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BIOSPHER RESERVES,
NATIONAL PARKS AND SANCTUARIES

WILDLIFE OF INDIA

The wildlife in India comprises a mix of
species of different types of organisms. Apart
from a handful of the major farm animals such
as cows, buffaloes, goats, poultry,pigs & sheep,
India has an amazingly wide variety of animals
native to the country. It is home to Tigers, Lions,
Leopards, Pythons, Wolves, Foxes, Bears,
Crocodiles, Rhinoceroses, Camels, Wild dogs,
Monkeys, Snakes, Antelope species, Deer
species, varieties of bison and not to mention
the mighty Asian elephant. The region's rich and
diverse wildlife is preserved in 89 national
parks, 18 Bio reserves and 400+ wildlife
sanctuaries across the country.India has some
of the most biodiverse regions of the world and
hosts three of the world’s 34 biodiversity hotspots
– or treasure-houses – that is the Western Ghats,
the Eastern Himalayas and Indo- Burma. Since
India is home to a number of rare and threatened
animal species, wildlife management in the
country is essential to preserve these species.
According to one study, India along with 17
mega diverse countries is home to about 60-
70?% of the world's biodiversity.

India, lying within the Indomalaya ecozone,
is home to about 7.6% of all mammalian, 12.6%
of avian, 6.2% of reptilian, and 6.0% of flowering
plant species. Many ecoregions, such as the shola
forests, also exhibit extremely high rates of
endemism; overall, 33% of Indian plant species
are endemic. India's forest cover ranges from the
tropical rainforest of the Andaman Islands,
Western Ghats, and Northeast India to the
coniferous forest of the Himalaya. Between these
extremes lie the sal-dominated moist deciduous
forest of eastern India; teak-dominated dry
deciduous forest of central and southern India;
and the babul-dominated thorn forest of the
central Deccan and western Gangetic plain.
Important Indian trees include the medicinal
neem, widely used in rural Indian herbal

remedies. The pipal fig tree, shown on the seals
of Mohenjo-daro, shaded the Gautama Buddha
as he sought enlightenment.

Many Indian species are descendants of
taxa originating in Gondwana, to which India
originally belonged. Peninsular India's
subsequent movement towards, and collision
with, the Laurasian landmass set off a mass
exchange of species. However, volcanism and
climatic change 20 million years ago caused the
extinction of many endemic Indian forms. Soon
thereafter, mammals entered India from Asia
through two zoogeographical passes on either
side of the emerging Himalaya. As a result,
among Indian species, only 12.6% of mammals
and 4.5% of birds are endemic, contrasting with
45.8% of reptiles and 55.8% of amphibians.
Notable endemics are the Nilgiri leaf monkey
and the brown and carmine Beddome's toad of
the Western Ghats. India contains 172, or 2.9%,
of IUCN-designated threatened species. These
include the Asiatic lion, the Bengal tiger, and
the Indian white-rumped vulture, which suffered

NEW WILDLIFE ACTION PLAN (2002-16)

It, points out the strategy for the conservation
of wild fauna and flora in the country. It
strengthens and increases the Protected Area
Network and works for the effective
management of protected areas, conservation
of endangered species, control of poaching,
taxidermy and illegal trade in wild animals
and plant species, ensures people’s
participation in wildlife conservation;
enhances financial allocation for ensuring
sustained fund flow to the wildlife sector, and
also works for the Integration of National
Wildlife Action Plan with other sectoral
programmes.
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a near-extinction from ingesting the carrion of
diclofenac-treated cattle.

In recent decades, human encroachment
has posed a threat to India's wildlife; in response,
the system of national parks and protected areas,
first established in 1935, was substantially
expanded. In 1972, India enacted the Wildlife
Protection Act and Project Tiger to safeguard
crucial habitat; further federal protections were
promulgated in the 1980s. Along with over 515
wildlife sanctuaries, India now hosts 18
biosphere reserves, four of which are part of the
World Network of Biosphere Reserves; 26
wetlands are registered under the Ramsar
Convention.

The varied and rich wildlife of India has had
a profound impact on the region's popular
culture. The common name for wilderness in
India is Jungle, which was adopted into the
English language. The word has been also made
famous in The Jungle Book by Rudyard Kipling.
India's wildlife has been the subject of
numerous other tales and fables such as the
Panchatantra.

The endangered Black buck at the Undying
National Park within the Chennai metropolis.
One of the world's rarest monkeys, Gee's Golden
Langur typifies the precarious survival of much
of India's mega fauna.

India is home to several well-known large
mammals, including the Asian Elephant, Bengal
Tiger, Asiatic Lion, Leopard, Sloth Bear and
Indian Rhinoceros. Some other well-known
large Indian mammals are: ungulates such as
the rare Wild Asian Water buffalo, common
Domestic Asian Water buffalo, Gail, Gaur, and
several species of deer and antelope. Some
members of the dog family, such as the Indian
Wolf, Bengal Fox and Golden Jackal, and the
Dhole or Wild Dogs are also widely distributed.
However, the dole, also known as the whistling
hunter, is the most endangered top Indian
carnivore, and the Himalayan Wolf is now a
critically endangered species endemic to India.
It is also home to the Striped Hyena, Macaques,
Languors and Mongoose species.

The need for conservation of wildlife in
India is often questioned because of the
apparently incorrect priority in the face of direct

poverty of the people. However, Article 48 of the
Constitution of India specifies that, "The state
shall yendeavour to protect and improve the
environment and to safeguard the forests and
wildlife of the country" and Article 51-A states
that "it shall be the duty of every citizen of India
to protect and improve the natural environment
including forests, lakes, rivers, and wildlife and
to have compassion for living creatures."

Large and charismatic mammals are
important for wildlife tourism in India, and

PROTECTED AREA NETWORK

Under the Wildlife (Protection) Act, 1972
state governments are empowered to declare
any area of their states as a sanctuary or a
national park to protect, propagate or develop
the wildlife in it or the environment of the area.
Today the network of wildlife protected areas
such as national parks, sanctuaries, biosphere
reserves and community reserves covers
representative samples of most of the wildlife
ecosystems of the country, with good
geographical distribution. All these areas are
endowed with remarkable ecological, floral,
faunal or geomorphologic significance. At
present, there are around 90 national parks
and 500 sanctuaries in India. The area under
national parks and sanctuaries is around
1.561akh (.156 million) sq km. Despite this,
out of the 10 identified bio-geographic zones
of the country, some are still deficient in
protected area coverage. An expert committee
constituted by the Government of India had
recommended that a minimum of 4% of the
country's geographical area should be set
apart as national parks or sanctuaries.

All national parks and sanctuaries,
however, are not alike. Some have been created
specifically to protect rare and endangered
species, while some are famous for the richness
and variety of their wildlife. The inestimable
value of these protected areas - in safeguarding
varied ecosystems and, in the process,
protecting the soil from erosion, recycling
wastes and preserving genetic material which
is vital for sustaining agricultural crops - has
been universally recognized.
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several national parks and wildlife sanctuaries
cater to these needs. Project Tiger, started in
1972, is a major effort to conserve the tiger and
its habitats. At the turn of the 20th century, one
estimate of the tiger population in India placed
the figure at 40,000, yet an Indian tiger census
conducted in 2008 revealed the existence of
only 1,411 tigers. 2010 Tiger census revealed
that there are 1700 tigers left in India.[13] The
passing of the Forest Rights Act by the Indian
government in 2008 has been the final nail in
the coffin and has pushed the Indian tiger to
the verge of extinction. Various pressures in the
later part of the 20th century led to the
progressive decline of wilderness resulting in
the disturbance of viable tiger habitats. At the
International Union for the Conservation of
Nature and Natural Resources (IUCN) General
Assembly meeting in Delhi in 1969, serious
concern was voiced about the threat to several
species of wildlife and the shrinkage of
wilderness in India. In 1970, a national ban on
tiger hunting was imposed, and in 1972 the
Wildlife Protection Act came into force. The
framework was then set up to formulate a project
for tiger conservation with an ecological
approach. However, there is not much optimism
about this framework's ability to save the
peacock, which is the national bird of India.

BIOSPHERE

The biosphere is the biological component
of earth systems, which also include the
lithosphere, hydrosphere, atmosphere and other
"spheres" (e.g. cryosphere, anthrosphere, etc.).
The biosphere includes all living organisms on
earth, together with the dead organic matter
produced by them.

The biosphere concept is common to many
scientific disciplines including astronomy,
geophysics, geology, hydrology, biogeography
and evolution, and is a core concept in ecology,
earth science and physical geography. A key
component of earth systems, the biosphere
interacts with and exchanges matter and energy
with the other spheres, helping to drive the global
biogeochemical cycling of carbon, nitrogen,
phosphorus, sulfur and other elements. From an
ecological point of view, the biosphere is the
"global ecosystem", comprising the totality of

biodiversity on earth and performing all manner
of biological functions, including photosynthesis,
respiration, decomposition, nitrogen fixation
and denitrification.

The biosphere is dynamic, undergoing
strong seasonal cycles in primary productivity
and the many biological processes driven by the
energy captured by photosynthesis. Seasonal
cycles in solar irradiation of the hemispheres is

MAN AND THE BIOSPHERE (MAB)
PROGRAM?

The Man and the Biosphere Program
(MAB) was launched in 1970. A UNESCO
Biosphere Conference in 1968 had brought
together representatives of government and
non-govermental organizations to consider
what should be done about threats to the
biosphere that were being increasingly
perceived by U.N. Member States.  After this,
an International Co-ordinating Council was
formed, which recommended convening
panels of experts from the member states. The
ICC also emphasized that establishment of
reserves was important to meet scientific,
educational, cultural and recreational needs.
This came to be known as the “biosphere
reserve” project.

MAB’s original aim was to establish
protected areas representing the main
ecosystems of the planet in which genetic
resources could be protected and research and
monitoring could be carried out. These
protected areas were to be called “biosphere
reserves” in reference to the MAB program’s
name. Like all scientific programs, MAB has
been refined over the years but is still
committed to its original aims. Today, MAB is
a set of related scientific research projects with
three focuses:

• Minimizing the loss of biological
diversity;

• Making people aware of how cultural
diversity and biological diversity
affect each other; and

• Promoting environmental sustainability
through the World Network of
Biosphere Reserves
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the main driver of this dynamic, especially by
its strong effect on terrestrial primary
productivity in the temperate and boreal biomes,
which essentially cease productivity in the
winter time. The biosphere has evolved since the
first single-celled organisms originated 3.5
billion years ago under atmospheric conditions
resembling those of our neighboring planets
Mars and Venus, which have atmospheres
composed primarily of carbon dioxide. Billions
of years of primary production by plants
released oxygen from this carbon dioxide and
deposited the carbon in sediments, eventually
producing the oxygen-rich atmosphere we know
today. Free oxygen, both for breathing (O2,

respiration) and in the stratospheric ozone (O3)
that protects us from harmful UV radiation, has
made possible life as we know it while
transforming the chemistry of earth systems
forever.

As a result of long-term interactions
between the biosphere and the other earth
systems, there is almost no part of the earth's
surface that has not been profoundly altered by
living organisms. The earth is a living planet,
even in terms of its physics and chemistry. A
concept related to, but different from, that of the
biosphere, is the Gaia hypotheses, which posits
that living organisms have and continue to
transform earth systems for their own benefit.

LIST OF BIOSPHERE RESERVES IN INDIA

No. Year Name States Type Area

1 2008 Kachchh Biosphere Reserve Gujarat Semi-Arid 12454

2 1989 Gulf of Mannar Tamil Nadu Coasts 10500

3 1989 Sunderbans West Bengal Gigantic Delta 9630

4 1988 Nanda Devi Uttaranchal West Himalayas 5860

5 1986 Nilgiri Biosphere Reserve Tamil Nadu, Kerala Western Ghats 5520

and Karnataka

6 1998 Dehang Debang Arunachal Pradesh East Himalayas 5112

7 1999 Pachmarhi Madhya Pradesh Semi-Arid 4926

8 1994 Similipal Orissa Deccan Peninsula 4374

9 2005 Achanakamar - Amarkantak Chhatisgarh, Semi-Arid 3835

Madhya Pradesh

10 1989 Manas Assam East Himalayas 2837

11 2000 Kanchanjunga Sikkim East Himalayas 2620

12 2001 Agasthyamalai Kerala Western ghats 1701

13 1989 Great Nicobar Andaman and Islands 885

Nicobar Islands

14 1988 Nokrek Meghalaya East Himalayas 820

15 1997 Dibru-Saikhowa Assam East Himalayas 765

16 2009 Cold Desert Himachal Pradesh West Himalayas NA

17 2010 Sheshachalam Hills The hill ranges spread in parts of Eastern Ghats 4755

Chittoor and Kadapa districts of

Andhra Pradesh have been

designated as Seshachalam

Biosphere Reserve in Andhra

Pradesh on 20th September, 2010.

18 2011 Panna Biosphere Reserve Part of Panna and Chhattarpur

districts in Madhya Pradesh  NA
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HISTORY OF THE BIOSPHERE CONCEPT

The term "biosphere" originated with the
geologist Eduard Suess in 1875, who defined it
as "the place on earth's surface where life
dwells". Vladimir I. Vernadsky first defined the
biosphere in a form resembling its current
ecological usage in his long-overlooked book of
the same title, originally published in 1926. It
is Vernadsky's work that redefined ecology as
the science of the biosphere and placed the
biosphere concept in its current central position
in earth systems science.

SELECTION CRITERIA OF BIOSPHERE
RESERVES

The concept of Biosphere Reserves,
especially its zonation, into Core Area(s)
(dedicated to conservation), Buffer Area(s)
(sustainable use) and Transition Area(s)
(equitable sharing of benefits) were later broadly
adopted under the Convention on Biological
Diversity (CBD) process which entered into force
on 29th December, 1993.

Primary Criteria

• A site that must contain an effectively
protected and minimally disturbed core area
of value of nature conservation and should
include additional land and water suitable
for research and demonstration of sustainable
methods of research and management.

• The core area should be typical of a
biogeographical unit and large enough to
sustain viable populations representing all
trophic levels in the ecosystem.

Secondary Criteria

• Areas having rare and endangered species

• Areas having diversity of soil and micro-
climatic conditions and indigenous varieties
of biota.

• Areas potential for preservation of traditional
tribal or rural modes of living for harmonious
use of environment.

Creation of Biosphere Reserve

In order to be designated a biosphere
reserve, a candidate ecosystem must be

nominated by a national government and
approved by the UNESCO's Man and Biosphere
Programme. In order to satisfy UNESCO's
program requirements, each biosphere reserve
must contain three elements:

Core Areas: These areas are securely
protected sites for conserving biological diversity,
monitoring minimally disturbed ecosystems,
and undertaking non-destructive research and
other low-impact uses (such as education).

