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PREFACE

In this course, we shall deal with various aspects of Environmental Science.
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SYLLABUS

Semester-1I
* ENVIRONMENTAL SCIENCE
(AEC-003)
Objectives:

1. Understanding of major concepts in environmental sciences and creating the awareness about
environmental problems among people;

2. Recognize the interconnectedness of multiple factors in environmental challenges. -

Imparting basic knowledge about the environment and its allied problems to develop an attitude of
concern for the environment in respect fo enwronment protection and envir onment Improvement.

4. Motivating students to participate in Develop analytical skills, crztlcal thinking, in zdentzjjvmo and
solving environmental problems.

Course Content
UNIT-1: CONCEPT OFENVIRONMENT

Definition and concept of environment, Types and components of environment (Lithosphere,
Atmosphere, hydrosphere, Biosphere); Scope and multidisciplinary nature of the subject; man
environment relationships.

UNIT-2: ECOLOGYAND ECOSYSTEM

Concepts of Ecology : Subdivisions of ecology; Ecological factors-climatie, edaphic, physiographic
and biotic, Concept of Biological clock, physiological adaptation of hydrophytes, Xerophytes,
mesophytes, Ecological Succession and classification (hydrosere, xerosere, mesosere etc).

Structure and Functions of Ecosystem; (a) forest ecosystem (b) Grassland ecosystem (c) Desert

ecosystem (d) Aquatic ecosystem (ponds, streams, lakes, rivers, oceans, estuaries); Trophic levels,

Ecological Pyramids; food chains and food webs; Energy flow in an ecosystem; Ecological Interactions;
Ecotone; habitat; Ecological Niehe; Resilience.

UNIT-3: ENVIRONMENTALPOLLUTION AND GLOBALENVIRONMENTALISSUES

Environmental pollution; types, causes, effects and controls; Air, water, soil, noise, thermal and
radioactive pollution; Solid waste management; Control measures of urban and industrial waste, special
reference e-waste, biomedical waste; Climate change; global warming; ozone layer depletion; acid rain
and its impacts on human communities and agriculture; Case studies on pollution Tragedies; Love canal,
Bhopal Gas, Endosulfan and Minamata; International Agreements : IPCC, Montreal and Kyoto protocol.

UNIT-4 : NATURALRESOURCE MANAGEMENT AND BIODIVIERSITY CONSERVATION

' Renewable and non-renéwable energy resources, use of alternate energy resources. Water resource;
sources, usage, over-exploitation and sustainable management of water resources; resources; Conflicts
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over water (international and inter-state); Land rqsourceé; land use change, land degradation, soil erosion
and decertification; Forest Resources; types of forest in India, importance of forests, deforestation,
Disaster management; floods, earthquake, cyclones and landslides.

Conservatlon of b10d1ver51ty In-situ and Ex-situ couservatlon of b10d1ver31ty, IUCN-Red Data Book
categones Hot spots in India; Biomes; Role of Govt. and Non- Govemment organizations in Conservation
of Biodiversity in India ; International blodlver51ty conservation practices and strategies.

UNIT-5: ENVIRONMENTAL EDUCATION AND MANAGEMENT

V,Enviro‘nmental Education and Movements : Goals of environmental education; Environmental
education at primary, secondary and tetriary level Chipko, Silent Valley, Bishnoi, Narmada bacchao
Andolan, and Tehri Dam Confliet; EnvirOnmental communication and public awareness; Environmental
ethics; Green Politics; Earth Hour, Green Option Technologies; EIA-Principles and Process : ISO
standards ; ISO 9000 and 14000; Environment Laws and Practices.
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1

CONCEPT OF ENVIRONMENT

« Definition of Environment

« Multidisciplinary Nature of Environmental Studies
« Scope of Environmental Studies

« |mportance of Environment

» Need for Public Awareness

« Questions and Short Answer Questions
» Multiple Choice Questions and Fill in the Blanks

« DEFINITION OF ENVIRONMENT

The term environment is derived from the French word Environed, which
means surroundings. It is considered as a composite term for the conditions in
which organisms live. Environment (Protection) Act, 1986 defined
environment as the sum total of water, air and land, their
inter-relationships among themselves and with the human beings, other
living beings and property. Environment thus refers to the totality of all
conditions and influences that affect the development and life of living organisms.
Environmentalists defined environment as the mother of natural
resources—energy, land, water, atmosphere and minerals. The flora, fauna and
miecro-organisms as well as man made structures in our surroundings have a
bi-directional interaction with us directly or indirectly.

Urban environment is somewhat different from rural environment. Most of the
natural landscapes in cities have been modified by man made artificial structures
like multi-storeyed buildings, commercial complexes; factories, transportation
network and so on. Urban air, water and soil are loaded with various types of
pollutants and wastes. Diversity of plants and animals in urban area is much less
as compared to rural environment.

« MULTIDISCIPLINARY NATURE OF ENVIRONMENTAL STUDIES

Environmental science involves the study of chemical species existing in
various segments of the environment, their sources, pathways, reactions and their
consequences on the activities of human beings and living organisms. It is a
multidisciplinary subject where we deal with various disciplines of science, social
science, law and engineering etc. in a holistic manner.

e Life sciences including zoology, botany, microbiology, genetics and
biochemistry help in understanding the biotic components and their
interactions. Genetics and biotechnology are emerging as useful tools for
tackling environmental problems.

e TFor understanding the physical and chemical structure of abiotic
components of environment along with mass and energy transfers we have
to make use of basic concept of chemistry, physics, geology, meteorology,

Concept of Environment
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oceanography and geography. Computer science, mathematics and statistics
likewise serve as effective tools in environmental modelling.

e Nano technology, chemieal engineering, hydraulics, civil engineering etc.
provide the technical solutions to environmental pollution control and waste
treatment that are extremely important to protect the fragile environment.

e Subjects like economics, sociology and management provide the inputs for
dealing with the socio-economic aspects associated with various development
activities.

e Environmental laws provide the guidelines and legal measures for effective
management and protection of environment.

¢ Environmental education and ‘mass communication are instrumental in
disseminating environmental awareness.

Life Sciences Physical Sciences
Biology, Biochemistry, Microbiology, Physics, Chemistry, Earth science, Atmospheric
Biotechnology ete. Science, Oceanography, Geography etc.

Mathematics, ) Basic and Applied Studies Civil Engineering,
Statistics, ! Environmentai Chemical Engineering,
Computer Science Modelling Studies Technology| Nanatechnology,
etc. ) - Hydraulics etc. J
rManagement
& Awareness

Economics, Sociclogy, Law, Education, |
Management, Mass Communication etc.

Fig. 1. Multidisciplinary nature of environmental studijes.

» SCOPE OF ENVIRONMENTAL STUDIES

The scope of Environmental Studies has expanded dramatically recently. It
encompasses a large number of areas and aspects which may be listed below.
Natural resources,ltheir conservation and management.

Environmental pollution and control.

Ecology and biodiversity.

Social issues in relation to development and environment,.
Natural disaster.

Human population and environment.

Environmental studies can also be highly specialized concentrating on more
technical aspects like environmental science and environmental engineering. Now
several career options have emerged in this field that are broadly categorized as
follows. )

1. Need for Trained Persons. There is a need for trained manpower at every
level to deal with environmental issues like clean drinking water, fresh air, fertile
land, nutritious food and hygienic living conditions.

2. Demand for Environmental Experts. Environmental experts are now in
great demand in industries for adopting green cleaner technologies and to cut down
the costs of effluent treatment.

3. Skilled environment scientists have an important role in examining
various environmental problems in a scientific manner., They can carry out
research and development activities for pollution prevention and sustainable
dev,elopm}ant.

4. Environmental management, environmental biotechnology and business
administration are providing new carrier opportunities,




5. Green Advocacy. Since the pollution control laws are becoming more
stringent, the need for lawyers has emerged, who should be able to plead the cases
related to pollution problems.

6. Green Marketing. While ensuring the quality products with ISO mark,
there is an increasing emphasis on mavketing goods that are ecofriendly. So
environmental auditors and managers would be in great demand in the coming
years. ’

7. Green Media. Environmental awareness among public can be spread
through mass media like newspaper, television, radio, magazines ete. for which
environmentally educated persons are required.

8. Environmental Consultancy. Many non-governmental organizations
(NGO’s), industries, policy making committees and government bodies are
engaging environmental consultants for systematically studying and tackling
environment related problems.

* IMPORTANCE OF ENVIRONMENT

Environment belongs to all of us and we have a responsibility to contribute
towards its conservation and protection. Environmental changes and our ability to
cope with it, is interwoven with a complex web of implications. That is why we find
an internationally observed environmental calender' to mark some important
aspects of environment.

Environmental Calender.
World Wetland Day February 2
World Forest Day March 21
World Day for Water March 22
World Meteoroclogical Day March 23
Earth Day April 22
International Biodiversity Day May 22
Anti-tobacco Day May 31
World Envircnment Day June 5
World Ocean Day Jure 8
World Population Day July 11
Ozone Week September 16-23
Green Consumer Day September 28
World Farm Animal's Day October 2
World Animal Welfare Day October 4
Wildlife Week October 1-7
International Day for Natural Disaster Reduction October 13
World Conservation Day October 24
Internalioﬁal Day for Biological Diversity j December 29

Global Nature of Environment.

Issues like global warming, depletion of ozone layer, acid rains, loss of global
biodiversity, dwindling of forests and energy resources which affect the mankind
as a whole are global in nature and for that we have to think and plan globally.

Concept of Environmernt
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Local Nature of Environment.

For dealing with local environmental issues like soil erosion, water logging,
impact of mining and hydroelectric project, disposal of solid waste, river or lake
water pollution, arsenic pollution of ground water, fluorosis in local population etc.,
we have to think and act locally. In order to make people conscious about those
aspects of environment with which they are so intimately associated, it is necessary
to make everyone environmentally educated.

Individualistic Nature of Environment.

Environmental issues deal with the most mundane problems of life like dealing
with clean drinking water, fresh air, fertile land, hygienic living conditions,
nutritious food and sustainable development. If we want to live in a safe, secure,
aesthetically beautiful and healthy environment for a long time, it is most essential
to realise the value of environment.

» IMPORTANCE OF ENVIRONMENTAL STUDIES

Environmental studies are extremely important to handle current
environmental issues properly.

1. To Protect the Fragile Environment.

Environmental concern was only after the Stockholm Conference of 1972
that different countries started giving serious thoughts to environmental
problems. As a sequel to the Stockholm meet, Rio Earth Summit of 1992 and
dohannesburg Earth Summit of 2002, action plans were initiated by many
governments. The voluntary agencies took up the cudgels apainst environment
degrading projects and industries. Environmental studies can be instrumental to
attain sustainability and to protect the fragile environment from eco-catastrophe.
Environmental protection can however be achieved through a well orchestrated
international plan of action, direct investments, organising research in the
institutions, educating the people and developing ecofriendly technologies.

2. Environmental Studies Provide the Knowledge About :
Muaintenance of environmental qualily.

Balancing the ecosystem.

To restrict and regulate the exploitation of natural resources.
To renovate, recycle and reuse the waste materials.

To adopt engineered technology without creating adverse effects on the
environment.

To control over population and over consumption of resources.
To promote environmental education and training among people.

To formulate laws and regulations to control pollution.

- NEED FOR PUBLIC AWARENESS

International Efforts for Environment.

The United Nations Conference on Environment and Development held at Rio
de Janeiro in 1992 and popularly known as Earth Summit followed by World
Summit on Sustainable Development at Johannesburg in 2002, have highlighted
the key issues of global environmental concern. They have also attracted the
attention of the general public towards the deteriorating environment, Award of
Noble Peace Prize (2004) to an environmentalist, Wangari Maathai came as a
landmark decision showing increasing global concern towards environmental
issues and recognition to efforts being made for environmental conservation and
protection.



Public Awareness for Environment.

Any government at its own level can not achieve the goal of sustainable
development until the public is made aware about the environmental and
ecological crisis. The public must know about the fact that if we are degrading our
environment we are actually imbalancing our ecosystem. This is because we are a
part of complex network of environment where every component is interlinked.

Methods to Propagate Public Awareness.

1. Among students through education. Environmental education must be
imparted to the students right from the childhood stage. It is a welcome step that
now we are introducing environmental studies as a subject at all stages, following
the directives of the Supreme Court.

2. Among people through mass-media. Media can play the key role to
make the public aware about environmental issues through articles, plantation
campaigns, real eco-disaster stories and success stories of conservation efforts.

3. Among planners, decision makers, politicians and administra-
tors. Since this elite section of the society plays the most important role in
shaping the future of the country, so it is most urgent to give them necessary
orientation and training through specially organised workshops and seminars.
Publication of environment related resource material by Ministry of
Environment and Forests can help keeping this section abreast of the latest
developments in the field. Public awareness is thus extremely essential to conserve
the fast depleting natural resources, protection of fragile ecosystem, control of over
population, food security and to attain sustainability.

Role of Non-Government Organizations (NGO’s).

NGO’s can be very effective in organizing public movements for the protection of
environment through creation of awareness. They can act both as an action group
or a pressure group. The Chipko Movement or Narmada Bachao Andolan
are some of .the instances where NGO’s have played a landmark role for
conservation of environment. The World Wide Fund (WWF) for Nature, India,
Centre for Science and Environment (CSE), Kerala, Sastra Sahitya Parishad and
many others are playing a significant role in creating environmental awareness
through research and extension work. People should be environmentally educated
and conscious for environmental protection. It is aptly said—If you want to act
green, first think green.

Contemporary Indian Environmentalists.

In India, efforts to raise environmental awareness have been initiated and
several landmark judgements related to environmental litigations have
highlighted the importance of this subject to general public. Two noted
personalities who must be mentioned here are Justice Kuldeep Singh, the green
judge and Mr. M.C. Mehta, the green advocate have immensely contributed to
the awareness of environment.

In 1991, the Supreme Court issued directives to make all curricula environment
oriented. This directive was, in fact, in response to a Public Interest Litigation
(PIL) filed by M.C. Mehta vs. Union of India (1988) that prompted the apex court to
give a mandate for creating environmental awareness among people. Based on the
judgement, environmental studies is being taught as a compulsory subject to all
students.

Concept of Environment
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Environmentalists like Shri Sunder Lal Bahuguna, known for his Chipko
movement and Tehri Bachao Andolan, Smt. Medha Patekar and
Ms. Arundhati Roy known for their Narmada Bachao Andolan, the Magsaysay
awardee Shri Rajender Singh known for his water conservation efforts are som
contemporary activists. ‘

Our late Prime Minister Mrs. Indira Gandhi was instrumental in introducing
the concept of environmental protection in the constitution as a fundamental duty
while Mrs. Maenka Gandhi, former environment minister, has worked a lot for the
protection of wildlife. Shri Anil Agarwal, the founder chairman of Centre for
Science and Environment has first published the citizens report on environment.
Even with such key persons, India is yvet to achieve a lot for environmental
protection and its awareness.

Concept' of Ecomark. In order to increase consumer awareness about
environment, the Ministry of Environment and Forests has introduced a scheme of
eco-labelling of environment friendly products with Eco-mark in February 20,
1991. Eco-clubs for children and Eco-task force for army men have also been
launched by the government in a drive to disseminate environmental awareness. -

Today every body talks of environment, but only a few know what needs to be
done. Unfortunately, environmental awareness campaigns have very often been
exploited for political propaganda rather than being an integral part of our
educational programmes. Environment is not taken as our real-life situation even
knowing that human sustenance and security are at stalke.

In a nutshell, it is absolutely essential to create environmental awareness
among publie, because :

e Environment belongs to all and public participation is must for successful
implementation of environment friendly plans.

e ltis necessary to change the self-oriented attitude to earth-oriented approach
in a technologically advanced society.

e People must know the serious health impacts of environmental pollution and
their right to live in a healthy environment.

e Thereis an urgent need to make people aware about sustainability principles.
Henry D. Thoreau had rightly said, What is the use of a beautiful house if
you do not have a decent planet to put it on? Even if we begin today, the
restoration is expected in the next 50 years.

* QUESTIONS

1. Explain multidisciplinary nature of environmental sciences.
2. What is the scope of environmental studies?
3. How would environmental awareness help to protect our environment?

4. What is green marketing?
SHORT ANSWER QUESTIONS

1. List major areas of environmental concern. -

Ans. (i) Agricultural productivity (ii) Land use pattern (iii} Water resources (iv)
Irrigation techniques (v) Industrialization and urbanization (vi) Enormous waste
production and pollution (vii) Health (viii) High incidence of disease and
malnutrition. Other areas of concern include : Forests, wildlife, population crash,

environmental laws and eavironmental protection.
(- .



2. Why environmental awareness is needed?

Ans. Because awareness makes the individual conscious about physical, social
and aesthetic aspects of environment, i.e., air, water, land, flora, fauna and natural
resources.

3. List reasons responsible for wide spread environmental ignorance.

Anms, (1) Our educational courses in science, technology, economics ete. have so far
failed to integrate the knowledge in environmental aspects as an essential
component of the curriculum.

(i) Our planners, decision makers, administrators and politicians have not been
trained so as to consider the environmental aspects associated with their plans.

(iii) Quite often, there is purposeful concealment of information about
environmental aspects in some ambitious development project.

(iv) There is greater consideration of economic gains that overshadows the basic
environmental issues.

4. How many components are required to build up the environmental qwareness?

Ans. Four components are required, that is, awareness, exposure to real life
situations, conservation and sustainable development.

MULTIPLE CHOICE QUESTIONS

1. Environment means
(a) Sum total of all conditions that affect life of living organisms
(b) A beautiful landscape
{c) Forest cover
(d) Industrial production

2. The Earth Summit was held at
(a) Geneva (b) Ric de Janeiro
(c) USA (d) CIS

3. Increasing industrialization is affecting' man by

(a) Polluting the environment (b) Providing more jobs
(¢) Producing more goods (d) Utilizing waste land
4. Environment friendly products are given
(a) BEcomark (b) ISO 14000 certification
(c) Both (a) and (b) (d) Green mark
5. Ecomark of India is
{(a) An earthen pitcher (b) Green tree
(c) Umbrella ‘ (d) Flag

FILL IN THE BLANKS

1. The World Summit on sustainable development was held at ......... in ... .
2. World Environmental Day is celebrated on ......... .

3. The world’s first Inter-governmental Conference on Environmental Education in
1977 was held in ......... . -

: S was awarded the Noble Peace Prize in 2004 for her contribution towards
environmental conservation.

\ -
5. Mr. ......... filed Public Interest Litigation for creating environmental awareness
among publie,

6. When we plant new trees, we plant the ......... .

Concept of Environment
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ANSWERS
Multiple Choice Questions.
1 (@) 2.(b) 3. (a) 4. (@
Fill in the Blanks.
1. Johannesburg, 2002 2. June, 5th
4. Wangari Maathai 5. M.C. Mehta

5. (a)

3. Thilisi, Georgia
6. Seeds of peace



CUNIT

ECOLOGY AND ECOSYSTEM

STRUCTURE

* Concept of an Ecosystem

* Types and Components of Ecosystem

+ Structure and Functions of an Ecosystem

« Trophic Structure, Food Chains, Food Web and Ecological Pyramids
* Energy Flow in an Ecosystem and Productivity

» Ecological Succession, Xerarch and Hydrarch

* Grassland Ecosystem, Forest Ecosystem and Desert Ecosystem
¢ Aguatic Ecosystems

* Questions and Short Answer Questions

+ Multiple Choice Questicns, Fill in the Blanks and True or False

= CONCEPT OF AN ECOSYSTEM

The term Ecology (Greek Oikos-house, logos-study) was coined by German
biologist Ernst Haeckel in 1869. Ecology deals with the study of interactions
between living organisms and their physical environment. Now ecology is defined
as the study of ecosystems. The term ecosystem was proposed by A.G. Tansley in
1935 where eco implies the environment and system denotes an interacting,
interdependent, integrated complex. Ecosystem may be defined as the system
resulting from the integration of all living and non-living factors of the
environment. Thus any structural and functional unit of biosphere where the
organisms interact with the physical environment so that a flow of energy leads to
clearly defined trophie structure, biotic diversity and material cycle (i.e., exchange
of materials between living and non-living components) within the system is
known as an ecological system or ecosystem.

Earth is a giant ecosystem where abiotic and biotic components are constantly
acting and reacting with each other bringing structural and functional changes in
it. This vast ecosystem-biosphere is subdivided into units of smaller ecosystems
such as terrestrial and aquatic ecosystems. These systems may be freely
exchanging energy and matter from outside—an open ecosystem or may be
isolated from outside—a closed ecosystem.

An ecosystem is normally an open system with a continuous but variable, influx
and loss of material and energy. It is a basie, functional unit with no limits of
boundaries. Thus an ecosystem represents the highest level of ecological
integration which is energy based and this functional unit is capable of energy
transformation, accumulation and circulation. Tts main function in ecological sense

is to emphasize obligatory relationships, interdependence and casual relations. *
N

« TYPES OF ECOSYSTEMS™

1. Natural Ecosystems (Self operating). These systems operate by
themselves under natural conditions without any major interference by
man.These are further divided into following ecosystems :

Ecology and Ecosystem

Y
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(i) Terrestrial ecosystem includes forest, grassland and desert etc.
(1i) Aquatic ecosystem may be further distinguished as

(a) Fresh water which may be lotic (running water as spring, stream or rivers)
or lentic (standing water as lake, pond, pools, ditch, puddles, swamp etc.).

(b) Marine water such as ocean (deep bodies) or sea or estuary (shallow ones).

2. Artificial (Man-engineered) Ecosystems. These are maintained
artificially by man where, by addition of energy and planned manipulations,
natural balance is disturbed regularly. Crop, urban, industrial, space and control of
biotic community as well as the physico-chemical environment are man-engineered
ecosystems.

3. Space Ecosystem is also recognised.

The common features of all ecosystems-terrestrial, aquatic and agricultural are
the interactions of the autotrophic and heterotrophic components.

+ COMPONENTS OF ECOSYSTEM

An ecosystem has two major components—biotic and abiotic.
{(A) Biotic (Living) Components.

- Plants, animals and micro-drganisms having different nutritional behaviour
constitute the biotic component of an ecosystem.

1. Producers (or Autotrophs-Self nourishing). Producers are mainly
chlorophyll bearing green plants (photo autotrophs) which can synthesize their
food in presence of sunlight making use of COz and water through the process of
photosynthesis. Since plants convert solar energy into chemical energy so they
must be better called converters or transducers. Chemosynthetic organisms or
chemo-autotrophs can also synthesize some organic matter by the oxidation of
certain chemicals in absence of sunlight.

2. Consumers (or Heterotrophs or Phagotrophs). Consumers consume
the matter built up by the producers. They utilise, rearrange and decompose
complex materials.

[Note. The major autotrophic metabolism occurs in the upper green belt
stratum where solar energy is available while the intense heterotrophic
metabolism occurs in the lower brown belt where organic matter accumulates in
soil and sediments.]

Consumers are of following types.

(i) Herbivores. They feed directly on producers and hence are known as
primary consumers, e g., rabbit, deer, cattles, insects etc. Elton (1927) called
herbivores as key industry animals because they convert plants into animal
materials.

(ii) Carnivores (Meat eaters). They feed on other consumers. If they feed on
herbivores, they are called secondary consumers (e. g., frog, birds, cat) and if they
prey on other carnivores (snake, peacock), they are known as tertiary
carnivores/consumers. Lion, tiger ete. which cannot be preyed are called top
carnivores since they occupy top position in the food chain,

(iil) Omnivores. They feed on both plants and animals, e:g., rat, fox, birds
and man.

(iv) Detritivores (Detritus feeders or saprotrophs). They feed on partially
decomposed matter such as termites, ants, crabs, earthworms etc.




3. Decomposers (or Micro-consumers). Decomposers are saprophytic Ecology and Ecosystem
{osmotrophs) micro-organisms such as bacteria, actinomycetes and fungi. They
derive their nutrition by breaking down complex organic compounds and release
inorganic nutrients in environment, making them available again to producers.

The biotic component of any ecosystem may be thought of as the functional
kingdom of nature, since they are based on the type of nutrition and the energy
source used. The entire earth is considered as an ecosystem which is referred to as
biosphere or ecosphere.

(B) Abiotic (Non-living) Components.
Structurally abiotic components include :

1. Climatic regime. Precipitation, temperature, sunlight, intensity of solar
flux, wind etc. have a strong influence on the ecosystem.

2. Inorganic substances. These are C, N, H, O, P, S involved in material
cycles. The amount of these substances present in an ecosystem is known as
standing state or standing quality.

3. Organic Substances. Carbohydrates, proteins, lipids and humic
substances link the abiotic components with the biotic components. All the biotic
and abiotie components of an ecosystem are influenced by each other and are
linked together through energy flow and matter cycling.

» STRUCTURE QOF AN ECOSYSTEM

The structure of an ecosystem is characterised by the composition and ,
organisation of biotic communities and abiotic components. The major structural -
features of an ecosystem are :

1. Species Composition. Every ecosystem has its own type of species
composition which differs from other ecosystems.

2. Stratification. The organisms in each ecosystem form one or more layers
or strata each comprising the population of particular kind of species. In some.
ecosystems like tropical rain forests, the crown of trees, bushes and ground
vegetation form different strata and are occupied by different species. On the other
hand, desert ecosystem shows a low discontinuous herb layer consisting of
extensive bare patches of soil.

3. The guantity and distribution of non-living materials such as nutrients
and water etc.

4. The range or gradient of conditions of existence such as temperature and light .
ete. '

* FUNCTIONS OF AN ECOSYSTEM

Every ecosystem performs under natural conditions in a delicately balanced and
systematic controlled manner. Functionally, the biotic and abiotic components of
ecosystem are so interwoven into the fabric of nature that-their separation from
each other is practically very difficult. The producers, green plants, fix radiant
energy and with the help of minerals (C, H, O, N, P, K, Ca, Mg, Zn, Fe etc.) taken
" from the soil and aerial environment (nutrient pool) they build up complex
organic matter (carbohydrates, fats, proteins, nucleic acids_etc.). Herbivores feed
on plants and in turn serve as food for carnivores. Decomposers breakdown
complex organic materials into simple inorganic products. which can be used by the
producers. ‘
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The two ecological processes of energy flow and nutrient cycling, involving
interaction between the physico-chemical environment and the biotic communities
constitute the heart of the ecosystem dynamies (Fig. 1). The major functional

features of an ecosystem are as follows :

