems if E-Waste recycling is left to the

rcﬂ“l“ml' It may cause rising envi
Jagaries of the informa] sector,

{ Effect on Human Health .
(i) The impact is founq ¢ se in . .
(\ belwor..e In developing countries like India where people engaged in
stly in the unorganized sector, living i imi
r, living in close proximity to dumps or
landfills of untreated E-Waste and working Without any pr y d p

A : otection or safe guards.
(i) E-waste is much more ha

zardous thap many other munic

ipal wastes because electronic gadgets
Mponents made of deadly chem

. icals and metals like lead, cadmium,
> POlyvinyl chlorides (PVC), brominated flame retardants, beryllium antimony

1e health risks that may result from e-waste exposure and, therefore,

need more specific protection. Children may be exposed through dump sit=s located close to their homes,

schools and play areas.

1. Effect on Environment -

() Disposal of e-

environment. E-waste that is land filled produces contaminated leachates, which eventually pollute
the groundwater.

(i) Acids and sludge obtained from melting computer chips, if disposed on the ground causes
acidification of soil, leading to contamination of water resources.

(iii) Due to dumping of e-waste in to the land filling site, many toxic heavy metals and chemicals from
e-waste enter the soils and then it follows the ¢ soil-crop-food pathway’, which is one of the most °
significant routes for heavy metals exposure to humans.

(iv) Incineration of e-wastes can emit toxic fumes and gases, thereby polluting the surrounding air.

(V) Improper recycling and recovery methods can have major impacts on the environment. Crude

forms of dismantling can often lead to toxic enjissions, which pollute the air ang thereby also
. expose the workers to the harmful materais.

(Vi) The most dangerous form of recyeling iind recovery from e-waste is the open air burning of circuit
boards (made of plastic) in order to recover copperaluminum,sitver and other metals. This will
cause air pollution.

(Vii) Extraction of metals through acid bath method or through mercury amalgamation also e
to environmental degradation.

(vii Burning of plastic casing of e-waste leads to liberation of toxic ajr pollutants,

(vii Burning of computer monitors and other electronics produces dioxins causing cancer.

.

W | ‘
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v viercur W eacn wnen certain Cle ro ] \' 5 S p ”\. |.t bl eakels are dCSU'O cd 0‘
’ I C Y l” l ‘ .I l - & .l Cct nic dL ICECS, bUk.h as ¢ ul y N
{ i) I

: & Vi 1zati f metallic mer
nly does the leaching of mercury pose problems, the vaporization o cury ang
L o & B

dimethylene mercury is also of concern.

: ctrical : g ic equi
Table 7.2 Pollutants and their occurrence in waste electrical and electronic equipment

Pollutant Gecurrence Environmental and Health -
; relevance 4
—
Liquid crystal Displays
- - LT
Lithium Mobile telephones, Photographic equipments,| may develop explosive gaseg
video equipments, batteries (hydrogen) if wetted
T —
Mercury Components of Copper machines and steam irons, acutely poisonous and injurious 1o
batteries in clocks and pocket calculators, | health
switches, LCDs
Nickel Alloys, batteries, relays, semiconductors, pigments may cause allergic reactions
PCBs (poly

Transformers, capacitors, softening agents for
chlorinated biphenyls) paints, glue, plastic

Selenium Photoelectric cells, pigments, photo copiers, fax
machines

Silver Capacitors, Switches (contacts) batteries, resistors

Zinc Steel, bras§, alloys, disposable and rechargeable | toxic when inhaled
batteries, luminous substances

Arsenic Semiconductors, diodes, microwaves, LEDs (light| acutely poisonous and on a long-
emitting diodes), solar cells term perspective injurious to

health

Barium Electron tubes, filler of plastic and rubber,| may develop explosive gases

lubricant additives

(hydrogen) if wetted
Brominated flame

proofing agent

Casings, circuit boards' (plastic), cables and PVC

cables

Cadmium Batteries, pigment olders, alloys, circuit boards, acutely poisonous and injurious

computer batteric:. monitor, cathode ray tubes| to health

(CRTs) '
Chrome Dyes/ Pigments, Switches, Solar |
Cobalt Insulator ) k

—/,r '\

Copper Conductor Cables, copper ribbons, coils, circuitry, :

Pigments j
Lead Lead reachable batteries, solar, transistors, lithjun

causes damage to the nen®= |

batteries, pyC (polyviny| chloride), stabilizers system, circulatory system |

lasers, LEDs, thermo electrical elements, circuj
boards

el

I
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76 MANAGEMENT OF E-WASTE -

nt

pole of Government ;

I'he responsibility of the Government i e
controls and administration, The Government sh
0

E-waste (Management) Rules, 2016 were
gnvironment, Forest and Climate Change

waste management is to provide adequate system of laws,
uld set up administrative agency to implement the set rules.

published by the Government of India, the Ministry of

3 cycler involved in manufacture, sale, transfer, purchase,
collection, storage and processing of e-waste o

including their components, consumables, parts a
Delhi, is the agency responsible for implementat

electrical and electronic equipment listed in Schedule I,
nd spares. Central Pollution Control Board (CPCB), New
ion of these rules.

I ~ .
Tu?se rules i'llSO includes Extended Producer Responsibility (EPR) in which a manufacturer of the
product is responsible for post consumer stage of the product’s life cycle, including its final disposal.

At present 90 % of recycling of e-waste in India is carried out by the informal sector. This practice

should be stopped and e-waste recycling by certified recyclers should be ensured.
Responsibilities of the manufacturer :

‘ . - TL ™
Manufacturer’ means a person or an entity or a company which has facilities for manufacture of
electrical and electronic equipment.

(1) Collect e-waste generated during the manufacture of any electrical and electronic equipment and

channelize it for recycling or disposal.

(2) Ensure that no damage is caused to the environment during storage and transportation of e-waste.