Buffer Zones: These areas must be clearly
identified, and usually surround or adjoin the
Core Areas. Buffer Zones may be used for
cooperative activities compatible with sound
ecological practices, including environmental
education, recreation, ecotourism and applied
and basic research.

Transition, or Cooperation, Zones: These
areas may contain towns, farms, fisheries, and
other human activities and are the areas where
local communities, management agencies,
scientists, non-governmental organizations,
cultural groups, economic interests, and other
stakeholders work together to manage and
sustainably develop the area's resources.

Number of Biosphere Reserves in India

There are 18 notified Biosphere reserves in
India. As of now, only Eight viz. Nilgiri (2000),
Gulf of Mannar (2001), Sunderban (2001),
Nanda Devi (2004), Nokrek (2009), Pachmarhi
(2009), Similipal (2009) and Achanakmar-
Amarkantak Biosphere Reserve (2012) are in the
UNESCO's MAB world network.

Why Biosphere Reserves?

It appears that the Biosphere reserves mean
the duplication of the conservation efforts of the
protected areas, but it is not so. The idea is the
"Biosphere Reserves" is to strengthen the
"National Efforts" in conformity to the
"International Practices". The basic truth is that
"most of the National parks in India were
previously hunting grounds. Most of the wildlife
sanctuaries are declared by the state
governments out of a vague idea of protecting a
particular species". The present domestic
legislations don't represent a "systematic
selection of the ecosystems". Neither the wildlife
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sanctuaries nor the national parks focus on
conservation of

• Plant species

• Invertebrates

• Biotic community as a whole.

This is the major shortcoming of the present
system. Further

• The focus of WS/NP is on conservation
of mammals. No focus to the other
species which may be ecologically more
vital.

• The focus of the MAB and Biosphere
Reserves is to protect the "threatened
Habitats" and not "a particular
threatened species".

• Through an Internationally recognized
mechanism, the Research and
Monitoring of the existing protected
areas can be carried out on regular
basis.

Legislation Framework around Biosphere
Reserves

There is no comprehensive legislation in
India dealing with all aspects of the Biosphere
Reserves.

How a Biosphere Reserve is declared?

• Department of Environment is nodal agency
for Biosphere Reserve programmes. It carries
out detailed scientific investigation, maps
the biogeographical regions and vegetation
types, identified the critical areas. Botanical
Survey of India and Zoological Survey of
India assist in this work.

• Area is demarcated. The Biosphere Reserve
is declared by a notification by the Central
and State Governments.

• The central Government assumes the
responsibility of meeting the costs of set up
while the state government would set up
desired machinery.

Role of Wildlife Protection Act in Biosphere
Reserves

The wildlife protection act is complementary
to the set up of Biosphere Reserves to the extent
that it has considerable flexibility and latitude

to establish such reserves. It does not define a
Biosphere Reserve. The local / state government
may enact a fresh legislation if it needs so. The
area is proposed to UNESCO's MAB which when
accepts the proposal, is entered in the list of
network of biosphere reserves.

NATIONAL PARKS

National parks in India are IUCN category
II protected areas. India's first national park was
established in 1936 as Hailey National Park,
now known as Jim Corbett National Park. By
1970, India only had five national parks. In
1972, India enacted the Wildlife Protection Act
and Project Tiger to safeguard the habitats of
conservation reliant species. Further federal
legislation strengthening protections for wildlife
was introduced in the 1980s. As of April 2012,
there were 104 national parks. All national park
lands then encompassed a total 39,919 km2
(15,413 sq mi) km², comprising 1.21% of India's
total surface area.

A total of 166 national parks have been
authorized. Plans are underway to establish the
remaining scheduled parks. All of India's
national parks are listed below alongside their
home state or territory, area and the date that
they were established.

Corbett National Park, Uttarakhand

Among all the national parks in India, the
Corbett National Park is the oldest and one of
the best among the top 10 national parks in
India. It was established in 1936 to protect the
imposing Bengal Tigers. Located at the foothills
of the Himalayan range of Uttarakhand, Corbett
National Park is one of the hot spots of the wildlife
lovers.

This park has been named after the popular
wildlife story writer Jim Corbett. Beauty and
wilderness of this park attracts enthusiasts from
various parts of the globe. This wildlife tourist
destination of India has also been featured in
many wildlife documentaries in order to raise
the awareness towards the mighty and stunning
Bengal Tigers.

Kaziranga National Park, Assam

Kaziranga National Park is the only natural
habitat of the endangered One-Horned Rhinos
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in India as well as in the world. Located in the
Golaghat district of Assam, Kaziranga National
Park is one of the largest wildlife sanctuaries to
explore the wildlife of Northeast India. It is also
a highly visited park among the top 10 national
parks in India.

This park also boasts of its number of tigers
and other wildlife species. Due to the noteworthy
number of tigers, Kaziranga National Park has
been declared as Tiger Reserve Forest in 2006.
Other wildlife consists Elephants, Wild Buffaloes
and Swamp Deer. The park also witnesses a large

number of migratory birds during the winters.

Bandipur National Park, Karnataka

The Bandipur National Park is the most
popular among all the national parks in South
India. It is a natural home to Elephants and
several other endangered species. Lush forest
of the Deccan Plateau and the Western Ghats
makes this park one of the beautiful parks  in
India. [Go for Bandipur Wildlife Safari] The park
is located 80 km away from Mysore and almost
215 km away from Bangalore.

SOME IMPORTANT NATIONAL PARKS OF INDIA

S.N. Name and Location Area in Important Animals Found

Sq. Km.

1. Kaziranga National Park 430 Rhinoceros, elephant, wild buffalo, bison, tiger,
District Sibsagar (Assam) leopard,  sloth, bear, sambhar, swamp deer, barking

deer, wild bear, gibbon, python and birds like pelican,
stork and ringtailed finishing eagles. This is a
famous National Park of famous one homed
rhinoceros of India.

2. Sunderbans (Tiger Reserve)

24 - Pargana (West Bengal) 2585 Tiger, wild boar, deer, gangetic dolphin, estuarine
crocodile.

3. Hazaribagh National Park 186 Tiger, leopard, hyaena, wild bear, gaur, sambhar,

Hazaribagh Jharkhand nilgai, chital, sloth, bear, peafowl

4. Corbett National Park Nainital 525 Tiger. Elephant, panther, sloth beat, wild bear,
(Uttarakhan) nilgai, sambhar, chital, crocodile, python, king

cobra, peafowl, partridge. This is the first national
Park of India which is famous for Tigers.

5. Gir National Park Junagarh 1412 Asiatic lion, panther, stripped hyaena, sambhar,
(Gujarat) nilgai, chital, 4-homed antelope, chinkara, wild bear,

langur, python crocodile, green pigeon, partridge.
This National park is famous for the Asiatic lions.

6. Kanha National Park 940 Tiger, panther, chital, chinkara, barking deer,
Mandla & Balaghat (M.P.) blueing bull, four horned deer, langur, wild bear,

black buck, nilgai, wild dog, sloth bear, sambhar,
crocodile, grey hombill, egret, pea-fowl.

7. Tandoba National Park 116 Tiger sambhar, sloth bear, bison, chital chinkara,

Chandrapur (Maharashtra) barking deer, blue bull, four homed deer, langur,
pea-fowl, crocodile.

8. Bandipur National Park 874 Elephant, tiger, leopard, sloth bear, wild dog, chital,
Mysore (Karnataka) panther, barking deer, langur, porcupine, gaur,

sambhar, Malabar squirrel, green pigeon

9. Desert National Park 3000 Great Indian Bustard, Black buck, Chinkara
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Bandhavgarh National Park, Madhya
Pradesh

The Bandhavgarh National Park is another
enticing name in the list of national parks of
India. Located in the Umaria district of Madhya
Pradesh, it is one of the largest national parks
of Madhya Pradesh. Declared as a national park
in 1968, this park has a noteworthy number of
Tigers in India. [Go for thrilling Bandhavgarh
wildlife and Tiger Trail Safari]

This park also has a significant number of
Leopards and Deer. Among all the attractions of
Bandhavgarh National Park, White Tigers are the
most spectacular.

Kanha National Park, Madhya Pradesh

Kanha National Park is another sought after
destination in the list of national parks of
Madhya Pradesh. Established in the year 1955,
this park has gained a lot of attention due to its
efforts in saving the rare and almost extinct
species of the Swamp Deer, also known as
‘Barasingha’. It is also one of the well-maintained
parks in Asia.

The other feature of the Kanha National
Park is its sunset point called Bamni Dadar.
Almost the entire park can be seen from this
point. It offers the most eye-catching views of
the animals in their natural habitat.
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Gir National Park and  Sasan Gir
Sanctuary, Gujarat

The Gir National Park and the Sasan Gir
Sanctuary of Gujarat are the only wildlife
sanctuaries in India that have Asiatic Lions.
October-June is the ideal time to visit the place
and watch these majestic beasts strolling in their
territories.

The park was established on 18th
September 1965 and it is one of the largest and
elegantly preserved areas for the Asiatic Lions.
Rivers and streams flowing through this national
park remain occupied by the dwellers of the park.

Keoladeo Ghana National Park –
Bharatpur, Rajasthan

Keoladeo Ghana National Park is one of the
man-made wetlands in India that has been
declared as a National Park. It was formerly
called as ‘Bharatpur Bird Sanctuary’. This park
hosts a large number of avifauna during the
summers and is considered as one of the best
national parks to observe exotic migratory birds
and other birds of India.Located in Bharatpur
district of Rajasthan, this park serves as a
primary centre for ornithologists and other
zoological studies.

Periyar National Park, Kerala

The Periyar National Park, Kerala is the only
national park in South India as well as in India
that has an artificial lake flowing through the
forests. [Explore wilderness of Kerala]Located on
the evergreen hills of the Western Ghats, this
wildlife sanctuary is also one of the Tiger Reserve
Forests in India.

While boating in the Periyar Lake, visitors
can behold the mighty beasts of this park,
quenching their thirsts on the lakesides.
Elephants, Deer, Nilgiri Tahrs and Langurs are
the other attractions of this park.

Pench National Park, Madhya Pradesh

While visiting the Pench National Park in
Madhaya Pradesh, the childhood fantasy of most
of the visitors will turns into reality. Rudyard
Kipling’s ‘The Jungle Book’ is based on the
natural surroundings of this national park; this
park is also known as ‘Mowgli Land’.

While Tigers are the most dominant species
of this park, Leopards, Sloth Bear, Wild Dog,
Barking Deer are some of the other attractions.
With more than 170 species of birds, this park
has also become one of the best places for
birdwatchers.

Ranthambore National Park, Rajasthan

The Ranthambore National Park, Rajasthan,
is one of the royal national parks in India. It is
ranked as one of the top 10 wildlife sanctuaries
in India. The majestic Tigers are the pride of this
national park. Surrounded by the Banas and
Chambal River, this park serves as an ideal
habitat for the predators and other animals of
this park. Leopard, Nilgai, Wild Boar, Sambar and
Hyena are some of the major animals found in
this park.  Tiger Safaris are immensely popular
among the visitors of Ranthambore National
Park.

Manas National Park, Assam

Considered as one of the youngest names
in the list of National Parks in India, the Manas
National Park or Manas Wildlife Sanctuary,
Assam has a large number of rare and
endangered species. Assam Roofed Turtle,
Hispid Hare, Golden Langur and Pygmy Hod are
some of the most endangered species of this
park.

This park boasts of its 55 species of
mammals, 380 species of birds and a substantial
number of reptiles and amphibians. Asian
Elephant, Indian Rhinoceros, Water Buffaloes,
Leopard and Assamese Macaques are the other
dwellers of this park. It is also one of the popular
destinations for river rafting.

Nagarhole National Park, Karnataka

Nagarhole National Park is located in
Mysore district of Karnataka and is a popular
destination for Tiger spotting. It is also known
as ‘Rajiv Gandhi National Park’. With quite a
large number of Tigers, this park also has a
significant number of Indian Bison, Leopard,
Sloth Bear and Elephant.

Forests of this park are extremely rich with
several species of high commercial valued trees.
Teak, Sandalwood and Silver Oak are the major
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trees found in this park. Along with the
endangered Mugger Crocodile, this park also has
more than 250 species of birds, 96 species of
Dung Beetles and 60 species of Ants.

Sunderbans National Park

Sunderbans National Park is one of the
largest and oldest in India. Located in the deltaic
region of India, this park also shares its
boundaries with Bangladesh. Covered with
mangrove forests, Sundarbans is the original
abode of the stunning Royal Bengal Tigers.

It has the highest number of Bengal Tigers
than any other parks in the world. Salt-Water
Crocodile can also be found in this park.
Sundarbans is extremely rich in avifauna, aqua
fauna and reptiles. Some of the other
endangered species in this park are Gangetic
Dolphin, River Terrapin, Hawks Bill Turtle and
Mangrove Horseshoe Crab.

Sariska National Park, Rajasthan

Sariska National Park is located in the
Alwar district of Rajasthan. Though it was
declared as a Wildlife Reserve in 1955, due to
the large number of Tigers within this park, it
was later declared as one of the Tiger Reserve
Forests in 1978.

Sariska National Park was the first national
park in the world, which was successfully
adapted by the majestic Royal Bengal Tigers as
their natural habitat. Leopard, Jungle Cat,
Stripped Hyena and Golden Jackal are also
found in this national park.

Dudhwa National Park, Uttar Pradesh

The Dudhwa National Park, a part of
Dudhwa Tiger Reserve, is situated in Uttar
Pradesh. History of this park lies back into 1958,
when it was declared as a wildlife sanctuary for
Swamp Deer. Later, in 1978, it was declared as
a Tiger Reserve due to its large number of tigers.

Panna National Park, Madhya Pradesh

Panna National Park is one of the best
maintained National Parks of India. Declared
as a Tiger Reserve Forest of India in 1994, this
park suffered a heavy downfall in the number of
Tigers due to poaching.

Among other animals found in this park,
Chital, Chinkara, Sambhar and Sloth Bear are
found abundantly in this park. Bar-headed
Goose and King Vultures are the most
commonly found birds among the 200 species
of its avifauna.

Tadoba Andhari Tiger Reserve,
Maharashtra

Tadoba Andhari Tiger Project, a Tiger
Reserve in Chandrapur district of Maharashtra
is the oldest and the largest National Park in
Maharashtra. Bengal Tigers, Leopards, Stripped
Hyena and Jungle Cats are some of the
commonly found carnivores of this park. Sloth
Bears, Gaur, Nilgai and Spotted Deer are the
herbivores.