%

Consumers

. | Carbohydrates, fats,
L proteins

Nucleic acids etc.

~~~~~» Energy flow °
(unidirectional)

Nutrient pool
(soil, water, atmosphere)

Fig. 1. Model of an ecosystem to show it's structure and function.
Nutrient cycling and energy flow are mediated through food chain.

TROPHIC STRUCTURE.

The trophic structure of an ecosystem is a kind of producer-consumer
arrangement and their interaction with population size. Each food level is known
as trophic level and the amount of living matter at each trophic level at a given
time is known as standing crop or standing biomass. In the ecosystem various

trophic levels are connected through food chain.
{i) Food Chains.

The transfer of food energy from the producers, through a series of organisms

(herbivores to carnivores to decomposers) with repeated eating and being

eaten, is

known as food chain. All organisms, living or dead, are potential food for some
other organisms, hence there is no waste in the functioning of a natural ecosystem.

Some examples of simple food chain are : .

Grass — Grass hopper — Frog — Snake — Hawk

(Grassland ecosystem)
Phytoplanktons — Water fleas — Small fish — Large fish —» Tuna
(Pond ecosystem)

Types of Food Chains.

(a) Grazing food chain. It starts from green plants (primary producers),
goes to grazing herbivores and culminates to carnivores (Fig. 2). The chain thus
depends on autotrophic energy capture and movement of this captured energy

to carnivores. Examples constitute sequence of
Phytoplanktons — Zooplanktons — Fish
Grass — Rabbit — Fox




Phytoplanktons Zooplanktons lv

{(Algae, diatoms)

Carnivorous
fish

Fig. 2. A grazing food chain in a pond ecosystem.

{(b) Detritus food chain. It starts from dead organic matier and passes
through micro-organisms to detritivores (organisms feeding on detritus), their
predators and decomposers. The ecosystems exhibiting detritus food chain are less
dependent on direct solar energy. These depend chiefly on the influx of organic
matter produced in another ecosystem. Such type of food chain operates in the
decomposing accumulated litter in a temperate forest. A good example of detritus
food chain (Fig. 3) is seen in a Mangrove (estuary). Mangrove leaf fragments acted
on by saprotrophs (fungi, bacteria), colonized by algae are eaten by detritus
consumers (crabs, shrimps, nematodes, molluscs etc.). These are in turn eaten by
minnows and small carnivorous fish which serve as the food for large game fish
and birds.

Thus the grazing food chain derives its energy from plants while in detritus food
chain energy is obtained primarily from plant biomass, secondarily from microbial
biomass and tertiarily from carnivores. Both the food chains occur together in
natural ecosystems but the grazing food chain usually predominates.

Dead mangrove
tree leaves

Phytoplanktons

Decomposers {Bacteria, fungi)
Fig. 3. 'A detritus food chain in an estuary based on dead leaves of mangrove trees.

(ii) Food Web-Interlocking Pattern of Organisms.

Food chains in ecosystems are rarely found to operate in isolated linear
sequences. Rather, they are interconnected with several linkages forming a
complex network of interlocking pattern which is referred to as food web. Thus,

food web is a network of food chains where different types of organisms are -~

Ecology and Ecosystem
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interconnected with each other at different trophic levels so that there are a
number of options of eating and being eaten at each trophic level.

An example of food web is illustrated by the unique Antarctic ecosystem
(Fig. 4). It is representing the total ecosystem including the Antarctic sea and the
continental land. The land does not show any higher life forms of plants. The only
species are that of some algae, lichens and mosses. The animals include snow petrel
and penguins which depend on the aquatic food chain. In a tropical region, on the
other hand, the ecosystems have a rich species diversity and therefore, the food
webs are much more complex.

Why nature has evolved food webs in ecosystem instead of simple linear food
chains? This is because food webs give greater stability to the ecosystem. In a linear
food chain, if one species becomes extinct then the species in the subsequent trophic
levels are also affected. Just consider the simple food chains of Arctic Tundra
ecosystem.

3

Cladonia — Reindeer — Man
Grass —Caribou —» Wolf

Blue whale Sperm whale [+

Killer whale

Elephant seal

Penguin

Snow petrel

F

Kril Carnivorous . Herbivorous
‘%, plankton zooplankton
] F
Phytoplankton

Fig. 4. Food web in Antarctic ecosystem.

If due to some stress, the population of reindeer or caribou falls, it will leave
little option for man or wolf to feed from the ecosystem. Had there been more
biodiversity, it would have led
to complex food web giving
the ecosystem more stability.

In a food web, there are a Grass hopper E\\Jzi
number of options available to

: : Lizard
each trophic level. So if one ; \

species is affected, it does not

alter other trophic levels so ~ Plants Rabbit Hawk
seriously. For instance, in

grazing food chain of a

grassland, in the absence of

rabbit, grass may be eaten by Mouse — Snake
mouse-which in turn may be

eaten by hawk or snake
(Fig. 5.)

Fig. 5. Food web in a grassland ecosystem.



Besides those shown in Fig. 5, there may also be present some other consumers
as vultures, fox and man in grasslands, and if so, the food web may be even more
complex than shown here. In fact, real food webs usually have hundreds of species
interlinked by their feeding habits.

Note. The complexity of any food web depends upon the diversity of organisms
in the system. It would accordingly depend upon :

e Length of the food chain. More diverse the organisms in food habits,
more longer would be the food chain.

e Alternatives at different points of consumers in the chain. More the
alternatives, more would be the interlocking pattern.

Significance of Food Chains and Food Webs. .

e Food chains and food webs play a very significant role in the ecosystem
because the most important functions of energy flow and nutrient
cycling take place through them.

e Foodchains help in maintaining and regulating the ecological balance.

e Food chains show a unique property of biclogical magnification of several
pesticides and heavy metals which are non-biodegradable in nature. Such
chemicals increase in concentration at each successive trophic level.

ECOLOGICAL PYRAMIDS,

Graphic representation of trophic structure and function of an ecosystem,
starting with producers at the base and successive trophic levels (herbivores —
carnivores) forming the apex is known as ecological pyramid. These were first
devised by British ecologist Charles Elton (1927) and so also known as Elfonion
pyramids.

Ecological pyramids are of three types.

1. Pyramid of Numbers. It represents the number of individual organisms
at each trophic level. There may be upright or inverted pyramid of numbers
depending upon the type of ecosystem and food chain as shown in Fig. 6. A
grassland ecosystem (Fig. 6a) and a pond. ecosystem (Fig. 6b) show an upright
pyramid of numbers. In grassland, the producers (grasses) are very large in
number and form a broad base. The primary consumers Cherbivores like rabbit,
mice), secondary consumers (snakes, lizards etc.) and tertiary consumers (hawks
or other birds) gradually decrease in number, hence the pyramid apex becomes
narrower forming an upright pyramid. Similar is the case with pond ecosystem.
Here the producers, mainly phytoplanktons such as algae and bacteria, are
maximum in number. The carnivores (small fish, beetles etc.) and top carnivores
(large fish) decrease in number at higher trophic levels forming an upright
pyramid of number. -

In a forest ecosystem, the producers are big trees which are less in number
and hence form a narrow base. A large number of herbivores including birds,
insects and several species of animals feed upon trees and form a much broad
middle level. The secondary consumers like fox, snakes, lizards etc. are less in
number than herbivores while top carnivores such as lion, tiger are still smallerin
number. So the pyramid is spindle shaped, i.e., narrow on both sides and broader in
the middle (Fig. 6c). ' -\

Parasitic food chain shows an inverted pyramid .of number. The producers
like a few big trees harbour fruit eating birds acting as herbivores which are larger
in number. A much higher number of lice, bugs etc. grow as ectoparasites on these
birds while a still greater number of hyperparasites such as bugs, fleas and
microbes feed upon them, thus making an inverted pyramid (Fig. 6d).

Ecology and Ecosystem
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Tertiary
consumers
(carnivores)

Secondary
consumers
(camnivores)

Primary
consumers
(herbivores)

() - Produce_rs

Tertiary
consumers
{carnivores)

Secondary
consumers
(carnivores)

Primary
CONsumers _
(herbivores)

Producers

- | Tertiary

é consumers

¥ | (camivores)

B Secondary

=, | CONSumers

l_@‘g (carnivores)

T Primary

W @ @4 consumers
(herbivores}

U o

¥ oxk

& o—ﬁ”r As
(b) Producers
Bacteria Fungi  Actinomycetes
1
e @ Y Hyper-

@ parasites

on lice
and bugs

Lice and
bugs

Parasites on
herbivores

birds

Fr.uit-eating &g %‘f?’?"

(d)

‘ Herbivores

Producers

Fig. 6. Pyramid of numbers (a) Grassland ecosystem, (b} Pond ecosystem,

(c) Forest ecosystem and (d) Parasitic food chain.

Note that the pyramid of numbers do not reflect a true picture of the food chain
as they are not very functional. They do not indicate the relative effects of the
geometry, food chain and size factors of the organisms. They vary with different
communities with different types of food chains in the same environment.

2. Pyramid of Biomass.

They are comparatively more fundamental since

instead of geometric factor, they show quantitative relationships of the standing
crops. Pyramid of biomass is based upon the total biomass (dry matter per unit
area) at each trophic level in a food chain. In a forest, the pyramid of biomass is
upright in contrast to its pyramid of numbers. This is because the producers
(trees) accumulate a huge biomass while the consumers total biomass feeding on

\1

Camiveres

Herbivores

2

Producers

N C)

Ay,
W Carnivores
@ @‘4 Herbivores

Producers

(b)

Fig. 7. Pyramid of biomass in (a) Forest and {b) Pond ecosystems,



them declines at higher trophic levels resulting in broad base and narrowing top
(Fig. 7a). In a pond ecosystem, the total biomass of producers (phytoplanktons) is
much less as compared to herbivores (zooplanktons, insects), carnivores (small
fish) or tertiary carnivores (large fish). Thus the pyramid takes an inverted shape
with narrow base and broad apex (Fig. 7b).

3. Pyramid of Energy. Pyramid of energy is based on the amount of energy
trapped per unit time and area in different trophic levels of a food chain. It gives
the best representation of the trophic relationships and is always upright
(Fig. 8). The energy content is generally expressed as
kd/m?/yr. At each successive trophic level, there is
sharp decline in energy (about 90% in the form of heat
and respiration) as we move from producers to top
carnivores. Thus only 10% of the energy passes on at
each next higher level forming an upright pyramid. Fig. 8. Pyramid of energy

in any ecosystem.
ENERGY FLOW IN AN ECOSYSTENM.

The functioning of ecosystem depends on the flow of energy through matter. The
most important feature of energy flow is that it is unidirectional or one way flow.
The energy captured by autotrophs does not revert back to solar input. Unlike
nutrients (like C, N, P) which move in a cyclic manner and are reused by the
producers after flowing through the food chain, energy is not reused in the food
chain. Also the flow of energy follows the two laws of thermodynamics.

Carnivores

Herbivores
[ Producers |

First law of thermodynamics states that energy can neither be created nor
destroyed but it ean be transformed from one form to another. The solar energy
captured by the green plants (producers) gets converted into biochemical energy of
plants and latter into that of consumers.

Second law of thermodynamics states that every transformation or transfer
of energy is accompanied by its dispersion. As energy flows through the food chain,
there occurs dissipation of energy at every trophic level, The loss of energy takes
place through respiration or other metabolic activities. At every trophic level there
is about 90% loss of energy and the energy transferred from one trophic level to the
other is only 10%.

Energy Flow Models.

The flow of energy through various trophic levels in an ecosystem can be
explained with the help of various energy flow models.

1. Single Channel Energy Flow Model. The flow of energy takes place in a
unidirectional manner through a single channel of green plants or producers to
herbivores and carnivores. Figure 9 depicts such a model and shows the gradual

NU NA NU NA

- o [0 _

Sunlight
—_—
] Carnivores
Herbivores
[ l
' R

l R R
Heat loss .
Fig. 9. One-way energy flow model (I = Solar energy input, GPP-Gross primary production,

NPP- Net primary production, NU = Energy not used, NA = Energy not assimilated by consumers,
e.g., excretion, R = Respiratory loss.)

Producers
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decline in energy level due to loss of energy at each successive trophic level in a
grazing food chain. Loss of energy is accounted largely by the energy dissipated as
heat in metabolic activities and measured here as respiration coupled with
unutilized energy. Thus shorter the food chain, greater would be the available food
energy as with an increase in the length of food chain, there is corresponding more
loss of energy.

2, Double Channel or Y-Shaped Energy Flow Model. In nature, both
grazing food chain and detritus food chain operate in the same ecosystem (Fig. 10).
But sometimes it is the grazing food chain which predominates. It occurs in

Respiration

Carnivores

Grazing food chain
—
\ (in forest canopy)

M)

Ground level
Vil tir i ridird mnniiii i L 77, (it
Litter, roots etc. \ \
D
Producers
(Trees)

Detritus food chain

-— g = (in soil)

Detritivores

Decomposers

Fig. 10. Y-shaped or double channel energy flow model shbwing energy flow in grazing
and detritus food chain (R = Respiration, D = Detritus or dead matter).

marine ecosystem where primary production in the open sea is limited and a
major portion of it is eaten by herbivorous marine animals. Thus, very little
primary production is left to be passed on to the dead or detritus compartment. In a
forest ecosystem, on the other hand, the huge amount of biomass produced can

- not be completely consumed by herbivores. Rather, a large proportion of the

biomass enters into detritus compartment in the form of litter. Hence here detritus
food chain predominates. The Y-shaped or two channel model of energy flow shows
the passage of energy through these two (grazing and detritus) food chains which
are separated in time and space.

3. Universal Energy Flow Model. E.P. Odum explained energy flow through
an ecosystem by the universal model (Fig. 11) applicable to living components like
plant, animal, micro-organisms or a trophic group.

Such a model may depict food chain like single channel and Y-shaped energy
flow systems. As the flow of energy takes place, there is a gradual loss of energy at
every level, thereby resulting in less energy available at next trophic level as shown
by narrower pipes (energy flow) and smaller boxes (stored energy in biomass). The
loss of energy is mainly the energy not utilized (NU). This is the energy lost in
respiration for maintenance or the energy lost in locomotion or excretion. Rest of
the energy is used for production.




Energy
storage

\

g

Output
energy

Excreted energy

Standing l biomass
Respiration

Fig. 11. Universal energy flow model (I = Input energy,
A = Assimilated energy, NU = Energy not used, P = Production).

4. Multi-channel Flow of Energy. Multi-channel models indicate the basic
pattern of energy flow in ecosystem. Under natural conditions, the organisms are
inter-related in a way that several food chains become interlocked and this results
into complex food web leading to multichannel flow of energy. In practice, under
field conditions, we might face difficulties in measuring the energetics of
ecosystem.

NUTRIENT CYCLING.

Nutrients like C, N, O, S, H, P etc., move in circular paths through biotic and
abiotic components and so are called biogeochemical cycles. The nutrients too
maove through the food chain and ultimately reach the detritus compartment where
various micro-organisms decompose organic nutrients of dead matter into
inorganic substances that are readily used up by plants. Thus the cyele starts
afresh.

PRODUCTIVITY.

The rate of organic matter or biomass production is called productivity. It is of
two types.

(1) Primary Productivity. Itisdefined as the rate at which radiant energy is
captured by producers for the synthesis of organic substances through
photosynthesis or chemosynthesis. It is expressed as g m'™ year ™ for dry matter

and keal m ™ year ™! for energy. Primary productivity is further distinguished as :

(a) Gross primary productivity (GPP) is the rate of total production of
organic matter/biomass by the producers per unit area and time.

(b) Net primary productivity (NPP) is the rate of organic matter stored by '

the producers after respiration (£) and maintenance per unit area and time.
NPP=GPP-R
Primary production of an ecosystem depends upon the solar radiation,
availability of water, nutrients, type of the plants and their chlorophyll content.
Productivity of tropical forests and estuaries (20,000 kcal m~% yr™) are the
highest. Deserts on the other hand have limited water supply, hence show low
primary production (200 keal m 2 yr .

Agro-ecosystems get lots of energy subsidies in the form of irrigation water,
good quality seeds, fertilizers and pesticides and show high productivity of 12,000
kealm 2 yr 1. Still, their productivity is less than that of tropical forests which are

Ecology and Feosystem
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not receiving any artificial energy subsidies. Nature itself has designed its
structure, species composition, rain fall, warm temperature congenial for growth,
abundant sunlight, energy capture and flow and a closed nutrient cycling system
that ensures their high productivity.

(ii) Secondary Productivity. The energy stored at consumer level (in excess
of respiratory loss) for use by the next trophic level is known as secondary
productivity.

* ECOLOGICAL SUCCESSION

An ecosystem is not static in nature. It is dynamic and undergo changes in
structure as well as function with passage of time. 1t is observed that one type of
community is totally replaced by another type of community over a period of time
and simultaneously several changes occur leading to ecological succession.
Ecological or biotic succession is thus defined as an orderly process of
changes in the community structure and function with time mediated
through modifications in the physical environment and ultimately
culminating in a stabilized ecosystem known as climax community. It has
maximum diversity and niche specialisation. The whole sequence of communities
which are transitory are called seral stages or transitional communities while the
community establishing first of all in the area is known as pioneer community.
The entire series of communities of biotic succession from pioneer to climax
community is called sere.

Ecological successions starting on a different types of areas or substrata are
named differently as follows.

o Hydrarch or Hydrosere. Succession beginning on watery habitats such as
ponds, lakes, swamp, marshes etc. are called hydrarch and the whole
sequence of developmental stages constitutes hydrosere.

e Mesarch. This succession starts in an area of adequate moisture.

o Xerarch orXerosere. It starts in dry habitats with little moisture. Xeroseres
are of three types.

(1) Lithosphere. Sequence of successional stages on a bare rock.
(i) Psammosere. Sequence of successional stages on sand.
(iif) Halosere. It starts on saline soil.
Characteristics of Ecological Succession.
e Ecological succession tends to progress from unstable community to stable
biotic community. .
e Its seral stages are regular and directicnal.

o In successive seral stages, there is tendency towards increase in species
diversity, total biomass, niche specialisation and humus content of the soil,

e It tends to progress from simple food chains to complex food webs,
e Succession of plant and animal communities occurs side by side.
Types of Succession.

Depending upon the nq%y of area, biotic succession is of two types.

1. Primary Succession. Primary succession occurs on a substratum devoid of
earlier life, that is, bare rock, lava sediment, new island or pond. The sequence of
successional stages of a primary succession is called prisere.

2. Secondary Succession. Secondary succession occurs in an area which have
become bare due to destruction of previqusly existing biotic community by drought,



landslide or earthquake. The sequence of successional stages of secondary
succession is called subsere.

Mechanism of Succession.

The process of succession takes place in a systematic order of sequential steps as
follows.

1. Nudation. Nudation is the development of a bare area without any life
form. The bare area may be caused due to volcanic eruption, landslide

(topographic factors) or due to glaciers, drought, frost (climatic factors) or by

overgrazing, disease outbreak, industrial-or agricultural activities (biotic
factors).

2. Migration or dispersal. The seeds, spores migrate to the bare area by air,
water, wind, insects or birds. The first arrivals in a bare land are called pioneers or
pioneer colonisers.

3. Ecesis or establishment. It is the successful establishment of a species as
a result of adjustment with the conditions prevailing in the bare area.

4, Aggregation. Pioneer species reproduce, increase in number and form
groups or aggregations.

5. Invasion. Pioneers of new species continue to reach the area under
colonization. If they are able to establish in the new area, the process is called
invasion and the new organisms are known as invaders.

6. Competition and coaction., As the number of individuals grows, there is
competition both intra-specific (within the same species) and inter-specific
(between different species) for space, water and nutrition. They influence each
other in a number of ways, known as coaction.

7. Reaction. The living organisms grow, consume water and nutrients from
the substratum, and in turn, they have a strong influence on the environment
which is modified to a large extent and this is known as reaction. Sometimes, the
modifications are such that they become unsuitable for the existing species and
favour new species which replace them. Hence reactions lead to several seral
communities or seral stages.

8. Stabilization. The succession ultimately culminates in a more or less
stable community called climax which is in equilibrium with the environment.

The climax community is characterized by maximum biomass and symbiotic .

(mutually beneficial) linkages between organisms and are maintained quite
efficiently per unit of available energy. Consider following two types of succession.

SUCCESSION ON BARE ROCK (XERARCH).

Xerarch or Xerosere originates on bare rock which lacks water, nutrients and
organic matter. The first inhabitants are usually lichens in temperate regions and
cyanobacteria in tropical regions. The various stages that develop on bare rock are
as follows. S -

1. Lichen stage. The pioneer community that grows on such substratum
consists of crustose lichens like Graphis, Rhizocarpon and Lacanora. These lichens
produce acids which disintegrate the rock and release minerals essential for their
growth. Wind borne soil particles, humus and organic matter from dead lichens
allows the growth of larger foliose lichens such as Parmelia, Physcia and
Dermatocarpon. Foliose lichens retain more water, accumulate organic matter and
develop a fine layer of soil on the rock surface.

2. Moss stage. The accumulation of soil, humus and organic matter favours
the growth of mosses like Polytrichum, Grimmia, Bryum and Hypnum ete.
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3. Herb stage. The mat formed by the decay of mosses on the partially
fragmented rock become suitable for the germination of seeds of grasses such as
Aristicla, Eleusine, Cymbopogon and Heteropogon etc.

4. Shrub stage. Due to further weathering of rocks, some xerophytic shrubs
like Capparis, Rubus, Lizyphus etc. invade the area occupied by grasses. These
shrubs cause further cracks in the rocky substratum resulting in the formation of
soill rich in humus. This invites hardy trees and several types of animals.

5. Climax community. The climax community is a forest which depends on
the climate. It is the rain forest in moist tropical area and a coniferous or deciduous
forest in temperate area.

SUCCESSION IN A POND OR LAKE (HYDRARCH).

Hydrarch or hydrosere starts in a water body with phytoplanktons and
following seral stages culminates to forest (Fig. 12).

1. Phytoplankton stage. The pioneer community consists of phytoplanktons
which are free floating algae, "flagellates, cyanobacteria and diatoms etc.
Decomposed phytoplanktons mix with silt and form a soft mud at the bottom of
pond which favour the growth of next seral stage.

2. Submerged stage. The submerged plants like Hydrilla, Utricularia,
Potamogeton and Vallisneria etc. grow in mud and fill the water.

3. Floating stage. Growth of floating plants like Nymphea, Nelumbo, Azolla,
Lemna and Pistia etc. keep on adding organic matter to the substratum by death
and decay. Thus a layer of soil builds up and shallowing of water takes place.

4. Reed swamp stage. The amphibious plants such as Typha, Sagittaria,
Scirpus ete. build up the shore and changes the substratum to a marshy soil.

Marsh W
meadow

Fig. 12. Stages of plant succession in a pond or lake (Hydrarch).

5. Sedge or marsh meadow stage. The marshy shore of water body is
invaded by Carex (sedge), Cyperus, some grasses like Themeda, Dicanthium and
herbs such as Caltha and Polygonum etc. '

6. Woodland stage. The periphery is inhabited by shrubs (Carnus,
Cephalanthus) and some trees (Populus-cotton wood, Alnus).

7. Climax forest. Finally, the pond is covered by the climax community—-t.he
forest representing a terrestrial ecosystem.



» MAJOR ECOSYSTEMS

There are various types of ecosystems operating as self-sufficient interacting
systems in the biosphere. For example, pond, lake, river, stream, spring, estuary,
sea, desert, grassland, forest, coral reef, cropland (field of maize, wheat, sugarcane,
paddy) etc. operate as individual ecosystem of nature. Although, all these
ecosystems have more or less similar fundamental plan of their gross structure and
function, however, they differ in respect of their species composition and rates in
production ete.

* GRASSLAND OR TERRESTRIAL ECOSYSTEM

Grasslands are dominated by grass species but sometimes allow the growth of
few trees and shrubs. Rainfall is average but erratic. Limited grazing helps to
improve the net primary production of grasslands but overgrazing leads to
desertification. Tropical (Savannas), temperate and polar grasslands are found to
occur in different climatic regions.

Abiotic Components.

These are the nutrients present in soil and the aerial environment. Thus the
elements like C, H, O, N, P, S etc., are supplied by carbon dioxide, water, nitrates,
phosphates and sulphates present in air and soil of the area.

Biotic Components.

1. Producers. They are mainly grasses as species of Dichanthium, Cynodon,
Desmodium, Digitaria, Dactyloctenium, Brachiaria, Setaria, Sporobolus etc.
Besides them a few herbs and shrubs also contribute to primary production.

2. Consumers. Consumers occur in the following sequence :

Primary consumers. The herbivores feeding on grasses are mainly grazing
animals such as cows, buffaloes, deers, sheep, rabbit, mouse etc. Besides them,
there are also present some insects as Leptocorisa, Dysdercus, Oxyrhachis,
Cicincella, Coccinella, some termites and millipeds etc., that feed on the leaves of
grasses.

Secondary consumers. These are the carnivores like fox, jackals, snakes,

frogs, lizards, birds etc. that feed on herbivores.
Tertiary consumers. Hawks feed on the secondary consumers.

3. Decomposers. The microbes active in the decay of dead organic matter of
different forms of higher life are fungi, as species of Mucor, Aspergillus,
Penicillium, Cladosporium, Rhizopus, Fusarium ete., some bacteria and
actinomycetes. They bring about the minerals back to the soil, thus making them
available to the producers.

+ FOREST ECOSYSTEM

Forests are natural plant communities with dominance of trees. In India, the
forests occupy 19% of the total land area. The major forest biomes are : tropical rain
forests, tropical deciduous forest, temperate broad leaf or coniferous forest.
Components of a forest ecosystem are :

A

Abiotic Components.

These are the inorganic and organic substances present in the soil and
atmosphere. In addition to the minerals we find the dead organic debris—the litter
accumulation. Climatic conditions (temperature, light, rainfall) are different due
to complex stratification in the plant communities.
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Biotic Components.

1. Producers. These are mainly trees that show greater degree of
stratification especially in tropical moist deciduous forests. Beside trees, there are
also present shrubs and a ground vegetation. In these forests, dominant members
of the flora are Tectona grandis, Butea frondosa, Shorea rubusta ond
Lagerstroemia parvifiora. In temperate deciduous forests, the dominant trees
are specles of Quercus, Acer, Betula, Thuja, Picea. In temperate coniferous
forests, the producer trees are species of Abies, Picea, Pinus, Cedrus, Juniperus,
Rhododendron etc. while shrubs and ground flora are insignificant.

2. Consumers.

Primary consumers. These are the herbivores that include the animals
feeding on tree leaves as ants, flies, beetles, leaf hoppers, bugs and spiders etc., and
larger animals grazing on shoots and/or fruits of the producers like elephants,
nilgai, deer, moles, squirrels, shrews, flying foxes, fruit bats, mongooses ete.

Secondary consumers. These are the carnivores like snakes, birds, lizards,
fox etc., feeding on the herbivores.

Tertiary consumers. These are the top carnivores like lion, tiger etc. that eat
carnivores of secondary consumer’s level.

3. Decomposers. These are micro-organisms including fungi (species of
Aspergillus, Fusarium, Alternaria, Trichoderma etc.), bacteria (species of Bacillus,
Clostridium, Pseudomonas) and actinomyecetes (species of streptomyces etc).

e DESERT ECOSYSTEM

Deserts occupy about 17% of land, occurring in the regions with an annual
rainfall of less than 25 cm. The species composition of such ecosystem is varied and
typical due to extremes of both, temperature and water factors. The various biotic
components are :

1. Producers. These are shrubs, especially bushes, some grasses and a few
trees. Sometimes a few succulents like cacti are also present. Some lower plants
like lichens and xerophytic mosses may also be present.

2. Consumers. These are reptiles and insects, nocturnal rodents, birds and
the ship of desert, camels,

3. Decomposers. These are very few, as due to poor vegetation the amount of
dead organic matter is correspondingly less. These are some fungi and bacteria,
raost of which are thermophilic,

= AQUATIC ECOSYSTEM
POND OR LAKE OR FRESH WATER ECOSYSTEM. :

A pond or a lake exhibits a self-sufficient, self-regulating ecosystem. Pond is a
place where living organisms (plants and animals) live and create physico-chemical
environment.

Abiotic Components.

The chief abiotic components are heat, light, pH value of water, inorganic and:
organic compounds such as water itself, COz gas, C, H, O, N, P, Ca, S,
carbohydrates, proteins, humic acid etc. Some proportions of nutrients are in
solution state but most of them are present as stored in particulate matter as well
as in living organisms. The amount of the minerals present at any time in the
physical environment of the pond is called standing state.



' Biotic Components.

1. Producers. These are autotrophlc green p]ants and some photosynthetlc
bacteria. Producers are of two-types :

(i) Macrophytes. These are mainly . rooted larger plants which mclude
submerged, floating and emergent hydrophytes. The common plants are the
species of Trapa, Typha, Sagzttarza Potamogeton, Chara, Hydrilla, Utricularia,
Marsilea, Nelumbo etc. Besides them some free- floating forms as Azolla, Salvinia,
Wolffia, Eichhornia, Spirodella, Lemna etc. also occur in the po'nd

(ii) Phytoplanktons. These are minute, floating or suspended lower plants.

Majority of them are filamentous algae 'such as. Zygnema, Ulothrix, Spirogyra,
Cladophora and QOedogonium. Besides them there are also present Chlorococeales,
Closterium, Cosmarium, Eudorina, Pandorina, Pediastrum, Scendesmus, Volvox,
Diatoms, Anabaena, Gloeotrichia, Microcystis, Oscillatoria, Chlamydomonas
Spriulina etc., and some flagellates.

2. Consumers.

(a) Primary consumers (Herbivores). These are :

Benthos (Detritivores). Benthic populations include fish, insect
larvae, beetles, mites, molluscs, crustaceans ete. They feed on plant
remains lying at the bottom of pond.

Zooplanktons. These are chiefly the rotifers as Brachwnus
Asplanchna, Lecane etc although some protozoans as Euglena, Coleps,
Dileptus etc., and crustaceans like Cyclops, Stenocypris etc. are also
present. They feed on phytoplanktons.

Producers

('

Macrophytes Phy10plankt

consumers
{carnivores)

Abiotic components
(basic inorganic and
organic compounds)}

(a) Animals associated with living rooted plants
(b) Detritivores

(c) Zooplanktons

(d} Secondary consumers (Carnivores).

Fig. 13. Pond ecosystem showing its basic structural units.

Consumers ¢
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(b) Secondary consumers (Carnivores). These carnivores (insects and
fish) feed on the herbivores. Most insects as water beetles feed on zooplanktons.

{c) Tertiary consumers (Carnivores). The large fish as game fish that feed
on the smaller fish become the tertiary (top) consumers. -

3. Decomposers (Microconsumers), Decomposers include a variety of
heterotrophic microbes that are osmotrophs. They are chiefly bacteria,
actinomycetes and fungi like Aspergillus, Cephalosporium, Cladosporium,
Pythium, Rhizopus, Penicillium, Thielavia, Alternaria, Trichoderma, Circinella,
Fusarium.

RIVER OR STREAM AQUATIC ECOSYSTEM. -

Rivers are large streams that flow downward from mountain highlands and
flowing through the plains fall into the sea. Rivers have large surface area exposed
to air and constant motion which churns the water and provide abundant oxygen.
The various components are : 7

Abiotic Components.

Rivers have lots of silt rich in nutrients which is deposited in the plains and in
the delta.

Biotic Components.

1. Producers. Producers are periphytons, attached algae, aquatic grasses in
the slow moving water of banks. )

2. Consumers. Consumers include fishes, leeches, snails, crocodiles. Many
birds and mammals also get their food from rivers.

o

3. Decomposers. Several bacteria and fungi represent this group.

*» ESTUARINE ECOSYSTEN

An estuary 1s a partially enclosed coastal area at the mouth of a river where
fresh water and salty sea water meet. These are the transition zones which are
strongly affected by tidal action. Coastal bays, river mouths and tidal marshes are
examples of estuaries, Estuaries, the highly productive ecosystems, have a rich
biodiversity and many of the species are endemic.

Abiotic Components. The river flow and tidal action provide energy
subsidies for the estuary so it is rich in nutrients and food.

Biotic Components. Producers. These are macrophytes, benthic algae and
phytoplanktons.

Consumers. Consumers are oysters, crabs, shrimps, fishes like eals and
salmons. Organisms present in estuaries show a wide range of tolerance to
temperature and salinity and are known as eurythermal and euryhaline.
Estuaries are of much use to man so these ecosystems need to be managed
judiciously and protected from pollution.

* OCEAN OR MARINE ECOSYSTEM

Oceans are gigantic reservoirs of water covering about 80% of the earth surface.
These are the major sinks of CO, and play a key role in regulating many

biogeochemical cycles and hydrological cycle, thereby maintaining the earth’s

climate.



Abiotic Components. )

Marine water has high concentration of salts, mineral ions (Fe, Mg, P) natural
gas, sand and gravel.
Biotic Components.

1. Producers. Producers include phytoplanktons (diatoms) and marine i)lants
like sea weeds and angiosperms.

2. Consumers. These are crustaceans, molluscs and fishes.

3. Decomposers are mainly bacteria and fungi.

» QUESTIONS

1. What are the biotic and abiotic components of an ecosystem?
2. Discuss significance of food chains and food webs. !

. Why some of the ecological pyramids are upright while others are inverted in
different ecosystems?

(=)

. Explain the models of energy flow in an ecosystem.

. Define productivity. Why are tropical wet forests and estuaries most productive?

(=B B

. . . LT O~
. Discuss mechanism of ecological succession. - -

7. State salient features of an aquatic ecosystem.

SHORT ANSWER QUESTIONS

1. Define ecosystem?
Ans. Ecosystem may be defined as a structural and functional unit of biosphere
consisting of biotic community and abiotic environment both interacting and
exchanging energy and matter with each other. An ecosystem (open system) thus
represents the highest level of ecological integration where interaction between
living and non-living components is conducted by energy flow (solar energy) and
cycling of materials between them.

2. State major components of an ecosystem?
Ans. The major components are abiotic (non-living) and .biotic (living)
comnponent. Frem the trophic (nutritional) stand point, an ecosystem has
autotrophic and heterotrophic components.

3. Define traphic level and standing crap?
Ans. The trophic structure of an ecosystem is a kind of producer-consumer
arrangement where each food level is known as trophic level. The amount of
living material in different trophic levels or in a component population is known as
standing crop.

4. Name the biggest flower in the plant kingdom.
Ans. Rafflesia arnoldi (7 kg weight) is the biggest flower. It is known to smell like
rotten meat and attracts beetles, flies which help in its pollination.

5. What are ecological pyramids?
Ans. Ecological pyramids devised by Charles Elton (so also called Eltonion
pyramids) are the graphic representation of ecological parameters like number of
individuals or amount of biomass or energy present in various trophic levels of a
food chain with producers at the base and carnivores at the apex. ’

6. What is meant by the heart of ecosystemwldynamzcs?
Ans. “The two ecological processes of energy flow and mineral cycling involving
interaction between the physico- ‘chemical environment and the biotic communities
are considered as heart of the ecosystem dynamics.

7. What is food web?
Ans. A net work of food chains wh1ch are interconnected at varidus trophlc levels
so as to form a number of different feeding connections ameng organisms in an
interlocking pattern is called food web.

-
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8.

10.

How do the various ecosystems differ?

Ans. Although all the ecosystems (e.g., pond, lake, river, stream, sea, estuary,
grassland, desert, coral reef, cropland) have more or less similar fundamental plan
of their gross structure and function but they differ in respect of their species
composition and rates in production etec.

. List major functional attributes of an ecosystem.

Ans. Major functional attributes of an ecosystem are :
(1) Trophie structure, food chains and food webs.

(il) Energy flow.

(iii) Cycling of nutrients (Biogeochemical cycles).

{(iv) Primary and secondary production.

(v) Ecosystem development and regulation.

How the double chain or Y-shaped model is more realistic working model than the
single chain model? -