(4) Maintain records of the e-waste generated, handled and disposed in Form-2.

Responsibilities of the producer :

‘Producer’ means any person who, irrespective of the selling technique used such as dealer, retailer, e-
retailer, etc, manufactures and offers to sell electrical and electronic equipment and their components or
tonsumables or parts or spares.

(1) Implementing the Extended Producers Responsibility with the following frameworks, namely, -
collection and channelization of e-waste generated from the “end-of-life’ of their products or ‘end-
of-life’ products.

e  For disposal in Treatment, Storage and Disposal Facility, a pre-treatment is necessary to
immobilize the mercury and reduce the volume of waste to be disposed off.

«  Creating awareness through media, publications, advertisements, posters, or by any other means
of Communication with regard ‘3 information on hazards of improper handling, disposal,
accidental breakage, damage or improper recycling of e-waste.

"esponsibilities of collection centres :

(1) Collect e-waste on behalf of producer or dismantler or recycler or refurbisher including those
arising from orphaned products.

(2) Ensure that the facilities are in accordance With the standards or guidelines issued by Central

Pollution Control Board from time to time.
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¢W
picking Shed :

when the e-waste items arrive at the recycling plants, the first step involves sorting all the items manually
patteri€s are removed for quality check.

pisassembly :

After sorting by hand, the second step involves a serious labor intensive process of manual dismantling.

c-waste items are taken apart to retrieve all the parts and then categorized into core materials and

The
used or

mponents. The dismantled items are then separated into various categories into parts that can be re-

4|l continue the recycling processes,
>

5, First size reduction process :

Here, items that cannot be dismantled efficiently are shredded together with the other dismantled parts

(o pieces less than 2 inches in diameter. It is done in preparation for further categorization of the finer e-
. 3 .

waste pieces.

4 Second size reduction process :

The finer e-waste particles are then evenly spread out through an automated shaking process on a
conveyor belt. The well spread out e-waste pieces are then broken down further. At this stage, any dust is
extracted and discarded in a way that does not degrade the environmentally.

;. Over-band Magnet :

At this step, over-band magnet is used to remove all the magnetic materials including steel and iron
from the e-waste debris.

6. Non-metallic and metallic components separation :

The sixth step is the separation of metals and non-metallic components. Copper, aluminum, and brass
ue separated from the debris to only leave behind non-metallic materials. The metals are either sold as raw

materials or re-used for fresh manufacture.
. Water Separation : v
As the last step, plastic content is separated from glass by use of water. One separated, all fhe materials
tirieved can then be resold as raw materials for re-use. The products sold include plastic, glass, copper,
ton, steel, shredded circuit boards, and valuable metal mix.
Benefits of e-waste recycling :
* Recycling Helps Protect The Environment
: Recycling Helps Conserve Limited Resources
* Recycling Promotes Energy Efficiency
) Recycling Helps Build A Strong Economy
* Recycling Creates Jobs
! Recycling Builds Community
g Recycling Can Be Financially Rewarding
"iste recycling companies in India : ;
Some of the well known e-waste recycling companies are listed below :

Aﬂem 3
i . a Roorkee-based e-waste management company, handles almost 500 tonnes of e-waste per month.

“d by Rohan and Nitin Gupta in 2007, the company currently provides its service to nearly 100 cities

by
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MULTIPLE CHOICE QUESTIONS

I'he per capita per Year gener.

o) D0 ” a;n:r:( of e-waste i India is about

The e-waste mana ' $ (¢) 1.5 kg (d) 2.5 kg
! gement rules jp India has peep last amended i

(a) 2015 (b) 2016 nded in the year

‘EPR’ stands for () 2017 (d) 2018

(a) Extended Producer Rules

(c) Exclusive producer Rules (b) Extended producer Responsibility

| : (d) Extra primary Responsibili
Major portion of €-waste in India consists of i i :

(a) computer devices (b) Telecom devices

(¢) Medical equipment (d) electrical equipment

5, In terms of e-waste generation, India ranks in the world
a) First i ‘l
(a) | (b) third (c) Fourth (d) fifth
6. Which state ranks first in C-waste generation in India ?
(a) Karnataka (b) Maharashtra (c) Gujarat (d) Tamilnadu
Which city ranks first in e-waste generation in India ? ‘
(a) Mumbai (b) Delhi (c) Bengaluru (d) Chennai
ANSWERS

L@ 2 @ 3 (® 4 @ 5 © 6 G 71 @

REVIEW QUESTIONS

| What is e-waste ? What are the reasons for faster e-waste generation rate in the world ?

Give classification of e-waste.

——r

What are the constituent materials of e-waste ?

-

Give present scenaria of e-waste generation in India and in the world.
Explain impact of e-waste on environment and on human health,

Explain role of government in e-waste management.

Explain the responsibilities of manufacturer and producer in e-waste management.

Explain recycling of e-waste. Give advantages of recycling e-waste.

o & O
0.0 0‘0 0.0

M et e i Sl e oy s
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global Environmental Issues
g1 INTRODUCTION :

] - vironment.
In the present day scenario, the world community has realised the importance of en

as taken place in the global
Ihe factors disturbing the global €cosystem are -

] Population explosion

significant changes h ecosystem.

2. Rapid industrialization

-

Urbanization

4. Modern life style, etc.

v Lopulz”on explosion has createq an im

balance in demand and supply by creating huge demands
for shelter, food,

Water and other natural and man-made resources.

dRapid industrialization has resulted in more

consumption of natural resources and more degradation
of environment due to pollution.