Forests of this park always bear the green
colour due to the geographical topography of the
park’s location. Axle-wood, a fire-resistant
species of trees can be commonly found in this
park. Among the other species, Black Plum,
Arjun and Palas are dominant.

Chinnar Wildlife Sanctuary, Kerala

After the Periyar National Park, Chinnar
Wildlife Sanctuary is one of the largest wildlife
sanctuaries in Kerala. This sanctuary is located
on the Western Ghats and shares its border with
Tamil Nadu on the Annamalai Hills. Among the
34 species of mammals found in this sanctuary,
Panthers, Spotted Deer, Indian Elephant, Tiger
and Nilgiri Tahr are the most spectacular.

It is also the dwelling of Mugger Crocodiles
and more than 240 species of exotic birds. The
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NATIONALS PARK

State/UT National Park Established

Andaman and Nicobar  Campbell Bay National Park 1992

Andaman and Nicobar  Galathea National Park 1992

Andaman and Nicobar  Mahatma Gandhi Marine National Park 1983

(previously : Wandur National Park)

Andaman and Nicobar  Middle Button Island National Park 1987

Andaman and Nicobar  Mount Harriet National Park 1987

Andaman and Nicobar  North Button Island National Park 1987

Andaman and Nicobar  Rani Jhansi Marine National Park 1996

Andaman and Nicobar  Saddle Peak National Park 1987

Andaman and Nicobar  South Button Island National Park 1987

Andhra Pradesh  Kasu Brahmananda Reddy National Park 1994

Andhra Pradesh  Mahavir Harina Vanasthali National Park 1994

Andhra Pradesh  Mrugavani National Park 1994

Andhra Pradesh  Sri Venkateswara National Park 1989

Arunachal Pradesh  Mouling National Park 1986

Arunachal Pradesh  Namdapha National Park 1983

Assam  Dibru-Saikhowa National Park 1999

Assam  Kaziranga National Park 1974

Assam  Manas National Park 1990

Assam  Nameri National Park 1998

Assam  Orang National Park 1999

Bihar  Valmiki National Park 1989

Bihar  Kanwar Lake Bird Sanctuary 1987

Bihar Vikramshila Gangetic Dolphin Sanctuary 2009

Chhattisgarh  Indravati National Park 1981

Chhattisgarh  Kanger Ghati National Park (Kanger Valley) 1982

Chhattisgarh  Sanjay National Park 1981

Goa  Mollem National Park 1978

Gujarat Vansda National Park 1979

Gujarat Blackbuck National Park, Velavadar 1976

Gujarat  Gir National Park 1965

Gujarat  Gulf of Kachchh Marine National Park 1980

Haryana  Kalesar National Park 2003

Haryana  Sultanpur National Park 1989

Himachal Pradesh  Great Himalayan National Park 1984

Himachal Pradesh  Pin Valley National Park 1987

Jammu and Kashmir  Dachigam National Park 1981

Jammu and Kashmir  Hemis National Park 1981
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Jammu and Kashmir  Kishtwar National Park 1981

Jammu and Kashmir  Salim Ali National Park 1992

Jharkhand Betla National Park 1986

Jharkhand  Hazaribag National Park 1954

Jharkhand  Dimna National Park 1975

Karnataka Anshi National Park 1987

Karnataka Bandipur National Park 1974

Karnataka Bannerghatta National Park 1974

Karnataka  Kudremukh National Park 1987

Karnataka  Rajiv Gandhi National Park 1988

(prev: Nagarhole National Park)

Kerala  Eravikulam National Park 1978

Kerala  Mathikettan Shola National Park 2003

Kerala  Periyar National Park 1982

Kerala  Silent Valley National Park 1984

Madhya Pradesh Bandhavgarh National Park 1982

Madhya Pradesh  Fossil National Park 1983

Madhya Pradesh  Kanha National Park 1955

Madhya Pradesh  Madhav National Park 1959

Madhya Pradesh  Panna National Park 1973

Madhya Pradesh  Pench National Park, Madhya Pradesh 1975

Madhya Pradesh  Sanjay National Park 1981

Madhya Pradesh  Satpura National Park 1981

Madhya Pradesh  Van Vihar National Park 1979

Maharashtra  Chandoli National Park 2004

Maharashtra  Gugamal National Park 1987

Maharashtra  Navegaon National Park 1975

Maharashtra  Pench National Park 1975

Maharashtra  Sanjay Gandhi National Park a.k.a. 1983

Borivili National Park, Mumbai

Maharashtra  Tadoba National Park 1955

Manipur  Keibul Lamjao National Park 1977

Manipur  Sirohi National Park 1982

Meghalaya Balphakram National Park 1986

Meghalaya  Nokrek National Park 1986

Mizoram  Murlen National Park 1991

Mizoram  Phawngpui Blue Mountain National Park 1997

Nagaland  Ntangki National Park 1993

Orissa Bhitarkanika National Park 1988

Orissa Nandankanan National Park 1976

Orissa  Simlipal National Park 1980
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Punjab  Harike Wetland 1987

Rajasthan  Darrah National Park 2004

Rajasthan  Desert National Park 1980

Rajasthan  Keoladeo National Park 1981

Rajasthan  Mount Abu Wildlife Sanctuary 1960

Rajasthan  Ranthambore National Park 1980

Rajasthan  Sariska National Park 1982

Sikkim  Khangchendzonga National Park 1977

Tamil Nadu  Guindy National Park 1976

Tamil Nadu  Gulf of Mannar Marine National Park 1980

Tamil Nadu  Indira Gandhi National Park 1989

(prev: Annamalai National Park)

Tamil Nadu  Mudumalai National Park 1990

Tamil Nadu  Mukurthi National Park 1990

Tamil Nadu  Palani Hills National Park Proposed

Uttar Pradesh  Dudhwa National Park 1977

Uttarakhand  Corbett National Park 1936

Uttarakhand  Gangotri National Park 1989

Uttarakhand  Govind Pashu Vihar 1990

Uttarakhand  Nanda Devi National Park 1982

Uttarakhand  Rajaji National Park 1983

Uttarakhand  Valley of Flowers National Park 1982

West Bengal  Buxa Tiger Reserve 1992

West Bengal  Gorumara National Park 1994

West Bengal  Neora Valley National Park 1986

West Bengal  Singalila National Park 1992

West Bengal  Sundarbans National Park 1984

presence of Thoovanam Waterfalls within the
forests has made this sanctuary, one of the
popular trekking and camping destinations in
Kerala.

The Great Himalayan National Park,
Himachal Pradesh

The Great Himalayan National Park lies
among the lush coniferous forests of and the
snow-capped mountain peaks Kullu, Himachal
Pradesh. It is one of the high altitude national
parks in India. While the location of this park is
itself a stunning feature, the emerald meadows
in some portions of the park makes it one of the
stunning parks in India.

Snow Leopard, Himalayan Brown Bear, Blue
Sheep, Musk Deer and Himalayan Thar are the
commonly found animals in this park. It also
houses 181 species of birds, and many more
species of reptiles, annelids, amphibians and
insects.

Dandeli Wildlife Sanctuary, Karnataka

Dandeli Wildlife Sanctuary is the second
largest wildlife sanctuary in Karnataka. Located
on the banks of the Kali River, it is one of the
highly visited wildlife sanctuaries in India.
Black Panther, Flying Squirrel, Tiger, Elephant
and Leopard can be easily spotted in this
sanctuary. [Check out Dandeli Adventure]
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Among the wide range of amphibians, Crocodiles
are the major attraction of this sanctuary. It is
also an ideal place for river rafting, trekking, Bird
watching, Tiger and Crocodile spotting.

WILDLIFE SANCTUARIES

A wildlife sanctuary is a place of refuge
where abused, injured and abandoned captive
wildlife may live in peace and dignity for the
remainder of their lives.

True wildlife sanctuaries do not breed or
exploit for commercial activites (including, but
not limited to: use of animals for entertainment
or sport, sale or trade of animals, their offspring
or animal parts and by-products.)

A true sanctuary respects the integrity of
individual animals, providing safe, healthy and
secure refuge in enclosures specifically
designed for the unique animal which it
supports.

Experts estimate that there are about 1,200
exotic animal facilities which provide the barest
minimum of care for thousands of animals with
little or no knowledge of animals’ nutritional or
behavioral needs. These facilities often breed
animals to provide cute babies as an attraction
for public display and for sale, and many depend
on public sale of “treats” for the animals as the
major source of food.

These facilities often function as the end-
of-the-line for surplus animals who can no
longer earn dollars for mainstream zoos,
circuses, traveling shows and exotic pets. They
often call themselves “sanctuaries” while they

continue to breed and exploit the animals in
their care.  “Pseudo-sanctuaries” are really a
part of the animal industry but attempt to cover
themselves with the positive “sanctuary” label,
using their animals as fund-raising tools with
appearances on television shows to plead for
funds or displaying them for photo sessions at
shopping malls and fund-raising events.

At PAWS, rescued animals live in peaceful
and natural habitats, free from fear, chains and
harsh confinement. Individually designed
enclosures encourage natural behavior and
dedicated keeping staff monitor the animals 24/
7, 365 days a year.

No true sanctuary should be involved in
breeding or commercial exploitation of the
animals in its care. PAWS’ animals are not bred,
traded, sold, rented or forced to perform. With
the exception of a limited number of planned
educational and fundraising events held
annually, PAWS’ facilities are not open to the
public.

The Indian subcontinent is a vast land of
varied geographical areas and varied climatic
regions which serves as a natural home to a wide
numbers of flora and fauna. There are over 442
wildlife sanctuaries in India. They are the
natural occurring sanctuary or protect areas for
animals. These are of national importance to
conservation as many of them hosts some of the
rarest and endangered animal and bird. They

Differentiating National Parks, Wildlife
Sanctuaries & Biosphere Reserves National
Parks and Wild Life sanctuaries come under
the category called "Protected Areas". The
Protected Areas are declared under Wildlife
(Protection) Act, 1972. The Wildlife
(Protection) Act, 1972 provides for 4 types of
protected areas viz. Wild Life Sanctuaries,
National Parks, Conservation Reserves and
Community Reserves. The difference between
a national park and a sanctuary is that no
human activity is allowed inside a national
park, while limited activities are permitted
within the sanctuary. In Biosphere Reserve,
limited economic activity (sand and stone
mining) is permitted.
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are among the best tourist places in the world.
Each of the wildlife sanctuary attracts thousands
of visitors every year. Here is the top 10 best
wildlife sanctuary in India.

Parambikulam Wildlife Sanctuary- Kerala

An important Tiger reserve located in
Palakkad district of Kerala, the Parambikulam
wildlife sanctuary is a memorable place for
anyone who visits here. This is a place of rich
diversity of animals and birds. Among the others
the lion-tailed macaques, elephants, wild boars,
sloth bears, and gaur are mostly seen here.
Among the birds, the grey-headed fish-eagle,
darter, great pied hornbill are some of the
prominent members. It also hosts many reptiles
and variety of fishes. This place is sometimes
revered as ‘Nature’s own abode’. This is a good
place if you want to be in the lap of Mother Nature
and gain treasured memories of animal sighting.

Kumarakom Bird Sanctuary- Kerala

Known as the paradise of Ornithologist’s
and a favorite haunt for migratory birds, this bird
sanctuary is the best place you can think of if
you happen to be a bird lover. This is located on
the banks of Vembanad Lake in Kottayam
district. Its neighbor places like kaipuzha Muttu,
Thollairam Kayal, Narakathara are also good for
bird watching. Birds like cuckoo, heron, darter,
and waterfowl are some of the main attraction
here. Among the migrators, the Siberian Crane
and parrot offers good views to the watchers.
Dawn is the best time to watch the birds and
early morning is recommended for avid bird
watchers.

Govind Wildlife Sanctuary- Uttarakhand

This amazing sanctuary is situated in
greater part of the Tons River, near Uttarkashi
in Uttarakhand-the ‘Land of the Gods’.  It offers
great view to the visitors. This sanctuary hosts
wildlife’s like black bear, leopard, Himalayan
tahr and musk deer. The birds include tragopan,
golden eagle, snowcock, cuckoos and finches.
If you are lucky enough you may get the view of
the elusive snow leopard sometime. Its lush
greenish beauty with the snow clad peaks and
glaciers are a major tourist attraction.

Tal Chhapar Sanctuary- Rajasthan

This lovely sanctuary is known as a refuge
to the Black bucks. This place is located in
Churu district of northwest Rajasthan and is a
home to many birds. During September to March
many migratory birds like harriers, little green
bee-eaters, tawny eagle, and sparrow passes
through it. Birds like skylark, ring dove and
Blue Jay are permanent here. Desert fox, Black
naped hare and desert cats are also spotted
frequently. This is a place for the bird watcher
to give their dream a reality.

Aralam Wildlife Sanctuary – Kerala

The northernmost wildlife sanctuary of
India, Aralam sanctuary is another major tourist
attraction. This is a common place for the
Western Ghats animals like deer, boar, bison,
leopard and squirrels. Among others it hosts
some of the threatened species of birds
including the Nilgiri wood pigeon, Great Pied
Hornbill, Blue-winged parakeet, Malabar Pied
Hornbill and Ceylon Frogmouth to name a few.

Indian Wild Ass Sanctuary- Gujarat

The largest wildlife sanctuary of India and
the only home on earth for the endangered
Indian Wild Ass, this great sanctuary has many
things to offer the visitors. Located in Little
Rann, it hosts jackals, desert fox, blackbucks,
and striped hyenas among many others. It is also
a great place for birds to feed and breed. its
annual nesting goes up to 75,000. The sessional
guest includes Ceraneous vulture from
Egypt, cranes from Siberia and Houbara Bustard
of Iran.
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SOME IMPORTANT SANCTUARIES OF INDIA

S.N. Name and Location Area in Important Animals

Sq.Km.

1. Keoladeo Ghana Bird Sanctuary 29 Siberian crane, egrets, herons spoon bill etc.

Bharatpur (Rajasthan)

Famous for Birds

2. Annamali Sanctuary Coimbatore 958 Tiger, Elephant, gaur, spotted deer, wild dog, sloth

(Tamil Nadu) bear sambhar, panther.

3. Jaldapara Sanctuary 1155 Rhino, elephant, tiger, leopard, deer, sambhar and
differed kinds of birds

4. Sultanpur Lake Bird Sanctuary 12 Crane, sarus, spotbill, duck, drake, green pigeon,
Gurgaon (Haryana) wild ber crocodile, python. The Gresemi-aric

5. Bir Moti Bagh Wildlife 8.3 Nilgai, wild boar, hog deer, black buck, blue bull,

Sanctuary jackal peafowl, partridge, sparrow, myna, pigeon,
dove.