Ans. Because double chain model :
(i) Conforms to the basic stratified structure of ecosystems,
(i) Separates grazing and detritus food chains,

(ili) Shows that the microconsumers (bacteria, fungi) and macroconsumers
(phagotrophic animals) differ greatly in size-metabolism relations.

MULTIPLE CHOICE QUESTIONS

1. The most stable ecosystem is

2,

10.

(a) Ocean (b) Forest (c) Desert (d) Mountain
An abiotic component of the ecosystem is '
(a) Bacteria (b) Humus (c) Plants (d) Fungi
. The food chain in which micro-organisms feed on dead producers is called
(a) Consumer food chain (b) Predator food chain
(¢) Detritus food chain l R {d) Parasitic food chain
. The straight ecological pyramid is
(2) Pyramid of energy _ (b) Pyramid of biomass
(c) Pyramid of numbers (d) All

. Food chains play very significant role in the ecosystem because

(a) Energy flow and nutrient eycling take place through them
(b) Of unique property of biological magnification

(c) They maintain ecological balance

(d) All
. Gross primary productivity is highest in
(a) Grass lands (b) Wet tropical forests
{c) Agro ecosystem {d)} Open oceans
. The type of succession occurring on a bare rock is called
(a) Xerosere (b) Hydrosere {c) Halosere (d) Mesosere
. A thick layer of ice found frozen under the soil surface through out the year is called
(a) ice berg {b) Permafrost (c) Pampas (d) Steppers
. The ultimate stable and culminating community in hydrarch and xerareh is
{a) Reed swamp (b) Woodland ‘(c) Forest (d) Lichen
Estuaries have :
(a) Fresh and salt-water {b) Rich biodiversity
(c) High productivity (d) All of these




FILL IN THE BLANKS
1. The term ecosystem was proposed by ......... .
2 s feed on both plants and animals.
. The sequence of eating and being eaten in an ecosystem is known as ......... . .
. Pyramid of ......... is always upright.
. The most important feature of energy flow is that it is ......... .
. The energy stored at consumer level for use by the next trophic level is defined as

[=C =L B - N

7. The whole sequence of communities which are transitory are known as ......... .

8. The succession ......... originates on a bare rock.

9. The lakes show ......... based on temperature difference.
10. ..onnens cling to other plants.
TRUE OR FALSE

1. Ecology is often defined as the study of ecosystems.
2. Detritivores are also known as saprotrophs.
3. Energy flow and nutrient cycling take place only through food web.

4. Graphical representation of trophic structure and function of an ecosystem is
known as an ecological pyramid.

5. Orchids are epiphytes found in abundance in temperate deciduous forests.
ANSWERS
Multiple Choice Questions.
L@ 20) 3. 4@ 5@ 60) 7. 8@® 9@
10. (d)
Fill in the Blanks.

1. A.G. Tansley 2. Omnivores
3. TFood chain 4. Energy
5. Unidirectional 6. Secondary production
7. Seral stages 8. Xerosere
9. Stratification 10. Periphytons
True or False. »
1. True 2, True 3. False 4, True
5. False
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UNIT

3

ENVIRONMENTAL POLLUTION AND GLOBAL
ENVIRONMENTAL ISSUES

STRUCTURE"

¢« Introduction

= Air Pollution

« Water Pollution

* Sail Pollution

« Marine Pollution

+ Noise Pollution

» Thermal Pollution

* Nuclear Pollution

« Solid Waste Management
* Pollution Case Studies
* Disaster Management

» INTRODUCTION

The word pollution derived from the latin word pollution (meaning to defile or
to make dirty) is the unfavourable alteration of our environment largely because of
human activities. Pollution may be defined in various ways.

e Pollution, the nuisance or nemesis, is the deliberate or aecidental
contamination of environment with the animal’s waste. -

o Pollution is an undesirable change in physical, chemical or biological
characteristics of air, water and soil that may harmfully affect man, animal

_and the plant life, industrial progress, living conditions and cultural assets.

' [National Academy of Science, USA]

o Pollution is the accumulation of any foreign material which may be organic,

inorganic, biological or radiological in nature that may affect living organisms
directly or indirectly, immediately or after a long time.

[National Environmental Research Council]

Pollution of environment is one of the most horrible ecological crisis to which we
are subjected today. Sometimes in the past the basic amenities— air, water and soil
were pure, virgin, undisturbed, uncontaminated and basically most hospitable for
living organisms. But the situation is just the reverse today, because of increased
human activities following the progress in science and technology causing pollution
of environment and serious ecological imbalance. Environmental pollution is
actually the result of urban-industrial-technological revolution and
speedy exploitation of every bit of natural resources.

* AIR POLLUTION

The atmosphere is a dynamic system, which steadily absorbs various pollutants
from natural and anthropogenic sources. It is very difficult to get clean air today.
Clean air is defined as air occurring in areas sufficiently distant from places of
human activities and other abnormal influences. The World Health Organisation



(WHO) defined air pollution as limited to situations in which the outer ambient
atmosphere contains materials in concentrations which are harmful to man and his
environment. According to U.S. Public Health Service, air pollution may be defined
as the presence of contaminants, such as fumes, dust, mist, grease, smoke or
vapour in air which may be injurious to living biota.

» MAJOR CAUSES OF AIR POLLUTION

Air pollutants are substances causing damage to target or receptor. The target
may be man, animal, plant, tree, building or material which is affected by
pollutants. The air pollutants may be grouped according to the type of source,
number and spatial distribution of sources and type of emissions.

_ A.Natural Sources. The natural sources of air pollution are volcanic eruptions

and gases, forest fires, marsh gases, deflation of sands and dust, pollen grains of
flowers, soil debris, cosmic dust, natural organic, inorganic or vegetative decay,
extra terrestrial bodies, smoke, terpenes from forests and comets etc. Green plants
through evapotranspiration release huge amount of COz. Micro-organisms such as
algae, fungi, bacteria, yeast, moulds, spores are transported by wind to distant
places causing air pollution.

B. Anthropogenic or Man made Sources.

1. Increase in Population. The rapid increase in population is one of the most
important factor of air pollution. World population has touched 6.3 billion in the
year 2010 and it will grow to 22.5 billion by 2100. An increase in population leads to
global warming, loss in forest cover and wild life species.

2. Deforestation.: Indiscriminate cutting of plants, trees and forest has
disturbed the balance of COz and Oz in nature. Forests are also removed to meet
the growing demands of population. The world produced 399 million tonnes of
paperin 2009 and is losing 23 million hectares of forest cover each year. Developed
countries use more than 71% of the world’s paper production. By 2012, Asia would
be the largest producer of paper.

3. Burning of Fossil Fuels. About 97% of the energy is generated by fossil
fuels like coal, oil and natural gas. The major fuel burning sources are automobiles,
thermal power plants, heating plants and industrial processes. Burning of fossil
fuels produce about 2/3 of SOz present in air. It is the fourth largest source of air
pollution.

4. Vehicular Emissions. The automobile exhausts are responsible for more
than 75% of total air pollution due to the release of toxic gases such as CO(7 7%),
NO: (8%), hydrocarbons (14%) and particulates. Suspended particulate matter
emitted by diesel contain highly carcinogenic polycyclic aromatic hydrocarbons
(PAHs). Recently nitrobenzthrone (one such PAH) is analysed by Japanese
scientists to be the worst carcinogen. 1,8-Dinitro- pyrene is a powerful mutagen
known to exist in diesel.

5. Rapid Industrialisation. Next to combustion systems, the major sources of
air pollutants are chemical and metallurgical industries.

6. Agricultural Activities. Several types of biocides such as pesticides,
insecticides, herbicides etc. are used in agricultural practices which have caused
soil erosion, ground water pollution and spread of pests resistant to pesticides in
air. In global terms, India today has 16% of human population, 15% of farm animal
population, 2% of the geographical area, 1% of rainfall, 0.5% of forests and 0.5% of
grazing land. A number of biocides such as DDT, BHC, aldrin, chlordane,
endosulphan etc. are not easily biodegradable. These are absorbed by plants and
create adverse effects on biotic components. -
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7. Metallic Contaminants. Industrial activities discharge toxic metals which
are indestructible poisons to living biota. According to International Register of
Potentially Toxic Chemicals of United Nations Environment Programme, there
exists six million known chemicals in the world today and 30,000 new compounds
are added to the list every year. About 70,000 compounds are commonly employed.

8. Wars. Air pollution is caused by various types of sophisticated explosives
used in wars. Radioactive rays emanated from atomic reactors and nuclear
explosions pollute the air extensively.

» CLASSIFICATION OF AIR POLLUTANTS

The variety of matter emitted into the atmosphere by natural and
anthropogenic sources is so diverse that it is difficult to classify air pollutants
neatly. However, they are classified in different ways as follows :

A. According to Origin.

1. Primary Pollutants are directly emitted from the sources into the
atmosphere. Typical pollutants included under this category are :

() Inorganic gases such as SOz, NO;, HsS, CO, NHs, CO., HF.

(i) Particulate matter like ash, smoke, dust, fumes, mist, spray.

(iii) Olefinic and aromatic hydrocarbons.

(iv) Radioactive compounds.

2. Secondary Pollutants are those which are derived from the primary
pollutants due to chemical or photochemical reactions in the atmosphere.
Pollutants such as SOs, NO;, Os, sulphate and nitrate salts, aldehydes and
peroxyacetyl nitrate (PAN) are included in this category.

B. According to Chemical Composition.

1. Inorganic Pollutants include

(1) Nitrogen compounds (NO: , NHa).

(i1) Sulphur compounds (H2S, SOs, SOs, H:S04).

(iif) Carbon compounds (CO, c:irbdnates).

(iv) Halogen compounds (HF, HC, fluorides).

(v) Oxidising agents like ozone.

(vi) Inorganic particles such as silica,'asbestos, ﬂyﬁsh, dust ete.

2. Organic Pollutants are hydrocarbons, ketones, alcohols ete.

C. According to State of Matter.

1. Gaseous pollutants, 9. Particulate pollutants,

3. Aerosols, 4. Metallic components,
5. Radioactive pollutants, ' 6. Carcinogens,
7. Pesticides, 8. Biological contaminants.

* GASEOUS POLLUTANTS

NITROGEN OXIDES, NO,.

The oxides of nitrogen, denoted by NO, are NzO, NO, NOg, N20s, N2Os. The
atmospheric background concentrations are : N2O (0.25 ppm), NO (0.1 to 2 ppm)
and NO:z (0.5 to 4 ppm).

Formation of NO;. Formation of NO and its oxidation to NO; is favoured at
high temperature. :



1210--1765C
[——

Ng + 05 2NO

1100°C

2NO + O, 2NO,

These reactions occur inside the automobile engines so that the exhaust gases
consist of NO:. In air, NOx is converted into nitric acid by natural processes.

NO, +03 —> NO3 +0,
NO3 + NOy3 —— N,04 (Nitrogen pentoxide)
N;05 + HyO (water vapour) — 2HNO3
Nitric acid is one of the constituents of acid raiﬁ. Itis the temporary sink for NO»
in the stratosphere.
Effects of NO, on Human Health.

The effects of NO. depend on the concentration, period of exposure and the
solubility. The major oxides of nitrogen which affect human health are NO and
NOsq, , i

e NO: is relatively insoluble and upon inhalation can reach the moisture
filled alveoli of lungs. There it is converted to nitrous and nitric acids
which are highly irritating and cause damage to lung tissues.

e Exposure towards 150 to 200 ppm of NO: results in Bronchiolitis fibrosa

obliterans, emphysema and biochemical alterations in blood within 3 to 5

weeks.

e NOg2, being most toxic, is also known to be transformed in the lungs to
nitrosamines which are carcinogenic. It is also transformed to
methaemoglobin in the blood.

e Acute exposure to NOz creates an irritating effect on mucous membrane.

o Chronic exposure to NOz at 100 to 150 ppm causes immunological changes
in man. There is also a higher prevalence of dermatitis, eczema and rashes
in more polluted exhaust gases.

e About 500-600 ppm of NO: for 2 to 10 days results in pulmdnary
haemorrhage, bronchitis, lung cancer, pneumonia, gum inflammation.

e NO: poisoning results in silofilter’s disease.

Effects of NO. on Plants,

o The damage caused by NO, pollutants is of several types like necrosis
(dead areas on a leaf), chlorosis (reduction of chlorophyll), epinasty
(downward curvature of leaf ) and abscission (dropping of leaves).

e Higher concentrations of NOz (10-50 ppm) checks the metabolic activities
and retard the photosynthetic activity in plants.

Effects of NO, on Materials.
e NO:fades away dyes in clothes like cotton, rayon and viscose rayon.

NO:z along with hydrocarbons produces peroxides which combine with
ozone to cause ¢rack in rubber.

e NOg, O3 and hydrocarbons in sunlight form PAN and peroxy compounds
responsible for photochemical smog.
SULPHUR OXIDES, SO,.

Formation of SO.. Combustion of sulphur bearing materials produces SO,
accompanied by a little quantity of $O4. This mixture is denoted as SO..
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S+0, —»50,, 250, +0, 2% 250, 22% H,50, — (H,504),
aerosol droplet
Beside soot particles, ozone also oxidises SOz to SOa.
129 5 1,50, — (H,504),

Sulphuric acid is one of the constituents of acid rain. CS,;, COS, (CH3)5S and
sulphates are also serious pollutants.

SO, +03 22550,

Global emission of SOz per year from natural sources like biological decay
(H,S), sea spray and volcanic activity is 90, 40 and 5 million tonnes per year while
from anthropogenic sources such as coal, petroleum, smelting, sulphur production
is 92, 26, 14 and 2 million tonnes per year respectively.

Effects of SO, on Human Health.

S0z is considered as the most serious single air pollutant causing numerous
health hazards. Epidemiological and toxicological studies indicate a link between
S0O; pollution and respiratory conditions like chronic bronchitis, bronchial asthma,
pulmonary emphysema and lung cancer etc. The vulnerability to SO2 pollution
depends upon age, sex, general health, nutrition, pre-existing diseases, concurrent
exposures, concentration, extent of exposure, temperature and humidity at the
time of exposure. People who are very young and very old, people of poor health,

smokers or people with asthma, coronary heart disease are usually more
vulnerable.

o SO9, a severe allergenic agent, aggravates existing respiratory diseases in
man. Even healthy individuals experience broncho-constriction when exposed
for a few minutes to SO: levels of 1.6 ppm.

e In highly polluted area, SOz may cause watery nasal discharge, sneezing,
cough, dyspnoea and desqumation,

e London or sulphurous acid smog called the killer smog of January 1956
was formed when SOz level rose to 0.40 ppm. The mortality rate among aged
persons increased from 130 to 180 per day.

e H2504 so formed from SO: lowers pH, impairs enzymatic functions and
destroys various functional molecules. It leads to bronchial spasms,
breathlessness, impaired pulmonary function, via., airway resistance,
impaired lung clearance and increased suséeptibility for infection.

Effects of SO on Plants.

The extent of damage caused by SO: to plants depends upon the nature,
concentration, time of exposure, stage of-growth, soil and plant condition, relative
humidity and the extent of sunlight.

e An exposure of 0.3 to 0.5 ppm of SO: for several days causes bleached spots,
chlorosis, chronic injury to spinach and other leafy vegetables. Leaf pigments
bleaches due to the conversion of chlorophyll-a to phecophytin-a.

e Photosynthesis is affected by Oz, SOz and PAN.

Effects of SO, on Materials.

e Paper absorbs SOz which is oxidised to H2804 causing the paper to become
brittle and fragile.

e Petroleum refineries, craft paper mills, industries and smelters liberating SO2
adversely affect the historic monuments.

e S0z causes erosion of building materials such as marble, limestone and slate
ete. The rapid attack of HaSO4 on marble is known as stone leprosy.




CaCO3 + H2504—> CaSO4 +C02 + H20
CaC03 +802 +% 02 —_— CaSO4 +C02

The CaSQs so, formed on the surface of masonry is twice as bulky as CaCOs
which looks leprous or diseased.

Effects of H,S and Organic Sulphides.

e H:S smells like rotton eggs. It causes nausea, headache, loss of apetite
even at 5 ppm.

e An exposure to 150 ppm of HzS causes conjunct:,ivitis, irritation of mucus
membrane. HsS rapidly passes through alveolar membrane of lung and
penetrates in blood causing death due to respiratory failure.

e H2S reacts with lead paints to form lead sulphide producing black
discolouration.

e Organic sulphides cause odour nuisance when present in minute
concentrations.

CARBON MONOXIDE, CO.

CO is the major primary individual pollutant with a tonnage matching that of
all other pollutants together. Global emission of CO from natural sources amounts
to 3364 million tonnes per year. Anthropogenic sources of CO emission include :
Transportation (70 MT/year), fuel combustion (1.6 MT/year), industrial processes

(7.8 MT/year), solid waste disposal (7.8 MT/year), others (8.5 MT/year) accounting

to 95.7 MT/year.

Formation of CO. CO is formed by incomplete combustion of fuel or carbon

containing compounds. .
2C+0, — 2CO

In blast furnace Dissociation

»2C0, €O, 22092t c0 40

at high temperature ”

€O, +C

Sinks. Plants and soil micro-organisms act as the natural sink of CO and CO,.

Effects of Carbon Monoxide on Human Health.
o All the gaseous pollutants cause severe damage to respiratory system but
the adverse effects of CO are unique. .

e CO, when inhaled, passes through the lungs and diffuses directly into the
blood stream where it combines with the red blood corpuscles of
haemoglobin (Hb) forming carboxy haemoglobin, COb.

HbO, + CO = COHb+ 0O,

The affinity of CO for haemoglobin is 210 times greater than that of oxygen. Asa
result the amount of haemoglobin available for carrying oxygen for body tissues
and lungs is considerably reduced. The body tissues are thus deprived of their
oxygen supply and death could result by asphyxiation (lack of Oz). In addition,
the presence of COHb in the blood retards the dissociation of remaining
oxyhaemoglobin (HbOg), so the tissues are further deprived of oxygen.

The equilibrium level of COHb may be estimated for concentration of CO
below 100 ppm in the inhaled air by using the equation,
% of COHb in blood = 0.16 times the CO level in air +0.5.

e Cigarette smokers continuously have a COHb content about 5 to 10% in
their blood. Smoke contains about 20,000 ppm of CO which is diluted to
about 500 ppm during inhalation. In women it leads to premature births,
spontaneous abortions, deformed babies and affects estrogen hormone.
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e However, smoking provides immunity to Parkinson’s disease which may be
due to the release of pyridine in the body. It is most probably by competing with
other toxins and blocking the impact on neuro-receptors.

e CO poisoning can be cured by exposing the affected person to fresh air
whereby reverse reaction can occur.

COHb+0, —— 0O,Hb+CO
o Traffic policeman at busy street crossings during heavy traffic rush hours are
advised to use oxygen tanks in developed countries. Vitamin C is capable of

preventing upto 50% of the damage caused to white blood corpuscles in
smokers.

Carbon dioxide causes green house effect or global warming.

Table. 1. Health effects of COHb blood levels.

COHb blood level

(%6)1t0 2 Affects behavioural activities.

2105 Heart patients may lack sufficient cardiac reserve to compensate.

5to9 Cardiac and pulmonary functional changes. Patients with angina pectoris
require less excretion to induce chest pain.

1010 20 Laboured respiration during exertion. Headache, reduced mental acuity.
May be iethal for patients with severe cardiovascular disease.

20to 30 Headache, nausea, visual acuity, angina, ECG changes.

30to 40 Severe headache, nausea and vomiting, dizziness, fatigue.

40 to 50 Slurring of speech, tendency to collapse.

50to0 70 Convulsions, fatal coma if not treated.

Effects of CO on Plants.

o CO at higher levels (100 to 1000 ppm) causes leaf curling, leaf drop, reduced
leaf size and interfere with cellular respiration.

e Nitrogen fixing ability of bacteria in clover roots is inhibited when exposed to
CO levels of 2000 ppm for 35 hours.

HYDROCARBONS.

Natural sources, particularly trees emit large number of hydrocarbons.
Methane, the major hydrocarbon, is produced by bacteria in the anaerobic
decomposition of organic matter in water, sediments and soil.

2CH,0 2™ , 00, + CH,

Global emission of methane is 1450 MT/year and that of terpenes is 170
MT/year. Domesticated animals contribute 85 MT/year methane to air. Global
emission of hydrocarbons (e.g., methane, ethane, benzene, hexane, xylene,
benzo-a-pyrene etc.) from human activities is :

Petroleum (55%), coal (3.3%), wood (2.2%), solvent evaporation (11.3%), refuse
burning (28.3%). Annual global emission is estimated to 57x 107 tonnes per year.

Effects of Hydrocarbons on Human Health.

¢ Hydrocarbons like benzene, toluene and benzopyrene at 600 to 1000 Ppm
produce edema, headache, drowsiness and symptoms akin to drunkenness.

e Secondary pollutants such as peroxyacetyl nitrate (PAN) and peroxybenzoyl
nitrate irritate nose, throat, eyes and cause chest constriction.

e Cyclic hydrocarbons affect respiratory system, nervous system, dilate pupil’s
of eyes, cause loss of coordination, affect DNA and cell growth.



o Higher levels of methane create narcotic effects on man. PAH cause
synergistic effects.

Effects of Hydrocarbons on Plants. I

e Hydrocarbons and photochemical oxidants are injurious to plants.
Ethylene at 0.1 ppm for several hours cause epinasty, leaf abscission and
flower dropping.

s Peroxyacetyl nitrate (0.01 to 0.05 ppm for a few hours) causes glazing or
bronzing of underside of leaf, damages sensitive plants, young leaves,
necrosis of leaf tip. Grapes are particularly susceptible to attack. -

Effects of Hydrocarbons on Materials.

Hydrocarbons induce chemical alteration in paper, textile, rubber, polymers
making them more brittle and fragile.

= PARTICULATES

Small solid particles and liquid droplets are collectively termed particulates.
The number of particles in the atmosphere vary from several hundred per cm? in
clean air to more than 100,000 per cm® in highly polluted air. Man made sources for
particulate emission include flyash from power plants, smelters, fuel combustion,
industrial operations, refuse burning etc. Every year natural sources discharge
800-2000 million tonnes and man made sources 200 to 500 million tonnes of

particulates.

Effects of Particulate Matter on Human Health.
The toxic effects of particulates can be grouped into three categories :

1. Interference of inert particles with the clearing mechanisms of the
respiratory tract. Dust, soot, smoke get deposited in pulmonary lymphatic depot
points to create toxicity.

e Silicosis, a chronic disease of lungs, is caused by inhalation of dust
containing free silica.

e Acrolein particles poses bronchio-constriction. Inscluble particulates
which cannot.be phagocytized by WBCs pass through the alveolar walls
into lymph channels eausing lung cancer.

2. Particulates act as carriers of adsorbed toxic gases such as SOz and
produce synergistic effects.

3. Particulate matter may be intrinsically toxic because of their physical
and chemical characteristics. A summary of some observed relations between
particulates and SOz levels and the physiological responses is given in Table 2

Table 2. Relation between particulates and SO, levels and health effects.

S.No. Conditions Effects

1. .Partlculate level of 750 pg/m3 with 50, at | Substantial increase in illness of persons
715 ug/m3 (0.25 ppm), both 24 hours | with bronchitis. Increased daily death rate.
mean. -

2 Low particulate level with SO, Ievels Respiratory diseases, increased

ranging between 300 and 500 pg/m® | absenteeistn among older workers.
(0.11-0.19 ppm) both 24 hours mean.

3. Particulate level of 300 ug/m? with SO, | Worsening 'of symptoms . in persons
level of 600 ug/m3 (0.21 ppm), both 24 | suffering from chronic bronchitis.
hours mean. -

1
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Effects of Air Pollutants on Animals.

Particulates, hydrocarbons, lead, arsenic and fluorides are the main pollutants -
which cause damage to livestock. These air-borne contaminants accumulate in
vegetation, forage and poison the animals when they graze the contaminated
vegetation.

Livestock near smelting and other industrial operations suffer arsenic
poisoning with symptoms like salivation, thirst, liver necrosis, inflammation and
depression of central nervous system.

Lead poisoning occurs in horses and other animals with symptoms such as
lethargy, paralysis, depression, gastritis and breathing troubles.

* CONTROL MEASURES OF AIR POLLUTION

The most effective method of controlling air pollution is to prevent the formation
of the pollutants or minimise their emission at the source itself. In case of
industrial pollutants, this can be achieved by iuvesting various approaches at an
early stage of process design and development and selecting those methods which
have minimum air pollution potential. These are known as source correction
methods. Control of pollutants at the source can be accomplished in various ways
through raw material change, operational changes, modification of process
equipment and by more effective operation of existing process.

+ CONTROL OF PARTICULATE EMISSION

Particulate matter emitted in gaseous streams consists of discrete and minute
suspended particles. Particle size ranges generally from 100 um down to 0.1 um and
even less. The choice of collection devices depends upon a number of factors:
the physical and chemical characteristics of particulates, the particulate size and
concentration in the ges, volume of particulates to be handled and the temperature
and humidity of gaseous medium. In particular, factors like toxicity and
inflammability must be taken into consideration when evaluating operating
efficiency.

Basic Mechanisms. The basic mechanisms of removing particulate matter
from gas streams may be classified as :

1. Gravitational settling 2. Centrifugal impaction
3. Inertial impaction 4. Direct interception
5. Diffusion and 6. Electrostatic precipitation.

Equipment presently available, which make use of one or more of the above
mechanisms, fall into the following five broad categories :

1. Gravitational settling chambers 2. Cyclone separators

3. Fabric filters 4. Electrostatic precipitators and

5. Wet collectors (scrubbers). '

The gravitational settling chambers and cyclone separators will not generally
achieve high efficiencies for removing small size pal}t'i’c’les. For mosat practical
application, only fabric filters, electrostatic precipitators and high energy
scrubbers are capable of meeting the rigorous air pollution control regulations.

Electrostatic Precipitators for the Control of Particulate Emission.

The electrostatic precipitator is used for controlling particulate emissions at
industrial installations ranging from power plants, cement and paper mills to oil
refineries. Electrostatic precipitation is a physical process by which
particles suspended in gas stream are charged electrically under the
influence of electrical field and separated from tihe gas stream.



The precipitation system consists of a positively charged (grounded) collecting
surface and a high-voltage discharge electrode wire suspended from an insulator at
the top and held in position by a weight at the bottom. At a very high DC voltage, of
the order of 50 kV, a corona discharge occurs close to the negative electrode, setting
up an electric field between the emitter and the grounded surface. The
particle-laden gas enters near the bottom and flows upward. The gas close to the
negative electrode is, thus, ionized upon passing through the corona.

Insulator
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cable

Precipitator cell T

R
Rectifier —=»{ .-
set
Discharge > =
electrode
Dust on precipitator: » Power supply
wall . =
A
. Ground
Weight
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Collected dust

Fig. 1. Schematic diagram of a wire and pipe electrostatic precipitator.

As'the negative ions and electrons migrate toward the grounded surface, they in
turn charge the passing particles. The electrostatic field then draws the particles to
the collector surface where they are deposited. Periodically, the collected particles
must be removed from the collecting surface. This is done by vibrating the collector
to dislodge the particles. The dislodged particles drop below the electrical
treatment zone and are collected for ultimate disposal.

» CONTROL OF GASEOUS POLLUTANTS
CONTROL OF NITROGEN OXIDES POLLUTION.

NO, emissions from stationary sources can be reduced by

e Minimising the residence time at peak temperature.
|
e, Reducing the peak temperature.

e Minimising the availability of O2 for reaction with Na.
Effluent Gas Treatment Methods.

./ 1. Scrubbing Methods.

(i) Absorption of NO: by Liquids. For controlling NO, emissions from
power plants (200 to 1500 ppm), three processes have been proposed which partly
improve the economics of SOz recovery also.

e Treatment with lime slurry where nitric actd and gypsum are recovered as
the byproducts.

e Scrubbing with magnesium hydroxide liquor where concentrated NO is
recovered as the byproduct.

e Absorption in sulphuric acid which ﬁroduces both nitric and éulph'uric '

acids.
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~All the three processes are complex and require attainment of equimolar
concentrations of NO and NO: in the gas, since the absorption of the combined
oxide, N2Os is most favourable.

(ii) Adsorption of NO by Solids. The adsorbents used for oxidizing NO to
NOg and for adsorbing nitrogen dioxide are activated carbon, silica gel, molecular
sieves, ion-exchange resins, ferrous salt, manganese and alkalized ferric oxides.

2, Catalytic Decomposition

Catalytic reactions using AlsOs, Fez0s, CosQs ete. involve decomposition of NO,
into N2 and QOs.

3. Catalytic Reduction

Catalytic reduction is much better for controlling NO, emissions because of the
presence of reducing agents in the flue gas. The method is also used to control nitric
acid emissions in tail gas. Catalysts used in the reduction of NO include Fe-chromite,
Cr promoted FeO, supported copper chromite, Zn-promoted copper chromite.

Reduction process is of two types, i.e., selective and non-selective. In selective
reduction, the added reactant preferentially reduces NO; and in non-selective
reduction, the excess oxygen must be consumed first. Selective reduction is to be
preferred since it minimises the amount of reactant required. Typical reactions are:

2NO + 2Hy — Ny + 2H,0, 2NO +2C0 — Ny +2C0,
6NO + 4NHg — 5N, + 6H,0
In non-selective reduction, two types of reactions take place.
e [Fuelreacts with Oz and NOg, the latter being reduced to NO.
CH, + 203 — CO, + 2H,0, CH,+ 4NQg — COg4 + 2H,0 + 4NO
o NOis reduced to N,,.
CH4 +4NO —> €Oy + 2H,0 + 2N,

NO, Removal from Stack Gas

It is performed by chemical sorption process using H,80, solution or alkaline
scrubbing solution containing Ca(OH): and Mg(OH)z. Simultaneously, SO: is also
removed. NO is converted into N2Os which is easily absorbed.

NOg + NO—— N20;
NOz3 is recycled. This scrubbing process involves four steps.

(1) NO: and flue gas are introduced into an oxidiser.

NOZ + SOz + H20—> H2504 + NO

(i) NO and NO: react to form N:Os which is scrubbed by H2S04 in a

scrubber. The cleaned flue gas is released into the air.
NOg + NO —— N, 04
N3 O3 +2H,80, — 2NOHSO, +H,0

(iii) The reaction product from the scrubber is then decomposed in a

decomposer and the resulting Hz804 is recycled to the scrubber.

2NOHSO, +%o2 +H,0— 2H,S0, +2NO,

(iv) NOq produces HNOj3 in the reactor.

Excess of NOy and NO are recirculated through the oxidiser in step (i).
CONTROL OF SO, POLLUTION

Several approaches can be employed for the removal of SO, pollution, such as,
removal of 30: from fuel gases, sulphur reduction within the combustion chamber
and using low sulphur fuels.



1. Desulphurization of Flue Gases

Dry Methods. The dry techniques for the desulphurization of flue gases may be
classified as follows.

(a) adsorption of 30: by metal oxides to form stable sulphites or sulphates
with subsequent regeneration of the oxide and recovery of sulphur and

(b) adsorption on activated carbon followed by regeneration and conversion
of concentrated SO» to sulphuric acid or elemental sulphur.

2. Flue Gas Scrubbing Process -

The Stone and Webster-Ionics Scrubbing Process. It is based upon the
reaction of caustic soda (NaOH) solution with 80z to form sodium sulphite and
bisulphite.

2NaOH + CO5 — Na,COgz +H,0
N32C03 +802 —> NﬂzSOg +C02

NaZSO3 +%Oz —_— N32804

NaySOg + SOy + HyO — 2NaHSO4
The resulting solution is treated with dilute HaSO, to get sodium sulphate and
concentrated SOq gas.
Nay503 + Hy50;, —— NayS0, +505 + HyO
2NaHSO5 + H,50, — NaySO4 + 250, + 2H,0 -

The heart of the process is the electrolytic regeneration cell which converts
NazS04into NaOH and H2S0.. The overall reaction is

Nast4 + 3H20 —— 2NaOH + HzSO4 + Hz + %Oz

NaOH is returned to the absorber and the acid is used in the desorption tower.
3. Control of SO; Emission from Sulphuric Acid Plants

A contact plant operating on the single absorption principle at a conversion
efficiency of 98% discharges about 2000 ppm of SOz in the tail gases.

(i) The DCDA process reduces the SOz emissions in the exit gases to a
level of about 500 ppm and simultaneously increases the output of the acid by
1-2%.

(i) In ammonia process, ammonia sulphite-bisulphite formed is reacted
with nitric or orthophosphoric acid to produce the appropriate ammonium salt and
S0z is recovered for further processing.

CONTROL OF CO POLLUTION

_ The petroleum and diesel fed automobiles account for major share (70%) of CO
emission. Carbon monoxide is formed because of insufficient quantity of oxygen.
CO, unlike other gaseous pollutants, cannot be removed by exhaust gas
techniques. Hence the best way is to control its formation. This is however not easy
because the control strategies for CO and NO. are basically in conflict. The effective
method of reducing CO emission from stationary combustion sources is by proper
design, installation, operation and maintenance of combustion equipment.

CONTROL OF HYDROCARBONS

The techniques used to control hydrocarbon emissions from stationary sources
include incineration, adsorption, absorption and condensation. Hydrocarbon
removal efficiencies are high in the flame after burner. Some limitations of flame
after burner are that it emits NOy, CO and may require expensive heat recovery
equipment.
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Adsorption Method. The polluted gas stream is passed through granular
‘activated carbon. The adsorbed vapours are usually removed by passing stream
through the system. The mixture of steam and hydrocarbons is liguefied in a
condenser and cooled. Hydrocarbons are recovered from the water.

Condensation Method. The method utilises the fact that at low temperatures,
gaseous hydrocarbons condense to liquids. The effluent gas stream is passed over
low temperature surfaces and the condensed hydrocarbons are left behind and
collected. Ozone and PAN are secondary pollutants so their control ultimately
depends on the control of hydrocarbons and NOy.

* WATER POLLUTION

INTRODUCTION

Water is one of the most precious commodity required for the survival of any
form of life. Today water resources have been the most exploited natural system
since man strode the earth. Pollution of water bodies is increasing tremendously
due to population explosion, industrial proliferations, urbanisations, increasing
living standards and wide spheres of human activities. Time is, perhaps not too far
when pure and clean water, particularly in densely populated and industrialised
water scarce areas may be inadequate for maintaining the normal living standards.

Ground water, rivers, seas, lakes, ponds, streams are founding it more and more
difficult to escape from pollution. In India, the major 14 rivers receive heavy flux of
sewage, industrial effluents, domestic and agricultural wastes. Most of the large
rivers of the world are nothing but open sewers fit only to carry urban wastes,
poisonous pesticides and industrial toxic effluents ete. Many of our lakes, including
Dal and Nagin of Kashmir have severely polluted with foul odour, silt deposits
and get chocked due to excessive algal growths. Now pollution of water bodies has
become universal phenomenon in the present day world.

Signs of Water Pollution. These are bad taste of drinking water, offensive
odours from water bodies, unchecked growth of aquatic weeds in water, decrease in
number of fish in fresh water, oil and grease floating on water surfaces. These
factors disturb the normal uses of water for public water supply, aguatic
organisms, agriculture and industry.

* DEFINITION OF WATER POLLUTION

Water gets polluted when its normal functions and properties are altered. Water
poliution actually represents the state of deviation from the quality and purity of
water sample.

o  Water pollution shows the addition of foreign substances, either from natural or
anthropogenic sources, may be harmful to life because of their toxicity,
reduction of normal oxygen level of water, aesthetically unsuitable and spread
epidemic diseases.

e It is the natural or induced change in the quality of water which renders it
unsuitable and toxic as regards food, man and animal health, industry,

-agriculture, fishing or leisure pursuits.

e  Waler pollution is the by product of rapid and unplanned industrial progress

and over population.

e Anyshiftin the ?aturally dynamic equilibrium existing among environmental
segments, i.e., hydrosphere, lithosphere, atmosphere or sediments give rise to
the state of water pollution.

e Water pollution may be in ground water, surface water, lake water, river or
ocean water.



« CAUSES OF WATER POLLUTION ~

Today clean water has become a precious natural resource but its quality is
threatened by numerous sources of pollutants which are as follows :

1. Inorganic Pollutants.

This category of water pollutants consists of ‘acids, alkalies, soluble and
insoluble salts, metallic complexes, trace elements, organometallic compounds,
polyphosphatic detergents from chemical industries, metallurgical processes, coal
mines and numerous natural processes causing pollution in water.

2. Toxic Metals.

Toxic metals are added in water from industrial activities, domestic sewage
discharges, land run off and fossil fuel burning. Traces of heavy metals such as Hg,
Cd, Pb, As, Co, Mn and Cr have been identified deleterious to aquatic ecosystem
and human health. In fish, mercury is present as (CHg):Hg which is known to
concentrate in food chain. Manganese also enter the water system through
industrial effluents and dry cell batteries. Selenium content of most drinking water
is found as 10 ppb.

3. Orgénic Pollutants.

Organic pollutants enter into water system through domestic sewage,
industrial wastes from paper mills and tanneries, waste from slaughter house,
meat packing plants, plant nutrients, detergents, biocides etc. The addition of
carbohydrates, fatty acids, proteins, aldehydes, polychlorinated biphenyls (PCBs),
phenolic compounds and polycyelic aromatic hydrocarbons deteriorate water
quality.

4. Sewage and Bomestic Wastes.

Sewage 1s a cloudy dilute aqueocus solution containing mineral and organic
matter. About 75% of water pollution is caused by sewage, domestic wastes, food
processing plants, garden wastes and sewage sludge from cess pools ete. Sewage
contains decomposable organic matter and exert oxygen demand on the receiving
waters. Domestic sewage contains trace quantities of toxic metals also. Sewage