4 Urbanization has resulted in an imbalance

in villages and cities by the migration of people towards
urban areas, which has deteriorated the q

uality of air, water and land of urban areas.
4Modern life style of the people has cont

ributed a lot in degrading our environment.
All these factors

are responsible for the following global environmental problems :

(June 2014)

I. Climate change

2. Global warming and Green house effect
3. Acid rain

4. Ozone layer depletion

12 SUSTAINABLE DEVELOPMENT Q.2 [Dec. 2014, June 2016)

\
[__Sustainable development is defined as a form of development or progress that meets the needs of the
. fsi ili ¢ generations to meet their own needs,
Present without compromising the ability of,futur g eeds

Sustainable development is a process of betterment of life in all the sectors like
educational, health, sanitation, food and housing, national security,
leave air, water and soil, pure and unpolluted as possible, so t
Ieopardize of their needs. Although, it is difficult thing,
Management,

economic, social,
etc. It means, Cvery generation should
hat the next future generation is npot

it can be achieved through proper environmenta

In 1987, the ‘World Commission on Environment and Development’

o0 the theme of its report “our common future”. The three important
Teport are -

made sustainable development
components highlighted in this

EC'"lomic development :

Thig includes,
L]

Utilisation of natural resources *  Agricultural developments
.

lndustrialisation W N o TR riunities
fising quality of life
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Environmental Sciep, -

Social development :
This includes,

»  Providing the basic needs of life like, food, drinking water, shelter, fresh air, clothes, educatiop,

.~ health and sanitation.
/" Environmental development : i 2017]

This includes #providing safe environment by means of providing clean air, water
and soil.
The idea of sustainable development was strongly supported by the Earth Summit 1992, held at Rio
de Janerio, Brazil. It was the largest environmental conference ever held attracting 30,000 people and

more than 100 heads of states. UN general assembly asked for a report on progress made towards
sustainable development.

Sustainable development should be a part and parcel of national development plan of each country. It
can be achieved by keeping the following points in consideration :

Controlling population explosion.

Reducting the over exploitation of resources.

Enhancing the conservation of natural resources like water, soil, forest and energy.

Minimising waste production by performing recycling and reuse.

Use of clean production technologies.

Providing housing, education and health care to poor people, particularly in rural areas.
Encouraging the empowerment and gducation of women.

1

2

3

4

5. Enhancing the use of non-conventional energy sources like solar, wind, waye.and biomass energy.
6 ‘

-

8

9

Development of industrial pollution control methods to reduce Itvel of pollution.
10. By marking strategies for eradication of poverty.

11,/ Arranging tree plantation programs.
8.3 CLIMATE CHANGE :

i Climate change refer@o any significant change in climatic factors such as temperature, wind,
precipitation, lasting for an unexpected period.

The term climate change is very often used inter changeably with the global warming. But, the
term global warming refers to rise in temperature of earth, while climate change refers to other
changes in addition to global warming.

Causes of climate change :

1. Change in the sun’s intensity.

2. Slow changes in the Earth’s orbit‘around the sun.

3. Change in ocean circulation.

4. Human activities that change the composition of atmosphere and land e.g.-

. burning fossil fuels . deforestation

. desertification . urbanization

° industrialization, etc.
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Chloro Fluoro Carbon (CFCs) : ’ ous compounds of carbon and halogeng
' Jaseous i
'Cs are highly stable, non-flammable man-made g ‘ . :

CFCY ar6 Digaty Sev gu PALIL its, cleaning of electr
Major sources of CFCs are leaking of air conditioners, refrigeration un 5 Onie
Major s ¢ ~ :
components, production of plastic foams, spraying paints, et ‘

inati i d chlorine. CFC-11 and CFC-12 are the most
CFC is a combination of carbon, hydrogen fluorine and ¢
commonly used CFCs.

, ; 0 times as compar
They have tremendous potential of global warming, some 12,000 to 16,00 pared to
carbon dioxide. The atmospheric concentration o

rate of 0.5% annually,

Ozone (0,) :

f CFCs is 0.00225 ppm and is increasing at the

In the troposphere, ozone is a secondary pollutant.

It is formed by the reaction of atomic OXygen
with oxygen gas in the presence of nitrogen.

Ozone has strong absorption band at 9'um and is quite unstable in troposphere. The contribufion
of ozone towards global warming is about 8%

Industrial
Processes

Deforestation

Agricultural

Fig. 8.2 Relative contribution of

Fig. 8.3 Relative contribution of various human
different greenhouse gases activities to the increase of greenhouse gases
to global warming in the atmosphere from different sources .
fects of Global warming : , [June 2013]
Change in climate : :

i

Rising temperatures have a pronounced

effect on the global climate regime.
Change in climate bring in following pr

oblems :
*  Change in rainfal] pattern ‘
*  Drying of surface water bodieg 4
*  Conversion of fertile Jand into deserts o
*  Serious water shortage

* Fall in ground water table
*  Change in crop pattern

*  Growth of micro-organisms and spread of diseaseg

*  Change in vegetation pattern, etc.

‘\I

Al
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rhe UV radiation splits oxygen molecule into oxygen atoms.
O,+hv —5 O0+0
The atomic oxygen react with molecular oxygen to form ozone.
0+0;,+M — 0;+ M

: ; in the reaction)
(M is third body necessary to carry away thé energy released in t

(0) |
Step-1 / 5 T ——————— @ ¥ @
Q Oxygen Oxygen

atom atom
Oxygen

Oxygen
le
molecule molecu

Q Ozone
\ molecule

|

Step-1
0 Ozone
@ + C / \ molecule
e ) ONRO
atom
Oxycen
molecule

Overali reaction : 3 0, sunlight y 2 04

Fig. 8.4 Ozone Formation

03+hv_..__>_0;+0

The main chemicals responsible fo.

vzone layer depletion are chl rbon
chlorofluoro bromines (CF; Br). oro fluoro c¢a ons (CFCs) and
Among the CFCs, the main chemicals res i
' ponsible for 0zone i
R g depletion are referred to by trade

Feron - 11 (C Cl; F)

Feron - 12 (C Cl, F,)

They are largely used, and subsequently released ip _
' i jvities |

(i) Refrigeration (i) . » by the following acti

(iii) Extinguishing fires (iv)

(v) Solvent in paint industry V) B

Scanned by CamScanner




Scanned by CamScanner



-

H .
Dobson unit (DU) : ek
Unit of measurement of ozone in atmosphere is Dobson unit ( .
I Dobson unit is equivalent to a concentration of 1 ppb (parts per

billion) Oj.