6. Shikari Devi Sancturay Mandi 213 Black bear, snow leopard, flying fox, barking deer,

(Himachal Pradesh) mui deer, chakor, partridge.

7. Dachigam Sanctuary Srinagar 89 Hangul or Kashmir stag, musk deer, snow leopard,

(Jammu & Kashmir) black bear, brown bear

8. Mudumalai Wildlife Sanctuary 520 Elephant, gaur, sambhar, chital, barking deer,

Nilgiri (Tamil Nadu) mouse deer, four homed antelope, langur, giant
squirrel, flying squin4 wild dog, wild cat, civet,
sloth bear, porcupine, python, rat, snake, monitor
lizard, flying lizard.

9. Nagaijuna Sagar Sanctuary - 3568 Tiger, panther, wild bear, chital, nilgai,

Guntur Kumool and Nalgonda sambhar, black buck fox, jackal, wolf, crocodile.

(Andhra Pradesh)

10. Periyar Sanctuary (Kerala) 777 Elephants, gaur, leopard, xloth bear, sambhar,
bison, black langur, hombill, egret. It is famous
for elephants.

11. Chilka Lake Bird Sanctuary 900 An oasis of bir is like water fowls, ducks, cranes,

Balagaon (Orissa) (Largest Goloa plovers, sand pipers, flamingoes.

brackish water lagoon in Asia)

12. Manas Wildlife Sanctuary Tiger, Panther, rhino, gaur, wild buffalo, sambhar,

Kamrup (Assam) swasi deer, golden langur, wild dog, wild bear.

Wayanad Wildlife Sanctuary- Kerala

Located around 16 km east of the town
Sulthan Bathery, it is the second largest wildlife
of Kerala. Wayanad is a home to variety of wild
animals like tiger, deer, elephant and bison.
Among the birds, the peacock woodpeckers, owls
and jungle fowls are mainly seen here. You can
frequently see a herd of elephants here.

Mudumalai National Park and Wildlife
Sanctuary- Tamil Nadu

A tiger reserve and an important wildlife
habitat which is surrounded by other protected
areas, Mudumalai is a great tourist attraction.
It is a habitat to some of the rarest species
on earth like Bengal tiger and Indian elephant.
You can expect animals like the gray langur,
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Sambar deer, wild boar and birds like the
threatened Black and orange Flycatcher,
Emerald Dove, Jerdon’s Baza to name a few.
This is the highest density of tigers in India and
hosts around 80 percent bird species occurring
in India. There are many bonus attractions
nearby.

Gir National Park & Wildlife Sanctuary-
Gujarat

Famously known as the only place you can
find the Asiatic Lions, Gir Sanctuary is the place
if you want to get the best out of your vacation.
Considered to be one of the best protected areas,
it is located in Junagadh and Amreli district. It
is the jewel of Gujarat. You can find the Indian
leopard, golden jackals, desert cats, sloth bears,
blackbucks and many more rare species. It
provides residences to birds like the endangered

Bonelli’s eagle, black headed oriole and the
crested serpent eagle to name a few.

Periyar National Park and Wildlife
Sanctuary – Kerala

The best of its kind, Periyar National Park
and Wildlife Sanctuary of Kerala is the most
famous sanctuary in India. Located in Kumily
district in Kerala, in the middle of the Cardamom
hills, it is a pride of Kerala. It is known for its
elephants and tigers. This is the home of many
threatened wilds like the Lion-tailed macaque,
the Nilgiri langur, and bonnet macaque. It also
hosts mammals like barking deer, gaur, sambar,
dholes, mongoose, foxes, leopards, and of course
the elusive Nilgiri tahr. Several birds like
kingfishers, racket tailed drongos and darter
adds to its attraction. You can also find the
python and king cobra here.
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ENVIRONMENTAL POLLUTION

Recently, first time in his entire cultural
history, man has I faced one of the most horrible
ecological crisis-the problem of „ pollution of his
environment which sometime in past, was pure,
virgin, undisturbed, uncontaminated and
basically quite hospitable for him. Pollution is
an undesirable change in the physical, chemical
or biological characteristics of our air, land, and
water that may or will harmfully affect human
life or that of desirable species, our industrial
processes, living conditions, and cultural
assets. In other words, pollution is the I
unfavourable alteration of our environment,
largely as a result of human activities.

By and large, the term pollution is used to
refer to harmful materials introduced by man
into the environment. Thus, in a way, pollution
is the release in excess of permitable limits of
foreign substances within the environment.

POLLUTANTS: THE CREATORS OF
POLLUTION

Every human society, be it rural, urban,
industrial and most technologically advanced
socienu dispose of certain kinds of byproducts
and waste products which when are injected into
the biosphere in quantities so great that they
affect the normal functioning of ecosystems and
have an adverse efrec: on plants, animals, and
man are collectively called pollutants (Smith,
1977). A pollutant is i constituent in the wrong
amount, at the wrong place or at the wrong time.
For example, nitrogen m phosphorus are
essential nutrients for living organisms and are
extensively used in agriculture k increase crop
yields but they can also cause pollution in lakes
and rivers when found in excess by promoting
undue algal growth (eutrophication).

Types of Pollutants

Pollutants primarily are grouped into the
following two types:

1. Natural pollutants. Certain pollutants
such as carbon dioxide, carbon
monoxide, sulphor dioxide, lead,
mercury and other trace elements are
the consequence of life processes being
produce: through respiration, faeces,
urine and body decomposition. With an
increase in human population, tre
pollutants are increasing with
alarming rate.

2. Synthetic, man-made, anthropogenic
or xenobiotic pollutants. A vast array
of syntherc pollutants are increasing
continuously with urbanization and
industrial growth. They include
pesticides, detergents, pharmaceuticals,
cosmetic products, organic acids,
aerosols, and metals, etc. Several of
these compounds are extremely stable
and persist in the environment for a
considerable penic posing serious
environmental hazards.

From the ecosystem viewpoint, these
pollutants can be classified into two basic types
nondegradable pollutants and biodegradable
pollutants. The materials aai poisons, such as
aluminium cans, mercurial salts, long-chain
phenolic chemicals and DDT that either do not
degrade or degrade only very slowly in the
natural environment, are called nondegradabk
pollutants. Such nondegradable pollutants not
only accumulate but are often “biologically
magnifiec  as they move in biogeochemical
cycles and along food chains. Also they
frequently combine with other compounds in the
environment to produce additional toxins. The
biodegradable pollutants incluae domestic
sewage, heat, etc. The domestic sewage can be
rapidly decomposed by natural processes or in
engineered systems (such as a municipal
sewage treatment plant) that enhance nature’s
great capacity to decompose and recycle.
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Problems arise with the biodegradable pollutants
when their input into the environment exceeds
the decomposition or dispersal capacity.

AIR POLLUTION

Air pollution is the presence in the
atmosphere, or injection into it, of substances
that are ax present naturally, or present
naturally but is in much smaller concentrations,
and that may harm linK organisms directly or
indirectly. Thus, when due to some natural
processes or huirc activities the amount of solid
waste or concentration of gases other than O

2

increase in the air whin normally has constant
percentage of different gases in it, the air is said
to be polluted and this phenomenon is referred
to as air or atmospheric pollution. Air pollution
is one of the most dangerous and common kind
of environmental pollution that is reported in
most industrial towns and metropolitans of
India and abroad such as Delhi, Bombay,
Calcutta, Kanpur, Madras, Hyderabad, Jaipur,
Ahmedabad, Nagpur, Firozabad and also in
London, New York, Tokyo, Pittsburg, etc.

Air Quality

In our country, data on air quality have
been collected by NEERI. Although there exist
several parameters to determine air quality, but
only three, i.e., SO

2
 NO

x
 and SPM (= suspended

particulate matter) are used; these give fair idea
of load of pollution carried by the air. NEERI has
collected data from ten Indian cities/
Metropolitans such as Delhi, Kanpur, Calcutta,
Nagpur, Hyderabad, Madras, Cochin, Bombay,

Ahmedabad and Jaipur to assess the extent and
nature of degradation of air quality due to
industrialization and urbanization. Each of
these ten Indian cities was surveyed for
residential, commercial and industrial
situations.

Thus, for sulphur dioxide (SO
2
), Calcutta is

found to be most polluted city, followed in a
descending order by Bombay, Delhi,
Ahmedabad, Kanpur, Hyderabad, Madras,
Nagpur and Jaipur. However, yearly averages did
not exceed 80 (µg/m3. Levels of oxides of nitrogen
(NO

x
) ranged from 4 µg/m3 in residential

and industrial areas of Jaipur to the highest 40
µg/m3 in industrial areas of Ahmedabad (1980)
and commercial areas in Kanpur (1980). Level
of SPM was highest in Delhi and Calcutta and
the lowest in Madras and Bombay (coastal cities).
In general, SPM levels in all cities were much
above the international levels. Residents of Delhi
are exposed to some of the highest levels of air
pollution in the country and perhaps the world.

Methods of Detection and Measurement
of Air Pollution

Air pollution is usually measured by
sampling of air by thermal and by electrostatic
precipitarion, Sonkin impactor and electrostatic
dust collectors. The particulate pollution is
measured by the instrument called deposit
gauge or by Owen’s dust counter. The thickness
of the smoke is measured by Liegean sphere and
by Ringelmann chart. The rough estimation of
SO

2
 in air can be made by ;hemical analysis of

the dust collected in a deposit gauge or by a
bubbler method. Fluorides are estimated by
colour reactions.

Sources of Air Pollution

Air Pollution by Natural Means

Nature adds few natural pollutants such as
pollen, hydrocarbons released by vegetation,
dusts from deserts, storms, and volcanic activity.
Thus, volcanic eruptions may eject large
amounts of gases Vehicle exhausts release a
collection of chemicals including carbon
monoxide, sulfur dioxide, nitrogen oxides and
hydrocarbons. Some gasoline also contains
lead, which appears in the exhaust fumes and
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can have adverse effects on brain development
in children. Throughout the world’s cities, many
people - such as cyclists, who have to breathe
deeply while in close proximity to vehicle
exhausts - have begun to wear masks to filter
the air they breathe. Here, a Green Party
protestor against the poor quality of city air in
rome emphasizes the point and particulate
matter. Settling volcanic ash can kill vegetation
by coating leaves and prevent photosynthesis
and transpiration (e.g., following the 1980
eruption of Mt. St. Helens, USA). Fine particles,
mainly of sulphates, may penetrate the
stratosphere, spread widely and reflect signified
amounts of solar radiation, leading to climatic
cooling. Likewise, dust storms sometimes carry
fine sand for thousands of kilometers and
favourable weather conditions stimulate the
release of pollen, affecting people sensitive to
it.

Air Pollution by Human Activities

(a) Industrial chimney wastes: There are a
number of industries which are potent
sources of air pollution. Petroleum refineries
are the major sources of gaseous pollutants
(e.g., SO

2
, NO

x
, etc.) Mathura-based

petroleum refinery has been accused to
aggravate the pollution-related decay of Taj
Mahal in Agra and other historical
monuments of Fatehpur Sikri Complex.
Industrial processors such as metallurgical
plants and smelters, chemical plants,
petroleum refineries, pulp and paper mills,
sugar mills, cotton mills, and synthetic
rubber manufacturing plants are responsible
for about one fifth of the air pollution. Cement
factories emit plenty of dust, which is
potential health hazard. Stone crushes and
hot mix plants also create a menace. The SPM
levels in such stone crushing areas are
found to be five time the industrial safety
limits. Chemical manufacturing industries
emit acid vapours in aic.

(b) Thermal power stations: The coal
consumption of thermal power stations of
India (e.g., Delhi has three thermal power
stations, one at Indraprastha Estate, others
at Rajghat and Badarpur) is several million
tonnes. The chief pollutants of coal burning

are fly ash, SO
2
’ and other gases (CO, NO

2
),

aldehydes and hydrocarbons.

GREEN HOUSE EFFECT

Carbon dioxide is a natural constituent
of the atmosphere, but, its concentration is
increasing in the air with an alarming rate. A
byproduct of the burning of fossil fuel, it is not
necessarily a pollutant. It produces adverse
physiological efects only at very high levels. It
is estimated that approximately one-half of the
CO

2
 input stays in the atmosphere and other

half of it is removed by the oceans and by
plants. The increased amount of CO

2
 in

atmosphere is found to increase the
temperature of earth.

The spectral properties of CO
2
 in the

atmosphere are such that it tends to prevent
the long wave radiations (i.e., infra-red heat
radiation) from earth from escaping into outer
space and deflect it back to earth. The latter
has an increased temperature at surface. This
phenomenon is called atmospheric effect or
greenhouse effect.

The simultaneous cooling and heating
effects of air pollution on earc have increased
variability in the world-wide weather patterns
which may be a serious threat to global foof
production. Recently, certain ecologists have
tried to correlate air pollution with serious and
prolonged droughts, heavier rains am floods,
and more serious hurricanes and tornadoes.

Scientists fear that increased level of CO
2
,

will increase the greenhouse effect and
thereby increase the temperature of the earth.
Only a slight temperature rise would cause
the polar ice caps to melt and to cause an
enough rise in sea level submerging a number
of major cities of the world, because many are
along coasts.

Simultaneously, along with carbon
dioxide man has been adding solid particles
and droplets into the air which increase the
albedo or shineness of the earth. This should
act contrary to the greenhouse effect, reduce
the sunlight reaching the earth and tend to
lower the temperature of earth.
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(c) Automobiles: The transportation industry
exclusive of automobiles and including
railroads, ships, aircrafts, trucks, buses,
tractors, etc., contribute the same type of
pollutants as cars. The vehicular exhausts
are toxic being a source of considerable air
pollution, next only to thermal power plants.
The ever increasing vehicular traffic density
poses continued threat to the surrounding
air quality. At the global level, there are over
300 million cars, trucks and buses and their
number is increasing rapidly. India too has
millions of vehicles, of which more than 65%
are two wheelers operating on petrol.

The sources of emission in the automobiles
are (i) exhaust system; (ii) fuel tank and
carburettor and (iii) crankcase. The exhaust
produces many air pollutants including unbumt
hydrocarbons, CO, NO

x
 and lead oxides. There

are also traces of aldehydes, esters, ethers,
peroxides and ketones; these are chemically
active and combine to form smog in presence of
light. Due to volatile nature of petrol,
evaporation from fuel tank goes on constantly
and results in emission of hydrocarbons. The
evaporation through carburettor occurs when
engine is stopped and heat builds up and as
much as 12 to 40 ml of fuel (petrol/diesel) is
lost during each long stop causing emission of
hydrocarbons. Some gas vapour escapes
between walls and the piston, which enters the
crankcase and then discharges into the
atmosphere. Thus, the total hydrocarbon
emission of an engine reaches upto 25%.