treatment deposits sludge at the bottom while liquid waste consists of ions such as
Ca®, Mg?, Na*, K*, Cl-, NO=, §0:2, PO, HCOj etc.

5. Sediments.

The natural process of soil erosion gives rise to sediments in water. Sediments
include soil, sand and mineral particles washed into aquatic environment by
flood waters. In addition, large deposits of sewage sludge, pulverised coal ash and
various industrial solids are disposed off into water. Suspended solid loadings
reaching natural waters are about 700 times as large as solid loading from sewage
discharge. Soil erosion gets enhanced 10 times as a result of agricultural
development and about 100 times due to construction activities. Bottom sediments
are subjected to anaerobic conditions and have the ability to exchange cation with
surrounding aquatic medium. Sediments are important repositories for trace
metals, e.g., Cr, Cu, Co, Mn, Ni ete.

6. Synthetic Detergents.

Detergents include ingradients like surfactants, buildérs, additives,
stabilizers and soil suspending carboxymethyl cellulose etc. The surfactant is a
surface active agent. Alkyl Benzene Sulphonates (ABS) are considered as
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Environmental Science surfactants. ABS showed remarkable resistance to biodegradation (hard
detergents) and has been subsequently replaced by Linear Alkyl Sulphonate (LAS).

LAS undergo rapid biodegradation. Builder is usually a sodium polyphosphate
of the type NasP30j0 or Na4P207 acting as a sequestering agent. Both surfactants
and builders cause serious pollution in water. Additives consist of anticorrosive
sodium silicate, enzymes, perfumes and bleaching agents. Phosphates released
into streams act as plant nutrient, thus supporting eutrophic conditions.
Currently, celluzyme obtained from hermicola insoclents, is added in detergents. -~
The high percentage of sodium tripolyphosphate (STPP) in detergents may be
partly replaced by enzymes.

7. Oxygen Demanding Wastes Causing Pollution.

Decrease in dissolved oxygen (DO) level is an index of poliution due to organic
matter, e.g., sewage, industrial wastes from food processing plants, run off from
agricultural lands etc. All these materials undergo degradation by microbial

activities in presence of DO. It causes deoxygenation process and quick depletion of
DO.

Biological Oxygen Demand (BOD). The degree of microbially mediated
oxygen consumption in water is known as BOD. BOD is a direct measure of
biodegradable organic matter. Drinking water has a BOD of less than 1 mg/L.
When BOD level reaches 5 mg/L, the water is said to be polluted.

8. Disease Causing Agents Creating Pollution’in Water

Water has been a potential carrier of toxie, inorganic and organic materials,
non-biodegradable matters and pathogenic microbes which can endanger health.
The portable water contaminated with municipal sewage is the root cause of
dangerous diseases in living organisms.

9. Radioactive Pollutants in Water

Radium is the most significant waste product and is considered to be a hazard in
drinking water. Radioactive pollutants may reach the water bodies through
numerous seurces such as nuclear reactors, radioactive fall out, mining and
processing of ores, leakage from underground nuclear detonations and research
operations etc. Certain marine organisms have the capacity for accumulating
radionuclides from water. Phytoplankton and fish may concentrate metal
radionuclides by factors of 102 to 105 Water supplies must not contain 3 pico
curies per litre of Ra-226, nor more than 10 pico curies per litre of Sr-90.

10. Plant Nutrients as Pollutant

Plant nutrients constitute an important limiting factor for plant growth.
Nitrogen and phosphorus are the main nutrient species which enter fresh and
marine systems changing oligotrophic water to intensely productive eutrophic
conditions. According to Wetzel each phosphorus molecule promotes the
incorporation of 7 molecules of nitrogen and 40 molecules of carbon in aguatic
algae. These nutrients ultimately tend to accumulate in ground water.

. Eutrophication

Eutrophication 1s a natural process, derived from the Greek word eutrophos
meaning well nourished or enriched. This enrichment leads to other slow processes
referred to as natural aging of lakes. It is ¢ phenomenon through which a
nutrient rich bog in a shallow depression changes to leached bog deficient in
nutrients. —

Sources of Nutrients. Eutrophication escalates rapidly, however when
abnormally high amounts of nutrients from fertilizers, domestic and industrial
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wastes, urban drainage, detergents, animal wastes and sediments enter water
streams.

Types of Eutrophication. Eutrophication is mainly of two types :

(i) Natural Eutrophiecation. The process of lake aging characterised by
nutrient enrichment is called natural eutrophication. During this process
oligotrophic lake is converted into an eutrophic lake. It permits the production of
phytoplankton, algal blooms and aquatic vegetation including water hyacinth,
aquatic weeds, water fern and water lettuce which in turn provide ample food for
herbivorous zooplankton and fish.

(i) Cultural Eutrophication. This process is generally speeded up by
human activities which are responsible for the addition of 80% nitrogen and 75%
phosphorus to lakes and streams. Lake Mendota and Lake Washington have
undergone rapid eutrophication due to man’s activities. In India, recreational
value of Kashmir lakes is reduced while Nainital lake is undergoing a rapid
eutrophication as a result of sewage, domestic waste and detergent addition.

11. Thermal Pollutants in Water.

Chemical industries, electric power plants, atomic energy plants discharge their
heated effluents into nearby lakes or rivers. A coal-fired power plant at 40%
efficiency generates 16.7 joules of waste heat for every 41.8 joules of fuel burnt. A
single 100 MW power plant may use one half million gallons of cooling water per
minute. This process raises the temperature of water by 10°C to 15°C.

12. Pesticide Pollutants in Water.

Pesticides like  insecticides, fungicides, herbicides, rodenticides and
molluscicides enter in water through rain water, spray drift, run off from
agricultural fields, domestic sewage, accidental spillage and industrial effluents
etc. The annual world production of pesticides (organochlorines,
organophosphates, carbamates, chlorophenoxy acids) grew from 6000 million
pounds to 24000 milhion pounds. Pesticides hit the aquatic ecosystem and
terrestrial organisms ranging from acute toxicity to invisible ‘chronic effects in
man, animals and plants.

13. Fertilizers as Pollutant.

Modern agricultural techniques have introduced NPK fertilizers into water
systems. Nitrates and phosphates cause eutrophication and the whole stretch of
water may become chocked. The less DO content may result in the death of aquatic
biota.

14. Farm Waste in Water.

Increased number of cows, cattles, pigs and poultry farms cause considerable
water pollution. Cow’s dung is washed out which deposits on soil as slurry. This
slurry may seep into drains and streams polluting them. A cow can produce as
much organic waste as 20 persons and a pig as much as three people. These wastes
contain several pathogens which are transmitted to man through water.

* DETRIMENTAL EFFECTS OF WATER POLLUTANTS

1. Effects of Inorganic Poliutants.

e Acidic pollutants are lethal to fish, most invertebrates and

micro-organisms at pH below 4.0. Acid mine drainage is the major cause of
fish kill.

e Strong alkalies like NaOH and KOH are known to produce asphyxiation
by the coagulation of gill secretions in fish.

Environmental Pollution and
Global Environmental Issues

Self-Instructional Material 45



Environmental Science

46 Self-Instructional Material

Excess of inorganic pollutants like cog‘, SOi_, Ca?*, Mg2?* make the water

hard and unsuitable for boilers.

Nitrate coming from nitrogenous organic matter causes blue baby syndrome or
methaemoglobinemia in the range of 20 to 40 ppm.

WHO pointed out that shell fish can concentrate mercury to the level of 10 mg

per kg. Mercury poisoning caused Minamata disease in Japanin 1953 and
killed several people.

. Effects of Organic’Pollutants.

Organic compounds in water undergo degradation and putrefaction by
bacterial activity. They consume dissolved oxygen which is an essential
requirement of aquatic biota.

Organic matter coming from domestic and agricultural lands contains
nutrient which nourishes algal growth. There occurs a loss of all DO content
resulting in dead pool of water. '

. Effects of Sewage and Domestic Wastes.

Domestic sewage, which is primarily composed of spent water containing wine,
faeces, soapy wastes, food materials and paper makes the water extremely
anaesthetic.

Accumulation of sewage and domestic wastes in water bodies retards the self

- regulatory capabilities of aquatic organisms.

Sewage poses major threat to water courses. Today developed countries are
fighting against thermal and chemical pollutants, while Indians have to
combat with chemicals and pathogens with their limited resources.

Effects of Sediments.

Sediments decrease fish population by blanketing fish nests, spawn and food
supplies.

Suspension may cause thickening of fish gills which may lead to asphyxiation
of the fish. _ '
Sediments make the water cloudy and increases the cost of water treatment
used for culinary purposes. Due to turbid water, the hunting ability of fish gets
curtailed.

. Effects of Synthetic Detérgents.

Detergent enzymes are potential allergens and can cause serious
complications if inhaled or when they penetrate the hody through wounds or
cuts,

Complex formation between NTA (nitrilotriacetate) and Hg or Cd increases
the possibilities of transmission across the placental barrier into a foetus,
thereby increasing the likelihood of birth defects.

Phosphate, the major ingredient of most detergents, favour the luxuriant
growth of algae which forms algal blooms. Such decomposing waters are
known to produce toxins as strychnine which kills animals.

The increased use of syndets, which replaced surface active agents like soap
are able to produce foams even in very low concentrations, so aeration is not
possible. As a result, the rate of ré-aeration of a river water as well as the
efficiency of sewage purification is reduced. '

6. Effects of Pathogens.

The enteric diseases are transmitted mainly by drinking contaminated water
or swallowing food. The pathogens most frequently transmitted through water




cause 1nfect10ns of intestinal tract like typhoid, paratyphmd amoebic
dysentery, cholera, polic and infectious hepatitis.

Intestinal helminthes, i.e., Ascaris lumbricoides and Trichuristrichiura
are also water borne. Entamoeba histolytica is the casual agent which
causes internal amoebiasis and several exira-intestinal diseases.

7. Effects of Radioactive Pollutants in Water.

Living organisms are considered as the prey for radioactive contaminants in
water. As compared to organic poisons, injurious effects of radionuclides are
exceedingly high.

In living organisms, radiation produces a whole host of extremely
hazardous species like H*, Hz, HoO-, H20%, e, e*, HQ3z, H:O- and H20:2 etc.,
causing severe effects.

The radioactive materials in water react with proteins of aquatic
invertebrates and appear to deactivate enzymes by breaking S—H---S
hydrogen bonds. With enzyme inhibition, cell gr0wth may continue, but
cell division may be stopped. .

- Ionizing radiations in water mainly result in cellular damage. When a

water molecule in the cell is irradiated, an electron is knocked out of orbit.
This ejected electron can then attach to a normal water molecule making it

.unstable. It splits into H*, OH- and free radicals H*® and OH°. These free

radicals react with various molecules in the cell which can no longer

" function normally and ultimately die.

Traces of radioactive materials present in water cause cancers, leukemia,
eye cataract, DNA breakage and carcinoma in man.

Drinking water containing Rn-222, Ra-226 and Th-232 could accumulate

dangerously in man causing somatic and genetic disorders.

8. Effects of Eutrophication.

Eutrophication causes several physical, chemical and biological changes
which considerably deteriorate the water quality,

During eutrophication, algal bloom release toxic chemicals which kill fish,

" birds and other aquatic animals causing the water to sink.

Decomposition of algal bloom leads to oxygen depletion in water. Thus
with a high COz level and poor oxygen supply, aquatic organisms begin to
die and the clean water turns into a stinking drain.

When O level falls to zero (anaerobic zone), some bacteria drive oxygen
through reduction of nitrates. On complete exhaustion of nitrate, oxygen
as a last resort be obtained by reduction of sulphate yielding hydrogen
sulphide causing foul smell and putrefied taste of water.

Many pathogenic microbes, viruses, protozoa and bacteria etc. growon sewage
products under anaerobic conditions. It results into spread of fatal water-borne
diseases such as polio, dysentery, diarrhoea, typhoid and viral hepatitis.

In India, Dal, Nagin, Loktak lake and Hussain sagar are seriously chocked
by aquatic weeds affecting fisheries production, utility for aquatic flora
and aesthetic value.

9. Effects of Thermal Pollution on Aquatic Ecosystem.

Refer to Thermal Pollution in the same Unit.

10. Harmful Effects of Industrial Pollutants.

Industrial effluents cause deleterious effects on living organisms and may
bring about death or sublethal pathology of kidneys, liver, lungs, brain and
reproductive system.
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e Disinfectants, which are added in water to control algal growth and bacteria
may persist in water bodies and may cause mortality of fish, planktons and
diatoms. )

» Ithasbeen reported that free chlorine discharged by factories near Mirzapur
in UP had caused heavy fish mortality in river Sone near Dehrion-son in
Bihar. ’

e Mercury poisoning among people had resulted in crippling and often fatal
diseases like Minamata in Japan (1953).

e Mines and smelters effluents containing cadmium had caused severe disease
called Itai-itai in the people of Japan.

s Industrial effluents consisting of As, Pb and cyanide etc. cause cellular
degeneration in brain which results in figidity, coma, stupor and numbness.

* CONTROL MEASURES OF WATER POLLUTION

We are now near the stage when water pollution has become a global problem
partly because of population explosion and partly due to phenomenal advance in
industrialisation. In India, 70% of the pollutant load of rivers, lakes and streams is
from domestic waste. So obviously it is of no use to apply strict laws only to
industries, if municipalities are given free reign to discharge their domestic wastes
into water without any treatment.

Minimising Water Pollution.
Following methods can be adopted.
1. Stabilisation of the Ecosystem.

The principles involved in this technique include reduction of the waste at
source, harvesting and removal of biomass, trapping of the nutrients, fish
management and aeration.

2. Using Water Hyacinth to Remove Water Pollutants.

Water hyacinth is extremely efficient in absorbing and concentrating dissolved
nutrients from water in which it lives. Introduction of this weed in the lagoon
enhances even-1000 times purifying capacity of water. Experimental studies have
shown that in a lagoon of 0.5 hectare having dense growth of hyacinth, with sewage
retention time of 15 days, the daily wastes of 1000 people can be effectively treated.
Water hyacinth is capable to absorb phenolic compounds commonly found in
domestic and industrial sewage. The phenols so absorbed are broken down and can
be utilized rapidly.

3. Chemical Methods.

Generally chemical precipitation, solvent extraction, electrodeposition,
ion-exchange, ultra-filtration and activated carbon adsorption systems are applied
to remove heavy metals. All these methods are extremely expensive.

4. Cooling Methods.

In some developed countries, thermal pollution abatement schemes are used to
control water pollution. These methods include once-through cooling, cooling
ponds, wet-cooling towers, evaporative towers and dry cooling towers,

5. Solar Power.

Solar energy is used for purifying the polluted waste water cheaply.
Experiments concluded that a combination of sunlight arnd a catalyst such as
titanium dioxide can dissociate chemical toxicants.



6. Removal of Phosphorus by Electrolysis.

In Norway, organic sewage is mixed with 10% of sea water and subjected to
electrolysis to remove phosphorus from sewage water. Phosphorus compounds in
sewage get precipitated as Ca or Mg phosphate. During electrolysis, these salts
along with sludge and suspended particles adhere to magnesium hydroxide at the
negative pole. Haz gas liberated during electrolysis makes the phosphate and sludge
to float on the surface as scum which can be scrapped off from the top layer.
Chlorine gas produced at the positive pole can be used for disinfection of the outlet.

7. Removal of Salits by Reverse Osmosis to Purify Water.

Various salts can be removed by reverse osmosis by forcing the waste water
through a semipermeable membrane under a pressure exceeding the osmotic
pressure. During the process, flow occurs in the reverse direction. The solvent is
attracted while the solute is repelled. The method is mostly applied to salinate the
brackish water and to purify water from sewage.

8. Removal of Chiorophenols.

Chlorophenols, used as wood preservatives, pollute surface and ground water.
Scientists at Tampere University of Technology, Finland used sand, vulcanite
mineral, silica based material, called celite R-633 and pumice to clean up
chlorophenol contaminated ground water. The method can remove 99.9% of
chlorophenol from ground water at 5°C temperature.

8, Recycling, Renovation, Recharge and Reuse (4R Concept) of Waste Water.

In developed countries the waste water receives some sort of treatment before it
gets mixed into water bodies. For example, urban sewage, sullage etc. may be
recycled and reused to generate cheaper fuel, gas and electricity. NEERE, Nagpur
has developed technology for reuse of waste water to provide cheap piped gas and
generate electricity by recycling waste water. Recently, one distillery in Gujaratis
effective in treating 450,000 litres of water daily and generating energy equivalent
to that produced by 10 tonnes of coal.

» WASTE WATER TREATMENT

OBJECTIVE.

The objective of municipal and industrial waste water treatment is to extract
pollutants, remove toxicants, neutralise coarse particles, kill pathogens so that
quality of discharged water is improved to meet the permissible level of water to be
discharged in water bodies or agricultural land. Treatment of water thus aims at
reduction of BOD, COD, eutrophication ete. of receiving water bodies and
prevention of bio-magnification of toxic substances in food chain. Various steps
involved in treatment of waste water are as follows.

1. Preliminary Treatment.

Screening. In this treatment debris, gross solids, grit, oil and grease are
removed by passing waste water through screens, grit chambers and skimming
tanks.

2. Primary Treatment.

Primary treatment of sewage removes 60% suspended solids, 30% COD, 35%
BOD, 10% P and 20% total nitrogen. It involves following processes.

(i) Sedimentation. About 50% suspended solids can be removed by
gravitational settling under quiescent conditions.
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(i) Mechanical Flocculation and Coagulation. Fine suspended solids
and colloidal particles are removed by passing waste water through clarifloceulator

_ and using coagulants like alum and polyelectrolytes.

(iii) Neutralisation. Highly acidic and alkaline waste waters are
neutralised by lime slurry or NaOH and Ha804 or CO2 respectively.

3. Secondary (Biological) Treatment.

The dissolved and colloidal organic matter in waste water/sewage is removed by

- aerobic or anaerobic processes. The effluent from primary sedimentation tank is

first subjected to aerobic oxidation in systems such as aerated lagoons, trickling
filters, activated sludge units, oxidation ponds etc. Then the sludge obtained in
these aerobic processes, together with that obtained in the primary sedimentation
tanlk, is subjected to anaerobic digestion in the sludge digester (Fig. 2). Secondary
treatment removes about 80% COD, 90% BOD, 30% P, 50% total N and oil, grease,
phenol, grit, scum etc.

Waste water

Screening

Undissclved and settleable solids,
grease and scum removed

1 ]

Primary sludge Effluent for secondary treatment
l : l CO,
Sludge thickening Air—\, Activated sludge 7
or drying | (Aerobic digestion)
l Return
L sludge

Anaerobic digestion Secondary sludge

[ ; "
or incineration Sedimentation

Effluent to
receiving water

Dissolved finely-suspended

I Sludge disposal I organics removed

Fig. 2. Flow diagram of sewage/waste water treatment plant.

[For details—Refer to commonly used Secondary (Biological) Treatment
processes for sewage and industrial waste water].

4. Tertiary Treatment.

" Tertiary treatment is the final treatment meant for polishing the secondary
effluents and removal of fine suspended solids, traces of organics and bacteria. The
sewage effluent from secondary treatment plant is introduced into a flocculation
tank where lime is added to eliminate calcium phosphate. The solution then enters
to NHj; stripping tower. Nitrogen present in waste water exists as NH; which is

converted to gaseons ammonium ion at high pH(11). Phosphorus is removed by
adding ferric chloride or aluminium sulphate. The remaining organic materials are
removed by desalination, ion exchange and finally chlorination is used for
disinfection.

The toxic, non-biodegradable chemicals in industrial waste water can be
removed by adsorption (on activated charcoal), ion exchange, ultra-filtration,
reverse osmosis and electrodialysis.



Commonly Used Secondary (Biological) Treatment Processes for Sewage and
Industrial Waste Water.

(A) Aerobic Treatment Processes.

Aerobie treatment is a process of oxidation and decomposition of bicdegradable
organic part of sludge by micro-organisms in special tanks in presence of oxygen
Aerobic processes are listed below.

1. Trickling Filters. Conventional trickling filters consist of a bed of crushed
stones or pebbles covered with biological slime. The waste water/sewage is
sprinkled over the bed packing (Fig. 3.). As the liquid trickles over the packing,
oxygen and the dissolved organic matter diffuse into the film to be metabolized by
the micro-organisms in the slime layer. The degraded products such as COz, NOz
ete. diffuse back out of the film and collected in the filter effluent.

Central
) support
Siphonic dosing tank Wires Distributing arms
| "}*ee‘ v > Wall
pip Filtering :
- media
Effluent channel — [
Effluent pipe

Fig. 3. Circular trickling filter.

Note. Although trickling filtration is an aerobic process, it is indeed a
facultative system. Aerobic bacterial species are present in the upper layer of the
filter while anaerobic species (Desulphovibrio) occur in the interfaces of rock
media. Flavobacterium and Micrococcus ete. are also present in the filters.

Advantages.

e Trickling filter has greater resistance to toxic waste as compared to
Activated sludge process and can recuperate more promptly from the
overdose of toxicants.

e Lowers TSS and NHs—N. BOD removal is 85%.

Disadvantages. Trickling filters are expensive. Their efficiency decreases
with Increasing load of waste water.

2. Activated Sludge Process (ASP). ASP is the most versatile continuous
flow flocculated growth process involving an aeration stage, solid-liquid separation
following aeration and a sludge recycle system. :

The effluent from the primary clarifier enters to aeration tank. Aeration tank
also receives bacterial flocs (active centres forming activated sludge) from the
secondary settling tank. After aeration and agitation, the waste water goes to
secondary settling tank. Here the micro-organisms utilise the oxygen and convert

the organic matter into stabilized, low-energy compounds such as NOj, SO4, COz

and synthesize new bacterial cells. The settleable solids settle at the bottom of the
tank. The sludge so produced is dewatered and disposed off in ocean or used in
croplands and pastures etc.
Meérits of Activated Sludge Process (ASP).
o Low retention time. BOD removal is upto 95%.
e ASP is used for the treatment of effluent from food processing, sugar
textile mills and antibiotic manufacturing industries.

Environmenial Pollution and
Global Environmental Issues

Self-Instructional Material 51




Environmental Science

52 Self-Instructional Material

Demerits of ASP.
e High cost of operation and maintenance.
e Huge sludge production and its disposal problem.
Synthetic detergents such as alkyl benzene sulphonates (ABS) and
polyethylene glycols are not susceptible to microbial degradation. They lead to
foam formation and make the process difficult. Antifoaming compounds are
used in such situations.
Recent modifications of conventional ASP include tapered or dispersed or
extended aeration, contact stabilization, simplex process, aeration rotor process,
lagooning and Swedish INKA process.

3. Autothermal Thermophilic Aerobic Digestion (ATAD). ATAD is a
sludge digestion technology that is capable of achieving a high degree of
stabilization and pathogen reduction. The thermophilic temperatures (40° to 70°C)
are attained by using the heat released by the exothermic microbial oxidation
process. About 15000 kJ of heat is generated per kilograms of volatile solids
destroyed. In thermophilic digester, the volatile solids break down into COs, H:0,
NH4HCOs: and heat is released.

In an aerated environment, the thermophilic temperatures are attained without
the addition of supplemental heat (other than the heat introduced by aeration and
mixing) by conserving the heat released during biological oxidation.

Advantages of ATAD Technology.
Volatile solid reduction is upto 50%.

e Destruction of all weed seeds make the biosolids highly suitable as a soil
amendment or fertilizer.

Disadvantages of ATAD Technology.
e High capital and operating costs.
e Poor dewatering characteristics of digested biosolids.

(B) Anaerobic Treatment Processes.

1. Anaerobic Digestion Process. In this process about 95% of biodegradable
waste is decomposed into biogas and the rest 5% into biomass. Three main steps are
involved in the breakdown of organic waste under anaerobic conditions.

i
water
Bicgas @
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ndustrial, domasstic Waler Treatment Liquid Post-treatment
Slurries—sewage, Anaerobig - SHvents rretods
liquid manure r
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Recovery of
fertilizers
Biorass NHj sals,
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Fig. 4. Anaerobic waste treatment and recovery technology.
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Acetogenic steps
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These steps are hydrolysis of biopolymers to monomers, fermentation of
monomers to volatile acids and methanogenesis (Fig. 4). Microbial species that act
as tiny automatic chemical reactors in anaerobic degradation are : Actinomyces,
Citrobacter, Escherichia and Miecrococcus ete.

2. Upflow Anaerobic Sludge Bed (Blanket) Reactor (UASB) Process.
UASB process is based on'the settleability of microbial flocs to produce a region at
the bottom of the digester where very high biomass concentration can be
maintained. The effluent is fed in the bottom of UASB (Fig. 5) into the base of the
sludge blanket. UASB process is simple, low-cost and best for waste water
treatment with recovery and reuse.
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Fig. 5. Upflow anaerobic sludge blanket (UASB) reactor.

Anaerobic waste water treatment is preferred to other processes for
the reasons.
7 e Dnergy (biomass) is produced instead of waste products.
e Cheaper than aerobic process in respect of treatment of medium and high
strength waste waters (COD, 1500 mg L-1).

o UASB can be considered as the core of a very promising environmental
protection and resource recovery concept.

* PURIFICATION OF WATER FOR MUNICIPAL PURPOSES

The processes used in the treatment and purification of water are listed below :

1. Aeration. The raw water is first aerated by bubbling compressed air. This
removes bad odours and CO, while Fe and Mn salts get precipitated as their
hydroxides.

2. Sedimentation. The water is then allowed to stand in large settling tanks.
Some of the heavier impurities present in water agglomerate and settle down by
gravity.

3. Coagulation. The suspended impurities are removed by coagulation using
alum, FeClz, lime or soda ash. The coagulant sodium aluminate removes
HCOj3,Cl , SOi_ responsible for temporary and permanent hardness of water, By

I3
coagulation, turbidity is reduced to 20 ppm and bacterial load by 5%, thereby
bringing about partial clarification of water.

4. Flocculation. The process of coagulation can be intensified by adding
floceulants such as polyacrylamide, starch and activated silica.

5. Filtration. The partially clarified water is then filtered through sand
gravity filter.

6. Disinfection. The elimination of offensive cdour caused by dissolved
organic substances in water are done by ozonization, chlorination, aeration,
coagulation and ultra violet light treatment.
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7. Ozonization. The water is treated with ozonised oxygen. Ozone sterilizes,
bleaches, decolourises and deodorises water. Highly palatable water is sterilised
with ozone but the cost involved is very high.

8. Chlorination. Chlorination is the best and cheapest method of sterilization
of water. For chlorination, chlorine may be used directly in the liquid form or
hypochlorates of calcium and sodium, e.g., bleaching powder. It kills viruses and
bacteria. The purified water is then supplied by municipalities through pipes for
domestic purposes.

* SOIL POLLUTION

INTRODUCTION.

With rapidly advancing technology, man’s impact upon the world of natural
resources is beginning to prove overwhelming. Rapid urbanization, with the
consequent increase in population and building construction, has resulted in the
reduction of lands for the wastes to be disposed. Every year solid wastes are
increasing tremendously all over the world. Several hazardous chemicals and the
mountains of wastes are ultimately dumped on the lands. Dumping of industrial
and municipal wastes causes toxic substances to be leached and seep into the soil
and affects the ground water course (Table 3). Modern agricultural practices
introduce numerous pesticides, resulting in severe biological and chemical
contamination of soil. Indiscriminate deforestation, digging for minerals,
destruction of grazing lands for human habitation have done irreparable damage to
the land and even led to harsh climate changes. Some of the dangers posed to soil
pollution are due to the fact that while number of earth’s inhabitants are
increasing, the earth’s natural resources are by and large fixed as well as limited.
However, the problem of s0il pollution differs from air and water pollution in
the respect that the pollutants remain in direct contact with the soil for relatively
longer periods. Thus the soil is getting heavily polluted day by day by toxic
materials and dangerous micro-organisms which enter the air, water and the food
chain.

Table 3. Nature of pollutants in soil.
Source Gases Colloids | Suspended | Dissolved Dissolved
particles cations anions
Soil CO, Clay Clay Na*, K*, | co2- HCO=. OH-
Fe,04 sand or 1 o RS
; Ca“’, Mg
A|203 silt ! ’ 1= 502_ F~
MnO, MnZ*, co2t, | © +S%
Fe3*
Decomposed | SO, Hy, NHs, Organic Humus, H*, Na*, Organics,
organic matter |  CH,, CO, waste organic . o
materials wastes NH, NO3,805 . cl

Solid waste, often called the third pollution after air and water pollution, is
that discarded material which arises from human activities. The annual solid
waste production is : domestic and trade 8.5%, industries 15.2%, thermal power
stations 7.3%, mining 67% and construction 2%.

+ CAUSES OF SOIL POLLUTION

1. Industrial wastes 2. Urban wastes
3. Radioactive pollutants i 4. Agricultural practices
5. Chemical and metallic pollutants 6. Biological agents



1. Industrial Wastes.

Industrial effluents are mainly discharged from pulp and paper mills, chemical
industries, oil refineries, sugar factories, tanneries, textiles, steel, distillaries,
fertilizers, pesticide industries, coal and mineral mining industries, metal
processing industries, drugs, glass, cement, petroleum and engineering industries
etc. It has been estimated that about 50% of the raw materials ultimately become
waste products in industry and about 20% of these wastes are extremely
deleterious polluting the soil.

2. Urban Wastes.

Urban wastes comprise both commercial and domestic wastes consisting of
dried sludge of sewage. All the urban solid wastes are commonly referred to as
refuse. This refuse contains garbage and rubbish materials like plastics, glasses,
metallic cans, fibres, paper, rubbles, street sweepings, fuel residues, leaves,
containers, abandoned vehicles and other discarded manufactured products
contributing to soil pollution. -

It is estimated that in India alone, about 450 million of urban population
produces nearly 45 million tonnes of solid wastes causing chronic pollution of land
and water. In critically polluted cities like Mumbai, Kolkata, Kanpur and Madras,
about 8000 tonnes of waste material collects in a day. Delhi, which is the third
most polluted city, collects about 9000 tonnes of garbage from its streets every
day, to be thrown into its five land fills, thereby polluting the land areas.

Urban domestic wastes though disposed off separately from the industrial
wastes, can still be dangerous. This is so because they can not be easily degraded.
Over population and increasing consumption have totally changed the very
complexion of domestic wastes into a complex mixture. The leachates that ooze out
of the garbage heap, contain poisonous gases along with the partly decomposed
organic material thereby causing soil pollution.

3. Radioactive Pollutants.

Radioactive substances resulting from - explosions of nuclear devices,
atmospheric fall out from nuclear dust and radioactive wastes penetrate the soil
and accumulate there creating land pollution. Radionuclides of radium, thorium,
uranium, isotopes of potassium (K-40) and carbon (C-14) are very common in soil,
rock, water and air. Explosion of hydrogen weapons and cosmic radiations
induce neutron-proton reactions by which nitrogen (N—15) produces C—14. This C14
participates in the carbon metabolism of plants which is then introduced into
animals and man. Radioactive wastes contain several radionuclides such as
strontium—90, jodine—129, cesium-137 and isotopes of iron which are most
injurious.

Rain water carry Sr—90 and Cs—137 to be deposited on the soil, where they are
held firmly with the soil particles by electrostatic forces. Soil erosion and heavy
rains carry away the deposited Cs—137 and Sr-90 with the silt and clay. All these
radionuclides deposited on the soil emit gamma radiations. Recently it has been
indicated that some plants such as lichen and mushroom can accumulate Cs—137
and other radionuclides which concentrates in grazing animals [Also refer-to
Nuclear pollution in the same Unit].

4. Agricultural Practices.

Today with the advanced agro-technology, huge quantities of fertilizers,
pesticides, herbicides, weedicides and soil conditioning agents are employed to
increase the erop yield. Apart from these, farm wastes, manure slurry, debris, soil
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erosion containing mostly inorganic chemicals are reported to cause soil pollution.‘
USA alone produces about 18 million tonnes of agricultural wastes every year.

5. Chemical and Metallic Pollutants.

A number of industries including textiles, pesticides, paints, dyes, soap and
synthetic detergents, drugs, cement, petroleum, paper and pulp, electroplating and
metal industries pour their hazardous effluents in soil and water creating
disastrous effects on living organisms. Today various trace elements such as Fe,
Co, Ni, Cu, Zn, Ba, Pb, V, Mn, As, Hg, Mo and silicon are being added to the soil in
one or the other form. Mn and Fe oxides have a tendency to concentrate trace
metals by isomorphous replacement of ions. In many soils 50 to 100% of seil carbon
is found complexed with clay containing organic and inorganic components which
affect the soil texture, its fertility and stabilization of soil organic matter.

6. Biological Agents.

Soil gets large quantities of human, animals and birds excreta which constitute
the major source of soil pollution by biological agents. The pathogenic organisms
that pollute the soil may be classified into three categories as follows :

(1) Pathogenic organisms occurring naturally in contaminated soil such as
bacteria, fungi, algae, protozoans.

(1) Pathogenic organisms excreted by man.
(iti)) Pathogenic organisms excreted by animals.
7. Soil Sediments as Pollutant.

Soil sediments refer to the depositions of trace metals such as Hg, As, Sb, Pb, Cd,
Ni, Co, Mo, Cu and Cr. The process of sedimentation is a comprehensive natural
geomorphological process which operates through the chain of erosion of soils,
transportation of sediments (eroded material) and deposition of these eroded
materials in different paths of water bodies. Sediments thus consist of soil and
mineral particles washed from the land by storms and flood waters from crop lands
and over grazed pastures.

Unscientific agricultural and forestry practices, uncontrolled dumping of
terrestrial effluents, mismanagement of water sheds, ship mining and dredging,
construction of dams, roads, reservoirs, overgrazing, infra structural projects and
other practices contribute to sedimentation and soil pollution.

* DETRIMENTAL EFFECTS OF SOIL POLLUTANTS

Soil pollution is the result of industrial technoclogical revolution and speedy
exploitation of every bit of natural resources. Recently, a report published by
SOCLEEN (Society for Clean Environment) on the ecology in Chembur area of
Mumbai, India has revealed how recklessly man can exploit his land and
environment. In Chembur, trees without leaves, buds and flowers are commonly
seen due to soil pollution. Residents of the area have complained that they can
neither grow flowers on the balconies nor vegetables in their gardens. The chief
contributors to such a polluted atmosphere are FCI and Tata Thermal Plants which
emit and add 1000 tonnes of toxic matters to the soil.

Effects of Industrial Pollutants.

e Industrial effluents when discharged through sewage system will poison the
biclogical purification mechanism of sewage treatment causing several soil
and water borne diseases. Most of these pathogens are insusceptible to
degradation and are injurious to health.



e Some of the trade wastes contain pathogenic bacteria. For example,
pathogen Anthrax bacilli is present in tannery wastes. Chemicals either
emitted into air or applied by aerosol spray ultimately reach the soil where
they have significant effect on plants and animals causing disruption in
plant species.

Effects of Urban Waste Products.

e Urban wastes cause offensive odour and clogging of ground water filters.
Suspended matter in sewage can blanket the soil, thereby interfering with
the soil moisture. .

Effects of Radioactive Pollutants.

The problem of radivactive wastes dumped into the soil is more complicated.
This is so because every radioactive element like radium, uranium, thorium and
plutonium etc. can remain active in soil for thousands of years. Since the
radioactive wastes are produced in'tremendous quantities and have a high
activation energy, they create an extremely difficult public health problem.

o The aquatic flora and fauna used as food by man could accumulate
dangerous amounts of radio-isotopes causing disruption of metabolic
changes and physiological disorders.

e Radioactive pollutants can produce great human misery. When food
containing radionuclides is taken by man, some of them concentrate in
specific body organs where they cause a number of undesirable diseases of
digestive tract. Even the thyroid gland is damaged due to accumulation of