I Dobson unit (DU) is defined as 0.01 mm thick ozone layer at STP
(i.e 0°C and 1 atm)

“ -
Under normal conditions, earth atmosphere contains about 300 DU i.e. 3 mm thick

slab of ozope
layer which is reduced to 100 DU,

i.e. 1 mm thick ozone slab at ‘Ozone holes’.
Ozone Depleting Potential (ODP) :
It is the ratio of the

impact on Ozone caused by a chemical compared to the impact of a simjjar
mass of CFC-11. '

The ODP of CFC-11 is 1.0,

Ozone hole :

The ozone hole is an area of the stratosphere where the concentrat
average amount of ozone in the atmosphere is
Any place where the ozone concentr
hole. Average

ion of ozone drops drastically. The
i.e. 3 mm thick slab of ozone layer.

» it is considered as part of the ozone
DU (i.e. 1 mm thick slab).

roughly 300 DU,
ation drops below 220 DU

concentrations in the ozone hole are around 100
Since 1985, it is observed that ozone layer is depleting in the stratosphere over the Antaretic
()

region (South polar region) particularly in the late winter and early spring season. The ozone hole
does not persist (exists) year round.

The cold environment forms tiny

| < of UV I
ChOUEh melanin) ywiij pe oo a greater cisk of U* §
exposure. :
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(iii) Canada Green house gas Offset System

(iv) Japan (Voluntary Trading System)
The Project Cycle in CDM :

Every CDM project has to go through a cycle before it is registered and CERs are issued to
There are seven steps in the project cycle:

(1) Project design: the first step is the

)

3)

C))

)

(6)

M

Benefits of CDM :
The main benefits of CDM are -

Challenges for CDM :

the project,

preparation of a project design document by the project
participant detailing the project, the baseline and methodology and other details relevant 1o the
project;

National Approval: the second step is securing the letter of approval from the Designated Nationa)
Entity of the host party;

Validation: the project is independently evaluated by a designated operating entity on whether it
meets the requirements of CDM.

Registration: validated projects are

submitted to the CDM executive board for formal approval,
which is called registration; V' 1

Monitoring: Measurement of actual emissions is done by the project participant according to the
approved methodology; :

Verification: s the independent review of the emission reductions claimed by the project participant
by a designated operating entity.

CER issuance: Once the verification of the claimed emission reduction is done, the designated
operating entity submits the verification report to the CDM board for the issuance of CERs.

Sustainable development
Conservation of environment- reduction of GNG emissions.
Reduction in climate change phenomenon

CDM projects include investment ift climate change mitigation projects in developing countries, )
Transfer of technology in the host countries,

Improvement in the livelihood of communities through the creation of employment or increased |
economic activity. :

Social and economic development in the host country,
Development of environment friendly projects in Annex B countries.
Increase in foreign direct investment in CDM projects in the country.

Image enhancement at local level of the company developing CDM project.
Development of new GNG emission reducing technologies.

DNA (Daw National Authority) approval capacities. - ‘»
High methodology rejection rates. i
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9.1 THE GREEN BUILDING CONCEPT :

Our ancestors worshipped the five elements of nature -

Earth as ‘Prithvi’

Water as ‘Jal’

Agni as ‘Energy’

Air as ‘Vayu’

Sky as ‘Akash’.

A green building or environmental building or sustainable building is a building which seek to

and construction to an optimum level so as to have an eco-

harness all these natural elements in its dc ‘g

friendly, low energy & low water consumption building and at the same time providing fresh and healthy

environment to its occupants.

The term ‘green building’ apply not just to products, but building design, orientation, construction

strategies, landscaping, building operations, maintenance, and more. The less impact a building has on human

health and the environment, the more green it is.

The concept of green building incorporates and integrates a variety of strategies during its planning,

design, construction' and maintenance of building projects. Common goal of green building is achieving

aesthetic harmony between a structure and its surrounding environment and use those resources that help in

environmental protection or disturbs least to the environment compared to other alternatives available. Green
building movement is infact the result of contribution from architects and engineers in maintaining the

ecological balance, thus, a step forward by architects and engineers to work as an environmentalist.

As regards the cost impact in the design of a green building, the cost could be slightly higher than a

conventional building. However green buildings, on account of their design features, consume less energy

and less water vis-a-vis a conventional building. Thus this extra cost gets paid back in 3-5 years time.

9.2 OBJECTIVES OF GREEN BUILDING :

/
'

The design, construction and maintenance of buildings have a tremendous impact on our environment
and our natural resources. Traditional building practices often overlook the interrelationships between a

_building, its components, its surroundings, and its occupants; and consume more of our resources than
necessary, negatively impacting the enviro.. icnt. The basic resources like ground cover, water, forests and
energy are depleted to construct and oper::: buildings. This is where green buildings step in with an aim to
address all these issues in an integrated and scientific manner.

The main objective of green building is to reduce the overall impact of building on environment
and on human health by minimising the usage of natural resources (like ground cover, water, forests,

energy) and to maximize the benefits.
I. To minimise the use of natural resources like ground cover, water, forests, energy, etc.

2. To reduce overall impact of building on environment and human health.

3. To reduce waste, pollution and environmental degradation.
: : i er
4. To select proper building materials and use recycled and scrap materials having low en gy

requirement.
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. PVvC
e  Gypsum boards, gypsum building blocks

v xtract, transport, manufacture
Steel requires 3 times as much energy as compar ed to wood [0 exIr P ff

and construcl.