Other sources of air pollution are minor in
quantities but bear significance due to the
harmful substances they release, these are
agriculture, which is responsible for pesticides,
dust from agriculture practices and field
burning, and the construction industry.

Types of air pollutants: All the just described
sources of air pollution release the following air
pollutants: 1. Carbon compounds (e.g., CO

2
, CO);

2. Sulphur compounds (e.g., SO
2
, H

2
S and H

2

SO
4
) 3. Nitrogen oxides (e.g., NO, NO

2
 and HN0

3
);

4. Ozone (0
3
); 5. Flurocarbons; 6. Hydrocarbons

(e.g., benzene, benzypyrene, etc.); 7. Metals (e.g.,
lead, nickel, arsenic, beryllium, tin, vanadium,
titanium, cadmium, etc.); 8. Photochemical
products (e.g., olefins, aldehydes, photochemical

smog, PAN, PB
2
N, etc.); 9. Particulate matter (e.g.,

fly ash, dust, grit and SPM); and 10. Toxicants.

Ecology of Air Pollution

Once injected into the atmosphere,
pollutants enter the biogeochemical cycles by
different routes. The air above many cities can
assimilate and disperse great quantities of fine
particulate and gaseous pollutants as long as
air can move and disperse. But if air masses over
cities become stagnant, pollutants accumulate
quickly and deteriorate air quality which cause
many respiratory diseases in man and other
animals. Air pollutants also accumulate during
temperature inversions, when cooler surface
layers of air become trapped under warmer upper
layers. In these situations, the upper layers of
warm air prevent the vertical rise and disperse!
pollutants which are held near the ground.
Temperature inversions commonly occur in
surrounded by mountains or bordered by
mountains on the leeward side.

Further a portion of air pollutants reaches
land as dry fallouts; it may then enter various
nutrient cycles and food chains through water
and soil. Other contaminants of air react
chemically photochemically with other and
produce such ondary pollutants sulphuric acid,
ozone, peroxyacetyl nitrate or PAN Aerosols and
other for fine particulate matter condensation
nucl which water vapours in the air quickly surr
form droplets of fog or rain.

Moreover, different air pollutants adversely
affect flora, fauna and climate of a given area
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variously and some of the common air pollutants
and their specific effects on vegetation, climate,
etc., have been discussed as follows:

Gaseous Pollutants

Sulphur oxides and hydrogen sulphide:
These gaseous pollutants are naturally released
the biological decomposition and from volcanic
eruptions. They are also released artificially
human activities such as smelting of sulphide-
containing ores, combustion of sulphur-
containing such as coal and oil, petroleum
refining and obtaining of geothermal energy.

According to a report the sulphur dioxide
(SO

2
) content of the atmosphere in Delhi

cirreached the level of 0.233 ppm, whereas in
USA and West Germany the permissible limit is
only 0.1 and 0.05 ppm. Concentrations as low
as 0.3 ppm may damage plants. Lichens are
particularly to SO

9
 and in polluted regions one

does not find lichens growing on the tree trunks.
Thus, quantities of sulphur dioxide suppresses
the overall vegetative as well as reproductive
growth and Its high atmospheric concentrations
produce various injuries to leaves such as
interveinal and damage, necrosis of leaves and
cellular collapse. However, moderate SO

2

pollution in chlorosis of leaves without cellular
collapse. Pine trees are more susceptible than
broad leaved and react by partial defoliation and
reduced growth. Plant’s exposure to hydrogen
sulphide sulphide results in leaf lesions,
motting, defoliation and reduced growth.

Sulphur dioxide pollution causes in
human beings various types of injuries such as
eye irritation, chest constriction, headache,
vomiting and death from respiratory ailment. It
paralyzes or destroys bronchial cilia in air
passages of man, constricts bronchii, damages
lungs, lowers resistance to pneumonia and
influenza and causes bronchitis, emphysema
and irritation of the mucous membranes (i.e.,
an increase in cough and sputum). In fact, SO

2
,

and other pollutants bring about coalescence
of alveoli  and reduce the amount of surface area
available for the transport of oxygen and also
reduce the rate at which air is exchanged. When
there occurs severe pollution of SO

2
, the death

rate and bronchial asthma are found to increase
and in past it caused such disasters as Meuse

Valley in Belgium in 1930; Donora, in 1938;
London, in 1952; and New York and Tokyo in
1960s.

Further, in the atmosphere, SO
0
 does not

remain in the gaseous state for long time, but
very soon it reacts with moisture to form
sulphuric acid or H

2
SO

4
. Sulphuric acid causes

many respiratory diseases in man and also
produces acid rainfalls over parts of the earth.
In Scandinavia, downwind from the industrial
centers of Britain and the Ruhr Valley, the
acidity of the rainfall has increased 200 fold
since 1966, with pH values as low as 2.8 being
recorded. This acid rainwater has increased the
acidity of Scandinavian streams, interfering
with salmon reproduction and destroying
salmons runs. It has reduced forest growth and
increased the amount of calcium and other
nutrients leached from agricultural soil. The

PHOTOCHEMICAL SMOG

In the atmosphere nitrogen dioxide is
reduced by ultraviolet light

to nitrogen monoxide and atomic oxygen:

NO
2
 — NO + O

Atomic oxygen reacts with oxygen to form
ozone:

O
2
 + O

3
 — NO

2
 + O

2

Ozone reacts with nitrogen monoxide
form nitrogen dioxide and oxygen, thus, closir
the cycle:

NO + O
3
 — NO

2
 + O

2

Sometimes, in the presence of sun atomic
oxygen from the photochemical reduc of NO

2

also reacts with a number of  hydrocarbons
(such as methane, ethane, tol etc., all of which
originate from burning of fuels or directly from
plants) to form reactive intermediates called
radicals. These radicals take part in a series
of reactions to form still radicals that combine
with oxygen, hydrocarbons, and NO

2
. As a

result nitrogen dioxide is regenerated, nitric
oxide disappears, ozone accumulates a
number of secondary pollutants are formed
such as formaldehyde, aldehydes and
peroxyacetyl nit or PAN (C2H3O5N). All of these
collectively form photochemical smog.
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acid rainfall is also involved in the erosion of
building materials as lime stone marble, the
slate used in roofing, mortar and deterioration
of statues.

2. Carbon monoxide: It is released chiefly
from gasoline engines and burning of coal in
the defective furnaces. In man, CO produces
headache, dizziness, inability to distinguish
time intervals, nausea, ringing in the ears, heart
palpitation, pressure in chest and difficulty in
breathing. This gas combines with haemoglobin
of blood to form carboxy-heamog-lobin in RBC
which reduces its oxygen carrying capacity to
all parts of body and, thus, causing asphyxia.
The higher concentrations of carbon monoxide
(CO) may be even fatal. CO and nicotine from
the cigarette smoke increase the tendency for
the blood to clot and so block the coronary
arteries. Carbon monoxide also increases the
rate at which the fatty materials are deposited
in the arteries.

Nitrogen oxides: The natural sources of this
pollutant are anaerobic bacterial breakdown of
nitrogenous compounds, forest fires and
lightning. Its chief anthropogenic sources are
power generators and automobile exhausts
(motor vehicles). Burning of organic wastes, and
manufacture of explosives and nitrogenous
fertilizers further add to nitrogen oxide
pollution.

Nitrogen dioxide (NO
2
), a pungent gas that

produces a brownish haze, causes nose and eye
irritations and pulmonary discomfort in man. It
also produces general and pulmonary oedema
and hemorrhage. In plants, NO

2
 brings about

bifacial necrosis leading to collapse of leaves,
enhancement of green colour followed by
chlorosis and extensive leaf drop. Ultimately
there occur an increase in fruit drop and
decrease in fruit crop.

Ozone, PAN and nitrogen dioxide severely
injure many forms of plant life, destroying the
cell of leaves, damaging the chloroplasts, and
interfering with the plant’s metabolic processes.

PAN is known to block “Hill reaction” of
photosynthesis. It results in bronzing and
glazing of abaxial leaf surface which is due to
plasmolysis and collapse of mesophyll cells
around substomatal chambers. Epidermal and

guard cells are not injured by PAN.

Ozone: Levels of ozone (O
3
) may rise in

atmosphere due to human activities. It is  also
formed by NO

2
 under UV-radiations effect. Minor

amounts of ozone are also added to the
atmosphere by electric discharges such as
lightning flashes, by vertical flux of stratopheric
ozone and by tropospheric storms.

Ozone near the earth’s surface in the
troposphere creates pollution problem. Increase
in O

3
 concentration near earth’s surface is toxic

to plants reducing crop yields significantly. It
also has adverse effects on human health. Thus,
while higher levels of O

3
 in the atmosphere

protects us, it is harmful when it comes in direct
contact with us and plants at earth’s surface.

Fluorocarbons (Hydrogen fluoride): Natural
sources of fluorides in the atmosphere are active
volcanoes. Their man-made or artificial sources
are petroleum refining, aluminium, steel and
electrochemical reduction plants, blast
furnaces, brick-kilns, and tile, glass etching
and superphospbac fertilizer industries and
combustion of coal.

Fluoride bums the tip of plant leaves. It’s
low amounts impair plant growth, resflt in
excessive dropping of bloom and young fruits,
development of small, partially or compieek
seedless fruits and premature formation of soft
red flesh and splitting of peach. In human being,
it irritates and corrode all body passages.

Hydrocarbons: Biological decomposition of
organic matter, spill and seepage from natural
gas and oil fields and volatile emissions from
plants are some major natural causes for the
release of hydrocarbons such as methane,
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terpenes, ethylene and aniline. Incomplete
combustion of fuels, automobile exhaust,
petroleum-refineries, agricultural burning,
motor fuel marketing, manufacture of explosives
and cracking of natural gas in petrochemical
plants (as a blow-off emissions) constitute the
man-made sources that emit hydrocarbons.

The hydrocarbon ethylene causes
yellowing and occasional necrosis of leaves,
chlorosis floral buds, inhibition of terminal
growth, epinasty of leaves, shortening of
intemodes, thickening of stems, lack of apical
dominance, stunted growth, dry sepal disease
of orchids and decrease in the amount of
chlorophyll and carotenoids. Another
hydrocarbon aniline results in the appearance
of bands on leaves as if they are water-soaked,
necrotic spots and abscission of leaves. In man,
hydrocarbons bring about irritation of mucous
membrane, bronchial constriction and eye
irritation. One of the hydrocarbons released due
to incomplete combustion, is 3-4 benzpyrene
which is said to cause lung cancer. Methyl
isocyanate gas when accidentally leaked out
from the storage tanks of the pesticide factory
in Bhopal on December 2, 1984, had killed over
3,000 persons and seriously affecting lakhs of
residents.

Hydrogen chloride: This pollutant is
released from combustion of coal, paper, plastics,
chlorinated hydrocarbons, accidental spills from
the chemical manufacturing plants and ignition
of solid-fuel rocket engines in plants, hydrogen
chloride causes plasmolysis and collapse of
epidermal cells of leaves and thereby results in
abaxial glazing of leaves.

Ammonia: The main anthropogenic sources
of this gaseous pollutant are refrigerator,
precooler systems of cold storages, manufacture
of dyes, explosives, lacquers (varnishes) and
anhydrous ammonium fertilizers and nitric
acids and domestic incineration. Ammonia
causes in plants, bleaching of leaves, rusty spots
on leaves and flowers, reduction of root and
shoot growth, browning and softening of fruits,
development of dark, corky lenticels in apples,
and reduction in the rate of seed germination.
In man, it inflames upper respiratory passages.

Tobacco smoke: Tobacco smoke contains
about 300 chemical compounds including

nicotine and carcinogens such as tar (“aromatic
hydrocarbon”). It is mainly produced by
smoking cigarettes and bidis. It is gradually
becoming a pollutant especially in closed
atmospheres such as buses, trains, auditoria,
discotheques and so on. Nicotine stimulates
some types of synapse of nervous system,
increase blood pressure and heart rate by the
production of adrenaline, causes vasodilation
in the muscles and vaso-constriction in the
skin. When a person smokes, tiny particles in
the smoke get caught on the lining of the
windpipe and bronchial tubes. Extra mucus is
produced and the cilia stop beating. The mucus
collects in the bronchial tube and this gives rise
to a “smoker’s cough”.

Repeated coughing may cause the delicate
walls of the alveoli to break down into larger
spaces. This cuts down the surface area over
which gaseous exchange can take place, so the
person gets very short of breath. Doctors call this
condition emphysema. Tobacco smoke also

BIOMAGNIFICATION OR
BIOAMPLIFICATION

Many of pesticides, such as DDT, aldrin
and dieldrin, have a long life time in the
environment. They are fat-soluble and
generally not biodegradable. They get
incorporated into the food chain and
ultimately deposited in the fatty tissues of
animals and man. In the food chain, because
of their build up, they get magnified in the
higher trophic levels (called biological
magnification or biological amplification). The
pesticides have been in use during last 50
years. Their targets are insect pests, fungi,
nematodes and rodents which damage crops.
But these pesticides have created great
problems for non-target organisms consisting
largely beneficial species such as earthworms,
honeybees, fish, amphibia, some reptiles, birds,
mammals and man.

The phenomenon of biological
magnification is also reported for certain other
pollutants such as heavy metals such as lead,
mercury and copper and radioactive
substances (or radionuclids) as strontium-90.
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brings about thickening of bronchial epithelial
layer, loss of ciliated cells and appearance of
cells with bizarre nuclei, which are probably the
precursors of cancerous cells. Although smoking
mainly affects the lungs, it can also cause
cancer of other organs such as mouth, throat,
oesophagus and bladder. It is also associated
with heart disease and stomach ulcers and a
woman who smokes while she is pregnant is
more likely to have spontaneous abortion of still
birth or to give birth to an under sized baby.

Particulate Pollutants

Fluorides: The particulate fluorides
originate in the same way as the gaseous
fluorides. The settle and accumulate on the
grass and other vegetation. They are less toxic
to these plants causing occasional leaf-tip bums.
However, ingestion by cattle of various fluorine
compounds falling on forage, causes fluorosis,
a disease characterized by abnormal
calcification of bones and teeth eventually
resulting in loss of teeth, body weight and in
lameness.

Fluoride pollution in man and animals is
mainly through water. In our country, fluorosis
is a public health problem in states of Gujarat,
Rajasthan, Punjab, Haryana, U.P., Andhra
Pradesh, Tamil Nadu, Karnataka, and some areas
of Delhi. Globally it is a problem of various other
countries such as USA, Italy, Holland, France,
Germany, Spain, Switzerland, China, Japan and
some African and American countries.