lodine. Cs-137 is taken by body in place of potassium.

Effects of Pesticides.

Modern agriculture rely heavily on pesticides. Although these chemicals
enhance vegetation but they disrupt the natural ecosystem.

e Pesticides not only pose a potential hazard to man, animal, fish and
livestock but they severely affect the desired yield of crop and soil. Even
the accepted dose of pesticides create deleterious effects on soil fertility.
According to a report Death in the Grab of Pesticides, pesticides spread
most alarmingly in the environment through migration. They are washed
off from the crops into the water, enter water bodies, penetrate with
fodder, animals and hence food stuffs, In India, 35000 to 40000 tonnes of
hazardous chemicals are sprayed on the agricultural crops each year.

o Pesticides retained in soil concentrates in crops, vegetables, cereals and
fruits which taint them to such an extent that they are not useable.

e Various vegetables, fruits, rice, grain, wheat, gram, barley and maize are
known to contain significant amount of DDT, BHC and other
organochlorine pesticides. They persist in the soil producing long term
effects on vegetative cover. Poly chlorinated biphenyls (PCBs)
accumulate in the soil and plants which ultimately enter inte human
bodies.

e Persons who used vegetables contaminated with 0.5 g or more PCBs
developed darkened skin, eye damage and severe acne. DDT accumulates
in the food chain. It is continuously recycled in living systems.

e Pesticides like DDT, endrin, dieldrin, heptachlor etc. are known to seep
gradually through soil into ground water and eventudlly contaminate
public drinking water supplies. A

o Herbicides and chlorinated pesticides are very potent pollutants of the soil

and affect soil texture and function of the ecosystem. Many of these have

longer lasting effects and if used indiscriminately may be suicidal for
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people. Even certain herbicides, such as dioxan is found to cause 'congenital _
birth defects in offspring of experimental female. Their excessive use has also
resulted in defoliation of forests adversely affecting flora and fauna. ’

e Organophosphate pesticides cause extreme muscular weakness tremors and
dizziness in poisoned animals.

e Many hunting birds feeding on grains, particularly contaminated with high
levels of DDT, are threatened with extinction.

e People in contact with pesticides, such as, farmers, farm workers and
agriculturists are much more prone to be poisoned by them. Their excess
absorption leads to greater accumulation of acetylcholine in the body. Chronic
absorption damages liver, kidney causing malfunctioning, excess of amino acid
in urine and blood abnormalities. -

e Pesticides cause several disastrous effects. In Indiaon December 3,1984ina
tragic accident at Bhopal, about 3,000 to 4,000 people died and thousands
suffer chroniecally from serious-diseases of eye, skin, lung, brain etc. due to

—  methyl isocyanate (MIC) leakage béing manufactured by Union Carbide.
Today children born have to start their life with a body burden of pesticides
which increases with age. =

Effects of Biological Agents.

Soil inhabit distinetivé flora and fauna, such as, bacteria, algae, fungi, protozoa,
rotifers, nematodes, earth worms, actinomycetes and several pests which make
the biological system of soil complex. Some organisms also help in maintenance of
soil fertility while majority of the micro-organisms act as chronic pollutants. Soil
has been a potential carrier of microbial growth, non- bmdegradable matters and
pathogens which can endanger human health and life.

e Pathogenic soil bacteria are chronic disease earrier which are transmitted
from man to soil or vice versa causing cholera, typhoid, bacillary dysentery,
paratyphoid fever ete.

e The eggs of parasitic worms helminthes get incubated in the soil, these eggs .
and larvae are hlghly infective.

. Geohelmmthes are reported to suck vitamins and proteins from the intestinal
nutrients of the host. Such absorption of essential nutritional constituents
results in severe malnutrition,

e Fungi and actinomycetes—the saprophytes normally develop in soil or
vegetation. They cause most serious subcutaneous and systemic mycoses.

e Some bacteria and fungi in soil secrete growth hormones that affect root
growth. Antibiosis microbes in soil produce antagonistic effect through
metabolic products which may inhibit the growth of symbiotic bacteria.

Effects of Soil Sediments.

o Suspended sediment is usually eroded top soil and is the most fertile portion of
the soil. Eroded soil is deteriorated and the carried top soil could deposit in
places where fertility is a liability.

e Water reservoirs can be filled by sediments and decrease their storage-
capacity. Tarbela Dam Reservoir in Pak, world’s largest, has a silt load of
about 16 times larger than predicted by dam’s engineers.

e In India, Kosi canal has been so heavily silted in its 20 years existence
(because of overgrazing its watershed) that it now provides water to only few
irrigation areas. It has reduced from 570,000 hectares to 81,000 hectares.

e Sediments adversely affect the physical and chemical compos1t10ns of water. It

" carries numerous jons (e.g., Na*, K*, NO3, Cl-, SOi and PO 7) from the

agricultural fields contaminated with pesticides.



e Sediment causes eutrophication in the whole stretch of water bodies
affecting severely aquatic life. It makes water unfit for municipal water
supplies and for industrial purposes. '

e Excessive suspended load of clay and silt in the river water damages

turbines which are used to generate hydroelectricity.

« CONTROL MEASURES OF SOIL POLLUTION

With the rapid pace of industrialization and increasing population density,
numerous pollutants have posed a serious threat on living organisms. Extensive
solid wastes and the use of biocides et¢, have pl_it the interest of agriculture and
aqua-culture at cross purposes.

The various approaches to control the soil pollutlon are as follows :

1. Production of Natural Fertilizers. Organic wastes contained in
animal’s dung can be used for preparing compost manure and biogas rather than
throwing them wastefully polluting the soil. The use of bio-pesticides should be
encouraged in place of toxic pesticides.

2. Ban on Toxic Chemicals. Ban should be imposed on chemicals,
biocides, highly resistant pesticides which are fatal to plants and animals.

3. Using biodegradable organic wastes for the generation of biogas. Night
soil (human faeces) and cattle dung can be used in the biogas plant to produce
inflammable methane gas.

4. Microbial degradation of biodegradable substances is one of the
scientific approaches for reducing soil pollution.

5. Recyeling of trees can also prevent soil pollution.
Other Control Measures are :

1. Launching extensive afforestation, community forestry programmes
and implementing deterrent measures against deforestation.

2. Conservation of soil to prevent the loss of precious top scil from erosion
and to maintain it in a fertile state for agricultural purposes.

3. Sponsoring more intensive R and D efforts on bio-fertilizers, utilization
of wastes by recovery, reusing and recychng solid wastes, safer treatment and
disposal of hazardous wastes.

4. Security land fills have to be constructed for permanent disposal of
hazardous and recalcitrant industrial wastes.

5. Transforming intensive agriculture into a sustainable system by
measures such as

(i) Maintaining a healthy soil community in order to regenerate soil
fertility by providing organic manures, increasing fallow periods,
avoiding excessive use of chemical fertilizers.

(i) Infusing biodiversity in agriculture by sowing mixed crops and crop
rotation. -

6. Effective treatment of domestic sewage by suitable biological and
chemical methods and adopting modern techniques of sludge disposal.

7. Municipal wastes have to be properly collected by segregation, treated
and disposed scientifically. Recycling of glass, paper, plastics should be done
carefully. .

8. Industrial wastes have to be properly treated at source, by segregation
of wastes or adopting integrated waste treatment methods. Basie slag, the major
byproduct of steel industries, can be used for making nitrophosphatic fertilizer.
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9. Enforcing environment audit for industries and promoting eco
labelled products.

10. Implementing stringent and pro-active population control programmes.

11. Formulation of stringent pollution control legislation and effective
implementation with powerful administrative machinery.

12, Imparting informal and formal public awareness programmes to
educate people at large regarding health hazards and undesirable effects due to
environmental pollution. Mass media, educational institutions and voluntary
agencies should be involved to achieve these objectives.

13. Extending market support for recoverable products through fiscal
concessions.

* MARINE POLLUTION

Marine pollution is defined as the discharge of waste substances into the sea
resulling in harm to living resources, hazards to human health, hindrance to fishery
and impairment to quality for use of sea water. Marine pollution is associated with
the changes in physical, chemical and biological conditions of the sea water. This
water is also unfit for human consumption and industrial purposes because of high
salt content. Chemically it is a solution of 0.5 m NaCl and 0.005 m MgSQO,
containing traces of all conceivable matter in the universe. Like the land, the air,
the rivers, the lakes, our seas and oceans also suffer from pollution.

» CAUSES OF MARINE POLLUTION

e Rivers carrying the pollutants from their drainage basins finally pour them
into the sea contributing to marine pollution. These include sewage sludge,
synthetic detergents, agrochemicals, metals, waste heat from thermal and
nuclear power plants.

o Tankers transporting oil add significantly to oil pollution. Earlier ballast
water containing residual oil from tankers was released into the sea. Now the
oil floating on ballast water is removed by newly designed
load-on-top-tankers before ballast water is let-off.

e Oily wastes from petroleum, refinery, lubricating oil using industries,
automotive wastes, accidental damages to offshore, disposal of drilling muds,
shipping operations at the coastal belt, ship accidents add to extensive marine
pollution.

e Oil spills mixed with sullage, silt, plastics, pesticides and insiduous toxic
compounds are pervasive and complex the pollution problems in sea.

e An important source of marine pollution is the leakage of toxic substances,
radionuclides etc. from large containers which are dumped in deep sea
considering sea to be a better disposal site than land.

» EFFECTS OF MARINE POLLUTION

Oil pollution in water has been an inevitable consequence of the dependence of
rapidly growing population on oil based technology. World’s ocean system has been
subjected to 1951 cases of oil spills between 1975 and 2010. A total of 5432000
tonnes of o0il has been split into the ocean. The detrimental effects of 0il in sea water
are as follows :

1. Effects on Marine Ecosystem.,

o Extensive spreading of oil in sea water affects the floating plantation severely.
In areas of oil exploration, fishing gear and craft operations get critically
affected by crude oil and lumps of oily tar.




Waste from oil refineries and discharged petroleum from ships cause
heavy damage to fishery. Recently, heaps of dead fish were washed ashore
between Dabolim and Velcao coast in Goa.

Direct oil coating unable the.fishes to respire and clog their gill slits.
Soluble aromatics present in oil acutely affect the aquatic organisms by
disrupting their biclogical, physiclogical and behavioural activities.

Sub-lethal dose, i.e., 1 to 100 ppb of oil component disturbs chemical
sensing and communication system of marine organisms.

Hydrocarbons in oil get incorporated in body tissues of marine animals.
They cause anaesthesia and necrosis in a wide variety of lower animals.
Studies conducted on oil spills close to sea shore revealed the immediate
massive destruction of marine life like fish, worms, crabs, invertebrates
and lobsters etc. .

0il pollutants may block the taste receptors of organisms and may mimic
the natural stimulation which gives rise to false responses to organisms.
Emulsified oil may reach the bottom of sea damaging aquatlc animals and
plants. Oil may serve as a concentration medium for fat soluble poisons
like pesticides, These poisons may seriously accumulate in aquatic b1ota
posing deleterious effects.

N\

2. Effects on Man.
(il in marine water also affects man critically in the following ways :

Liquid paraffins can remove oil from exposed skin causing dermatitis,
leukopenia and pneumonia in lung tissues.

Crude oil contains sulphur compounds, small amount of nitrogen, little
olefin, metals like iron, nickel and vanadium. These are extremely lethal.
Carbonyl sulphide is dangerously poisonous. Actually it dissociates to
hydrogen sulphide which acts on central nervous system resulting in
death mainly from respiratory paralysis.

3. Effects on Birds.

Ironically the oil that drives millions of vehicles around the world, sometimes
drives countless birds and animals to a most eruel death.

Birds are specially vulnerable to damage from o1l coating. The spilled oil
break down their natural insulating oils and waxes which shield the birds
from water. Ultimately they lose insulation, start shivering and may
freeze to death in winter. About 25,000 birds died in Torry Canyon
incident,

Oil spilling in sea water causes abnormally low body temperature in birds
resulting in hypothermia. Nearly 150 rare species of bald eagles also
became victims, when they ingested oil during Exxon Valdez accident,
scavenging oily sea birds carcasses.

About 100 sea otters died when their fur became saturated with oil by
losing insulation. Several birds suffered from respiratory ailments, liver
and kidney damage caused by ingesting oil while cleaning their coats.

* CONTROL MEASURES OF MARINE POLLUTION

Several methods have been devised to deal with oil floating on the sea.

1. Dispersion. Dispersion of oil is most satisfactory method for removing oil
from the sea surface. A dispersant contains a surfactant, a solvent and a stabilizer
which cause the oil to spread farther and disperse. The solvent enables the surface
active agents to mix with it and penetrate into the 0il slick forming emulsions. The
stabilizer fixes the emulsion and prevents it from coalescing once it is formed.
Dispersion increases the slick surface area increasing microbial decomposition.
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Although dispersants are effective in diffusing a oil slick, these chemicals are toxic
to aquatie biota.

2. Evaporation. Evaporation removes about 50% of oil during an oil slick’s life
time. Low boiling hydrocarbons such as beuzene, toluene and xylene are lost
rapidly from the water surface. Much of the oil that evaporates is photo-oxidized in
air while some of it may return to the seas as atmospheric fall out. Photolysis and
physico-chemical changes in oil cause it to coalesce forming tar balls which
would sink in water decreasing its toxicity.

3. Emulsification. It is an effective weathering process in which water is
incorporated into the floating oil forming a water-in-oil emulsion. Since emulsified
oil droplets sink in water body, oil stays in water with its toxic components like
benzene, toluene or xylene entering the food chain with disastrous long term
effects.

4. Absorbents. An oil spill can be cleaned up by using absorbents such as
peat, moss, saw dust, straw and pine bark etc. Synthetic absorbents include
polystyrene, polyethylene, polypropylene and polyurethane which are quite
promising. On applying to the oil slick, they absorb the oil and prevent it from
spreading. When the absorbent material is removed from the water, the oil also
gets removed. -

5. Using chemical additives. Chemieal additives can be used to solidify oil
from water surface. Mechanical methods involving the use of additives and

. skimmers have been satisfactorily used to remove oil slicks.

6. Floating booms. Now floating booms are in common use in harbours and

- areas where transfer of petroleum products oceur.

7. Improved navigation aids. Hazard warning instrumentation and
offshore drilling operations can effectively protect the water from oil pollution.
Development-of submerged pyramid shaped canopies to cover the drill hole area,
use of mechanical or pneumatic (air curtain) walls around the drill site and
physical encapsulation of drill and its hole can be suggested to escape from the
pollution hazards of sea water.

8. Using micro-organisms in oil clean up. Microbes can be deployed as
voracious scavengers removing all kinds of oil pollutants. Various varieties of
Pseudomonas can consume esteric compounds and hydrocarbons from the oil. The
gene secreting enzymes are found on plasmids, small and
semi-autonomous rings of DNA. Some microbes can ingest dispersed oil
droplets and subsequently deposit them as faecal pellets.

Other Control Measures.
o Toxic effluents from industries and sewage treatment plants should not be
discharged in coastal waters.

¢ Dumping of toxic, hazardous wastes, sewage sludge and oil ballast should be
banned. :

e 0il and grease from service stations should be processed for reuse.
e Developmental activities on coastal areas should be minimized.

* NOISE POLLUTION

Noise is a normal phenomenon of life and is deemed to be one of the most
effective alarm system in man’s physical environment. The word noise is derived
from the Liatin word nausea, meaning a feeling of sickness at the stomach with an
urge to vomit. Noise is defined in a number of ways.

e Noise is unwanted, unpleasent or disagreeable sound that causes discomfort.

e Noise is the wrong sound, in the wrong place at the wrong time.



- A partlcular sound may be musical to one but noise to another, pleasent when Environmental Pollution and
soft but noise when loud, random or prolonged. So the question is why the sound Global Environmental Issues
which at one place or time gives soothmg touch to the ear becomes noise and
irritating on another occasion.

Noise pollution may also be defined in several ways.

e Any unwanted electromagnetic signal that produces a- jarring or
displeasing effect and which inierferes with human communication,
comfort and health.

e Noise pollution is the unwanted sound dumped into the environment
without regard to the adverse effect it may have.

e Hell created by Bel (undesirable sound) is referred to as noise pollution.

e Noise pollution like smog is a slow agent of death.

» CAUSES OF NOISE POLLUTION

Noise is either natural such as thunder or man made. The main sources of
man made noise in urban areas are mechanised automobiles such as trucks, buses,
motors, scooters, fire engines, police cars, ambulances etc., factories, industries,
trains, aeroplanes and accessory noise producers such as horns, sirens, loud
speakers, musical instruments, TV, radio, transistors, shouting, barking of dog etc.
Man made noise also includes social gatherings, marriage and birthday functions
etc. Noise sources may be classified into following categories.

1. Occupational or Industrial Noise.

High intensity sound or noise pollution is caused by many machines of
numerous factories, industries and miils. Tndustrial noise, particularly from
mechanical saws of pneumatic drill is unbearable and is a nuisance to public. For
example, in the steel industry, the workers near the heavy industrial blowers are
exposed to 112 dB for eight hours and suffer from the occupational pollution.

Table 4. Standard for noise levels (dB). i
Industrial source | Noise Industrial source Noise | Industrial source | Noise
level level - level
Steel plate riveting 130 Newspaper press 101 Textile loom 112
Boiler maker shop 120 High speed drill 85 Farm tractor 103
Circular saw 110 Oxygen torch 126 Milling machine 90

2. Transport Noise.

It mainly includes road traffic noise, rail traffic noise and air craft noise. The
number of road vehicles like motors, scooters, cars, buses, trucks and particularly
the diesel engine vehicles have increased enormously.

People live in an environment of noise generated by blasting horns, rumbling
tyres and screeching brakes. Awful road conditions mainly contribute to the misry.
Road traffic noise varies depending on a number of operating factors of vehicles,
traffic density and the hour of day. Heavy diesel engined trucks are the noisiest
vehicles on the roads.

Traffic noise is accurately measured in dB and noise levels given on the Ly,
(18 hour) index. The limits for diesel or petrol engined cars are 70 dBin UK, 83 dBin
France, 70 dBin Switzerland and 80 dBin India. The Central Pollution Board, India
has prescribed permissible sound levels for cities and divided them into four zones.

Areas Sound level, dB Areas * Sound level, dB
Industrial . 75 Commercial 65
Residential 50 Sensitive areas 45
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3. Neighbourhood Noise.

This type of noise includes disturbance from house hold gadgets and community.
Common noise makers are musical instruments, TV, VCR, radio, transistors,
telephones, washing machines, vacuum cleaners, fans, mixers, coolers, air
conditioners etc. Even since the industrial revolution noise in environment has
been doubling every ten years.

4. Indoor Noise and Cutdoor Noise.

Indoor noise is created in the adjacent room or in the same room where noise is
noticed. Examples of indoor noise are crying of babies, banging of doors, movement
of furniture, conversation of the occupants etc. The outdoor noise is created from
nearby streets. The largest source of outdoor noise is automobile traffic,

* EFFECTS OF NOISE POLLUTION

Physiological and Psychological Effects of Noise.

e Noise pollution affects human health, comfort and efficiency. It causes
contraction of blood vessels and makes the skin pale.

e It causes muscles to contract leading to nervous breakdown, tension and even
insanity.

e Noise effects are anxiety, stress reactions and fright. These adverse reactions
are coupled with a change in hormone content of blood, which in turn produces
increased rate of heart beat, constriction of blood vessels, digestive spasms and
dilation of pupil of eye. _

e It may cause damage to heart, brain, kidney, liver and may also produce
emotional disturbances.

¢ Loud sounds can cause an increased secretion of hormones of pituitory gland,
i.e., Adreno Cortico Tropic Hormone (ACTH). ACTH in turn stimulates the
adrenal gland. Through a variety of influences, these hormones trigger various
effects, such as, enhancement of sensitivity of the body to adrenalin, increase
of blood sugar levels, suppression of immune system and decreasing the
efficiency of liver to detoxify blood.

e Auditory fatigue appears in the 90 dBassociated with whistling and buzzing in
ears. Temporary deafness occurs at 4000—6000 Hz, and this effect is known as
Temporary Threshold Shift (T'TS). Permanent loss of hearing occurs at
100 dB due to continuous noise exposure. Under such conditions, the auditory
threshold shift is called Permanent Threshold Shift (PTS).

e Besides chronic hearing loss, there may be instantaneous damage or
accoustic trauma which may be caused by very high intensity impulsive
noise resulting from an explosion or sudden excessive noise of more than
150dB.

e Impulsive noise also cause psychological and pathological disorders.

s Physiological disorders are also developed due to imbalance in functioning of
body systems and due to continuous exposure to noise. These are neurogsis,
insomnia, hypertension, hepatic diseases, giddiness, peptic ulcers, undesirable
change in gastro intestinal activities, behavioural and emotional stress.

o Noise and physical vibrations from hand held tools may cause severe effects
often described as white fingers, dead hands or Reynaud’s phenomenon or
pneumatic drill disease. Pain, cyanosis (blue colouration) and numbness of
finger results from moderate vibrations while damage to bones and joints in
the hands with swelling and stiffness can be caused by severely high
vibrations. :



e Ultrasonic sound can affect the digestive, respiratory, cardio vascular Environmental Pollution and
systems and semicircular eanals of the internal ear, Global Environmental Issues

e Brain is also adversely affected by loud and sudden noise, such as, that of
jet and aeroplane noise etc. People are subjected to psychiatric illness. It
is also injurious to the health of pregnant woman and foetus.

e It has been reported that blood is also thickened by excessive noises.
Changes in breathing amplitude have also been reported due to impulsive
noise. -

e Noise causes eosinophilia, hyperglycaemia, hypokalaemia and
hypoglycaemia by a change in blood and other body fluids.

e The high intensity pulse of sound has its worst effect on the nervous
system and also affects psychomotor performance.

e Our optical system is also a prey for noise pollution. Pupillary dilation,
impairment of night vision and decrease in the rate of colour perception
are some of its severe effects.

e Noise is responsible for disturbing the whole biological system. The
internal wreckage caused by shriek of siren or the roar of a jet engine
includes gastric ulcers and thymus gland atrophy.

e Sonic boom produces shock waves moving faster than the speed of sound.
Sonic boom is the worst killer of peace than noise. Experiencing it is
like living inside a drum beaten by an idiot at insane intervals.

o Even the non-living things such as buildings undergo physical damage by
cracks, broken windows, doors and glasses etc. by sudden and explosive
sounds.

* CONTROL MEASURES OF NOISE POLLUTION

The following approaches are available for noise control :

1. Modifying some of the present practices and procedures in order to
minimise the noise. For example, reducing automobile traffic, outlaying sirens,
discouraging stereos without headsets, using glue instead of rivets, etc.

2. Shielding the sources of noise generation. For example, use of
sound-absorbing motor mountings, better installation, better design, use of motor
enclosures, vibration damping or absorbing materials in automobiles and
dishwashers, etc.

3. Shielding the noise receiver, i.e., using earplug, ear muffs, helmets,
control booths, etc.

4. Shifting noisy sources and things away from peaple, for example,
isolating airports, industrial complexes, etc.

5. Using acoustic enclosures, mufflers and sound absorbing silencers.
Noise in industrial establishments can be controlled by using acoustic screens,
flexible couplings, hoses, quieter valves, unidirection fan and by effective
implementation of administrative and engineering controls.

* THERMAL POLLUTION

INTRODUCTION.

The term thermal pollution has been used to indicate the detrimental effects of
heated effluents discharged by thermal, coal fired, atomic and nuclear power
plants. It denotes the impairment of quality and deterioration of aquatic and
terrestrial environment. ‘
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Thermal pollution may be defined in the following ways.

e Thewarming up of an aquatic ecosystem to the point where desirable organisms
are adversely affected.

e Addition of excess of undesirable heat to water that makes it harmful to man,
animal or aquatic life, or otherwise causes significant departures from the
normal activities of aquatic communities in water.

o Heated effluents, either from natural or man made sources, contaminated with
water supplies, may be harmful to life because of their toxicity, reduction in
normal oxygen level of water, aesthetically unsuitable and spread diseases
[WHO].

o Thermal pollution is a by-praduct of rapid and unplunned industrial progress
and over population.

« CAUSES OF THERMAL POLLUTION

1. Nuclear Power Plants.

Nuclear power plant toxicants, including drainage from hospitals, research
institutes and traces of toxic radionuclides discharge unutilized heat into nearby
water streams. The operation of power reactors and nuclear fuel processing units
constitute the major contributor of heat in the aquatic environment. In addition,
accidental leakage of radiation from nuclear reactors in water raise the
temperature of surrounding aquatic system. Heated effluents from power plants
are discharged at 15°C higher temperature than the coolant receiving waters
thereby causing thermal pollution.

2. Coal-fired Power Plants.

Some thermal power plants utilize coal as fuel, while a few plants use nuclear
fuel. The condenser coils of coal-fired power plants are cooled with water from
nearby lake or river and discharge the hot water back to the stream increasing the
temperature of water to about 15°C. -

3. Industrial Effluents.

Heat producing industries, i.e.,, steam-electric power industry, thermal or
nuclear power plants, refineries, steel mills etc. are the major contributor of
thermal pollution. These industries utilize only 1/3 of the energy provided by fossil
fuels for their operations. Remaining 2/3 is lost in the form of heat to the nearby
water body used for cooling, thereby raising its temperature upto 15°C. In modern
stations, producing 100 MW power, nearly one million gallons of water is
discharged in an hour with increase in temperature of the cooling water by 10°C.

4. Domestic Sewage.

Domestic sewage is commonly discharged into rivers, lakes, canals or streams
with or without waste treatment. The municipal sewage normally has a higher
temperature than the receiving water. The organic and the other oxidisable matter
present in the sewage raises the temperature of water bodies. T

5. Hydroelectric Power.

Generation of hydroelectric power, sometimes, results in negative thermal
loading causing thermal pollution.

» EFFECTS OF THERMAL POLLUTION

1. Reduction in Dissolved Oxygen. Concentration of dissolved oxygen
decreases with increase in temperature of water. For example, DO concentration is
14.6 ppm in water at a temperature of 32°F and 6.6 ppm at 64°F. Thus the cold
water fish which requires about 8 ppm to survive could not tolerate the high water




temperatures. High temperature becomes a barrier for oxygen penetration into Environmental Pollution and
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2, Change in Water Properties. Arisein temperature changes the physical
and chemical properties of water. The vapour pressure increases sharply, while the
viscosity of water decreases. The decrease in density, viscosity and solubility of
gases increases the settling speed of suspended particles which seriously affect the
food supplies of aquatic organisms.

3. Increase in Toxicity. The rising temperature increases the toxicity of
chemicals, pesticides and detergents in the effluent. A 10°C rise in temperature
doubles the toxic effect of potassium cyanide, while a 80°C rise in temperature
triples the toxic effect of o-xylene causing massive mortality of fish.

4. Interference with Biological Activities. Temperature is considered to
be of vital significance to physiology, metabolism and biochemical processes in
controlling respiratory rates, digestion, excretion and overall development of
aquatic organisms. The temperature changes alter these reactions and totally
disrupt the entire ecosystem.

5. Interference with Reproduction. In fishes, several activities like nest
building, spawning, hatching, migration and reproduction etc. depend on some
optimum temperature. For instance, the maximum temperature at which lake
trout will spawn successfully is 8.9°C. The warm water not only disturbs spawning
but also destroys the laid eggs.

6. Variations in Reproeductive Rates. The increase in temperature triggers
deposition of eggs by female. The triggering is particularly dramatic in estuaries
shall fish, oysters and clams which spawn within four hours of the water
temperature reaching the critical level. The Atlantic salmon eggs hatch in
14 days in winter (2°C) and in 90 days at 7°C. Harring eggs hatch in 47 days at 0°C
andin 8 days at 14.6°C. These are the critical temperatures for reproduction. It has
been reported that Gammarus above 7.8°C produces only female offsprings.

7. Change in Metabolic Rate. Fishes show a marked rise in basal rate of
metabolism with temperature to the lethal point. The respiratory rate, oxygen
demand, food uptake and swimming speed in fishes increase. In brown trout, the
rate of oxygen consumption rises steadily till lethal temperature (28°C) is reached.
Sockeye salmon cruises swims twice as fast in water at 15°C as at 0°C, but above
15°C its speed declines.

8. Increased Vulnerability to Disease. Activities of several pathogenic
micro-organisms are accelerated by higher temperature. Hot water causes
bacterial disease in salmon fish. Banded sun fish fails to develop eggs above critical
temperature. In carp, the cell division is prevented at the temperature range of
20 to 23°C. Several pathogens become more virulent and the fish less resistant. As
a consequence, pathogens vigorously attack aquatic animals. The bacteria
Chondroccus is believed to be responsible for the massive kill of blue black salmon
in the Columbia river. '

9.Invasion of Destructive Organisms. Thermal pollutants may permit the
invasion of organisms that are tolerant to warm water and are highly destructive.
Invasion of shipworms into New Jersey’s Oyster Creek constitute the best
example. Shipworms could not survive in low temperature water but can grow in
hot water. ’

10. Growth of Blue-Green Algae. Thermal discharges to a water course
may favour the growth of blue green algae over green algae, resulting in a damage
to ecosystem. Blue green algae are reported to be the poorer food source for aquatic
animals. It may sometimes prove toxic to fish. As blue-green algae can convert a
lake into marsh, it appears to be the indicator of extreme thermal pollution
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conditions. These algae grow prolifically resulting in algal bloom inhibiting the
growth of other aquatic organisms and produce foul odour in the receiving stream.

11. Longevity. High temperature of water may induce increase in-activity
which exhaust the organism and shorten its life. Crustacean Daphnia survives
for 108 days at 7.8°C and 29 days at 21°C. Generally the speed of chemical change is
doubled for every 10°C rise in temperature. Mesophylic organisms, which can
thrive in a temperature range of 10° to 40°C severely affect the water quality. .

12. Biochemical Oxygen Demand. When the temperature of the stream
containing biodegradable matter rises, the intensified action of aquatic organisms
causes the BOD to be accomplished at a lower temperature. Taste and odour
problems initiated by temperature accelerated chemical or bicchemical action are
accentuated, when oxygen is depleted. Thus fish death may occur due to synergistic -
action.

13. Direct Mortality. Unutilized heat in water is responsible for direct
mortality of aquatic organisms. The increase in temperature exhausts the
micro-organisms and shortens their life span. Above a particular temperature,
death occurs to fish due to failure in respiratory system, nervous system or
essential cell processes. The lethal temperature for trout is 77°F above normal
(about 90°F during summer). Any cold water fish will have to migrate to other
areas in order to survive. Also many of planktons, small fish and insect larvae that
are sucked into the condenser alongwith the cooling water are killed by the thermal
shock, increased pressure and water viscosity.

14. Food Shortage for Fish. Temperature changes alter the abundances of
micro-organisms, bacteria, protozoans etc. hence the fish may lack the food and die.

15. Affecting Distribution of Organisms. Distribution of aquatic
organisms is influenced by the change in density, surface tension and viscosity of
water. For example, planktonic organisms cannot compensate for pull of gravity in
a less dense water and ultimately sink.

* CONTROL OF THERMAL POLLUTION

Control of thermal pollufion is an extreme necessity, since in future its
detrimental effects on aquatic ecosystem may be worse. To reduce the magnitude of
the pollution, the outlet water can be made to give up some of its heat to the
environment and then may be discharged into the water course. The following
methods can be adopted to control the high temperature caused by thermal ‘
discharges.

1. Cooling Towers.

(i) Evaporative Cooling Towers. Cooling towers dissipate some of the heat
from hot water to the surrounding atmosphere by the process of evaporation.
Evapnrative cooling towers are of two types :

(a) Natural Draft Towers. In these cooling towers, hot water is sprayed
down through a rising current of air. The water vapour transfers its heat to the
counter-current air and thereby gets cooled. The cold water is collected from the
bottom and returned to the water system. The technique is, however, much
expensive due to installation and operational high costs.

(b) Mechanical Draft Cooling Towers., The heated water flows in a system
of pipes. Air is passed over these hot pipes by fans. Warm water, during its passage
to water course, gets cooled by the action of air. The technique is also not desirable,
since it creates annoyable noise due to the operation of fans. The cost involved is
much higher than its usefulness.
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Disadvantages of the Cooling Towers. Evaporative cooling towers Environmental Pollution and
generally cool the water by 10°C to 15°C only but they evaporate 2 to 5% of water in Global Environmental Issues
the atmosphere during the process thereby causing air pollution.

(i) Non-evaporative Cooling Towers. In these towers, heat is directly
transferred to the atmosphere by means of heat exchangers. This method is,
however, not preferred due to fog formation in the vicinity of tower and the cost
involved is also very high.

2. Cooling Ponds.

Cooling ponds or reservoirs constitute the simplest method of cooling thermal
discharges. Heated effluents on the surface of water in cooling ponds maximize
dissipation of heat to the atmosphere and minimize the water area and volume. By
forming a warm water wedge over the cold receiving water, rapid heat loss to the
atmosphere is encouraged by increasing the energy transfer due to evaporation,
convection and back radiation. This warm water wedge acts like a cooling pond.

Advantages.

o Cooling ponds serve as a large settling basin.

e Low construction cost.

o It cools the water to a considerable low temperature.
e Beneficial for recreation purposes.

Disadvantages.

e Thetechnique is less desirable and inefficient in terms of air water contact.

The process cannot be applied on a stream inhabited by a cold water
aquatic organisms and fishery etc.

3. Artificial Lakes.

Artificial lakes offer possible alternative to once-through cooling. The heated
effluents can be discharged into the lake at one end and the water for cooling
purposes may be withdrawn from the other end. The heat is eventually dissipated
through evaporation. So these lakes would have to be rejuvenated continuously.

Other Control Measures.

s Prevention of thermal pollution in natural streams can be done through
plant sitting, coupled with effective use of regulated river systems.

e Channeling of thermal effluents.
o Efficient designing of outfalls to prevent thermal block from occurring.
e Avoiding interferences of hot water mass with fish migration.

e Temperature prediction models can be used to develop the safe engineered
designs.

e By improving the efficiencies of electric power generating plants.
Selecting a Site for Thermal Power Station to Control Thermal Pollution.

The impact of power station on the environment mainly depends on its location
with respect to human population, meteorological conditions, agriculture, water
bodies, forest lands and ambient air quality, etc. Following are the important
precautions which are necessary to be taken while selecting an envu'onmentally
acceptable site for the thermal power station.

e The thermal power plant should atleast be 10 km away from the places of
archaeological, historical, cultural, religious or tourists importance.

e The chimney of the thermal plant should not fall within approach funnel of

- the runway of the nearest airport.