: : . compared to wood.
Aluminimum framing requires 10 times as much energy as comp

5. Dcsigﬁ efficiency :

! : . g rgy requirement of
Design of a building is very important as it plays a vital role in reducing the energy req a

building during its life.

Design has to consider the following :

(i) Optimum use of solar energy.

(ii) Optimum use of renewable energy.

(iii) Selection of energy efficient fittings, plants and equipment.

(iv) Adoption of environment friendly and energy efficient materials.

(v) Adopting energy efficient design and technologies.

A good architectural design will take full advantage of sun, wind and trees around the building. The
location of door, windows and walls will be designed in a way to have maximum advantage of nature to

minimize energy requirements. While deciding the specifications of materials and adoption of technologies
for execution of the work, civil engineer plays an important role.

6. Occupant health and safety :

Research findings reported in different literatures revealed that buildings with good overall environmental
quality can reduce the rate of respiratory disease, allergy, asthma, and enhance worker performance. Choose
construction materials and interior finish products with zero or low emissions to improve indoor air quality.
Many building materials and cleaning/maintenance products emit toxic gases, such as volatile organic
compounds (voc) and formaldehyde. These gases can have a detrimental impact on occupant’s health and
productivity .

Provide adequate ventilation and a high-efficiency, in-duct filtration system. Heating and cooling systems

that ensure adequate ventilation and proper filtration can have a dramatic and positive impact on indoor air
quality. Provide effective drainage from the roof and surrounding landscape.

9.4 BENEFITS OF GREEN BUILDINGS :

/

(a) Economic benefit (tangible benefits) :

I. Energy efficiency : Green buildings are around 25-30% more ene

rgy efficient, with gold-rated
buildings as much as 37% efficient.

2. Water efficiency : Green buildings use 20-30%

e less water compared with similar conventional
buildings. This reduces operating water costs.

Waste reduction : Green buildings emphasise waste reduction. Construction wastes and demolition

debris are the main wastes produced during the construction process, which degrade the quality of
environment.
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CRIHA RATING SYSTEM B |

(RIHA-Green Rating for Integrated Habiy
mm 2008. It has been ¢«

at Assessment

X ) s lhc : 3 : .
mceived by The Energy and Reso national rating system of India

urces Institute (TERI).
\DARSH (Association for Development and Research of Sustainable Habitats) founded joint by TERI
; Jointly

RE (Ministry of New and Renewable Energy, Government of India) promotes GRIHA desi f
as a design o

tion tool for Green Buildings and Habitats

\/I GRIHA Rating variants undergo periodical technical revis
| Advisory Committee (TAC). The late

duced in January 2015,

| ions under the supervision of GRIHA
st version of GRIHA, GRIHA version 2015 (GRIHA V2015),

[he GKIHA V 2015 rating syste N
INg system consists of 31 criteria categorized under various sections such as

+o Planning, Constructi g a v I 7
ite | ( | .LlIOH Management, Occupant Comfort and Wellbeing, Sustainable Building Materials,
erformance Monitoring and Validation. and Innovation

ligibility :
All buildings, which

are in the design stage dnd have built up area more than 2,500 m?, are eligible for
ertification under GRIHA. Building types

include, but are not limited to offices, retail spates. institutional
wildings, hotels, hospital buildings, healthcare facilities. residences. and multi-family high-rise buildings.
“riteria and their weightage :

GRIHA is a performance-oriented system where points are earned for meeting the design and performance
ntent of the criteria. Each criterion has certain points assigned to it. It means that a project demonstrating

:ompliance with a criterion would achieve the associated points.

GRIHA is a 100-point system consisting of some core points, which are mandatory, while the rest are
»ptional. Different levels of certification (one star to five stars) are awarded based on the number of points

:arned. The minimum points required for certification are 25.
The scores for achieving GRIHA rating have been revised. The new thresholds for achieving GRIHA

rating are mentioned below:

Table 9.3 GRIHA Rating System

GRIHA V 2015 Rating Thresholds GRIHA Rating
25-40 ) ¢

41-55 * %

56-70 * % W

71-85 * %k N

86 or more * * * * *
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Criterion 2

Environmentaj Science

lable 9.4 Set of 31 Criteria for GRIHA 2015 Rating System

Site Selection

Low-impact design

Design to mitigate UHIE

Criterion 3 [

-, FdFRY ' ]
Criterion 4 ! Site Imperviousness Factor
Criterion 5 Air and water pollution control

— i \
Criterion 6 Preserve and protect landscape during construction
Criterion 7 Construction Management Practices

Criterion 8

Energy efficiency

Criterion 9

Renewable energy utilization

Criterion 10

Zero ODP materials

Criterion 1]

Achieving indoor comfort requirements (visual/thermal/acoustic)

Criterion 12

Maintaining good IAQ

-

Criterion 13

Use of low-VOC paints and other compounds in building interiors

Criterion 14

Use of low-flow fixtures and systems

Criterion 15

Reducing landscape water demand

Criterion 16

Water Quality

Criterion 17

On-site water reuse

Criterion 18

Rainwater Recharge

Criterion 19

Utilization of BIS recommended Wwaste materials in building structure

Criterion 20

Reduction in embodied energy of building structure

Criterion 21

Use of low-environmental impact materials in building interiors

Criterion 22

Avoided post-construction landfill

Criterion 23

Treat organic waste on site

Criterion 24

Labour safety and sanitation

Criterion 25

Design for Universal Accessibility

. Criterion 26

Dedicated facilities for service staff

Criterion 27

Increase in environmental awareness

Criterion 28

Smart metering and monitoring

Criterion 29

Operation, Maintenance Protocols

Criterion 30

Performance Assessment for Final Rating

Criterion 31

Innovation

F \
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In this context :

o Competitiveness refers to a city’s ability to create employment opportunities, attract i"VCSHIlcnh

experts, professionals and people, The ease of being able to do business and the quality of life it
offer determines its competitiveness.
Sustainability includes social sustainability, environmental sustainability and financial sustainability
. Quality of Life includes safety and security, inclusiveness, entertainment, ease of seeking and
obtaining public services, cost efficient healthcare, quality education, transparency, accountability
and opportunities for participation in governance.
= Factors required to become a smart city :
. . . .« \ . ~
I. It should provide holistic urban environment embedded with the fundamental values along with the
options to grow and prosper.
o . . ide ¢ - 1 > 2 snerati Q 1e1 H “itvw!
[t should provide an opportunity to the new generations to participate in the City's management.