Lead: Lead, a heavy metal, is injected in
the atmosphere mainly from automobile
exhaust. Automobile gasoline contains
tetraethyl lead that is used as an antiknock
additive. Lead is emitted into the air with the
exhaust as volatile lead halides (bromides and
chlorides). About 75% of lead burnt in gasoline
comes out as lead halides through tail pipe in
exhaust gases. Of this about 40% settles
immediately on the ground and the rest (60%)
goes into air. That is why its concentration is
higher in urban areas where automotive and
industrial exhausts are more.

Mercury: It is a liquid volatile heavy metal
which is found in rocks and soil. It is present in
air due to human activities such as the use of
mercury compounds in production of

fungicides, cosmetics, paper pulp, etc.
Inhalation of 1 mg/m3 of mercury in air for three
months may lead to human death. Nervous
system, liver and eyes are damaged. Infant may
be deformed. Other symptoms of mercury
toxicity are headache, fatigue, anxiety, lethargy,
loss of appetite, etc.

Zinc: Zinc in air occurs mostly as white zinc
oxide fumes and is toxic to man. It exists in air
around zinc smelters and scrap zinc refineries.

Cadmium: This metal is emitted to air by
human activities and industries (e.g.,
electroplating and welding of cadmium
containing materials; industries producing
pesticides and phosphate fertilizers. Cadmium
occurs in the air in the form of oxide, sulphate
or chloride compounds. It is poisonous at very
low levels and is known to accumulate in
human liver and kidney, Cadmium causes
hypertension, emphysema and kidney damage.
It may also act as carcinogen in mammals.

Potassium salts: These particulate pollutants
are derived mainly from potash mines and cause
in plants abnormalities such as branch tip death,
chlorosis and necrosis of leaves.

Sodium chloride: Certain salts such as
sodium chloride, used to remove ice and snow
from roads in winters, are found to cause
multiple damage to the roadside trees such as
leaf necrosis, defoliation, suppression of
flowering, and dieback of terminal shoots in
apple.

Agricultural chemicals: Several types of
chemicals such as insecticides, herbicides,
fungicides and pesticides, used widely in
agriculture are found to result in foliar lesions,
chlorosis and abscission of leaves and reduction
in fruit set.

Particulate matter: The word particulate has
been derived from particle and includes all solid
or liquid substances primarily in the air.
Particulate matter is usually divided into two
categories: suspended particulates and dust fall.

(a) Suspended particulates: These are smaller
than 10 microns. They are generated by various
industrial processes, combustion processes
and black soot. In polluted air, their
concentration may reach up to 100,000 per
cubic centimeter.
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(b) Dust fall: Dust fall includes the particles
larger than about ten microns. They are emitted
into the air by physical processes such as
grinding and abrasion, a soot and fly ash
(or PFA = Pulverised fly ash) from fuel
combustion. Dust particles settle at the ground
quickly and cause nuisance to certain
industries requiring aseptic conditions such as
drug industries and food processing plants. The
average level of dust and particulate matter in
Dehi is about 600 mg/m3 in Bombay about 200
mg/m3, in Calcutta about 300mg/m3, whereas
it is just 150 mg/m3 in other polluted western
cities.

Dust may be inorganic and organic in
nature:

1. Inorganic dust containing silica and
trapped heavy metals is the main
pollutant in mining, quarrying and
stone cutting operations.

2. Organic dust raised in cotton textile
mills, ginning plants, coir retting and
processing, jute and hemp processing,
saw mills and plywood industries are
also potentially toxic with properties of
sensitization of persons exposed to
them.

Particulates emitted from cement
manufacturing units cause in plants premature
fall of needles, higher puberty of leaves,
formation of more stomata and trichomes,
reduction in number and size of cobs and weight
of seeds and increase in number of infertile
seeds. Dust from stone crushers, lime kilns and
slate making units is also hazardous to plants
and human beings. Particles of asbestos that are
released from factories can wear off brakes and
gears of cars. Coal dust and asbestos have been
found to cause in plants, necrotic lesions,
reduction in fruit sets and silicosis, asbestosis
and lung cancer in human beings. The common
dust particles sometime become health hazards
as they may lead to diseases such as allergic
asthma, bronchitis, emphysema and even
fibrosis of lungs. Pulverised fly ash (PFA) is
getting accumulated in such large quantities
particularly in areas where thermoelectric
generators are installed that it has proved to be
one of the major sources of solid wastes. Since
it contains boron, its deposition by wind in

agricultural tracts often results in deleterious
effects.

In fact, living organisms are rarely exposed
to a single pollutant in nature. The influence
of mixtures of pollutants is usually synergistic,
i.e, greater than the additive effects of the
different pollutants alone.

Effects of Air Pollution on Weather,
Climate, and Atmospheric Processes

At gross level, air pollution causes two
worldwide problems - contamination of the
upper atmosphere and the alteration of weather
and climate.

 Air pollution also affects weather on a
continental or global basis. Many gaseous
pollutants, fine aerosols reach the upper
atmosphere, where they have basic effects on the
penetration absorption of sunlight. Brodine
(1973) and certain other modem environmental
biologists feel increasing particulate pollution
may be reducing the amount of sunlight energy
reaching the surface, thereby, lowering solar
radiation at the earth’s surface and producing
a cooling effect on world climates which could
ultimately trigger another ice age.

Peeling of ozone umbrella by CFMs: Certain
fluorocarbon compounds which are called
chlorofluoromethanes or CFMs or “freon” are
used as propellants in pressurized aerosol cans.
They are inert in normal chemical and physical
reactions, but they get accumulated in greater
amounts at high altitudes and there in the
stratosphere these inert gaseous compounds
(i.e., CFMs) release chlorine atoms under the
influence of intense short-wave ultraviolet
radiation.

Each atom of chlorine chain then reacts
with more than 1,00,000 molecules of ozone,
converting ozone to oxygen. The reduction in
stratospheric ozone permits greater penetration
of ultraviolet light, which intensifies UV
radiation at the earth’s surface. Some scientists
feel that this intensified radiation will cause a
significant increase in skin cancer and
eventually have a lethal effects on many
organisms, including man. In plants such
enhanced level of UV radiations are feared to
cause stunted growth, short, thick stems, smaller
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leaves, plasmolysis of cells, destruction of
anthocyanin, chlorophyll and nuclei. They are
known to cause bronzing of leaves, injury to
various fruits, somatic aberrations, discolouring
of staminal hairs, inhibition of pollen
germination and pollen tube growth.

The protective ozone layer of the
stratosphere is also considered by many
ecologists to be endangered by supersonic jets,
the SSTs. The jet engines of supersonic aircraft
flying at high altitudes release nitrogen oxides
(NO

x
) which catalytically destroy ozone

molecules.

Control of Air Pollution

Most kinds of air pollutions can be
controlled by modem technology, but the costs
ultimately be borne by the public in the form of
higher prices for manufactured goods, higher
taxes, reduced profit margins in industry, and
more restrictions on individual activities such
as burning leaves and trash and use of
automobiles. Following steps have to be taken
to control pollution at source (prevention) as well
as after the release of pollutants in the
atmosphere.

1. Prevention and control of vehicular
pollution: For controlling the air pollution
because of vehicles, the following measures are
adopted:

(a) Curbing the pollutant emission from
vehicular exhaust: This type of control can be
attained by (i) using new proportion of gasoline
and air; (2) more exact timing of fuel feeding;
(3) using gas additives to improve combustion;
(4) by injecting air into the exhaust to convert
exhaust compounds into less toxic substances,
and by (5) correcting the engine design and/or
fixing cessation device to improve combustion
with the existing design. Complete elimination
of three main pollutants, namely CO

2
, NO

x
 and

hydrocarbons can be attained by either updating
the present design of engines or by making
appropriate changes in devices for improving
combustion. In recent years, I.K. Bharati of
Mumbai has claimed to have devised a simple
attachment (by the patent name Thermoreactor)
to curb air pollution by motor vehicle. The
reactor is fitted to the exhaust tail pipe and it

converts carbon monoxide into oxygen. Various
devices such as positive crankcase ventilation
valve and catalytic convertor have been
developed in USA to reduce exhaust emissions
by automobiles.

(b) Control of evaporation from fuel tank and
carburetter: This can be performed by (1)
collection of vapours with activated charcoal
when the engine is turned off; (2) subjecting the
gasoline in the tank to slight pressure to prevent
the gas from evaporation; and (3) developing low
volatile gasoline that does not evaporate easily.

(c) Use of filters: Filters can be used to
capture and recycle the escaped gases
(hydrocarbons) from the engine (i.e., the gas
vapours which escape between walls and the
piston and reach the crankcase).

BOD TEST

BOD or biological oxygen demand is the
amount of oxygen required for biological
oxidation by microbes in any unit volume of
water. The test is done at 20°C for at least five
days. BOD value generally approximates the
amount of oxidisable organic matter (such as
sewage and other organic wastes, animals and
human excreta, all of which are called oxygen
demanding wastes) and is, therefore, used as
a measure of degree of water pollution and
waste level. Thus, due to addition of sewage
and waste, oxygen levels are depleted which
are reflected in terms of BOD values of water.
The number of microbes as Escherichia coli
(bacterium) also increase tremendously and
these also consume most of the oxygen. The
number of bacteria as E.coli in unit volume of
water is also taken (called E.coli index) as a
parameter of water pollution. The quantity of
oxygen in water (called dissolved oxygen or
DO) along with BOD is indicated by the kind
of organism present in water. For example, fish
become rare at DO value of 4 to 5 ppm of water.
Further decrease in DO value may lead to
increase in anaerobic bacteria. Typical BOD
value for raw sewage run from 200 to 400 mg
of oxygen per liter of water (therefore, 200—
400 ppm). Water for drinking should have a
BOD less than 1.
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2. Prevention and control of industrial
pollution: To check the air pollution by industrial
and power plant chimney wastes , measures are
taken for the removal of particulate matter and
gaseocs pollutants. In different industries, air
pollution can be checked at various steps.

(a) Removal of particulate matter: This process
involves collection of particulate matter under
the influence of different forces, thereby, moving
them continuously out of the gas stream. This
step involves the use of following equipments:

(i) Cyclone collector: In this case the waste
gas containing particles is subjected to
centrifugation. The suspended particles move
towards the wall of cyclone body and then to its
bottom and finally are discarded out. The
cyclone collectors can remove upto 70 per cent
of the particles.

(ii) Electrostatic precipitators (ESPs): To
remove the suspended particles from gas stream,
the electrical forces are applied within the
chamber in the precipitator. The particles
become charged or ionized, and they are
attracted to charged electrodes and removed.
ESPs can remove 99 per cent of the particulate
pollutants from the chimney exhaust. ESPs work
very efficiently in power plants, papermills,
cement mills, carbon black plants, etc.
Sometimes, high resistivity dust may make
separation in an ESP difficult. To overcome this
difficulty, fibric filters or beg filters are employed.
Further, tall chimneys are used for vertical
dispersion of air pollutants.

(b) Removal of gaseous pollutants: These are
removed from the chimney exhaust by the
following three methods:

(i) Wet systems: These are used as washing
towers in which alkali fluid circulate
continuously. This liquid react with SO

2
 to

produce a precipitate. In gas scrubber, a fine
spray of water can effectively separate many
gases such as ammonia and sulphur dioxide.

(ii) Dry systems: In this case, the gas
pollutants are allowed to react with an absorbent
under a dry phase. Absorbents such as dolomite,
lime (CaO) and limestone (CaOH) are placed in
the the flowing gas (SO

2
). The process is cheap

and does not involve any spray of water.

(iii) Wet dry systems: In these cases water in
the absorbent reacts with the acid components.
The absorbent calcium hydroxide slurry is
spread into the hot gas stream in the form of
small Calcium reacts with SO

2
, and the hot gases

cause the water to evaporate simultaneously.
The end product is a dry powder containing
mostly fly ash and salts.

Control of air pollution through law: In our
country there have been several legislative
measures both at state and central Govt., levels
to prevent and control different types of air
pollutions:

1. Bengal smoke Nuisance Act, 1905;

2. The Motor Vehicle Act, 1938;

3. The Gujarat Smoke Nuisance Act,
1953;

4. The Air (prevention and Control of
Pollution Act, 1981) (It was amended
in 1987);

5. The Environment (protection) Act, 1986;

6. The Motor Vehicles Act, 1988 (This Act
came into force from 1.7.1989).

WATER POLLUTION

The great solvent power of water makes the
creation of absolutely pure water a theoretical
rather than a practical goal. Even the highest-
quality distilled water contains dissolved gases
and to a slight degree, solids. The problem,
therefore, is one of determining what quality of
water is needed to meet a given purpose and
then finding practical means of achieving that
quality. The problem is further compounded
because every use to which water is put-
washing, irrigation, flushing away wastes,
cooling, making paper, etc., adds something to
the water. In fact for centuries rivers and lakes
have been used as dumping grounds for human
sewage and industrial wastes of every
conceivable kind, many of them are highly toxic.
Added to this are the materials leached and
transported from land by water percolating
through the soil and running off its surface to
aquatic ecosystems.

The term water pollution is referred to any
type of aquatic contamination between
following two extremes: (1) a highly enriched,
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over productive biotic community, such as a river
or lake with nutrients from sewage or fertilizer
(cultural eutrophication), or (2) a body of
water poisoned by toxic chemicals which
eliminate living organisms or even exclude all
forms of life.

Normally water contains two types of
impurities- dissolved and suspended. Dissolved
impurities are gases (H

2
S, CO

2
, NH

3
, etc.) and

minerals (Ca, Mg, Na, salts). Suspended matter
includes clay, silt and sand and even microbes.
Polluted waters are turbid, unpleasant, foul
smelling, unfit for drinking, bathing and
washing or other purposes. They are harmful and
means of many diseases as cholera, dysentery,
typhoid, hepatitis, etc.

Types of Water Pollution

Types of water pollution may be classified
by the medium in which they occur, such as
surface water pollution, ground water pollution,
soil water pollution, etc.; the habitat in which
they occur, such as river pollution, lake
pollution, estuarine pollution, coastal water
pollution, open ocean pollution, etc.; and source
or type of contamination, such as nutrient
pollution, bacterial pollution, viral pollution,
metallic pollution, petrochemical pollution,
pesticide pollution, thermal pollu-tion,
radioactive pollution, etc.

Kinds and Sources of Water Pollutants

Pollutants entering water sources are
classified broadly into following categories:
domestic sewage and oxygen-demanding

wastes; infectious agents; plant nutrients;
chemicals such as insec-ticides, herbicides,
and detergents; other minerals and chemicals;
sediment from land erosions: radioactive
substances; and heat from power and industrial
plants.