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e No forest or prime agricultural land should be utilized for setting up the
thermal power station or for flyash disposal.

e The site for thermal plant should also be away from the defence installations.
Location of thermal power stations should be atleast 25 km away from the
outer peripheries of metropolitan cities, national parks, wildlife sanctuaries,
important lakes and rivers etc.

e The residential and commercial developments should be regulated in the
exclusion zone on the basis of strict land use planning.

= NUCLEAR POLLUTION

INTRODUCTION.

Today the vast and wonderful diversity of plant -and animal kingdom that
largely sustains the planet’s ecological equilibrium is seriously endangered due to
chronic radiation pollution. The main radiation hazard in the environment comes
from ultraviolet, visible, cosmic rays and microwave radiations which produce
genetic mutations in man. The biggest hazard comes from X-rays which account for
95% of our radiation exposure other than cosmic rays. Man has always been
exposed to low levels of ionizing radiations from natural resources. But with the
advent of nuclear weapons, exposure levels have increased enormously. The
menace of radioactive pollution has raised extensively as:a result of the discovery of
artificial radioactivity, particularly due to the development of atoms bomb,
hydrogen bomb and of techniques of harnessing nuclear energy. From neutron
bombardment of atomic fuel, heavy radionuclides are produced which are
extremely toxic, Once these radio-elements find access into the environment, they
enter the ecocycling processes and ultimately into food chain and metabolic
pathways.

The main issue that arises—Is there any virgin environment that has not
been exploited by man? Every now and then we hear about a Chernobyl type of
horrible disaster in the offing in our nuclear plants and the evils that aminocentesis
has brought on the man. Nuclear science which-has produced a host of beneficial
peaceful applications, has also led to the pilinig up of nuclear arsenals capable of
wiping out the entire humanity in a few seconds time. Even then are we desirous to
control our nuclear power?

» CAUSES OF NUCLEAR POLLUTION

Living organisms are continuously exposed to a variety of radiation sources
which are categorized into natural and anthropogenic sources.

NATURAL CAUSES OF RADIATION
1. Solar Rays

Solar rays coming from the sun keep a steady drizzle of gamma rays, cosmic rays
and heavy particles. Solar storms vastly intensify these showers, but the earth’s
atmosphere shields us from most celestial radiations.

A. Electromagnetic Radiations. These radiations are highly energetic and
include the following rays : !

1) X-rays (ii) Ultra-violet rays
(i) Infrared rays (iv) Visible rays
(v) Gamma rays, and (vi) Radiowaves.

B. Particulate Radiations. Particulate radiations, consist of proton,
neutron, electron, alpha and beta particles. Cosmic rays become extremely intense

'




at about 20 km above the earth. A pilot receives 300 m rad per year of cosmic rays.
People travelling by jet lines get an extra-exposure to cosmic rays.

2. Environmental Radiations.

Radic-isotopes of naturally oceurring radio elements release enormous amount
of radiations in the form of alpha, beta and gamma particles. Besides
radio-isotopes, additional radiations emanate from air, soil, rocks and ground
water. These radiations mix and interact with natural particulate materials in the
atmosphere enhancing the extent of radioactive pollution.

3. Radionuclides in Earth’'s Crust,

Radioactive elements, such as U-238, Th-232, Ra-222 and K-40 which are
widely distributed in earth’s crust give rise to terrestrial radioactivity. The

crops grown on such soil contain radioactive elements which are ingested in human .

body alongwith the food.

All these natural sources continuously pour their radiations into the
environment. After all man has originated and evolved in a world of natural low
level radiation. We cannot avoid living in a sea of radiations. Indeed our entire
ecosystem hums with low levels of natural radiation.

ANTHROPOGENIC CAUSES OF RADIATION.

Recently man made sources have begun to add large doses of radiation to the
existing natural radicactive pollution to which our bodies have got accustomed
with several ill effects. The major causes are :

1. Medical X-rays.

Medical X-rays constitute about 18% of artificial radiations used in

radiotherapy for diagnostic purposes. These rays are highly penetrating like the -

gamma rays. X-ray exposure is cumulative in the body and creates chronic defects
in the internal organs.

2. Radio-isotopes.

Indiscriminate use of radio-isotopes administered to patients during radiation
therapy, their overdoses and improper handling are hazardous sources of nuclear
pollution.

3. Nuclear Tests.

During nuclear explosion test, a large quantity of long-lived radionuclides are
released to the atmosphere, which get distributed all over the world. Radionuclides
formed in explosion test include hazardous fission fragments such as Sr-90,
Cs-137, Ba-141, I-131 along with unused explosives and activation products.

4. Nuclear Power Plants.

Nuclear power plants consist of nuclear reactors which utilize either plutonium
or uranium as nuclear fuel to generate electricity by controlled chain reaction. In
2001, there were over 130 nuclear power plants in USA and more than 400 in rest

of the world. The major constraint in the use of nuclear fission power is the yield

of enormous quantities of radiocactive fission waste products which remain lethal
for thousands of years.

5. Nuclear Reactors.

Nuclear reactors generate various wastes like :
e Fission products remaining in both the primary and secondary fuels.
e [Extraneous activation products in the coolant.

Environmental Pollution and
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e Gaseous wastes of several nuclides comprising C-14, H-3, Xe-133, I-131, Kr-85,
Ar-41,
e Liquid wastes containing H-3, Co-58, Fe-55, Co-59.

These nuclear wastes constitute an ever-increasing source of nuclear pollution.
However, pollution from such sources is bound to increase in future, as more
nuclear reactors are installed to meet the rising energy demands. No one can guess
its disastrous effects that what would happen in a nuclear accident if the reactor
core melts down.

6. Radioactive Ore-Processing.

Radioactive ores of uranium like pitch blende and uraninites as well as thorium
are used in nuclear operations. Processes, i.e., mining, washing, refining,
separation and milling etc. cause nuclear pollution in the atmosphere. All these
treatments during ore processing result in the release of radioactive gases which
subsequently adsorb on the particles present in the atmosphere.

7. Industrial, Medical and Research use of Radioactive Materials.

Human activities have always resulted in some impacts on the environment, be
these for agriculture, deforestation, food, security, industrialization or
technological developments. Rapid industrialization of power plants have resulted
in devastating the virgin atmosphere. Leakage of nuclear radiations from reactors,
plants and nuclear research laboratories result in radiation pollution.
Radionuclides administered to patients during medical diagnosis used in
radiation therapy and scientific research laboratories have proved to be the main
source of nuclear pollution.

8. Radiation Pollution from Electric Fields.

Electrical gadgets and power transmission lines generate electric field causing
environmental radiation hazard. Man is continuously exposed to such low
frequency electric fields which are enough harmful.

¢ EFFECTS OF NUCLEAR POLLUTION

Detrimental effects of radiation became known as 1895 when Wilhelm

Roentgen put his hand between X-ray tube and fluorescent screen. These rays._

penetrate deeply and the bones cast a deeper shadow than the flesh. In 1903, the
French Physicist H. Becquerel discovered naturally ray emitting elements and
shared the Nobel Prize with Madam Marie Curie. M. Curie discovered radium,
which is 25000 times more lethal than arsenic. The potency of radiation toxicity
was realized by the death of M. Curie when she died of leukemia. Radiation poses a
wide range of symptoms and syndromes causing several adverse effects.

1. Effects of lonizing Radiations on Man.

Man is considered to be the final prey towards radiation effects and is at the end of
all reactions and interactions. Ionizing radiation poses deadly cellular damage in man.
2. Effects of Non-ionizing Radiations.

Modern life and radiations seem to increase the risk of radioactive pollution. Of
all the non-ionizing radiations including infrared, radiowaves, microwaves, radar
etc., the action of ultraviolet (UV) radiation has been extensively studied.

Effects of UV Radiations.

o UVradiations are thought to trigger two distinct immunological effects. One is
confined to patches of skin that are actually irradiated while the other damage
is caused to the immune system as a whole.




o UVradiations cause leukemia and breast cancer, although the reasons are Environmental Pollution and
obscure. According to an estimate nearly 7000 people die of such cancers in Global Envir O”T"e”ta? Issues
USA every year. '

e UV rays can also be absorbed by lens and cornea in the eye leading to
photo-keratitis and cataracts. Since the radiation is not sensed by the
visual receptors of eye, the damage is done without the individual knowing
about its hazards.

e UV radiations also affect drastically the micro-phytoplanktons. Increased
UV rays will increase the mortality rate of larvae of zooplanktons in water.
Enhanced radiation also impairs the fish productivity. S

e Plants absorb strongly the light near 280 nm. So plant proteins are more
susceptible to UV injury. In plants 20% to 50% chlorophyll reduction and
harmful mutations are seen.

3. Effects of Microwave Radiation.

e Microwaves between 10 to 30 cm can penetrate the epidermis and fat layer
of the skin, while the waves longer than 30 ¢m can penetrate deep tissues
of dermis causing the skin hot. -

e The eyes and other organs that cannot dissipate heat are most vulnerable
to microwave radiations. Microwaves cause pearl chain effect where
particles align in chain when subjected to an electric field.

Radar Hazards. The radar hazards cause headache, nervousness and skin
diseases.

4. Biological Effects of Radiation.

e Eye lens is vulnerable to high doses of radiation. It damages eye cells so
that the eye lens becomes opaque forming cataract which impair sight.

e Cumulative radiation sickness is marked by vomiting, bleeding of the.
gums and mouth ulcers in man. -

e High doses of radiation cause internal bleeding and blood vessels damage
which become evident as red spots on the skin.

e Acute nausea and vomltmg begin within few hours after the
gastro-intestinal tract is exposed.

o Embryos get critically damaged. Unborn children are especially
vulnerable to brain damage or mental retardation, if irradiation occurs
during formation of central nervous system in early pregnancy.

¢ Cumulative doses acutely damage the reproductive organs like ovaries
and testes that may badly affect the victim’s fertility as well as their
offsprings.

e High radiation doses cause damage to bone marrow : the body’s blood
factory. It is specially dangerous because it retards body’s ability to fight
against infection and haemorrhaging by harming the white blood
corpuscles.

e The short term damage may 1nclude anaemia, fatigue, blood, kidney and
liver disorders, epilation, skin changes including erythema, pigment

’ discoloration and premature aging.

Delayed Biclogical Effects of Radiation.

Delayed biological effects are mainly of two types i.e., Somatic or non-genetic
effects and Genetic effects.

A. Somatic or Non-Genetic Effects. - Somatic effects include changes in the'
body cells which are not inherited with next generation. These effects are the direct
results of radiation action on the body cells and tissues in man which show )
immediate or delayed symptoms. : ~ ~
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¢ The victim declines in vitality and dies from anaemia, blood cancer and
haemorrhage.

e Chronic somatic effects include thyroid changes, bone deformities, bone
necrosis, cataract of the eye, bone sarcoma, epidermis damages including
erythema, atrophy, alopecia and ulceration. The victim also suffers from lung
diseases, that is, fibrosis, lung cancer, malignant tumors, cardio vascular
disorders and ultimate reduction in life span.

B. Genetic Effects of Radiation. Genetic effects of radiation include gene
mutations and chromosome abnormalities, which are transmitted to the next
generation. Genetic effects generally imply inheritable changes in the reproductive
cells. Radiation causes damage to the germ cells in two ways :

(i) Lethal mutations called genetic death, .
(ii) Non-lethal mutations.

e Acute doses of radiation affect the reproductive organs, so the gametes
produced contain deleterious gene mutations which are carried in the unborn
children. :

e Radiation causes disintegration within the gametes so that genetic
mechanism of chromosgmes become damaged.

e Disorderly genetic effects may lead to the death of embryo, neonatal death or
may cause birth of defective offsprings.

Mutagenic Effects of Radiation. Radiation can induce ionizing and
photochemical reactions in DNA molecules causing them to mutate. Mutation is a
sudden and stable inheritable change in chromosomal or non-chromosomal (as
chloroplast and mitochondria in plant) deoxyribo nucleic acid (DNA).

5. Effects of Laser Radiation.

Light amplification by stimulated emission of radiation (Laser) in gaseous
systems-was first reported in 1961 in a helium neon mixture. CO,-laser and
He-lasers are used in surgery. The latter is particularly useful for percutaneous
myocardial revasculation (PMR). UV lasers cause photophobia, erythema,
exfoliation of surface tissues.

In case of IR laser radiation dama‘ge results from surface heating of cornea.
Visible lasers (wavelengths of 0.4 to 0.75 nm) hit the epithelium of the retina. At
extremely high powered laser radiation (e. g., Q-switched pulses), depigmentation
of skin, erythema, blistering and charring occurs. Important control prineciples to
protect from exposure to laser systems include imparting awareness to people
concerned regarding potential hazards, applying primary engineering and other
controls, e. g., enclosure, beam stops, shutter, using shielding and safety goggles.

6. Radiation Effects on Plants.

Radiation effects are generally common to plants and animals. Small amounts of
radionuclides may lead to an increase in the rate of mutation in plants also.
Radioactive elements accumulate in soil, sediments, air and water. Lethal doses or
radioactive fall out materials (Sr-90 and Cs-137) reach man via., the food chain.

e Intense radiations kill plants but differently. Trees and shrubs vary in their
reactivity and sensitivity towards radioactive substances. This variation is
mainly due to the difference in ¢chromosome number and size. However, a
chronic dose of 1 R per day continued for 10 years causes so much growth
reduction in pines as an acute dose of 60 R.

e Studies revealed that after the disastrous Chernobyl accident, the herbs,
plants, soil and reindeer herds of Sweden and Norway were showered with
radioactive rain for several days. Today the lichens—the people eat are
contaminated with radionuclides.




In coastal Kerala, between Charava and Neendakara, the soil contains
monazite having radio-active element, thorium. As a result of this, the back ground
radiation is quite high, i.e., 1500 to 3000 milli roentgens (inr) per year.

+ CONTROL MEASURES OF NUCLEAR POLLUTION

With the present endeavors for improving the comforts and standards of living
on one hand and for meeting growing demands of energy from natural resources,
much longer term impacts of radiations in the coming years are inevitable. So there
is a dire need to look for sources other than the conventional ones to control
radiation hazards.

Also preventive measures from radiation should be double edged so as to curtail
the effects of both natural radiation and artificially produced occupational
exposure. Following control measures should be adopted.

1. Nuclear devices should never be expleded in air. If these activities are
extremely necessary then they should be exploded underground.

2. In nuclear reactors, closed-cycle coolant system with gaseous coolants of
very high purity may be used to prevent extraneous activation products.

3. Containments may also be employed to decrease the radioactive
emissions. It can be achieved by using tightly sealed boxes and closed cycle
systems,

4. Production of radionuclides should be minimized, as once produced they
can not be rendered harmless by any means except the passage of time.

5. Fission reactions should be minimized as the rate of decay of
radionuclides and subsequent emission of radiations are unaltered by man.

6. In nuclear and chemical industries, the use of radic-isotopes may be
carried under a jet of soil or water instead of powder or gaseous forms.

7. In nuclear mines, wet drilling may be employed alongwith underground
drainage.

8. Extreme care should be exercised in the disposal of industrial wastes
contaminated with radionuclides.

9. Using high chimneys and ventilators at the working place where
- radioactive contamination is high. It seems to be an effective way for dispersing
radic-pollutants.

10. Nuclear medicines and radiation therapy should be applied when
absolutely necessary with minimum doses.

11. Protection from internal irradiation can be done by using regular
protective clothing (overalls, cap, gloves, slippers) while performing experiments.
While decontaminating glove boxes, use is made of respirator and plastic overalls
ete,

In case of an accident :
(@ Localise the place of accident.
(i) Check the contamination of the overalls, hands and body.

(i) Radioactive liquids should be gathered with a sorbing material such
as paper, waste, saw dust etc. into a special vessel, Wash the
contaminated surface with a decontaminating solution. In
decontamination, perform radioactive monitoring of the washed
and contaminating sections. The decontaminating solution may be
of ethanol or acetone or 10% solution of detergent in water.
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12. Collect the radioactive powder with wads wetted in mineral oil.

13. Minimum number of nuclear installations should be commissioned as it
is a fruitful measure to limit the emission of radio-pollutants.

14. During nuclear installations, various efforts, including the process of
site  selection, its design, construction, commissioning, operation,
decommissioning, its short and long term effects etc. should be seriously considered
to control radiation.

15. Environmental parameters such as micrometeorological data,
hydrological data, identification of eritical group of population likely to be most
exposed to radiation, foundation conditions and seismicity of the region should be
undertaken before selecting and constructing a major nuclear industry.

16. The pre-operational data so collected should be used to set the limits of
release of radioactive gases. The monitoring stations should carefully monitor the
release of radio-isotopes during nuclear power installation,

17. The recipient sectors of the environment with their safe capacities to
accept the radio-toxins must be identified.

18. Maximum efforts need to be put into making solar energy and fusion
reactors feasible, not only to meet our energy requirements but also to minimize
our dependence on present day fusion-fission based nuclear reactors.

19. Main prophylactic measures include : The eqﬁipment, technological
conditions, rational system of ventilation and disposal of radio-waste.

CONTROL OF OCCUPATIONAL RADIATION EXPOSURE.

In case of occupational radiation exposure, individual contamination is much
severe. Following steps may be adopted to control external radiation hazard.

e Radiocactive operations may be carried out by remaining at a sufficient
distance from the source.

e For persons working with radioactive materials in nuclear industry it is
difficult to reduce the radiation hazard. So_duration of exposure may be
shortened by performing the operations quickly and working in shifts.

e Shielding can minimize the radiation dosage while working with
radionuclides. /

MINIMIZING X-RAY HAZARDS.

There is a general tendency among medical practitioners to stretch the use of
X-rays as a diagnostic tool. The patient is X-rayed for the same investigation in
more than one hospital. To minimize X-ray hazards, following steps need to be
considered. '

e A patientreceives much larger dose during screening than while performing a
radiographic procedure. Minimum screens should be taken to reduce the
harm.

e X-ray screening can be replaced by radiography. In unavoidable cases, modern
screening aids like image intensifiers could be used.

e Screening units should always be fitted with a fluoroscopic timer and should be
strictly under radiological surveillance.

e Today numerous diagnostic modalities are available which do not invelve any
ionizing radiation and are harmless. Magnetic resonance imaging and
ultrasonography are the recent diagnostic techniques that may yield more
accurate information than the ionizing radiations.



*» SOLID WASTE MANAGEMENT

Any unwanted or discarded material from residential, commereial, industrial,
mining and agricultural activities that cause envircnmental problems may be
termed as solid wastes. Solid waste management comprises of systematic
control of the generation, storage, collection, separation, treatment, processing,
recycling, recovery and disposal of solid wastes.

Classification of Solid Wastes.

1. Munieipal Solid Wastes (MSW). MSW include garbage and rubbish from
households, hotels, offices, markets ete. Garbage denotes biodegradable food
wastes while rubbish is used for non-biodegradable wastes which may be
combustible (e.g., paper, plastic, tyres) or non-combustible (e.g., glass, metals, used
containers etc.)

2. Industrial Solid Wastes. These wastes are :

(i) Process waste which depend upon the type of the products being
manufactured such as tannery wastes, food processing wastes, plastic and rubber
waste etc.

(ii) Non-process wastes like packing waste, cafeteria wastes are common
to all industries.

3. Biomedical Solid Wastes. BMW includes pathological and surgical
wastes.

4. Agricultural Wastes. These wastes result from farms, feed lots and
livestock yards. Horticulture wastes consists of vegetable parts.

Other Wastes.

Construction/demolition wastes include debris, rubbles, wood, concrete etc.

e Radioactive hazardous wastes are from nuclear power plants and
. laboratories ete.

e Electronic wastes originate from discarded electronic devices such as TV,
computers.

The annual solid waste production in India is : Domestic and trade (8.5%),
industries (15.2%), thermal power stations (7.3%), mining (67%) and construction
(2%). :

Effects of Solid Wastes.

Municipal solid wastes heap up on the roads due to improper disposal system.
Open dumping allows biodegradable materials to decompose under unhygienic
conditions. This produces foul odour and breeds disease vectors and infectious
pathogens beside spoiling the aesthetics of the site.

e Industrial solid wastes are the sources of toxic metals and hazardous
wastes which may leach or percolate to contaminate the ground water.

e The hazardous wastes are mixed with garbage and other combustible
waste. This makes segregation and disposal more difficult and risky.
Various types of wastes like cans, pesticides, solvents, radio-isotopes,
plastics, etc. are mixed with paper, scraps and non-toxic materials which
could be recycled. Burning of these waste produce furans, dioxins, poly
chlorinated biphenyls which have the potential to cause several ailments
including cancer.

MANAGEMENT OF SOLID WASTES.

Objectives. The aim of waste management is to collect, treat, utilize, control
and dispose sclid waste in an economic manner consistent with the protection of
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public health. Its major consideration apart from health is to adopt three
R’s-reduce, reuse and recycle strategy.

(1) Reduction in use of raw materials. This will correspondingly
decrease the production of waste. Reduced demand of any metallic product will
decrease the mining of their metal and cause less production of waste.

(if) Reuse of waste materials. Reuse of paper, cardboard, glass, metal,
plastic, discarded cycle tubes, autoparts of vehicles considerably reduces the waste
of generation.

(iii) Recycling of materials. Recycling is the reprocessing of discarded
materials into new useful products. Examples include formation of new cans,
bottles from broken aluminium cans and glass, fuel pellets from kitchen waste,
cellulose from waste paper, ethanol from bagasse etc. Coal ash, the residue left
after coal combustion for power generation, is an important source of ferrosilicon,
silicon and aluminium.

One tonne of solid waste processed by pyrolysis is believed to yield an energy
equivalent to one barrel of oil. One tonne of combustible waste produces energy equal
to 9 million BTU of heat or 65 gallons of fuel oil or 9000 cubic feet of natural gas.

MUNICIPAL SOLID WASTE TREATMENT.

Composition of MSW. The average composition of MSW is : 30 to 40%
organic matter, 30 to 40% fine materials, 5% paper, 1% glass, 1% metals and 1%
plastic. Actual composition of MSW varies demographically. For discarding wastes,
following treatment methods are adopted.

1. Sanitary Landfill. In sanitary landfill operation, garbage is spread in thin
layers compacted and covered with clay or plastic foam. In the modern landfills, the
bottom is covered with an impermeable liner, usually several layers of clay, thick
plastic and sand. The liner protects the ground water from being contaminated due
to percolation of leachate. Leachate from bottom is pumped and sent for treatment.
When landfill is full it is covered with clay, sand, gravel and top soil to prevent
seepage of water. Methane produced by anaerobic decomposition is collected and
burnt to produce electricity or heat.

Other methods of landfill treatment are sewage farming, spray irrigation,
ridge and furrow and lagooning etc. In India, there exists 200 sewage farms
covering 25000 hectares and using 650 million gallons of sewage per day.

With increase in urbanisation, planned sanitary landfill, backed by modern
solid waste management, can provide the community with better environmental
management.

2. Composting and Municipal Waste Composting Projects. Composting
is the aerobic and thermophilic decomposition of organic waste to humus by
micro-organisms like bacteria, fungi and worms. The process is conducted by a
complete automatic system. (i) The crude refuse is dumped into a container or to
a belt conveyor. (ii} Iron or metallic particles are removed by a magnetic separator.
The wet material is then transferred to a rotatory cylinder which rotates on large
tyres. Here aerobic microbes rapidly decompose pulverized wastes under aerobic
conditions. The Government encourages feeding of compost plants by municipal
wastes. Compost has been used by Indian Agricultural Research Institute to
produce blue-green algae coated granulated compost.

3. Vermi Composting. In vermiculture, earthworms feed on and degrade a
variety of organic waste, eliminate noxious elements and convert the waste into
high grade nutrient rich vermi-compost. It is very useful biofertilizer and soil
conditioner.



4. Incineration. Incineration involves burning of solid wastes at high
temperature either on bateh or continuous type incinerators. The modern
municipal incinerators are of continuously burning type. These are equipped
with large storage bins, automatic feed hoppers, moving grates, ash discharging
systems, pollution control devices like scrubbers and electrostatic precipitators.
The unit yields stable residue free from offensive odours. The waste heat of
combustion can be utilized for supplementing electricity generation for domestic
heating ete. However, the technique involves expensive equipment.

INDUSTRIAL SOLID WASTE TREATMENT.

1. High Temperature Incineration of Industrial Solid Waste. Tt is a
recent innovaton where high temperature (~1650°C) is attained wusing
supplementary fuels. The non-combustible fractions of the refuse (metals, glass)
can be melted and reused.

2. Pyrolysis. The combustible constituents of the solid wastes are heated in a
pyrolysis reactor at 1000°C in a low oxygen environment. Pyrolysis of the waste
yields several components such as methanol, acetone, He, CH4, CO2, carbon char
and inert materials (glass, rock, metals). Advantage include handling of hazardous
plastics (PVC) in a safer way.

3. Vitrification. The recent insitu vitrification aims at converting glass,
plastic, muck, mud and other wastes (except radiowaste) into glass like solid.

BIOMEDICAL WASTE.

Biomedical waste (BMW) are generated by hospitals, clinics, dispensaries and
blood banks during diagnosis, treatment or immunisation of human beings and
animals. Considering the highly infectious and toxic nature of BMW,
Government of India has passed Biomedical Waste (Management and
Handling) Act in 1998 which was amended in 2000. The Act emphasizes on the safe
disposal methods to be strictly followed by the hospitals.

About 80% of BMW are comparable to domestic waste. The remaining 20% is
hazardous. Improper disposal or dumping of BMW may cause pollution of air,
water and soil. The hazards could be avoided if BMW is disposed properly.

Treatment Methods of BMW.

Treatment methods include chemical disinfection, deep burial, thermal
deactivation, radioactive irradiation, microwaving, autoclaving, incineration,
electron beam sterilisation and plasma pyrolysis ete.

Incineration of BMW. The common practice for handling BMW is the on-site
incineration in a specially designed double chambered incinerator at 800°C and
1050°C. The thermoclave installed in the plant can treat 150 kg of waste per hour
at high pressured steam and remove toxic dioxins, poly chlorinated biphenyls and
H2S0,4 ete.

Biomedical waste from such hospitals which do not have facilities for
incineration or pyrolysis are segregated, packed in coded and labelled containers
and transported to a place where such facilities exist.

* ROLE OF AN INDIVIDUAL IN PREVENTION OF POLLUTION

The role of every individual in preventing pollution is of paramount importance
because a small effort made by him will have pronounced effect at the global level.
It is aptly said, Think globally act locally. Each individual should change his life
style in such a way so as to reduce environmental pollution. It can be done by
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following suggestions.
e Lay greater emphasis on pollution prevention than pollution control.

¢ Use ecofriendly products like degradable paper bags instead of polyethylene
bags.

e Promote 3R strategy of reduction, reuse and recycling of wastes.
e Adopt renewable resources of energy.

e Save electricity by not wasting it when not required.

e Reduce dependence on fossil fuel especially coal or oil.

o Cut down the use of chiloro fluoro carbons (CFCs) as they deplete the ozone
layer. .

e Use chemicals derived from peaches and plums to clean computer chips and
circuit boards instead of CFCs.

; Air pollution can be prevented by using solar powered hydrogen fuel.

e Use phosphate free or biodegradable detergent and shampoo. This will reduce
eutrophication of water bodies. . '

e Do not put pesticides, paints, solvents, 0ils and chemicals into drain or ground
water.

e Use biofertilizers and organic manure instead of commercial fertilizers.
e Use less hazardous chemicals wherever their application can be afforded.
e Use rechargeable batteries which will reduce metal pollution.

e The solid waste generated during one manufacturing process can be used as a
raw material for some other processes.

e Do not litter polythene bags.

e Plant more trees as trees can absorb many toxic gases and purify the air by
releasing oxygen. :

e Check population growth so that demand of materials is under control.

* POLLUTION CASE STUDIES

AIR POLLUTION EPISODES.

A series of air pollution episodes have occurred from Meuse Valley, Belgium

(1930) to Chernobyl nuclear disaster in USSR (1986).

Donora Air Pollution Disaster.

Donora Pennsylvania is a small mill town. It lies in a horse shoe shaped valley
on Monogahela river, USA, south of Pitsburgh with steep hills on each side of the
river. A four day fog occurred in October 1948 due to pollutants (S02) emitted by
steel mills, zinc smelter and sulphuric acid plant. Owing to anticyclonic weather
conditions, there was no air movement and temperature inversion had set in due to
sea breeze conditions. About 40% people fell ill and some of them died.

TCDD Disaster at Seveso, Itlay.
In July 1976, a white cloud of poisonous gas consisting of 2, 3, 7, 8 tetrachloro

benzo-10-dioxin (TCDD) expleded in a herbicide (2, 4, 5-trichlorophenoxy acetate)

manufacturing chemical plant. It engulfed the nearby town cof Seveso and

contaminated over buildings, grounds and soil. About 800 people were evacuated
o i Cl fs) Z~cl

Dioxin (Dibenzo-p-dioxin) TCDD (2, 3, 7, 8-tetrachlorobenzo-10-dioxin)



from the worst affected places by the Italian government. Nearly 200 people
suffered from respiratory, eye, gastrointestinal and liver diseases. The worst
victims were pregnant ladies who gave birth to deformed and premature babies.
According to researchers, dioxin will continue to contaminate soil, air and water
which will choronically pollute water resources and natural biological processes.

« THE BHOPAL GAS TRAGEDY (THE CITY OF DEATH)
Venue. Bhopal, Madhya Pradesh, India.
Industrial disaster date. December 3, 1984,

Source. Union Carbide Factory, manufacturer of Carbaryl (carbamate
pesticide) using methyl isocyanate (MIC).

@ 0—C—N—CHj, CH5NCO
(ll) Il‘l Methyl isocyanate (MIC)
Carbaryl (Sevin)

The Tragic Incident. December 3, 1984 was a chilly windy night of macabre
death when a killer cloud of MIC gas converted the night at 11 p.m. 1nto a night
mare of misery, panic and sickness on Bhopal city with a population of 800,000.
The safety valve remained open for two hours releasing over 50,000 lbs of MIC
associated with COClz and HCN.

Safety Devices and Violent Reaction.

The two safety devices for neutralising leaking MIC, viz., the vent gas scrubber
and the flare tower were non-functional. Moreover, the refrigeration unit
connected to MIC storage tanks, which keeps the liquid at 0°C, had been closed
down since June, 1984. As a result the gas was at 15°C. In a closed tank, the
pressure due to reactions of MIC with H20 or catalyst can build up te the point that
safety valves will open, venting both MIC and phosgene (COCly) gas.

Misery, Panic and Death Drama. Between 12.30 and 1 a.m., people woke
up coughing violently and with their eyes burning as if chilli powder had been
sprayed into them. The deadly poisonous gas spread over 40 sq. km. seriously
affecting the people up to a distance of 5 to 8 km. An estimated 500,000 people fled
that night, most on foot.

In Jai Prakash Nagar every thing was so quiet-thousands lay dead on the roads
and in homes, Corpses with distended bellies were beginning to rot. More than
2000 people lay dying in Hamidia hospital. By 1 a.m. on December 4, 1984 the
hospital was crowded by 25,000 patients. The death drama continued for four days.
More than 100,000 injured people were treated with limited medical care. Many
people sat in silence, blinded and mained by unknown enemy. Within a week about
10,000 people died while more than one lakh people continue to suffer from various
disorders. By December 13, 1984 about 1 lakh people left the city.

Neutralization Drama—Operation Faith.

The task of disposing off the balance MIC in the storage tanks was entrusted to
the Director General of CSIR., It was decided to convert MIC into the final product,
carbaryl. On December 16, the factory was started to restore faith among people.
The operation ended on the seventh day and 24 tonnes of MIC had to be converted,
50% more than that was estimated,

The Aftermath. A medical survey held 100 days after the MIC exposure
revealed that out of 250,000 people exposed, 65,000 were subjected to severe
medical disability (respiratory, eye, neuromuscular, gastrointestinal,
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gynaecological symptoms) and 50,000 to mild disability. People suffering from
breathlessness, digestion and sleeping problems are incapable of carrying on even
light physical labour and unable to earn a I1v1ng Pregnant women were the worst
victims,

Update about Bhopal Disaster.

Recent reports indicate that about 28,000 gas victims have died so far while an
estimated 10 to 15 people are dying every month from exposure related ailments.
More than 1,20,000 survivors are said to be still suffering from a variety of chronic
diseases including respiratory tract problems, lung diseases, hypertension,
anxiety, diminished vision; acute depression, muscular fatigue, recurrent fever,
gynaecelogical disorders. The gas victims have not got proper medical care even
after Rs. 250 crores have been spent for the purpose by the government. Thousands
of people living in shanty towns near the factory complex are forced to drink toxic
water because of the contamination of water table and soil. The State government
has not provided clean drinking water to the gas victims although Rs 70 crores have
been spent for environment upgradation. The NGO Green peace described the
factory site as a global toxic hot spot. Finally, the Supreme Court directed the
Government (July 19, 2004) to release Rs. 1,500 crore of Union Carbide money to
the victims of gas leak.

Lesson. Now Bhopal holds out lessons that have to do with basic human
concerns for safety, for standards and for good sense. If the lessons are lost, then it
is possible that accidents such as this may be repeated in another factory, in
another city, in another way.

* LOVE CANAL EPISODE

The Love Canal in Niagara Falls, New York was used to dump sealed steel
drums of chemical waste by Hooker Chemicals and Plastics Corporation during
1930-1953. In 1953, the dump site was capped with clay and sold to the city Board
of Education which built an elementary school. Houses were also built near the
school. In 1976, the residents started complaining of foul smell and illness. The
leachate penetrated in the area. In 1978, the state and federal official surveyed air
samples in the basement of houses and identified some 26 toxic organic compounds.
The President of USA declared Love Canal as an emergency disaster area and
relocated the affected families. The clean up of the canal and stabilization of the
area costed over 40 million dollars. Love Canal episode is only the tip of an ice-berg
and several other dump sites may exist in the third world countries.

Arsenic Pollution in Ground Water.

West Bengal and Bangladesh are severely affected by arsenic contamination in
ground water, The first incident was reported in 1978 in West Bengal and that of
Bangladesh in 1993. Arsenic in ground water was found above maximum
permissible limit (0.05 ppm) in six districts of West Bengal covering an area of
34,000 sq. km. with a population of 90 million. At present, 37 administrative blocks
by the side of river Ganga are affected. The 24 Paraganas, Hooghly, Malda,
Murshidabad, Bahela and south eastern fringes of Kolkata lie in arsenic risk
zone. People drinking such water have shown arsenical clinical manifestations
like melanosis, hyperkeratosis, bronchitis, discolouration of skin, gangrene in
limbs ete.

Bangladesh with 64 districts covering an area of 65,000 sq. km. lie along the
Padma river. About 50 million people are exposed to arsenic contamination.
Sediments derived from metamorphic rocks and excessive use of pesticides (lead
arsenate, copper arsenite etc.) seem to be the major cause of arsenic pollution.



» DISASTER MANAGEMENT

Disasters like earthquakes, floods, cyclones, hurricanes, volcances and
landslides are the extreme events which exceed the tolerable magnitude and result
in catastrophic losses of lives and human settlements. Human societies have