It should provide satisfactory lifestyle to the people.

L
)

4. It has to be a living city with respiratory system supported by its citizens and technology for its

governance, management and functioning.

5. It should be technologically sound and efficient city. '
6. It should have smart grids in infrastructure, transportation and energy.
7. It should offer quality water supply, sanitation, electrical supply, cost effective health care, quality

education, communication network, clean environment, solid waste management, better public

transport, safety, etc.

9.7 PILLARS OF A SMART CITY [REQUIREMENTS] :

Institutional Infrastructure (including Governance), Physical Infrastructure, Social Infrastructure .
and Economic Infrastructure constitute the four pillars on which a city rests. The centre of attention for
each of these pillars is the citizem. In other words a Smart City works towards ensuring the best for its entire

people, regardless of social status, age, income, levels, gender, etc. '
Institutional Infrastructure refers to the activities that relate to the planning and management systems

.
in a city. The new technology has provided a new dimension to this system making it efficient, !
accountable and transparent. It includes the participatory systems of governance, e-governance, inclusive
governance, the sense of safety and security and the opportunities for creativity.

*  Physical Infrastructure refers (o its stock of cost-efficient and intelligent physical infrastructure such

mobility system, the housing stock, the energy system, the water supply system, sewerage

as the urban | . . "
ities, solid waste management system, drainage system, elc. which are all integrat

system, sanitation facil
through the use of technology.

»  Social Infrastructure relate to those com
capital, such as the educational, healthcare, ent

ponents that work towards developing the human and social
ertainment, etc. It also includes entertainment and sports,

the open spaces and parks. f : | . . g
These together determine the quality of life of citizens in a city. It is also necesury' that ic:‘:ty s%r:m:n‘
ty has structures which proactively bring dindvanngeouf secmnsr.d;vcb. :

backwards, minorities, disabled and women into the mainstream 0 v , .pmﬂ‘y

inclusiveness and ci
socially and financially

e
S B
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e _ Industrial parks and Export Processing Zones
. IT/BT Parks

” Trade centers

Service Centers

- Skill Development Centres

Financial Centers and Services

Logistics hubs, warehousing and freight terminals

Mentoring and Counselling services

9.8 FEATURES OF SMART CITY :

Some typical features of comprehensive tevelopment in Smart City solutions are described below.
1. Promoting mixed land use in
a range of compatible activities and |
The States will en

2,

area based developments—planning for ‘unplanned areas’ containing
and uses close to one another in order to make land use more efficient.
able some flexibility in land use and building bye-laws to adapt to change;

Housing and inclusiveness - expand housing opportunities for all;

3. Creating walkable localities —reduce congestion, air pollution and resource depletion, boost local
€conomy, promote interactions and ensure security. The road network is created or refurbished not only for

vehicles and public transport, but also for pedestrians and cyclists, and necessary administrative services are
offered within walking or cycling distance;

4. Preserving and developing open spaces -

enhance the quality of life of citizens, reduce the ur
balance;

parks, playgrounds, and recreational spaces in order to
ban heat effects in Areas and generally promote eco-

5. Promoting a variety of transport qptions - Transit Oriented Development (TOD),

and last mile para-transport connectivity;

6. Traffic management. Monitoring road-systems will inform drivers about which route is best at

any given time. Also, it will automatically manage the traffic lights in order to reduce congestion to the
minimum taking into account the traffic volume at certain times of the day. '

7. - Intelligent transport system. Many public transport systems are already interconnected. This allows
for different public transports to be coordinated and to provide information in real time.

8.

public transport

Smart parking. There will be systéms that will alert drivers when there is a free parking spot.
Citizens will no longer waste their time looking for a place to park and the city will be less polluted. Did

you know that by reducing the average time required to park a vehicle from 15 to 12 minutes can reduce
CO, emissions by 400 tones in a city such as Barcelona?

9.  Making governance citizen-friendly and cost effective - increasingly rely on online services to
bring about accountability and transparency, especially using mobiles to reduce cost of services and providing
services without having to go to municipal offjces. Forming e-groups to listen to people and obtain feedback
and use online monitoring of programs and activities with the aid of cyber tour of worksites:

10.  Giving an identity to the city - based on its main economic activity, such as local cuisine, health,
education, arts and craft, culture, sports goods, furniture, hosiery, textile, dairy, etc;
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Ch-10 Concept of 4R's


Environment

10.1  PRINCIPLES OF 4R’'S:

4R’s refers to:

l. Reduce

Reuse

3. Recycle

4. Recovery.

(1) Reduce : Reduce means Prevent waste in the first

place; by eliminating waste at source through better
planning and design.

Reducing the amount you buy is the most

significant of all the options to manage waste. The key
is to only purchase goods that we need and in the right
amount. If we never generate products in the first place,

we do not have to extract raw resources, manufacture

@\
@’
@)

utilize additional resources for shipping, and then devise The 4R Plan

goods from scratch, come up with shipping materials,

ways to dispose of them.

We live in an era of over-consumption. Everything

can be bought. Everything is monetized. :Durable
products are rare. And this consumption—goods
production, transportation, packaging and waste Fig. 10.1 4R Concept

management—is all too often at the expense of the
environment. At the expense of life. At our children’s and grandchildren’s expense.