These aquatic pollutants come from many
sources. Excessive nutrients, such as nitrates
anc phosphates, commonly originate in
domestic sewage, run-off from agricultural
fertilizer, waste materials from animal feed lots,
packing plants, etc. Toxic chemicals as agents
of water pollutioc originate in industrial
operations, acid mine drainage, surface erosion
from strip mines, washing of herbicides and
insecticides, radioactive fall out from atomic
explosion, and commercial accidents such as
oil spills or the rupture of chemical tanks.
Besides the pollutants which come from point
sources such as sewage, factory or industry,
there are many pollutants which come from
watershed run-off. Urban and sub-urban run-
off, for example, contains many pollutants such
as oil, pesticides, radioactive dus. salt,
fertilizers, miscellaneous chemicals, and
nematodes, pathogenic protozoans, ,bacteria anc
viruses. However, Kimbal (1975) recognized
only three major sources of pollution: domestic,
industrial and agricultural.

Ecology of Water Pollution

Each type of water pollution affects the
abiotic and biotic factors of different aquatic
systems 9 different degrees and its ultimate
effect on man remains quite drastic in medical,
aesthetic, anc economical sense. Some of the
well known ecological effects of water pollution
are following:

Sewage Pollution

Contamination of freshwaters and shallow
offshore seas by sewage is a common occurrence.
Domestic sewage and waste-water is about 99.9
per cent water and 0.02-0.04 per cent solids of
which proteins and carbohydrates each
comprise 40-50 per cent and fats 5-10 per cent.
In other words, sewage includes mostly
biodegradable pollutants such as human faecal
matter, anima wastes, and certain dissolved
organic compounds (e.g., carbohydrates, urea,
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etc.) and inorganic sais such as nitrates and
phosphates of detergents and sodium,
potassium, calcium and chloride ions. Under
natural processes most of the biodegradable
pollutants of sewage are rapidly decomposed,
but, wha they accumulate in large quantities,
they create problem, i.e., when their input into
environment exceeds the decomposition or
dispersal capacity of the latter. Most cities of well
developed countno such as USA, Britain, etc.,
and some cities of developing countries such
as India have evolved cenaa engineering
systems, such as, septic tanks, oxidation ponds,
filter beds, waste water treating plants and
municipal sewage treatment plants for the
removal of many harmful bacteria and other
microbes, organic wastes and other pollutants
from the sewage, before it is tipped into river or
sea.

Sewage treatment is usually performed in
following three stages: (1) Primary treatment,
whka: removes large objects and suspended
undissolved solids of raw sewage and converts
them into a biologically inactive and
aesthetically inoffensive state, the sludge, a
valuable fertilizer. (2) Secondary treatment,
which supplies aeration and bacteriological
action to decompose organic compound into
harmless substances such as CO

2
, sulphate and

water. During later stages of secondary treatment,
whole waste water is chlorinated (i.e., treated
with chlorine) to reduce its content of bacteria.
(3) Tertiary treatment, which removes nitrates
and phosphates and releases pure water. These
three stages of sewage treatment have become
increasingly expensive and only in most
advanced countries all the three treatments of
sewage are done. However, most Indian cities
either lack any sewage or waste-water treatment
plant or have inadequate sewage treatment
facilities. Consequently, normally and
especially during heavy downpour and floods,
raw sewage or incompletely treated sewage is
dumped into rivers which cause severe water
pollution problems in following ways:

(i) Bacterial and viral contamination: Sewage
wastes may contain pathogenic bacteria and
viruses which are a threat to human health.
Waterborne diseases such as typhoid, bacillary
dysentery, amoebic dysentery, botulism,

poliomyelitis, and hepatitis all represent
potential health hazards in sewage-
contaminated waters. Due to such kinds of
sewage pollution waters of many ponds, lakes,
rivers, sea beaches in India and abroad have
been prohibited for human use, whether for
drinking, bathing, swimming or other sort of
water recreation.

(ii) Eutrophication. According to
Hutchinson (1969), the eutrophication is a
natural process which literally means “well
nourished or enriched.” It is a natural state in
many lakes and ponds which have a rich supply
of nutrients, and it also occurs as part of the
aging process in lakes, as nutrients accumulate
through natural succession. Eutrophication
becomes excessive, however, when abnormally
high amounts of nutrients from sewage,
fertilizer, animal wastes and detergents, enter
streams and lakes, causing excessive growth or
‘bloom’ of microorganisms and aquatic
vegetation.

Most secondary sewage treatment plants,
though, precipitate solids and inactivate most
bacteria in domestic sewage, yet they do not
remove the basic nutrients such as ammonia,
nitrogen, nitrates, nitrites and phosphates.
These nutrients stimulate algal growth and lead
to plankton blooms. Some plankton blooms,
particularly those of blue-green algae produce
obnoxious odours and tastes in waters. Others,
such as the dinoflagellate bloom’ or “the red tide”
of southern coastal regions, produce toxic
metabolic products which can result in major
fish kills.

Effect of Organic Pollution on aquatic animal
life: Organic pollution tends to bring about
changes in faunal composition in a freshwater
ecosystem. Nymphs of stone flies and may flies
are the first to disappear from water which has
high organic pollution. As pollution increases,
caddishfly larvae and many fish which require
high levels of environmental oxygen move into
less polluted area of the stream. Shrimps, water
fleas, leeches; snails and most of the fish vanish
as the pollution becomes severe. At such levels
of pollution there is very little of dissolved
oxygen and the animals present are chironomid
larvae (blood worms) and the oligochaete worms
Tubifex. Some decomposing plants are known



132

to produce toxins as strychnine which kills
animals including cattle.

INDUSTRIAL POLLUTION

Most of the Indian rivers and freshwater
streams are seriously polluted by industrial
waste of effluents. Effluents are waste products
in a liquid form resulting from industrial
processes and domestic activities. They are
released by different industries such as petro-
chemical complexes; fertilizer factories; oil
refineries; pulp, paper, textile, sugar and steel
mills, tanneries, distilleries, coal washeries,
synthetic material plants for drugs, fibres,
rubber, plastics, etc. The industrial wastes of
these industries and mills include metals
(copper, zinc, lead, mercury, etc.), detergents,
petroleum, acids, alkalis, phenols, carbamates,
alcohols, cyanide, arsenic, chlorine and many
other inorganic and organic toxicants. All of
these chemicals of industrial waste are toxic to
animals and many cause death or sublethal
pathology of the liver, kidneys, reproductive
systems, respiratory systems, or nervous systems
in both invertebrate and vertebrate aquatic
animals (Wilbur, 1969). Chlorine which is added
to water to control growth of algae and bacteria
in the cooling system of power station, may
persist in streams to cause mortality of plankton
and fish. Heavy fish mortality in river Sone near
Dehri-on-sone in Bihar is reported to cause by
free chlorine content of the chemical wastes
discharged by factories near Mirzapur in U.P.

Mercury like other heavy metals such as
lead and cadmium has cropped up as a toxic

agent of serious nature. Mercury, a byproduct
of the production of vinyl-chloride, is used in
many chemical industries and it is also a
byproduct of some incinerators, power plants,
laboratories and even hospitals, (Aaronson,
1971). In Japan, illness and even death occurred
in the 1950s among fishermen who ingested
fish, crabs, and shell-fish contaminated with
methyl mercury from Japanese coastal
industries. This mercury poisoning produced a
crippling and often fatal disease called
Minamata disease. Initial symptoms of minimata
disease included numbness of the limbs, lips,
and tongue, impairment of motor control,
deafness, and blurring of vision. Cellular
degeneration occurred in the cerebellum,
midbrain, and cerebral cortex and this led to
spasticity, rigidity, stupor and coma. In Japan
in 1953, due to Minamata disease 17 persons
died and 23 became permanently disabled.

Thermal Pollution

Various industrial processes may utilize
water for cooling, and resultant warmed water
has often been discharged into streams or lakes.
Coal-or oil-fired generators and atomic energy
plants cause into large amount of waste heat
which is carried away as hot water and cause
thermal pollution or calefaction (warming).
Thermal pollution produces distinct charges in
aquatic biota. A body of water at 30-35°C is
essentially a biological desert and many game
fish require temperatures of <10°C for successful
reproduction, although they will survive above
that temperature. A temperature rise of 10°C will
double the rate of many chemical reactions and
so the decay of the organic matter, the rusting
of iron and the solution rate of salts are also
accelerated by calefaction. Since the rate of
exchange of salts in organisms increase, any
toxin is liable to exert greater effects and
temperature fluctuations are likely to affect
organisms. Some plants and animals are killed
out-right by the very hot water. Other adverse
effects of aquatic pollution on aquatic life
include (i) early hatching of fish eggs, (ii) failure
of trout eggs to hatch, (iii) failure of salmon to
spawn, (iv) increase in BOD, i.e., solubility of
oxygen is reduced causi deoxygenation;
(v) change in diurnal and seasonal behaviour
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and metabolic responses of organising (vi)
significant shift in algal forms and other
organisms towards more heat tolerant forms
(this leads to decrease in species diversity); (vii)
affect changes in macrophytes and (viii)
migration of some aquatic forms.

Water Pollution by Agrochemicals

Water that flows on the surface of crop fields,
where agrochemicals such as fertilizers,
pesticides and herbicides are used, contributes
to heavy water and soil pollution. Pesticides and
weedicides arr used by human beings to control
crop diseases by the pests or to kill the weeds
and, hence, to increase the productivity. The use
of these toxic chemicals has created health
hazards not only for livestock and wild life but
also for fish, other, aquatic organisms, birds and
mammals including man.

Any substance or mixture of substances
which prevents, repels, destroys or mitigates any
peic (e.g., bacteria, viruses, fungus, insects,
nematodes, rodents, etc.) is called a pesticide.
Pesticides have proved tremendously beneficial
to human populations, in reducing or
eliminating the target organism? such as
insects, snails, rats, and other animals which
transmit disease, destroy agricultural crops.
damage homes and stored products, and directly
or indirectly affect human health and welfare.
Hence, the significance of chemical pesticides
controlling mosquitoes, termites, houseflies,
cockroaches, house crickets, weevils, locusts
and grasshoppers, borers, snails, rats, rabbits,
and a multitudes of other animals has been
great, and it is difficult to imagine modem
disease control and agricultural programmes
without some forms of chemical control. Like
pesticides, herbicides are specifically designed
chemicals for the control of weed pests and
unwanted plant growth.

Ecologically pesticides and herbicides have
created two major serious problems which were
not previously anticipated. In the first place
many of them have persisted and accumulated
in the environment and have harmed or
contaminated numerous animals or plants not
intended to be targets. Secondly, many of them
have directly or indirectly affected human
health.

Toxicity of pesticides. The toxicity of
organo-chlorine pesticides (i.e., DDT
orDichlorodiphenyl trichloroethane,
hexachlorocyclohexane, chlordane, aldrin,
dieldrin, etc.) lies in their inhibiting Na+, K+ and
Mg+ adenosine triphosphatase activity in the
nerve endings of animals particularly insects,
affects the sensory, motor nerve fibers and the
motor cortex. In the gi axons of cockroach, DDT
is known to influence the efflux of potassium
ions from the axon.

DDT and other organochlorine pesticides
are absorbed from the intestinal tract, from the
alv of lungs and also through the skin, if the
pesticides are in solution A high concentration
of DDT cau brain damage, centrolobular
necrosis of the liver, and liver enlargement in
small mammals. Conce tration as low as 5—10
ppm in diet cause liver damage. In some birds,
DDT concentration of 1—3 ppm destroys the
female sex hormone and the egg shell becomes
so thin that the eggs break when the paren sit
on them for hatching.

Marine Pollution

The marine ecosystem (i.e., seas, oceans
and estuaries) is so grand and vast but
interacting various ways with human life. How
mighty and majestic ocean may appear to us, it
was once challen and tamed by Lord Rama
during his march towards Ravana’s Lanka. The
oceans are used navigation, fisheries,
aquaculture, mining, acquisition of water, naval
and military exercises as well for the discharge
and dumping of a variety of wastes. The very
vastness of the ocean has led to assumption that
all wastes dumped into them can be harmlessly
absorbed. Such an assumption belongs to the
past. The ever increasing range and volume of
polluting activities and tend to seri affect
marine production. Marine pollution is most
evident in coastal waters and estuarine areas,
oceans have in fact, become the final settling
basin for millions of tons of waste products from
h activities. For example, in the late 1960s West
Germany was dumping 375 tons of sulphuric
acid, 750 tons of iron sulphate, 20 tons of
chlorinated hydrocarbons and 16,000 tons of
gypsum wastes into North sea and North Altantic
Ocean every day.
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Oil is the most apparent pollutant of the
ocean. It discharged into the sea either delibe
when oil tankers are washed out prior to
reloading or in accidental spills when tankers
are wrecked (during war or otherwise). In coastal
areas when oil spreads on the water surface, it
clogs the fe of diving birds making their flight
impossible. White preening themselves in an
attempt to clear the plumage, they swallow
enough oil to poison themselves. Apart from
these, oil interferes with the insulation provided
by the feathers and the birds die of cold or
become susceptible to pneumonia. When oil
covers the rocks and sea weeds, molluscs and
crustaceans growing on them die. Oil-spills on
the coasts of sea-side resorts, drive away holiday
makers, affecting the economy of the place.

Control of Water Pollution

Most cities of world have evolved certain
engineering systems such as septic tanks,
oxidation ponds, filter beds, waste water
treatment plants and municipal sewage
treatment plants for the removal of various
pollutants from the sewage before it is tripped
into river or sea. It is essential to have modem
sewage treatment plants for every town and city
of India so that the biodegradable as well as non-
biodegradable pollutants can be removed from
it and pure water obtained for recirculation.

The urban sewerage condition of India is
quite distressing. At present only 15 class-I
cities out of 142 are fully sewered, whereas, only
7 of the 190 class-II towns claim to have this
facility. Still the Indian cities continue to pour
their waste water (286 thousand million cubic
metre) into natural water sources.

Currently, water hyacinth (Eichhornia
crassipes), an otherwise pernicious aquatic weed,
has come into prominence for purifying domestic
and industrial waste water. The plant regenerates
rapidly and has a tremendous capacity to
accumulate heavy and even radioactive metals.
It is efficient in absorbing nitrogen, phosphorus
and similar chemical pollutants. The polluted
water fed into reservoirs or lagoons with water
hyacinth, becomes markedly clean and free from
75-90 per cent of its pollutants. This plant has
also been used as a new source of food, fertilizer
and bioga? (energy).