witnessed a large number of such hazards and have tried to control them to some
extent.

EARTHQUAKES.

Earthquakes occur due to sudden movement of earth’s crust. The earth’s crust
has several tectonic plates of solid rock which slowly move along their boundaries.
When friction prevents these plates from slipping, stress build up and results in
sudden fractures which can occur along the boundaries of the plates or fault lines
(planes of weakness) within the plates. This results in earthquake, the violent
short term vibrations in the earth. The point on a fault at which first movement
occurs during an earthquake is known as epicentre. The seismic waves move
away from the source of earthquake which can be recorded by seismometer. The
severity of an earthquake is generally measured by its magnitude on Richter scale
devised by Charles Richter (1935).

Richter scale Severity of earthquake Richter scale Severity of earthquake
Less than 4 Insignificant 6-6.9 Destructive
4-4.9 Minor ) 7-7.9 Major
559 Damaging More than 8 Disastrous

e The largest earthquake ever recorded occurred on May 22, 1960 in Chile
with the magnitude of 9.5 on Richter scale. It affected 90,000 square miles
and killed 6000 people.

e Adevastating earthquake hit Bhuj town in Gujarat on January 26, 2001, It
caused massive damage and killed 25,000 people. Tt had an energy
equivalent to 5.3 mega tonne hydrogen bomb.

e [Earthquake generated high seismic waves called tsunamis can severely
affect coastal areas. These giant sea waves move at a speed upto 1000
km/hr or even faster. While approaching the sea shore they may often
reach 15 m or upto 65 m in height and cause massive devastation.

e In China tsunami killed 8,30,000 people in 1556 and 50,000 in 1976.

e Very recently, on March 11, 2011, the most devastating undersea
earthquake (tsunami) occurred in Japan measuring 9 on Richter scale. Tt
Inundated coastal areas and caused explosion in nuclear reactor.

Anthropegenic Activities Enhancing Earthquakes.
e Collection of huge quantities of water in the lake behind a big dam.
e Underground nuclear testing. Deep well disposal of liquid waste.
Effects of Earthquakes.

e Earthquakes cause heavy loss to life, property, buildings, bridges and
roads.

e Disrupt telecommunication systems, water and electricity supply.

e Severe tremors damage dams resulting in floods.

Mitigation of Earthquake’s Effects.

e By constructing earthquake resistant buildings by strategically placing
weak spots to absorb vibrations or by placing pads or floats beneath the
buildings.

o By making wooden houses in seismic zones.
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* CASE STUDY—THE ASIAN TSUNAMI IN 2004

The Indian Ocean earthquake, called Tsunami (meaning harbour wave)
which occurred on December 26, 2004 is one of the deadliest disasters in the
history. It was a devastating undersea earthquake measuring between 9.1 and 9.3
on Richter scale with an epicentre off the west coast of Sumatra and Indonesia. It
triggered a series of tsunamis and shook 1000 km of the seabed. The sea water was
shaken violently and the sea waves, 40 feet high spread at a speed of 700 km/hr
(speed of jet plane). The seaquake inundated coastal communities across south
and south-east Asia including parts of Indonesia, Sri Lanka, Thailand, Tamil
Nadu, Kerala, extending over 1200 km area. About two lakh people died and caused
damage of properties worth $ 40 billion (Rs. 2 lakh crores).

It was the second largest seaquake with longest duration of faulting, lasting
between 500 and 600 seconds, that caused the entire planet to vibrate about a
centimetre. India’s tectonic plate clashed with Myanmar (S.E. Asia) plate in ocean
at a depth of 24000 feet near Sumatra islands of Indonesia. The fault line slipped
about 15 m involving the formation of rupture 400 km long and 100 km wide. The
total energy released has been estimated at 8.35 x 1018 joules equivalent to that of
10,000 atom bomb explosions.

A tsunami which causes damage far away from its source is known as
teletsunami, produced by vertical motion of the sea bed rather than by horizontal
motion.

Environmental Aspects.

e DBesides heavy toll on human lives, tsunami has caused enormous
environmental impact. Severe damage to ecosystems like coral reefs,
mangroves, coastal wetlands, sand dunes and forests has been noticed.

e Other adverse effects caused by tsunami include mixing of salt with sewage
water, Invasion of agquifers through porous rock, depoesition of a salt layer over
agricultural land damaging plants and soil micro-organisms.

Warning System.

Tsunami can not be prevented because it originates in deep water and has a
little height. Costly network of sensors i1s needed to detect a tsunami. Pacific ocean
experiences more frequent tsunamis in the Ring of Fire and has a warning system
there.

» LANDSLIDES

Landslide is the moving down of coherent rock of soil mass by the combined
action of water and gravity. Rain water creates hydraulic pressure that increases
the weight of rocks at cliffs which come under the gravitational force and slide
down. Vegetation also influences landslides. It consclidates the slope material,
provides cohesion by its root system and also retards the flow of water and its
erosion capacity.

However, this can be masked by many other exerting factors like :

e [FEarthquakes and vibrations ete.
e Saturation of the unconsolidated sediments with water.

Causes of landslides. Anthrop(;genic activities like hydroelectric projects,
large dams, reservoirs, mining, construction of buildings, roads and railway lines
etc. make mountain slopes fragile leading to landslides. Landslides increase the
turbidity of nearby streams reducing their productivity.

Mitigation of landslides. Landslides can be minimized by stabilising the
slope by :



e Draining the surface and subsurface water.
e Providing solid support by wired stone blocks.
e Concrete support at the base of a slope.
Table 5 shows occurrence of natural disasters in India.

Table 5. Natural disasters occurring in India.
Affected
Type Location/Area population
(in million)
Landslide Entire sub-Himalayan region and Western Ghats. 10
Floods 8 Major river valleys spread over 50 million hectares. 264
Cyclones Entire 5700 km long coastline of southern peninsular India covering ¢ 11
states, viz., Kerala, Tamil Nadu, Andhra Pradesh, Orissa, West
Bengal, Gujarat, Goa, Maharashtra, Karnataka and Union Territory of
Pondicherry besides [slands of Andaman and Nicobar.
Earthquake | Nearly 55% of the total area of the country falling in the seismic zone 400
IV and V.
Drought Spread in 14 States covering 116 districts and 740 blocks, viz, 86
Andhra Pradesh, Bihar, Gujarat, Haryana, Jammu and Kashmir,
Karnataka, Madhya Pradesh, Maharashtra, Orissa, Rajasthan, Tamil
Nadu, West Bengal and Himachal Pradesh, Uttar Pradesh.
« CYCLONES

Cyclones are recurring phenomenon in the tropical coastal regions. Tropical
eyclones are the most powerful and destructive storms on the earth. These cyclones
move like a spinning top at the speed of 10 to 30 km per hour. They can last for a
week or so and have a diameter varying between 100 to 1500 km. Tropical cyclones
originate when the sea surface temperature is above 25°C. These are called
hurricanes in Atlantic, Caribbean and north eastern Pacific, typhoons in the
western Pacific and southern coast of China, Japan and Phillipines, cyclones in
Bangladesh and Indian oceans, willy willies in the sea around Australia.

Effects. Tropical cyclones become more disastrous because of the their high
speed, high tidal surges, high intensity of rainfall and very low atmospheric
pressures causing unusual rise in sea level. Sea water with combined force rushes
and inundates the low lying areas. Hurricane winds (74 miles/hr), rains and
storm surge (often 50-100 miles wide dome of water) devastate the area where it
strikes on land. The devastation is severe when storm surge and normal
astronomical tide coincide,

Management Measures. It is difficult to avoeid the recurrence of cyclones.
Following defence measures can minimise the severity of cyclones.
Tree plantation on the coastal belt.

Construction of dams, dykes, embankments, storm shelters and wind
breaks.

e Proper drainage system and wide roads for quick evacuation.

» CASE STUDY—HURRICANE KATRINA

Hurricane Katrina struck Gulf coast of USA, Louisiana and two other states,
Mississippi and Alabama on August 28/29, 2005. It started as a tornado followed by
a storm surge hurricane at 140 miles/hr. The sea wave, 9 feet high, splashed on the
shores, blowing away houses, flooding cities which remained under 5 feet of water
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for 7 days and killing 25,000 people. New Orleans (Louisiana) looked like a giant
wasteland and simmering under 35°C heat of apocalyptic late summer. The cities
reseinbled Baghdad (Iraq) devastated by war but in this case, nature unleashed
destruction on USA. There was biggest evacuation of people in US history to
adjoining states-Colorado and Texas.

Mass panic. The scenario of misery, poverty of black Americans and
helplessness of even the US administration revealed the third world part of USA
before the world.

Total damage was 25,000 deaths, 50,000 injured and property worth $ 100 billion.

Environmental impacts. The storm and waves completely obliterated the
Chandeleur Islands. About 20% of the local marshes were permanently destroyed.
Sixteen National wildlife Reserves were forced to be closed due to Katrina amongst
which Breton National Wildlife Refuge suffered maximum damage.

During the clean up effort, the flood waters from New Orleans were pumped into
lake Pontchantrain, which were contaminated with sewage, several foxicants,
pesticides and oils posing serious threat to aquatic life. <

* CASE STUDY—THE BHOPAL GAS TRAGEDY (THE CITY OF DEATH)
Venue. Bhopal, Madhya Pradesh, India.
Industrial disaster date. December 3, 1984,

Source. Union Carbide Factory, manufacturer of Carbaryl (carbamate
pesticide) using methyl isocyanate (MIC).

@ O—C—N—CHj CH3NCO
" ] Methylisocyanate (MIC)

O H
Carbaryl {Sevin)

' " The Tragic Incident. December 3, 1984 was a chilly windy night of macabre
death when a killer cloud of MIC gas converted the night at 11 p.m. into a night
mare of misery, panic and sickness on Bhopal eity with a population of 800,000. The
safety valve remained open for two hours releasing over 50,000 lbs of MIC
associated with COCl: and HCN.

Safety Devices and Violent Reaction.

The two safety devices for neutralising leaking MIC, viz., the vent gas scrubber
and the flare tower were non-functional. Moreover, the refrigeration unit
connected to MIC storage tanks, which keeps the liquid at 0°C, had been closed
down since June, 1984. As a result the gas was at 15°C. In a closed tank, the
pressure due to reactions of MIC with H20 or catalyst can build up to the point that
safety valves will open, venting both MIC and phosgene (COClz) gas.

Misery, Panic and Death Drama. Between 12.30 and 1 a.m., people woke
up coughing violently and with their eyes burning as if chilli powder had been
sprayed into them. The deadly poisonous gas spread over 40 sq. km. seriously
affecting the people up to a distance of 5 to 8 km. An estimated 500,000 people fled
that night, most on foot.

In Jai Prakash Nagar every thing was so quiet-thousands lay dead on the roads
and in homes. Corpses with distended bellies were beginning to rot. More than
2000 people lay dying in Hamidia hospital. By 1 a.m. on December 4, 1984 the
hospital was crowded by 25,000 patients. The death drama continued for four days.
More than 100,000 injured people were treated with limited medical care. Many
people sat in silence, blinded and mained by unknown enemy. Within a week about



10,000 people died while more than one lakh people continue to suffer from various
disorders. By December 13, 1984 about 1 lakh people left the city.

Neutralization Drama—0Operation Faith.

The task of disposing off the balance MIC in the storage tanks was entrusted to
the Director General of CSIR. It was decided to convert MIC into the final product,
carbaryl. On December 16, the factory was started to restore faith among people.
The operation ended on the seventh day and 24 tonnes of MIC had to be converted,
50% more than that was estimated.

The Aftermath. A medical survey held 100 days after the MIC exposure
revealed that out of 250,000 people exposed, 65,000 were subjected to severe
medical disability (respiratory, eye, neuromuscular, gastrointestinal,
gynaecological symptoms) and 50,000 to mild disability. People suffering from
breathlessness, digestion and sleeping problems are incapable of carrying on even
light physical labour and unable to earn a living. Pregnant women were the worst
victims,

Update about Bhopal Disaster.

Recent reports indicate that about 28,000 gas victims have died so far while an

estimated 10 to 15 people are dying every month from exposure related ailments. _

More than 1,20,000 survivors are said to be still suffering from a variety of chronic
diseases including respiratory tract problems, Iung diseases, hypertension,
anxiety, diminished vision, acute depression, muscular fatigue, recurrent fever,
gynaecological disorders. The gas victims have not got proper medical care even
after Rs. 250 crores have been spent for the purpose by the government. Thousands
of people living in shanty towns near the factory complex are forced to drink toxic
water because of the contamination of water table and soil. The State government
has not provided clean drinking water to the gas victims although Rs 70 crores
have been spent for environment upgradation. The NGO Green peace described
the factory site as a global toxic hot spot. Finally, the Supreme Court directed
the Government (July 19, 2004) to release Rs. 1,500 crore of Union Carbide money
to the victims of gas leak.

Lesson. Now Bhopal holds out lessons that have to do with basic human
concerns for safety, for standards and for good sense. If the lessons are lost, then it
is possible that accidents such as this may be repeated in another factory, in
ancther city, in another way.

* SMOG

Smog indicates air pollution in which atmospheric visibility is partially
obscured by haze consisting of solid particulates and liquid aerosoals. The world
smog is derived from an elision of smoke and fog, first coined by H.A. Voeux
(1905). Smoky fog called urban smog (over industrial areas) happened in Meuse
Valley of Belgium in 1930 which killed 600 people. mainly two types of smog have
been recognised viz., London or sulphourous smog (classical smog) and Los Angeles
or photochemical smog.

* LONDON (OR SULPHUROUS) SMOG

The most severe air pollution every occurred was due to sulphurous smog
caused in London on December, 5, 1952, hence the name London smog was
assigned. The mixture of smoke, fog and SO, that affected London so badly after
the introduction of coal as a fuel, is chemically reducing mixture, so it is called
reducing smog. Smog conditions provailed for five days at the cost of death of 4000
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people. The cause of death were pneumonia, bronchitis and allied respiratory

troubles. The peak SO, concentration was 1.3 ppm and smoke 4 mg m™>.

* QUESTIONS

1. What are the natural and man made pollutants that cause air pollution?

2. Enumerate various methods for the control of particulate and gaseous pollutants.
3. Discuss sources, adverse effects and control of water pollution.

4. How does soil pollution affect soil productivity? What measures can be taken to
prevent soil pollution?

5. Explain various sources of marine pellution. How can you prevent pollution of our
oceans?

6. Briefly describe the sources, effects and control of noise pollution.
7. Discuss various effects and control measures of thermal pollution.

8. Mention sources of nuclear pollution. What type of damage non-ionising radiations
?
can cause?

9. Classify solid waste, How can the solid waste be managed?

10. How. can you, as an individual, prevent environmental pollution? Why such an
effort is important?

11. Why do earthquakes and seaquakes occur? Explain the case of 2004 Asian
Tsunami.

SHORT ANSWER QUESTIONS

1. How indoor air pollution originates?
Ans. Indoor air pollution originates from air conditioners, smoke, .LPG gas
cylinders, building materials (bricks, concrete, tiles which emit radon), carpets,
insulating foams and adhesives used for installation.

2. Name some equipments in air pollution control.
Ans. Packed towers, plate and spray towers, tray, columns and venturi scrubbers
are used for air pollution control.

3. Name some adsorbenis or catalysts for SOz in flue gases.
Ans. Alkalised alumina, manganese oxide, Na (or K ), 802, Cr, Cu, impregnated
oxides supported on alumina are rated as superior catalysts.

4. Give various types of scrubbers used to remove SOg.
Ans. Spray towers, venturies, packed beds, turbulent-contact absorbers.

5. State briefly modern modification of contact plant to reduce the emission of SO5 in
exit gases.
Ans. The modern Double Contact Double Absorption (IDCDA) method provides
higher plant efficiencies (99.5%) and $04 emission below 500 ppm. The gases from
the converter (after 90% of SO, has been converted to SQ3) are interrupted and
passed to an absorber to remove SO3.

6. State four sources of ground water pollution.
Ans. Shallow soakpits, seepage pits, refuse dumps, septic tanks, agricultural and
industrial pollutants.

7. Give the names of PCBs, 2, 4-D and 2,4, 5-T.
Ans. PCBs-Polychlorinated biphenyls. 2, 4-D is 2, 4-Dichlorophenoxy acetic acid.
2, 4, 5-T is 2, 4, 5-Trichlorophenoxy acetic acid.

8. When water containing excessive nitrate is used for drinking, it causes
methaemoglobinemia disease. How is this disease caused?
Ans. Nitrates in water are converted to nitrites by intestinal bacteria. Nitrites
combine with the haemoglobin to form methaemoglobin which interferes with
oxygen carrying capacity 'of the blood causing methaemoglobinemia or blue baby
syndrome.



9. What waste treatment methods would you suggest for purifying industrial

10.

11.

12,

13.

14.

15.

16.

effluenis?
Ans. Chemical coagulation and oxidation, adsorption, ion exchange,
electrodialysis, reverse osmeosis, ultra filtration.

What are the objectives of water pollution control?
Ans. Prevention of waste. Minimising the waste which cannot be prevented.
Rendering harmless waste in the environment.

How water pollution can be controlled from point sources and non-point sources?

Ans.” Water pollution can be reduced from point sources by legislation. Waste
waters should be treated by primary and secondary treatments to reduce BOD,
COD, total solids, nitrates, phosphates, toxic metals, oil and grease etc. However, it
is difficult to prevent water pollution from non-point sources due to absence.of
proper strategies. -~ -

Following measures may help in reducing water pollution.
e Judicious use of agrochemicals, pesticides and fertilizers may reduce surface
run-off and leaching, ---
Adopting integrated pest management to reduce reliance on pesticides.
Using nitrogen fixing plants to supplement the use of fertilizers.

Divert run-off of manure to fields to use this nutrient rich water.
Separate drainage of sewage and rain water should be provided to prevent
overflow of sewage and rain water.

Where eutrophication was first studied?
Ans. Eutrophication was first studied in lake located in north western Ontario. It
occurred due to man’s activities in lake Erie in USA.

Explain technical devices used to control eutrophication.
Ans. Several technical devices alongwith prevention of further inflow of efflnents
have been used to control eutrophication.

The waste water must be treated before its discharge into water streams.
Recycling of nutrients can be checked through harvest.

Eutrophication can be minimized by removing nitrogen and phosphorus at the
source, division of nutrient rich waters from the receiving bodies and dilution
of these elements. In lake Tahoe in California and lake Washington in Seattle,
total removal of sewage effluents produced marked reversal of eutrophication.

e Algal blooms should be remaved upon their death and decomposition,
Algal food web should be disrupted to stimulate bacterial multiplication.

e Algal growth can be controlled by limiting the dissolved nutrients. The most
suitable, feasible and effective method involves the use of chemicals to
precipitate additional phosphorus. Such precipitants include alum, lime, iron
and sodium aluminate.

o Physico-chemical methods can be adopted to remove dissolved nutrients. For
example, phosphorus can be removed by precipitation and nitrogen by
nitrification or denitrification, electrodialysis, reverse osmosis and ion
exchange methods.

List the processes employed in tertiary trealment of domestic waste water.
Ans. Methods employed are coagulation, precipitation, absorption, nitrogen
stripping, phosphate removal, chlorination and desalination etc.

How the chlorinated \;“Jesticides can be removed from the waste water?
Ans. Styrene divinyl benzene copolymer can remove chlorinated pesticides by
adsorption at the surface of water.

Why anaerobic waste water treatment is preferred as compared to other processes?
Ans. Because energy (biogas) is produced instead of waste products, cheaper than
aerobic process in respect of treatment of high strength waste waters and relatively
low cost technology in terms of equipments.

—_
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17. What can farmers do to increase agricultural production without increasing land
use?
Ans.
e Less persistent and harmless pesticides can be used.
s Pest control may be achieved biologically.
e Biofertilizers like Azolla, Azobacter, legumes, neem based ecofnendly
substitutes are more promising.

18. How pesticides can be detoxified on the soil?
Ans. Pesticides can be detoxified by adsorption and biodegradation.

-19. List the strategies to protect the soil profile from waste products.

Ans. Inthe modern frame work of utilizing the waste to protect soil profile, a four
prolonged strategy has been adopted. '
(1) Minimizing the quantity of waste.
(ii) Collection, transport and disposal of waste in an environmentally sound manner.
(iii) Treatment of waste. '
(iv) Recovery and recycling of waste.

20. How biotechnology can be useful in otl pollution control?
Ans. Dr. Anand Mohan Chakraborty. synthesized an oil eating superbug by
introducing plasmids from different strains into a single cell of P. Putida. These
microbes were used for cleaning up an oil spill in water in Texas (USA).

21. Name the fungus which can decompose toxic compounds.

. Ans. White rot fungus, Phanerochaete chrysosporium, when placed in
nitrogen deficient medium, can degrade DDT, PCBs, dioxane, halogenated
aromatic rings producing CO,.

22. What are biofertilizers?
Ans. Biofertilizers are biologically active products or miecrobial inoculants of
bacteria, algae and fungi which can bring about soil nutrient enrichment. These are
either nitrogen fixing (eg., rhizobium, azobacter, azolla, blue green algae,
azospirillium) or phosphate solubilising.

23. List various types of noise.
Ans. 'Environmental noise, system iriternal noise, thermal noise, shot noise,
partition noise, induced grid noise, flicker noise and impulse noise.

24, How can you measure noise?
Ans. Noise is usually measured by sound pressure or sound intensity. The sound
intensity is measured in decibel (dB), which is the tenth part of the longest unit Bel.
One dB is equal to the faintest sound, a human ear can hear.

25. What is meant by noise control criteria?

. Ans.” With increasing noise levels, annoyance, interference with communication
_ and'hearing etc., damage can occur. Noise control criteria are prescribed to provide
standards for judging the acceptability of noise under various conditions.

286. List some equipments used for noise measuremend.
Ans. Sound level meter, cassette recorder, magnetic tape recorder, pen recorder,
noise average meters, noise analyser, noise limit indicator, vibration meters.,

27. How does nuclear pollution differs from air, water or soil pollution?

- Ans. Nuclear pollution is a physieal type of environmental pollution which differs
fromiother types of pollution in the respect that it not only affects the individual
critically, but also brings physiological changes in the subsequent generations. The
adverse effects due to pesticides, fertilizers, drugs, plastics etc. are mainly on the
environment while nuclear pollutants directly or indirectly hit the target man.

How Cs-137 contamination in soil can be rectified?
Ans. Vermiculite, a neutral clay, binds Cs-137 in the soil to prevent the spread of
radioactivity.

28



29. How are the solid wastes classified?
Ans. Solid wastes are classified into domestic, municipal, industrial,
agricultural, electronic and biomedical wastes.

30. What are the major considerations of management of solid waste?
Ans. Waste separation for recycling, reuse, energy recovery, economic growth,
public health and environmental protection.

31. Why separation of wastes at source is receiving more attention?
Ans. Because of increasing urbanisation, dwindling land fill capacity, economic
incentives, improving markets for reclaimed materials and environmental
concerns.

32. When the Autothermic incineration of dewatered sludge is used?
Ans. Autothermic incineration (conducting the process of thermal drying and
incineration without additional consumption of fuel) is extremely useful when toxic
substances in the sludge prevents its use as a fertilizer or in a land fill.

33. Mention advantages and disadvantages of incineration.
Ans. Advantages. Volume of waste iz reduced to more manageable levels.
Reduces land requirement. Residue after incineration is free from any degradable
materials. ) ’

Disadvantages. Incineration produces SOs, flyash, HCI, dioxins, furans and
organic acids. Also operation cost is very high.

34. List some methods of sludge disposal to prevent soil pollution.
Ans, : .

Disposal of sludge on lands.
Drying on beds of earth, using press filters and vacuum filters.
Extended or dispersed air processes, Simplex process, Aeration rotor process,

Aerobic treatment, Dumping, Lagooning, Incineration and Swedish INKA
process.

35. What is meant by waste reuse and waste recycling?
Ans. Transfer of the waste as it is without reprocessing to another facility is
known as waste reuse or waste exchange. When a transfer of waste as it is not
possible, reprocessing the waste for material recovery is known as recycling. That
is, waste must first be treated before it can be used in a manufacturing process.

36. Express hurricanes and teletsunami. i
Ans. Hurricanes are cyclonic storms with heavy rains and wind speed exceeding
120 km/hr. A tsunami which causes damage far away from its source is called
teletsunami, produced by vertical motion of the sea bed rather than by horizontal
motion.

37. State the recent tsunami.
Ans. The most devastating undersea earthquake (tsunami) measuring 9 on
Richter scale has occurred in Japan on March 11, 2011. This seaquake inundated
coastal communities, caused explosion in Phukushima Daichi nuclear reactor and
the hazardous radiation leakage upto Tokyo and Russia.

MULTIPLE CHOICE QUESTIONS

1. Life saving gas in the atmosphere is
) (a) Ozone in the stratosphere (b) Water vapour in the troposphere
(¢) Oxygen charged in the mesosphere {d) Nitric oxide in the ionosphere
2. Sinks of atmospheric gases are !
{a) Ocean surface (b) Soil

(c) Vegetation (d) All
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Environmental Seience 3. Asphyxiation is caused by

() NO. (b) HCN, COCI,,
(¢) CHCl (d) AsH, '

4. Pollutants emitted by jet planes are o
(a) Aerosol (b) Smcke
(c) Smog (d) Fog

5. The world’s strictest provision for the control of air and water pollution is in
{a) China (b) India
(c) Japan (d) USA

6. The killer in Bhopal disaster was

! (2) Carbaryl l {b) Methyl isocyanate

{c¢) Aldrin {d) Accidental fire

7. The symptoms of polluted water are
(a) No external matter on the surface
(b) Foul smell, bad taéte, oil and grease on the surface
(c) No change in physical appearance
(d) Less density .
8. Turbidity in water may be checked by coagulant such as

(a) Ferric chloride (b) Ferric sulphate
(¢) Ferric alum (d) All
9. Disease caused by eating fish contaminated with methyl mercury’is
(@) Minamata disease (b) Hashimoto disease
(c) Bright disease (d) Osteosclerosis
10. Treatment for drinking water supply requires

‘ (a) Sedimentation (b) Eléctrodialysis

(¢) Disinfection by chlorination (d) Fiitration through sand bed

11. The world’s fifth most devastated undersea earthquake (Tsunaml) that strucked
Indonesia, Sri Lanka and India was occurred on

(a) December 26, 2004 (b) January 26, 2005 :
(c) December 15, 2004 (d) January 15, 2005
12. Profuse growth of aquatic vegetation that reduces the dissolved oxygen content is
called
(a) Eutrophication . (b) Algal bloom
{c) Both (a) and (b) (d) Fermentation

13. Chemical substances indicative of water pollution are
(a) Dissolved oxygen in water
(b) Biological oxygen demand (BOD) in waste water .
(¢) Chemical oxygen demand (COD) in water
(dy All

14. Which among the following are more resistant to undergo decomposition in soil?

(a) Carbohydrates (b) Tannins and lignins
(¢) Proteins ' (@ Lipids o

- 15. Maximum permissible noise level for residential areas near road traffic is
(a) 70dB (b) 85dB {c) 100dB (d)120dB
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16. Equipments used for noise measurement is/are

(a) Cassette recorder (b) Pen recorder
" (¢) Sound level meter (d) All .
17. Solid waste management is best conducted by
(a) Incineration {b) Sanitary land fill
(c) Dumping into sea (d) Vacuum press filter

18. The recent most radio resistant genetically engineered bacterium to consume ionic
mercury and toluene from nuclear waste is

(a) Deinococeus radiodurans (b) Ophiostoma
{(¢) Rhodotorula {d) Plasmid
19. Thermal power plants mainly produce
{a) CO ) (b) Flyash
(c) NO; (d) CaS0,
20. The biggest nuclear hazard comes from /
(a) X-rays . (b) Cosmic rays
(c) Microwaves (d) Alpha rays
FILL IN THE BLANKS
1. The......... pollutants are emitted directly from the point source.
2. s forms the highest proportion in the vehicular exhaust.
3. The most important indoor air pollutant is ......... gas.

4. Minamata disease occurred due to consumption of ......... contaminated fish,

6. .ceenll when present in excess in drinking water causes blue baby syndrome.

7. Power plants utilize only ......... of the energy provided by fossil fuels for their
operations.

8. Sound frequency is expressed in ......... .

9. The world's worst industrial accident occurred in Bhopal in 1984 due to the leakage
of .........

10. Earthquake generated water waves are called ......... .
TRUE OR FALSE

1. Sulphur dioxide causes constriction of respiratory passage.

2. Sound can propagate without any medium.

3. Ground water is more prone to contamination due to soil mantle.

4. Rocket engine causes 180 dB of noise.

5. The saturation value of DO varies from 8 to 15 mg/L.

6. Solid wastes degraded by micro-organism are called non-biodegradable wastes.
7. The 2004 Asian Tsunami is also known as Boxing day tsunami.

8. The severity of an earthquake is measured by its magnitude on Richter scale.
9. Water and vegetation do not influence land slides.

10. Cyclones are recurring phenomenon in the tropical coastal regions.
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ANSWERS
Multiple Choice Questions.
1.(a) 2.{d)3.(b) 4.(@ 5. 6.0 7.0 8 9.(a 10.(0
11. (a) 12. (¢) 18. (d) 14. (b) 15.(a) 16.(d) 17.(a) 18.(a) 19.() 20.(a)
Fill in the Blanks.

1. Primary 2. CO 3. Radon
4. Methyl mercury 5. Itai itai 6. Nitrate
7.1/3 8. Hertz 9. Methyl isocyanate

10, Tsunamis

True or False
1. True 2. False 3. False 4. True 5. True
6. False 7. True 8. True 9. False 10. True
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NATURAL RESOURCE MANAGEMENT AND
BIODIVERSITY CONSERVATION

STRUCTURE

* Forest Resources

* Water Resources

» Mineral Resources

« Food Resources

+ Energy Resources

* |Land Resources

= |ntroduction, Genetic, Species and Ecosystem Diversity

« Biogeographical Classification of India

» Values of Biodiversity

= Global Biodiversity, National Biodiversity. India as a Mega-Diversity Nation
= Local or Regional Biodiversity '
= Hot spots of Biodiversity )

* Threats to Biodiversity—Habitat loss, Poaching of wildlife

» Man Wildlife Conflicts

+ Endangered and Endemic Species of India

« Conservation of Bicdiversity

+ Questions and Short Answer Questions

= Multiple Choice Questions and Fill in the Blanks

» INTRODUCTION

Natural resources are-the life support materials or reserves which living
organisms can take from nature for the sustenance of their life. For a sustainable

development, conservation and management of natural resources (like water, air,

soil, minerals, coal, forests, crops, wetlands, wildlife etc.) is extremely essential.
With the phenomenal rise in human population, these resources are being heavily

exploited. No doubt, the total global production is nearly enough to match the -

human demand for energy and materials if we judiciously distribute the resources
available to us. But looking towards future scenario, the situation appears pretty
grim due to degradation of natural ecosystems, deterioration of fertile soils,
industrial proliferation, urbanisation and environmental pollution.

Natural resources are the raw materials obtained or derived from nature. A
natural resource can be biotic or abiotic. Biotic resources can be derived directly
or indirectly from photosynthetic activity of plants. Food stuff, fruits, milk, wood,
fibre, fish, meat etc. are termed as biotic resources. Coal, oil and natural gas are
also referred to as biotic resources. Abiotic resources include minerals, fresh
water, salts, chemicals ete. since biological activity is not involved in their formation.
Natural resources are of two kinds, that is, renewable and non-renewable.

Renewable and Non-renewable Resources.

Renewable resources are inexhaustive and mostly biclogical in nature. These
resources can be recycled, regenerated or harvested continuously through a
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Environmental Science sustained proper planning and management. Examples are solar energy, wind
energy, hydropower and forests etc.

Non-renewable resources are exhaustive and physical in nature which can not
be regenerated. Examples constitute fossil fuels such as coal, oil, petroleum,
natural gas, minerals etc. Even renewable resources are endangered and liable to
extinct if these are exploited recklessly, e.g., forests..— - —
M?ﬁjor—nai:urad—resourcés are
~ Forest resources

Food resources
Water resources
Energy resources
Mineral resources

Land resources

» FOREST RESOURCES

A plant community predominantly of trees and other vegetation usually with a
closed canopy is called forest derived from Latin word Foris meaning out of door.
Today forest may be regarded as any land managed for the diverse purpose of
forestry, whether covered with trees, shrubs, climbers, lianes or not. About 33% of
the world’s land area is under forest cover. CIS accounts for about 20% of the
world’s forests, Brazil for 15%, Canada and USA for 6%. Covering the earth like a
green blanket, these forests not only produce innumerable material goods but also
provide several environmental services which are essential for life.

USES OF FORESTS

1. Commercial uses. The forests of a country make a natural asset of
immense value. They produce a large number of products of commerecial as well as
industrial importance. Some of such valued products are structural timber,
charcoal, raw materials for the manufacture of paper, newsprint, panel products,
bidi leaves, resins, gums, essential oils and a number of useful medicinal shrubs.

¢ Bamboos are tall, perennial, arborescent grasses characterized by woody
stems, called culms. Bamboos are the poor man’s timber, used as rafters,
scaffolding, roofing, walling, flooring, matting, basketry. More than 160
species of bamboos are found in the Indian forests and are suitable for
making paper, rayon and canes etc. Bamboo wood is also used as ropes, cables
of suspension bridge in forests, for furniture, umbrella handles and sports
goods etc.

e Babul bark is an important tannin material. Gum and resin exuded from
plants are used in textile industry, cosmetics, cigar and food industry ete. The
most important resin is obtained by tapping the chir pine. It is a flourishing
forest industry.

2. Ecological uses. Most of the ecologically useful plants are in the form of
herbs, shrubs, climbers and grasses. Tropical forests are considered as the lungs of
the earth and have aptly been called as the life support system. They are the
treasure houses of food, medicines and commerce. These forests harbour
some very primitive species of plants and animals and provide the most stable
environment for life and land. Between 1999 and 2009, about 350 million hectares
of tropical forests (equivalent to 4 times the size of France) have been converted to
other uses.

3. Regulation of climate. Rain forests, the most primitive ecosystems, are
universally recognised for regulating the global climate, rainfall and the
consequent productivity of land and water.
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4. Reducing global warming. The forest canopy absorbs CO: during
photosynthesis and acts as a sink for green house gases.

5. Soil conservation, A properly stocked forest guard against soil erosion,
damage of water sheds, floods and sedimentation.

6. Regulation of hydrological cycle. Forested watersheds act like glant
sponges, absorb rain water, increase humidity by transpiration and regulate
hydrological eycle.

7. Medicinal value. Most of the medicinal plants are found in the under
brush strata of the forest. They contain chemicals such as alkaloids, glycosides,
terpenoids, lignans, fatty acids, resins, tannins, gums and many other substances
which have specific effects on the human body. For example, Tinospora cordifolia,
Vitex trifolia, Serpentina, Eucalyptus, rusa grass, khus, camphor and sandal wood
are used in medicines. Quinine, a malaria drug, is obtained from the bark of

" Cinchona.

8. Oils, Essential oils, obtained from a variety of forest plants, are used in the
manufacture of soaps, cosmetics, pharmaceuticals, confectionery and tobacco
flavouring ete.

9. Food products. Vegetative shrubs, herbs, climbers, ferns, mosses are
derived from trees and consist of flowers, fruits, leaves, bark, stem or root. Several
forest fruits, flowers and even leaves and roots are eaten. Examples are bel, ber,
phalsa, jamun, khirni and tendu. The parts of some plants are used as
vegetables and for making pickles. Examples are amla, anar, imli, karaunda,
kokam, kachnar etc. Kalazira is the seed of carum carvi and is used as a spice.
Shahtoot fruit is eaten or made into a sharbat. Tendu leaves are used as wrappers
of tabacco to make bidis.

10. Desert vegetation. India is gifted with cold desert vegetation of Tibet
Plateau. It has been estimated that more than 15000 known floral species are
found in India.-The North-East region, comprising of Assam, Tripura, Meghalaya

ete. 1s the richest zone. There are more than 6700 endemic species largely found

in Himalayas and Western Ghats of Peninsular India.

11. Shelter for tribal people. The forests play an important role in the life of
tribal people living in close proximity of forests because latter provide them food,
shelter, timber, wood fuel, fruits, meat, medicines, hides, skins and other products
of their daily and commercial uses. Forests also give shelter to diverse species of
plants, wildlife and miero-organisms.

12. Pollution moderators. Forests absorb many toxic gases and can helpin
keeping the air pure. They also absorb noise and thus help in preventing air and
noise pollution. :

13. Aesthetic value. Forests also have a great aesthetic value. All people
appreciate the natural beauty and tranquility of forests.

OVER EXPLOITATION OF FORESTS.
Exploitation of vast potential of forests may be due to following causes.

1. Commercial Demand. Forests contribute substantially to the national
economy. The international timber trade alone is worth over US $ 40 billion per
year. But the commereial demand for pines, feak, sal and conifers have turned the