We must reduce waste production at the source. This means reducing the quantity of waste during

production, distribution, purchasing, use and elimination.

Table below'lays out how long it takes to decompose typical waste products.

Table 10.1 How Long Does It Take to Decompose

Paper towel 2—4 weeks Plastic bag 10-20 years |
Newspaper 6 weeks Plastic film container 20-30 years
Apple core 2 months Tin can 50 years
Plywood 1-3 years Rubber boot sole 50-80 years
Wool sock 1-5 years Aluminum can 80-200 years
Cigarette butt 1-5 years Disposable diaper 450 years
Plastic beverage bottle 450 years
Glass bottle 1 million years

A
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concept of 4R’s

Cost recovery through the sale of recyclable materials;
»

*  Cost recovery through sales of 4Rs technologies.

For example, in China, organic
y wast &
Sersibhia 8 aste from lthousands of small straw pulp mills is used as

In Kalundbor 2
I ?, Dden}r‘nark, a coal-fired power station, an oil refinery, a plasterboard factory, a
_ ant and the municipality h " Sindustri e ) »

et sn pality have created an ‘industrial symbiosis’ by exploiting each other’s

10.4 APPLICATIONS 4R’S PRINCIPLES :

1. REDUCE :

o m\:\sffblcjll ;:duce o.ur conSl.xmption,. our.production .of waste and our impact on the cnvir.onmem by practicing
P. . sumption. All it takes is using our buying power carefully and respectfully in order to contribute
positively to society, the environment and the world. Buying something means guaranteeing the waste and
greenhouse gases that were caused in its production, transportation, packaging and future removal.

(i) Buying :
e  Replace your consumption of disposable objects and products by reusable ones.

. Buy recyclable products; Buy products that contain recycle 1 materials.

. Buy local products.
« Buy products that aren’t over-packaged.

Buy bulk whenever possible. Your supermarket should have a bulk section. Packaging is less present

and often reusable. Some stores even sell household products in refillable containers.

o Avoid everything that’s disposable.

o Reduce purchases of toxic products to a minimum.

(i) Reducing use of Plastic :
«  Find alternatives to plastic bags like cloth or paper bags for shopping.

s youcan do shopping in markets and supermarkets that give paper or plastic bags.
reduce use of plastic water bottles-you can carry water to work or school in your own bottle.
dispensers provnde disposable plastic cups-you can help reduce plastic

®
In the case where water

waste by carrymg own bottle or cup.

e  you can carry your cup or coffee mug around in case you wnll feel like having coffee at work or

in school.
. when making

is carried back home.
d of using plastic containers to store water at home, you can go for an alternative like water

purchases be consgious of the things you buy, ensuring that no unnecessary plastic

e Instea
pots that have been used for ages.

lnstead of having pre-packaged meals, you can opt for a more healthy homemade meals.

. you can make your own toys at very low cost.
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(iii) Use Alternate Transportation :
= Avoid using car for travel.
. Use public transport like bus, train, auto, etc.
. practice walking and bicycling instead of using car or bike.
(iv) Reduce consumption of petrol or gas of your vehicle :
*  Avoid abrupt stops and starts. Not only will you save the wear and tear on your breaks and tires,
you could save up to 40% on every tank of gas.
*  Don’tdrive too fast: Going from: 90km/h to 100km/h increases your gas use by 10%; from 100k,
h to 120km/h = 20% more! Gas consumption is optimal at 60-70 km/h. '
N [urn off your engine as soon as you are parked or stopped for more than 10 seconds,

v)

*  Keep tire pressure up. Just one under-inflated tired could increase your gas consumption by 4%.

* Do regular oil and filter changes. Do preventive tune-ups. Poor maintenance can increase your gas
consumption.

* _ Air conditioning can increase your gas consumption by 20%!.

*  Before turning off your car, turn off all energy-consuming accessories: radio, telephone battery
chargers, conditioning systems, etc.

Reduce water use :

*  Avoid flushing system in toilet, alternatively use bucket.

* A low-flow shower head can cut your water use in half,

*  Take showers more frequently thon baths: a shower takes 25-100 litres of water while baths require
250 litres. ‘

*  Avoid lawn sprinkling by fresh clean water, use grey water for it.

*  Avoid pumping out ground water, store rain water in house tanks for daily use.

REUSE :
Reuse is thus about extending the life or giving a second life to something that we previously considered

s “garbage”.

*  Use a reusable plastic or cotton bag for your purchases.

*  Use and reuse cloth diapers insic. (i of disposable ones.

*  Reuse grey water from kitchen and bathroom for lawn sprinkling. -

*  Use one side printed waste paper for printing on 6ther side.

*  Donate your old clothes to needy persons or charitable trusts.

*  Reuse your family-pack containers to buy in bulk,

*  Reuse wrapping paper, plastic bags, boxes, and lumber.

*  Buy beverages in returnable contaiﬁ,ers.

*  Books and magazines can be donated to schools, public libraries, or nursing homes.

*  Old tires can be used in the garden and in the play yard.

i
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* Cement, bricks and other materials can be crushed and used as filling material,

*  Demolition waste can be used as aggregate in concrete.

*  Use Cloth napkins (thus washable) and washable rags instead of paper napkins and paper towels
(single-use).