productive forest wealth into near desert.

2, Raw Materials for Industrial Use. Wood, timber, wooden crates for
making furniture, railway sleepers and pulp for paper industry have exerted
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tremendous pressure on forests. Plywood is in great demand for packing tea in tea
industry while fire tree wood (ten times more) is exploited for packing apples alone.

3. Development Projects. Mega Projects of the World Bank, construction of
dams, hydroelectric projects, power stations, roads, highways, railways, open cast
coal, lime stone mines have been instrumental for the massive destruction of forest
cover. The tidal mangrove forests called Sunderbans have been stripped and the
Southern Peninsula has turned to acacia scrub semidesert. The tropical deciduous
forests of Vindhyan ranges of Mirzapur were replaced with a savannah ecobiome
and near barren wasteland due to excessive exploitation.

4, Growing Food Demands. Forest wealth has been recklessly exploited by
agricultural lands and settlements.

5. Fuel Requirements. Increasing demands for fuel wood by growing
population in India has shooted up to 600 million tonnes in 2010. If the trend
continues, time will come soon when the cost of fuel would be much higher than the
cost of food. ’

ASSOCIATED PROBLEMS OF FORESTS.

e Over exploitation of forests is responsible for soil ercsion, loss of wildlife and
biodiversity, change in land scape, wind direction, floods, drought and global
warming.

e Deforestation upsets the delicate balance of nutrients, gases and symbiotic
relationship between man and plants.

e Tropical forests, considered as the lungs of the earth, are under a virtual
death sentence owing to burgeoning population density. Merciless clearing of
plant species (genetic erosion) at the rate of 8 million hectares per year have
resulted in tremendous loss of vast reservoir of genetic diversity.

e Hydrologieal cycle gets affected thereby influencing rain fall.

e Hoxrxticulture has contributed to social destabilisation, eco-destruction and
maassive deforestation. The snow line of Himalayas is continuously receding,
an extremely serious phenomenon with far reaching consequences.

Hot Beds of Extincting Forests. Some extincting tropical forests are:

Madagascar, Western Eucador, Colombian, Choco, Western Amazonia, Northern

Borneo, Eastern Himalayas, Peninsular Malaysia, Philippines and New Caledonia.

DEFORESTATION.

Destruction of biotic potential of land leads to deforestation, i.e., forest
destruction. The total forest area of the world was estimated to be 7000 million
hectares in 1900 which fell down to 2100 million hectares by 2010. This process of
deforestation is a serious threat to economy, quality of life and future of the
environment in our country.

Some important forest figures for India are illustrated below.

Indian Forest Statistics.
« Total forest area : 67,701,000 ha
« Percent of land area ) : 22.8%

« Deforestation rates
Total forest loss (since 1900) : 3,762,000 ha
Annual forest loss (2000-2005) : 29,400 ha

« Break down of forest area




Natural : 32,943,000 ha

Semi-natural : : 31,532,000 ha

Production plantation B 1,053,000 ha

Plantaticns (2005) : 3,226,000 ha
» Forest classification

Public forest ' © 984%

Private forest o 1.6%

« Forest use

" Production ! : 21.2%
Protection : 14.8%
Conservation : : 21.7%
Multiple purposes : 42.4%

Source. MOEF (Annual Report 2005—06)

e Note that we are still far behind the target of achieving 33% forest area as
per National Forest Policy. Despite increasing awareness, deforestation
rates continue to increase.

e Each day about 32300 ha of forest disappear and another 32300 ha of forest
suffers degradatmn.

e During 2005-2010, the tropical deforestation rate has increased by 9.5%
as compared to 1995’s deforestation rates.

Primary forests has lost by 25%.
Further, forests are being replaced by plantations with much less
biodiversity.

Major Causes of Deforestation.

e Rapid explosion of human and livestock population.

e Over grazing by cattles, indiscriminate felling of trees and over
exploitation of land resources.

e Construction of dams destroy thousands of square kilometres of tropiéal
forests. The process of filling the reservoirs may drown large tracks of
forests, displace people and kill wild life.

e Although dams are intended to provide inexpensive electricity, many of
them are economic failures because of lack of environmental planning.
Erosion of water shed fills reservoirs with silt and reduces the ultimate
output and useful life of dams.

e Proliferation of industries, quarrying, irrigation and expansion of
agricultural lands for farming to meet the growing food demands.

» CASE STUDIES

Desertification in Hilly Regions of Himalayas

Deforestation in Himalayas, involving clearance of natural forests 'and
plantation of monocultures like Pinus roxburghi and Eucalyptus camadulensis
have upset the ecosystem by changing edaphic (soil), physical and biological
properties. So nutrient cyeling has become poor, original rich germ plasm is lost
and the area is invaded by exotic weeds. Consequently, the soil is losing its fertility.
The entire west Khasi hill districts of Meghalaya in North-east Himalayas, Ladakh
and parts of Kumaon and Garhwal are now facing the serious problems of
Desertification. - -
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Waning Rainfall in Nilgiri Mountains.

The sub normal rainfall during 1965-84 at Ooty (Udhagamandalam) in Nilgiri
mountains has been found to be closely associated with decling forest cover in this
region. When the Nilgiri mountains had luxuriant forest cover, annual rainfall was
much higher.

Disappearing Tea Gardens in Chhota Nagpur.

Chhota Nagpur had a good forested areas towards the turn of the century and
used to receive frequent afternoon showers favouring tea plantations. Following
the destruction of forests, rainfall declined to such an extent that tea-gardens
disappeared from the region.

* CHIPKO MOVEMENT (WILDERNESS ETHIC)

Perhaps the first forest movement against indiscriminate felling of trees was
fought in India in 1730 by a Bishnoi woman, The leader of this movement, Amrita
Devi with her 363 followers, resisted the felling of Khejori trees in Jodhpur. The
contractors axed the trees to death. Later on, the ruler of Jodhpur banned tree
felling. Chipko (to hug or stick to) movement was first launched by a tribal woman
in Tehri Garhwal district of Uttarakhand in 1972. Tt came into lime light in 1973 in
Gopeshwar in Chamoli district. It gained momentum in February 1978, when the
women of Advani village embraced the trees, faced police firing and later courted
arrest. This movement continued under the leadership of Sunder Lal Bahuguna
and Chandi Prasad Bhatt against massive felling of trees by timber contractors
in Uttarakhand hills (UP).

This novel campaign of saving hill forest and greenery soon spread all along the
hill region (Salkane forest in Sirsi district, Aravali of Rajasthan) and to Karnataka
where it was named Appiko. The first Appiko was sparked off on September 8,
1983 with the objective to protect the trees and to conserve the forest resources. In
the course of time, the Chipko movement crossed geographical boundaries and
observed as Chipko Day at New York, USA on April 29, 1983. Chﬂdren assembled
and hugged a big tree in Union Square Park.

The plantation of five Fs-Food, fodder, fuel, fibre and fertilizer trees will
generate a self renewing decentralised and economic prosperity to the nation.

* MAJOR ACTIVITIES IN FORESTS

Timber Extraction.

- Logging for valuable timber, such as teak, sal and mahogany not only destroys
large trees per hectare but also uproot the dozen more trees since they are strongly
interlocked with each other by vines etc. Road construction for making approach to
the trees causes further damage to the forests. Wood extraction in 2009 was
estimated to be 1.9 m3 in India.

Mining.

Mining is done to extract minerals or fossil fuels from shallow deposits by
surface mining or from deep deposits by sub-surface mining. Currently, more
than 80,000 hectare of land in India is under the stress of mining activities. Mining

destroys vegetation along with underlying soil mantle and overlying rock masses.
This results in defacing the topography and destruction of the landscape in area.

"o Indiscriminate mining in forests_of  Goa since 1991 has lost more than 50,000

-

hectare of forest.land.

e Coal mining in Jharia, Singrauli—and Ranigan] have caused extensive
deforestation in Jharkhand.




e Mining of radioactive minerals in Kerala, Tamil Nadu and Karnataka is
also posing the threat of deforestation.

e Mining of magnesite and soap stones have destroyed 14 hectare of forest in
the hill slopes at Khirakot, Kosi valley and Almora,

e Rich forests of Western Ghats are declining due to mining projects for
excavation of copper, chromite, magnetite and bauxite.

e Large scale deforestation (over 40 km) has been reported in Mussorie and
Dehradun valley due to indiscriminate mining of various minerals. The
forested area has declined upto 33% and increase in non-forest area has
resulted in unstable zones leading to landslides.

» DAMS AND THEIR EFFECTS ON FORESTS AND PEOPLE

Big dams like Bhakra-Nangal, Heerakund, Nagarjuna Sagar and Damodar etc.
have multipurpose uses and have been referred to as Temples of modern India.
India has about 1850 major dams, the maximum being in the state of Maharashtra
(650), followed by Gujarat (more than 250) and Madhya Pradesh (130). The highest
one is Tehri dam on river Bhagirathi in Uttarakhand and the largest in terms of
capacity is Bhakra dam on river Satluj in Himachal Pradesh.

Large dams have been in sharp focus of various environmentalists all over the
world which is mainly because of ecological disasters including deforestation and
socio-economic problems related to tribal or native people associated with them.
The Silent Valley hydroelectric project was one of the first such projects situated
in the tropical rain forest area of Western Ghats that attracted much concern of the
people.

The crusade against deforestation and ecological damage caused due to Tehri
dam was led by Sunder Lal Bahuguna, the leader of Chipko Movement. Likewise,
problems associated with Sardar Sarovar dam have been raised by
environmental activists Medha Patekar joined by Arundhati Roy and Baba Amte.

e Dams are responsible for large scale devastation of forests and disruption
of natural ecological balance of the region.

e Floods, droughts and landslides become more prevalent in such areas.

e Dams submerge forest, displace local people, cause water logging and
siltation.

e Forests are the repositories of invaluable gifts of nature in the form of
biodiversity.

e Plant species could be having marvelous economic or medicinal value. This

store house of species which have evolved over millions of years get lost
due to deforestation in a single stroke.

Sardar Sarovar Dam (Uprooted Forests and Tribals)—A Case Study.

Sardar Sarovar dam is situated on river Narmada and is spread over three
states of Maharashtra, Madhya Pradesh and Gujarat. Although the project is
aimed at providing electricity, irrigation water and drinking water to the three
states but the environmental impacts of the project have raised challenging
questions. A total of 1,44,731 ha of land (including 56,550 ha of forest land) and 575
villages are submerged by the Narmada dam. Submergence of about 40,000 ha of
forest under Narmada Sagar, 13,800 ha under Sardar Sarovar and 2500 ha under
Omkareshwar would further create pressure on remaining forest areas in
adjoining regions. Many of the wildlife species found in these areas are listed in
schedule I and II of Wildlife Protection Act, 1972. Thus massive loss of wildlife is
apprehended due to the devastation of forest under the project.
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As per the estimates of the Institute of Urban Affairs, New Delhi, the Narmada
Valley project will lead to eventual displacement of about one million people. Thisis
probably the largest rehabilitation issue ever encountered as per the World Bank.
Uprooting the tribals and forced shifting in far-flung areas disturb their normal
living. Besides serious economic deprivation, the displacement will affect tribal’s
culture, their beliefs, festivals, myths and rituals, all closely associated with the
forests, hills and streams. Most of these tribals belong to poor, unprivileged
schedule castes and tribes. The displaced persons have to face hardship and
distress for the sake of development and prosperity of a larger section of the society.
It is therefore the duty of the project proponents and government to provide proper
rehabilitation to the displaced tribals.

FOREST CONSERVATION.

The National Forest Policy of India (1988) recommended that one-third (33%)
of our land should be under forest cover. But today, the forest cover has reduced to
merely 12%. Per capita forest area available in India is 0.06 hectare as against 0.64
hectare of the world’s per capita forest area. We have almost reached a critical state
which must be remedied before it is too late for our own survival.

The potential of forests must be tapped and nurtured but we must stop
over-exploitation. A recent World Bank study (2004), showed that if we unlock the
opportunities for Indians from its forests, there will be a boost in economy from 222
million US dollars to 2 billion US dollars in the next 15 years. In India, Joint
Forest Management has come up as an innovative approach Involving
community participation, so that rural economy is strengthened and forest
resources are conserved.

Some Conservation Strategies.

(i) Conservation of Reserve Forests. Reserve forests include National
Parks, Sanctuaries, Biosphere Reserves and the areas where major water
resources are located, viz., the Himalayas, Western and Eastern Ghats. These
must be protected and no commercial expleitation be allowed in these areas.

(i) Production Forestry. These are forests on the plains and their
productivity can be enhanced by proper management. Generally, fast growing
trees (Eucalyptus, Acacia) are grown using modern techniques. Production or
commercial forestry is intended entirely for commercial purposes to meet the needs
of the forest based industry. Grazing lands, fallow lands not used for agriculture
can be used for raising such plantations.

(iii) Social Forestry. Social forestry is based on public and common land to
produce firewood, fodder, fruit and small timber for rural community. The aim is to
reduce pressure on natural forests for these requirements.

(iv) Agro Forestry. Same land is used for farming and forestry by taungya
(growing crops between rows of trees) and jhum (shifting|crop and forest
cultivation) techniques.

(v) Urban Forestry. [t aims at growing ornamental and fruit trees along roads,
parks or vacant lands. |

le. WATER RESOURCES

The chief sources of water are rain water, sea water, ground and surface water
The World’s total quantum of water is 140 x 1016 m3.

Sea Water. \ l

About 97% of earth’s water supply is in the ocean which is unfit for human
consumption and other uses due to high salt content. Of the remaining 3%, 2.3% is
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locked in the polar ice caps and hence out of bounds. The balance 0.7% is available
as fresh water. If all the sea beds could be filled up and brought at the level of the
earth surface, then the entire water in the seas would cover the earth’s surface and
make it 2.5 km deep water mass.

Ground Water.

Ground water, a gift of nature, is about 210x10° m?® (0.66%) including
recharge through infiltration, seepage and evapotranspiration. Qut of this nearly
one-third is extracted for irrigation, industrial and domestic use, while most of the
water is regenerated into rivers. Of the fresh water below the surface about 90%
satisfies the description of ground water that is, water which occurs below the
water table. About 2% water occurs as soil moisture in the unsaturated zone above
the water table and is essential for plant growth.

0!° m?) which goes to earth crust is

The major portion of water (about 165x1
retained as soil moisture. Only 500 x 10° m? percolate down to the ground water
deposits. About 120 x 10? m? of water applied to agricultural fields moves down to
ground water table and 50x 10 m? of surface flow also end up as ground water.,

Thus a total of 670 x 10° m? fresh water enters the ground annually.

Surface Water.

We have a very limited stock of usable water that is, 0-03% of the mass balance.
The 115x10'° m? of surface water is enlarged by the addition of about

450%10° m? of fresh water from ground water flow, 200x10° m® from surface
flow and 50x10° m? as run off from irrigated areas. The surface loses almost

50x 10% m? of its water which percolates down to ground water deposits. The total

010

surface flow per year is 185x 1 m® which are distributed among river basins.

Rain Water.

In India, the annual rain fall is about 400 x 10'% m?2. Out of this, 70 x 10"%m? of

2 yuns off into surface water bodies

water evaporates immediately, 115x10% m
and the remaining percolates into the soil. The hydrological cycle in nature is

more or less balanced in terms of charge (cloud formation} and discharge (rain fall).

* WATER QUALITY

It 1s essential to enforce water quality standards to specify water suitability for
drinking, irrigation, industry, public health and environmental safety purposes.
All developed countries strictly conform to water quality standards. The United
States Public Health (USPH) has laid down following standards for drinking

water.

Table 1. Water quality parameters (Domestic water supplies)
and USPH Standards.
Parameter USPH Standards Parameter USPH Standards
pH 6.0-8.5 Chloride 250.0
Dissclved oxygen 4.0-6.0 _ Sulphate 250.0
Total dissolved solids 500.0 Cyanide 0.05
Suspended solids 5.0 Nitrate + nitrite 10.0
Calcium 100.0 Iron 0.3
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Magnesium 30.0 Lead 0.05

Mercury 0.002 Arsenic 0.05

Chromium VI 0.05 Phenol 0.001

CcoD 4.0 Detergents 0.1
Note, All parameters except pH are in ppm or mg/L.

The quality parameters for surface water (rivers, lakes, ponds) are 4 to 5 times
higher than the above values for drinking water. The delicate balance existing

“ between the ratio of available and exploitable water resources and sustaining their

quality should be maintained to support the life systems on earth. Water for
domestic purposes should be free from :

e Materials which impart colour, taste or turbidity, e.g., oils, grease, phenols etc.

e Substances which may settle to form objectionable deposits or float on the
surface as debris, oils and scum.

o Toxic substances including radionuclides, physiclogically harmful to man or
other aquatic life.

= WATER USE AND OVER-EXPLOITATION

Water, a vital natural resource and precious commodity, is essential-for
multiplicity of purposes. Human beings depénd on water for almost every
developmental activity. Out of 30% stream flow, water consumed by man is: 8%
for irrigation, 2% for domestic use, 4% for industrial consumption, 12% for
electrical utilities, 4% for transportation and waste disposal. Water shapes the
earth’s surface and regulates our climate. Water use by man is of two types :

(i) Water withdrawal that is, using ground water or surface water. But with
the rapid growth of population, many countries are now using desalinated sea
water as a potential source of supply of potable water in scarcity hit regions.
Desalination may be accomplished by processes such as distillation, freezing,
electrodialysis and reverse osmosis.

(ii) Water consump'tion that is, water which is taken up but not returned for
reuse. Globally, only 60% of the water withdrawn is consumed due to loss through

~.

evaporation. -
Water Consumption in Major Sectors.

Irrigation. Agrliculture sector is the major consumer (93%) of water in India
(Table 2). While in a country like Kuwait, which is water poor, only 4% is used for
watering the crops. On a global average, 70% of water withdrawn is used for
irrigation. . :

Table 2. Estimates of water requirements (in cubic kilometres) in India.

Water needed for 1974 2000 ZUZIS
Irrigation 3500 630.0 . 770:0 .
Therma! power generétion 11.0 60.0 160.0 *
Industries 5.5 30.0 I 120.0 ‘
Domestic needs 8.8 ‘ 25 ') 39.0
Livestock in management 4.7 7.'4 f 11.0
Total 380.0 o 754;0 ) 1100.0




Industries. About 25% of water on global average is used in industry which
again varies from 70% in European countries to 5% in less developed countries.

Power generation. In India, power generation sector will require about 15
times more water by 2012 than it was in 1974.

Domestic water needs. Per capita consumption of water shows wide
variations. In USA, an average family of 4 consumes more than 1000 m? of water
per year which is many times more than that in most developing countries. With
growing population, the demand for high quality fresh water is steadily increasing
but its availability is dwindling because of misuse, wastage and pollution.

World Health Organisation. Current estimates show that water
consumption will have to be cut by 50% by 2025 if nations fail to address
imbalances in global water supply and demand.

Effects of Overuse of Ground Water.

1. Lowering of water table. Excessive use of ground water for drinking,
irrigation and domestic purposes have resulted in rapid depletion of ground water
table leading to drying of wells and sharp decline in future agricultural production.

2. Ground subsidence. When ground water withdrawal is more than its
recharge rate, the sediments in the aquifers become compacted causing ground
subsidence. It results in sinking of overlying land surface which may damage
buildings, causes fracture in pipes, reverses the ﬂow of sewers and canals and tidal
flooding. AN

3. Water logging. FExcessive irrigation with brackish water raises the water
table leading to water logging and salinity problems.

« FLOODS

Flood refers to a situation when the limits of river banks, i.e., the natural level
fails to contain the entire flow of the river water and water inundates the land
along with the river channel. Flash floods are highly localised and caused by cloud
bursts during the monsoon.

Causes of Floods.
1. Natural Causes.

o  The natural factors which cause river floods are prolonged high intensity
monsoonal rain fall. In the snow fed rivers of north India, excessive
snow-mell could swell up the streams causing them to flood.

o The natural causes of flood also include the cyclones, volcanic eruptions,
earthquakes, landslides, flash floods and the resultant devastation. Heavy
spell of rainfall in the arid and semi arid regions, where the rainfall is

generally scant, low and infrequent, causes flash floods in rivers. Such

rivers are unable to accommodate enormous volume of water due to poor
natural drainage systems. For example, unprecedented rainstorms in
Jaipur city (Rajasthan), India in 1981 caused flash floods and raised the
level to 836 -4 mm in rivers.

~ 2. Anthropogenic Causes.

e Man-made activities such as indiscriminate deforestation, building

 construction, urbanization, industrialization, channel manipulation
through diversion of river course, reservoirs, constructmn of bridges and
roads, elc. cause disastrous floods in rivers.
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o Accumulation of huge wastes, filling of wurban drains, sedimentation,
inadequate drainage system in irrigated lands, gradual encroachment of
human settlements near the channels are the significant factors causing river

floods.

e The riverine cities like Kanpur, Varanasi and Allahabad in India, located
along the mighty Ganga river are the burning examples of ecological
degradation caused by recurrent floods of the Ganga river.

Main Flood Zones in india.

e Rivers of Himalayas comprising the Ganga, Brahmaputra and their
tributaries.

~

e The north western river basins of Ravi, Jhelum, Chenab, Satluj and Beas.

e The central India and Peninsula river basins consisting of Yamuna, Godavari,
Cavery, Tapti, Narmada, Chambal, Krishna and Mahanadi.
Areas located around these rivers particularly North Bihar, eastern U.P., Delhi,
Punjab, Haryana and north east Rajasthan account for 90% of the total flood
damage.

Effects of Floods.

e Floods are among the most destructive phenomenon of nature. World-wide
flood damage to agriculture, huildings, roads, bridges and public utilities
account to billions of dollars every year along with the loss of precious human
and animal lives.

e The maximum flood damage loss was estimated at Rs. 21 crores in 1951, Tt was
Rs. 4060 crores in 1995 and Rs. 9000 crores in 2010.

e Sheet erosion of s0il and sand casting occur due to flash floods. This sediment
load in rivers causes their water level to rise disrupting the aquatic life.

¢ Flash floods generally revitalize the dead drainage system so that the streams
become very active. The area cultivated in the beds of buried drainage system
get inundated. .

o People of Bangladesh are accustomed to moderate flooding during monsoon
and they utilize the flood water for raising paddy. But severe floods like that in
1978, 1988, 1995 and 2010 resulting from excessive rains, Himalayan runoff
and storms have very disastrous consequences causing massive deaths and
damages. In September 2010, millions of people were drowned and died in
several villages of Punjab, Haryana, Uttar Pradesh and Uttarakhand due to
heavy rainfalls.

Flood Control Measures.

1. Flood Plain Zoning. Flood plain zoning aims at determining the locations
and the extent of areas likely to be damaged by floods.

2. Flood-proofing Measures. These measures include location and
construction of industries, public utilities, telephone exchange, electricity
installations, railway stations, aerodromes and commercial centres above the
observed flood levels so that they may remain unaffected in the event of flood.

8. Flood Risk Maps. It is possible to demarcate the zones for different flood
frequencies with the help of data and maps. Maps can predict the areas liable to be
affected at different water levels.

4. Flood forecasting and early warning to affected areas are among the most
important and cost effective means to reduce the impact of floods. Today, satellites
like IRS-IB and INSATS predict accurate flood forecasting, -



Other Control Measures.
e Floods can be controlled by afforestation and by constructing dikes,
revetments, embankments and artificial levees. .

¢ Meander loops and bends in the highly sinous rivers can retard the quick
disposal of water.

e Storage reservoirs can be used to control the flood. Such reservoirs were
constructed on Miami river in the state of Ohio, USA.,

e Flood diversion systems, flood walls, detention basins, watershed
management, advance flood warning and emergency evacuation may
reduce the flood magnitude.

s Networking of rivers is being proposed to deal with the problems of floods.

* DROUGHT

Drought is an insiduous phenomenon which creeps over an extensive area,
Indian Meteorological Department (IMD) defined drought as a situation when the
mean annual rainfall is less than 75% of the normal rainfall and there is shortage of
surface or ground water affecting plant life adversely. Severe drought occurs when
the deficiency of rainfall exceeds 50% of the normal rainfall for 21 days or more.
Although rainfall is the main parameter for the determination of drought yet other
drought indicators may be used which include evaporation, humidity, wind air
temperature, solar radiation, soil motsture, stream flow and plant conditions.
Drought thus indicates dryness or want of water.

There are about 80 countries in the world, lying in the arid and semi-arid
regions that experience frequent spells of drought. Recently, the irrigation
commissions has identified certain chronic drought areas as Rajasthan, Kutch,
Gujarat and adjoining parts of Punjab, Haryana, west M.P. and west TJ.P.

Causes of Drought.

Drought is a meteorological phenomenon associated with natural EI Nino and
Southern Oscillation (ENSQ), as well as anthropogenie causes like deforestation,
overgrazing, mining and global warming etec. In India, extensive desertification has
increased the vulnerability of larger parts of the country to drought. Errorneous
and intensive cropping pattern and increased exploitation of scarce water
resources through canal irrigation has converted drought prone areas into
desertified ones. In Maharashtra, there has been no recovery from drought for the
last 30 vears due to over-exploitation of water by sugarcane crop which has high
water demands.

Impact of Drought.

The most serious drought event occurred in 1982 showing full impact all around
the globe. There were droughts in north-eastern Brazil (14 million people
affected), north China (grain yield reduced to 10%), India (food production
dropped by 4%), Indonesia (380 hunger, thirst and starvation deaths) and eastern
Australia (disease and death).

In India, there have been 23 occasions when drought has occurred and rainfall
deficiency was found to be 1.0 SD. Drought episodes in 1911, 1925, 1941, 1951,
1969, 1998, 2002, 2008 in India were so disastrous and catastrophic that they
severely affected all types of life forms as follows.

e Acute shortage of drinking water.

e Loss of standing crops and sensitive species of plants.
e Scarcity of food, fodder and fuel.

e Migration of animals to other places.
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e Acute effects on hydel power generation.
e Increase in imports ete.

Control Measures,

There are some long term measures to ameliorate the severity of drought.
e Use of water from all sources, i.e.,rainfall, surface and underground water.

o Construction of tanks, ponds, reservoirs and wells to provide irrigation
facilities. ‘

e Lining of canals and distributories to minimise water losses.

e Introduction of mixed cropping that would optimise production and minimise
the risks of crop failures.

e Introduction of water conservation schemes and dry farming techniques.
e Development of horticulture and pastures.

e Social forestry and wasteland development can prove quite effective to
fight against drought, but it should be based on proper knowledge of ecological
requirements and natural processes, otherwise it may even boomerang, The
Kolar district of Karnataka is one of the leading districts in Social Forestry
with World Bank Aid, but its all (11) talukas suffer from drought. It is because,
they have planted Eucalyptus which is responsible for lowering down the
water table due to their high transpiration rate. It is therefore, important to
select the plantation depending upon the climate, soil texture and its water
requirements. Afforestation can mitigate the problem of drought by increasing
air moisture, precipitation and the rate of rain water infiltration.

A Drought Prone Area Programme (DPAP) was launched in 2008 in arid
and semi-arid regions with poor natural resource endowments. The aim was to
promote more productive dryland agriculture by better soil and moisture
conservation, scientific use of water resources, afforestation, livestock development
and to restore ecological balance.

= CONFLICTS OVER WATER

Indispensability of water and its unequal distribution in different countries has
often led to inter-state or international disputes. Out of India’s 18 major rivers, 17
are shared between different states. Issues related to sharing of river water have |
been largely affecting our farmers and puzzling governments. Some major water
conflicts are discussed below.

1. Water Conflict in the Middle East., The shared water resources for
Middle East countries are the three river basins, viz.,, the Jordan, the
Tigris-Euphrates and the Nile. Ethiopia controls 80% of Nile’s flow and plans to
increase it. Sudan is also trying to divert more water. This would badly affect
Egypt, which has a thin strip of irrigated cropland along the river Nile. Likewise,
there is a fierce battle among Jordan, Syria and Israel for the share of Jordan river
water. Turkey has abundant water and plans to build 22 dams on
Tigris-Euphrates for hydro electric power generation. But it would drastically
reduce the flow of water to Syria and Iraq. Turkey also plans to transport and sell
water to starved Saudi Arabia, Israel, Kuwait, Syria and Jordan. The next war
among Middle East countries would be fought over water and not oil.

2. The Cauvery Water Dispute. The Cauvery river water is a matter of
conflict between Tamil Nadu and Karnataka. Tamil Nadu, occupying the
downstream region of the river wants water-use regulated in the upstream,
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Notifications. -
e Environmental Impact Assessment Notification, 1994,
o Eco Mark Notification, 1994.
e [Environmental Audit Notification, 1997.

Important Rules Framed by the Central Government.

Hazardous Waste (Management and Handling) Rules, 1989, 2002.
Biomedical Waste (Management and Handling ) Rules, 1998, 2002,
Municipal Solid Waste (Management and Handling) Rules, 2000.

Plastic Waste Rules, 1999.

Hazardous Micro-organisms and Genetically Modified Organisms Rules, 1999,
The National Environmental Tribunals Act, 1995 and National
Environmental Appelate Act, 1997 have been enacted with the objective of
strengthening the provisions of environmental laws and protection against
environmental aberration.

The Environment (Protection) Act, 1986

EPA was introduced in the wake of Bhopal disaster, 1984, EPA is the most
comprehensive Act, incorporating all possible aspects related to environment
protection. In fact, it is an unbrella legislation which provides a frame work for
the coordination of Central and State governments and authorities established
under Water and Air Acts.

EPA empowered the Central government to issue orders for closing down
industries for non-compliance, imposing on them heavy penalty etc. Under the
provision of EPA, every state has to set up Green Beach courts to attend to Public
Interest Litigation (PIL) cases concerning environmental hazards. affecting the
quality of life of citizens.

« MULTIPLE CHOICE QUESTIONS

1. Environment means
(a) Sum total of all conditions that affect life of living organisms
(b) A beautiful landscape
()} Industrial production
{d) Forest cover

2. Components required to build up the environmental awareness include
(a) Exposure to real life situations (b) Sustainable development
(c¢) Conservation of resources (d) All

3. World environmental day is
{a) 14 November of each year (b) 5th June of each year
(e) 25th December of each year (d) None

4. Renewable resources of energyrinclude

(a) Solar energy (b) Natural gas
(c) Coal gas (d) Oil gas -
5. The hot beds of extincting forests are
(a) Madagascar {b) Western Ecuador
(c) Eastern Himalayas (d) All
6. Chipko Movement heralded by S.L. Bahuguna is also called .
(2) Appiko Movement (b) SOCLEEN /
{c) Wilderness ethic (d) Kalpa vriksh ‘



Role of Government in National Policy.
The government should frame policies to :
1. Reduce population growth rate by 30% over the next five years.

2. Reduce livestock population by 30% over the next five years in order to
cut down methane (green house gas) emissions.

3. Impose heavy penalties for motor vehicles exceeding emission 1eve1~s.
4. Introduce CFCs substitutes to reduce ozone hole.

5. Shift to renewable alternatives.

* LEGAL ASPECTS

Important legal aspects in Government’s enwronmental policy for ensuring
environmental protection are listed below :

1. Conservation of natural resources by diréct action such as declaration
of reserved forests, wetlands and mangroves.

2. Protection of grazing land.
3. Scientific land use and enforcing strict reclamation regimes.

4. Checking further degradation of land and water through wasteland
management and restoration of river water quality programmes.

5. Biosphere reserves for conservation of different ecosystems.

6. Designating areas valuable for serving as hot spot screening
nurseries and gene sanctuaries.

7. Protection of endangered species.
8. Control of toxic and hazardous substances.
9. Prevention of denudation of forests.

10. Monitoring development through Environmental Impact Assessment
studies of major project proposals.

11. Penal measures for industries which violate Pollution Control Act. )

The Ministry of Environment and Forests have aimed at creating a
comprehensive legal and institutional infra structure for safe guarding the
environment. This includes framing of rules, notification of standards, recognition
of environmental laboratories, delegation of powers, identification of agenda for
management of hazardous chemicals etc. The existing acts, laws, rules etc. are
also amended to make them more effetive.

Legislative Measures

India embarked a series of legislative measures and more than 200 Central and
State Acts/Laws for the protection of environment. These are :

o The Water (Prevention and Control of Pollution) Act, 1974, amended in
1988,

e The Water (Preventmn and Control of Pollution) Cess Act, 1977, amended
in 1991,

The Air (Prevention and Control of Pollution) Act, 1981, amended in 1988.
The Environment (Protection) Act, 1986.

The Forest Conservation Act, 1980, amended in 1988.

The Wild Life (Protection) Act, 1972, amended in 1983, 1986, 1991 and 2002
The Motor Vehicle Act, 1988.

The Biological Diversity Act, 2002.

Environmental Education and
Management
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Regarding Global Hot Issues.

1. Issues such as global warming, ozone hole, ecological imbalance,
deforestation, loss of biodiversity require much more government intervention.
These issues demand high level of international cooperation.

2. Policies such as absolute limits on COs;, government funding of

alternative energy systems and coordinated efforts to purchase and protect
biodiversity hot spots around the world need to be a major components of

- future government policy.

Facing Natural Disasters.

1. Facing increased probabilities of natural disasters (due to global warming),
the povernment should move the people towards a more rational method of risk
management in areas prone to natural disasters. '

2. It is highly inefficient for the government to provide reconstruction aid to
people living around areas that are both dangerous and prone to catastrophe. The
government has two options.

(i) All people living in hurricane zones, flood plains or near fault lines should
purchase private insurance or

(i) Make it absolutely clear that people will not be compensated for their loss of
property by the government if disaster strikes.

Such a policy will lead to dramatic shifts in the population densities in disaster
prone areas of the country.

3. The net effect would be to dramatically reduce future losses of life and
property. Thus the government could save hundreds of billions in future costs.

4. This policy would also force private actors (notably insurance companies) to
fully take into account the effects of environmental externalities that have largely
been ignored.

Regarding Personal Health and Risks.

Here the government must play an active role than typically advocated by some
of the strongest proponents of free markets.

1. Health and risk is a highly complex and inter-connected system where we
all are exposed to thousands of chemicals in a year. Many of these chemicals
interact in ways that are not yet fully understood. Also it is hard to trace the origin
of causative products.

The government can play a vital role to regulate the economy. People can also
invest in making wise choices for themselves. For example, they should avoid fast
foods or cold drinks.

2. The Food and Drug Administration, the Environmental Protection
Agency (EPA) and the U.S. Department of Agriculture should all be well-funded.

3. These agencies should be decoupled from conflicts of interest with industry
and their mandate to protect the public welfare through rational risk assessment
should be strengthened.

Government’s Role According to Proponents of Classic Liberalism.

1. Environmental arena can be improved by property rights, free markets,
individual freedom and better scientific knowledge.

2. Private markets can lead to the increased preservation of environmental
resources.

3. Externalities, e.g., pollution should be internationalised.