*  Use Electric razor instead of disposable razors:

*  Use rechargeable batteries instead of regular batteries.
RECYCLE :

(i)  Paper and cardboard :

(used as a generic symbol for recycling
or to indicate the material is recyclable)

* Instead of using virgin fiber paper, use &
recycled papers. A sheet of paper can only @K‘g
be recycled about seven times, since the fibers

become shorter and more fragile during the N L .
recycling process. @é o
(i) Plastics : N ,
(used to indicate 100% recycled paper

. sznops. Plastlc bottles (l?ottled water, soft &C‘, C;S content).

drinks, juice), cables, clothing can be recycled :

in to T-shirts, carpets, bihders, pillow fillings,

. ‘ ) Patialy - Recyled paper Symbo
*  Polyvinyl chloride Containers for household @;

cleaning or personal care products (bleach, Fig: 10.3 Recycling Symbols

shampoo), mineral water, food boxes, blinds,
cheese and meat packaging, credit cards, bottles, etc. can be recycled in to Coating, pipes, car

parts, road cones, signs, construction materials, etc.
Low density polyethylene Flexible containers (mustard, sauces), expandable bags and wrappings
(bread bags), bags (garbage, grocery, freezer), tarps,etc. can be recycled in to Grocery bags, garbage

bags, plastic lumber, etc.

iy Glass :
Glass Like plastic, glass is an inert material, so it does not move or change. A buried glass bottle

takes 4,000 years to decompose. This is why it’s a good idea to recycle glass.
Glass can be recycled indefinitely without losing its properties and quality. It is brought back to

life as bottles, containers and jars of all sorts. It is also used :

|

* In glass-insulated wool ;
As an aggregate for road sub bases, concrete blocks, asphalt and ceramic tiles;

* In reflective road paint (glass microbeads) ;

*  As abrasive ;

*  To replace fine sand for jetting.
For the time being, these products cannot be recycled: « Ceramic ; » Mirrors and window glass ;

* Porcelain and pottery ; « Pyrex glass ; * Cups, dishes, drinking glasses ; + Crystal ; « Light bulbs

and neon lights.

e
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(iv) Metal :

Recycling metals preserves the environment in many ways. On the top‘ of that list is mining, which is 5
very destructive and polluting activity. By recycling metal, we avoid extracting, refining, transporting—a]|
activities requiring a lot of energy and water. In consequence, that keeps us from producing considerable
greenhouse gases.

; | tonne of recycled aluminium saves 6 tonnes of greenhouse gases.

s Recycled aluminium is transformed into cans, wrapping paper, garden furniture and car parts.

»  Presently, 65% of steel products are made from recycled steel. Recycled steel is used for making
engine parts, steel structures and cans. -

»  What you can recycle : * Tin cans ; * Cans ; * Beer caps ; * Aluminum paper, foil and plates ; «

Metal lids. - Getting Copper wires from old electrical equipment.
(v) Debris from construction, renovation and demolition :

“ Cement, bricks and other materials can be crushed and used as filling material.

. Demolition waste can be used as aggregate in concrete.

. Reinforcement steel bars can be sent to steel recyclers or it can be used in flooring concrete.
° Old Timber can be used for doors, windows , furniture, etc.

4. RECOVER :

Most of the materials thrown in the garbage can be used and processed in ways other than being
destroyed. This is what is called recovering. Reusing, recycling and composting are the most frequently
used methods for recovering waste. When it’s not possible to reuse or recycle objects—such as dead batteries, L
ink cartridges or cell phones, which all contain toxic elements labeled hazardous household waste—there is |
one last option before throwing them away: scrap dealers, recycling workers and recoverers.

Another alternative is recovering the energy stored in residual material. That means turning waste into
a fuel for manufacturing processes or equipment designed to produce energy. Various mechanical, biological
and caloric systems and technologies can convert, reprocess or break up wastes into new materials or energy.

For example, the methane caused by rotting materials in dump sites can be recycled. This gas is converted

into power, and thus eliminates its harmful effects on the environment.

For example,
e  Use kitchen waste (organic waste) in manufacturing compost.

e Production of compost from municipal waste.

e Methane gas produced during decomposition of waste can be used as a fuel.

o  Generation of electricity from waste (energy recovery).

10.5 TREATMENT OF DIFFERENT TYPES OF WASTE USING CONCEPT OF 4R :

Examples of different types of waste and how it can best be treated at end of life, using the 4R Best

/

Practice are given below: )
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Table 10.2 Treat

s ment i
— of Different Types of Waste Using Concept of 4R

iI] Construction waste:

Examples of Waste

4R ‘Best Practice

]
|

(i) Construction Waste Concrete
Plasterboard/Gypsum Recycle
Paper Recycle
Metal Recycle
Office Waste Paper Recycle
Cardboard Recycle

Plastic (hard/soft)

Recycle or Recover

Toners Recycle
Waste from Manufncturing plants Asphalt Reuse
Concrete Reuse or Recycle
(i) Demolition Waste : Concrete Reuse
Steel Recycle
Recover
Cabling Recycle or
|
Glass Recycle
Recycle
Timber Reuse or y

Other materials

Reuse or Recycle
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MULTIPLE CHOICE QUESTIONS

l Which of the following R is not included in the 4R principles ?

(a) Reduce (b) Reuse (¢) Restrict (d) Recycle
2. Using one side printed papers for printing on other side, which 4R principle is used ?
(a) Reduce (b) Reuse (¢) Recover .(d) Recycle
3. Using Kitchen waste (organic waste) in manufacturing compost, which 4R principle is used ?
(a) Reduce (b) Reuse (¢) Recover (d) Recycle
4. The concept of 4R can be used for which type of waste ? .
(a) Solid waste (b) Liquid waste (¢) Gaseous waste (d) All the above
5. Getting Copper wires from old electrical equipment, which 4R principle is used ?
(a) Reduce (b) Reuse (c) Recover (d) Recycle
ANSWERS
1. (c) 2. (b) 3. (c) 4. (d) 5. (d)

REVIEW QUESTIONS

I.. Explain principles of 4R’s.
2. Give various applications of 4R’s.
3. Explain Reduce, Reuse, Recycle and Recover,

4. Give benefits of using 4R.

5. Explain how concept of 4R can be lised for developing effective solid waste management system.

*
&
(4

O CE

L)
L)
L)
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