In India, the enactment of ‘Prevention and
Control of Water Pollution Act’ in 1974, has
helped to a certain extent to prevent water
pollution. However, adequate legislative
measures have to be adopted by every state to
ensure: (a) proper disposal of sewage and
industrial wastes; (b) prevention of abuse of water
resources; (c) recycling of waste waters through
proper methods of purifications; and (d)
punishment of erring industries which do not
install effluent devices in their factories. A large
number of international and inter-
governmental agencies are now busy in
controlling marine pollution. A number of highly
hazardous pollutants are black listed and their
discharge in the sea is total) prohibited. These
are halogenated organic compounds, tin,
mercury and cadmium compounds radioactive
isotopes and carcinogenic material. Somewhat
less toxic substances are gray listed such as
compounds of arsenic, zinc, and antimony,
cyanides, organosilicon compounds, crude oils,
foair forming detergents and surfactants.

Realizing the devastation caused by the
population of cities, towns and villages of 8 states
and the union territory located along the coasts
of river Ganga, through its run of 2525 km from
Gangotr. (Himalayas) to Ganga Sagar (Bay of
Bengal), the Government of India has launched
Ganga Action Plan to restore its water quality.
The first phase of this gigantic cleaning operation
had been initiated in year 1985 and may take
several years in its completion.

LAND POLLUTANTS AND LAND
POLLUTION

The land pollution is caused by solid wastes
and chemicals. There are many examples of land
that has been stripped of vegetation by industrial
development and disposal of waste. Some
common soil contaminants, their sources and
wide range impacts on the biota have been
summarized as follows:

The slag heaps from mines bear witness to
the destructive effects which this can have on
our environment. Areas around smelting and
mining complexes are usually soiled by metals
such as cadmium, zinc, lead, copper, arsenic
and nickel. These are not only phytotoxic even
in small amounts but also render plants unsafe
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for human and animal consumption. Zinc, often
with cadmium, is released into the environment
during the use or breakdown of lubricating oils,
vehicle tyres, galvanized metals and fertilizers.

The major sources of land pollution are the
industries such as pulp and paper mills, sugar
mills, oil refineries, power and heating plants,
chemicals and fertilizer manufacturing units,
iron and steel plants, plastic and rubber
producing complexes and so on. Huge amounts
of solid wastes are either dumped, burnt, or
emptied into rivers and seas. Most industrial
furnaces produce a grey, powdery residue of
unbumt material known as fly ash. The fiy ash,
cinders, solid wastes and litter all are thrown
away by industries and form huge mounds
which spoil the landscape.

Our households too contribute a large
amount of solid rubbish in the form of domestic
wastes. Some common examples are groceries,
food scraps, vegetable remains, packing
materials, cans, cardboard cartons, rags, paper,
cinders, ash, broken gadgets, wood, worn-out
furniture, metals, bones of dead animals,
plastics, polythene bags, ceramics, glass,
aluminium, rubber, leather, construction
rubbish, brick, sand and other junk. Some man-
made materials can be used again such as
paper, scrap metal, glass, polythene, plastic, etc.
But the majority of these cannot be reused and
must be got rid of somehow. All these go to
constitute heaps of municipal refuse. If not
properly disposed, this rubbish can prove
perilous, filthy and unhygienic. Such places
often become a home for rats, flies, mosquitoes,
bacteria and many other vectors, which may
spread numerous human diseases.

Minimizing Land Pollution

It should be necessary for the industries to
install collectors to remove the particulate
wastes (fly ash) from the chimneys. Appropriate
methods should be developed to dispose off or
utilize the other types of pollutants. The garbage,
instead of burning in the open, can be used not
only to produce energy but also as filler for
cement, bricks, asphalt and pavings. Some of
these wastes, if properly sifted and separated,
can even be recycled as raw material for other
industries.

Another simplest method is crude tipping
or open dumping, a common method used in
most Indian cities. More satisfactory is
controlled tipping or the sanitary landfill, which
is recently adopted in Delhi for solid waste
disposal. The sanitary landfill is a better remedy
for larger objects because it brings about
inexpensive biodegradation of such trash
without causing much pollution, disease and
ugliness. In sanitary landfill, a layer of about 2
meters of refuse is covered by at least 23 cm of
earth, ash or other inert material, up to the level
of the hole chosen. The chosen holes may be low
lying watery areas and ditches. The land, thus,
reclaimed can be used for making gardens,
parks, playgrounds or apartment complexes.
Before such filling, the wastes can be pulverized
by machines to a uniform size— by this method
the volume of refuse is reduced and some of the
refuse is more quickly biodegraded. There are
certain persons like Nek Chand who has found
an aesthetic use of household refuse in the
construction of world famous monuments such
as “Rock Garden” of Chandigarh.

RADIOACTIVE POLLUTION

Radioactive isotopes, or radionuclides, are
forms of elements with unstable atomic nuclei;
that is, they decompose with ionizing radiation
in the form of alpha or beta particles, or gamma
rays. Many radioisotopes, such as radium-226,
uranium-235 or238, thorium-232, potassium-
40, or carbon-14, occur naturally in rocks and
soil. Other radioisotopes such as those of cesium,
cobalt, iodine, krypton, plutonium, and
strontium, result primarily as fission products
from atomic bomb fallout, nuclear reactors or
other radiation sources. Of more than 450
radioactive isotopes which can occur as fission
products, only a few are of major environmental
concern. These are primarily argon-41, cobalt-
60. cesium-137, iodine-131, krypton-85,
strontium-90, tritium and plutonium-239
(Bebbington, 1973).

Within biotic communities and ecosystems,
these radioactive elements may become
dispersed or accumulated, depending upon the
biological activity of the element and period of
radioactivity of the isotope. Strontium-90, for
example, normally occurs in radioactive fallout,
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has a half-life of 28 years and behaves like
calcium in biogeochemical cycles. Thus it is
absorbed by plants, ingested by animals and
deposited in bone tissues close to blood forming
tissue. Strontium-90 can also concentrate in
natural biological systems in following method:
water bottom sediments — aquatic plants —
freshwater clams — minnows and small fish —
musk rats. It is demonstrated that due to this
food chain musk rats concentrate strontium-90,
3500 times above the levels of the water in which
they live. Grazing animals concentrate
strontium-90 by ingesting it through grass and
forage, and it can then be passed on to humans
through milk.

Radioactive phosphate, cesium and iodine-
132 also can readily accumulate in plants and
animals through natural food chains. However,
in food chains involving arthropods radioactive
isotopes of potassium, sodium, and phosphorus
accumulate, but isotopes of strontium and
cobalt do not.

Although isotopes may accumulate in
human tissues as well as those of plants and
animals, it is not established at the present time
whether current levels of isotopes in human
tissues represent serious health hazards to man
(Southwick, 1976; Smith, 1977). Some medical
scientists such as Gofman arc Tamplin (1970)
and Sternglass (1972), however, feel that man’s
radiation exposure from artificial sources is
already sufficient to produce serious disease
problems (leukemia and bone tumors), genet:
damage, and infant mortality.

NOISE POLLUTION

Noise is primarily a feature of cities and is
defined as ‘sound without value’ or ‘any noise
tha is undesired by the recipient”. Noise I ‘vels
in many urban-industrialized situations are
known to rt deleterious to human health and
efficiency, with effects on the sense organs,
cardiovascular, glanduia- and nervous systems.

High intensity sopund or noise pollution
is caused by many machines man has invented
dunns his technological advancement. Thus,
there exists a long list of sources of noise
pollution includux different machines of
numerous factories, industries and
mills.different kind of auto and motor vehicles
such as scooters, motorbikes, cars, tempos,
buses, trucks, tractors, aircrafts, motorboats,
ships, loudspeakers, social gatherings, loud pop-
music, supersonic aircrafts, etc. Noise can be
measured ry a sound metre and is expressed in
a unit called the decibel (dB). The quietest
sound that the human ea can detect (zero
decibels) is called the threshold of hearing.
Calcutta, Bombay and Delhi are regarjec to be
nosiest cities in the world, where the average
noise level was 90 decibels in 1975.

Noise pollution has certain well evident
ecological and pathological effects on biota and
huro* beings. For instance, the sonic boom path
associated with SST projects such as Concorde
porcfciss noise of a very different order, in the
form of sudden but repeated shock waves, which
is suspected to cause disturbance to wild birds
as well as domestic stock and buildings. Noise
is not only annoying but if continued for a long
time can also result in emotional and
behavioural alterations in man.

Health Hazards of Noise Pollution

Noise causes disturbances in the
atmosphere which in turn interferes with the
system rf communication. It affects our peace of
mind, health and behaviour. Sudden loud note
can cause acar damage to the ear drum and the
tiny hair cells in the internal ear, whereas
prolonged noise resute in temporary loss of
hearing or even permanent impairment. It
causes headache irritability and impairs
focussing. Noise is known to flush the skin,
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constrict stomach muscles and produce ulcers,
heart disease, high blood pressure, nervousness
and other defects in sensory and nervous
systems.

Reducing Noise Pollution

Though it is almost difficult to completely
get rid of the malady of noise pollution of current
electronic age. However, there are certain
methods by which deleterious influences of
noise pollution can be minimized and intensity
of noise level can be curbed. The means of noise
control are : (a) to manipulate the source so as
to reduce the noise at its origin; (b) to interrupt
the path of transmission and (c) to protect the
recipient.

Legislation and public awareness are
essential. Nobody should be permitted to create
noise in silent zones or during night. Noise

producing traffic vehicles should be prevented
from plying on the roads and their use of pressure
horns should be entirely checked. Standards for
noise control measures should be set up for
industry and community, and a comprehensive
safety programme enforced.

The path of the sound can be interrupted by
using various materials which absorb the sound
energy. Horticulturists should suggest adequate
varieties of vegetation which can be planted
around factories, hospitals, educational
institutions, public libraries and houses which
may reduce sound pollution and also may
minimize dust pollution. Acoustic materials and
mufflers can also be used to protect oneself.
Under noisy situations, one may hold his hands
over his ears or may run away from the source, or
may simply stuff a bit of cotton or ear plugs in the
ears to reduce much hazards of noise pollution.
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GLOBAL WARMING & CLIMATE CHANGE

The human activities that are transforming
the biosphere include land use changes,
industrial development, energy production from
fossil fuels and urbanisation. The conversion of
a forest to a grazing land or a cropland through
deforestation causes loss of carbon stored in soil
and vegetation to the atmosphere, and affects
the global carbon cycle. Biomass burning
associated with agricultural practices also
releases CO

2
 into the atmosphere. In recent

times, due to domestic and industrial coal
burning, huge amount of CO

2
 is being pumped

into the atmosphere. Similarly, the
concentrations of gases like methane (CH

4
),

nitrous oxide (N
2
O) and chlorofluorocarbons

(CFCs) are increasing in the lower atmosphere.
These gases (CO

2
, CH

4
, N

2
O and CFCs) are

radiatively active gases (also called greenhouse
gases) because they can absorb long wave
infrared radiation. The increased amounts of
greenhouse gases in the atmosphere are
affecting the global climate and this
phenomenon is now recognised as Global
Climatic Change.

GREENHOUSE GASES AND GLOBAL
WARMING

The atmospheric cover around the earth acts
like a window glass pane. It allows most of the
solar radiation to enter right up to the earth’s
surface, but does not allow a substantial amount
of the long-wave radiation emitted by the earth
to escape in space. The outgoing long-wave
infrared radiation is absorbed by the greenhouse
gases normally present in the atmosphere. The
atmosphere radiates part of this energy back to
the earth. This downward flux of radiation, called
greenhouse flux, keeps the earth warm. Thus,
the atmospheric greenhouse gases forming a
blanket over the earth, control the escape of heat
from the earth’s surface to outer space so as to
keep it warm and hospitable. This phenomenon

is referred to as greenhouse effect. The name is
derived from the fact that inside a glass-
enclosed greenhouse, temperature is warmer
than outside. Such greenhouses are used for
growing plants that require higher temperatures
for growth. The mean annual temperature of the
earth is about 15°C; however, in the absence of
greenhouse gases in the. atmosphere, the earth’s
mean temperature would drop sharply to about
-20°C. This capacity of the atmosphere to keep
the earth warm depends upon the concentration
of greenhouse gases. The excessive increase in
concentrations of these gases in the atmosphere
would retain more and more of the infrared
radiation, resulting in enhanced greenhouse
effect. The consequent increase in the global
mean temperature is referred to as global
warming. The Intergovernmental Panel on
Climate Change (IPCC) periodically makes an
assessment of the atmospheric abundance of
greenhouse gases and its possible impact on
climate and related issues. Much of what you
will read in this section is based on IPCC
assessment reports.

EVIDENCES OF GLOBAL WARMING

1. Increase in air temperatures: It has been
estimated that the overall increase in the air
temperature in 20lh centuny has been about 0.5
to 0.7Q C. The 1990s saw seven out of ten
warmest years of last century. The global
circulation models have shown rise of 0.4 to 0.82

C in the 20th century. The increase in frequency
of El Nino events, hurricanes and cyclones
between 1970s to 2012 also denotes climatic
changes due to warming of earth’s surface and
its atmosphere. IPCC report has shown that
concentration of atmospheric C0

2
 has increased.

2. Melting of Mountain and Continental
Glaciers: Many reports have suggested that
Himalayan Glaciers have receded. Similarly
there have been reports of retreat of glaciers in
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Alps, Andes, Russian Caucasus, Chinese Tien
Shan mountains, Southern Alps of New Zealand.
Mt. Kenya has lost its most extensive glaciers
in the past century. The glaciers of Greenland
too have been detaching and receding at fast
pace.

3. Warming of Ocean Water and Melting of
Ice Sheets and Ice Bergs in Antarctic and Arctic
Sea: Due to rise of ocean water temperature in
Indian Ocean, during 1997-98 catastrophic
coral bleaching was observed caused death
of’almost 7-% of the corals near Andaman and
Nicobar and Lakshadweep Islands. An analysis
suggests that average sea temperature has risen
by 0.6% C during later half of 20th century.

4. Other Evidences :

• Thawing of permafrost areas.

• Greening of Taiga and Tundra Forests.

• Spreading of tropical diseases towards
temperate and polar regions.

• Shifting of seasonal weather phenomena
and changes in precipitation patterns.

• Increased frequency of extreme
weather events.

Global warming is the result of human
developmental activities. Some of the factors
responsible for global warming have been given
below:

Carbon dioxide: CO
2
 is the most abundant

greenhouse gas in the atmosphere. The level of
C0

2
 in the atmosphere has increased from the

pre-industrial level of 280 ppm to about 368 ppm
in 2000. This has been largely the result of fossil
fuel burning, deforestation and change in land
use.

Methane: Methane concentration in
atmosphere has more than doubled (1750 ppb)
than its concentration during the pre-industrial
times. Methane is largely a product of
incomplete decomposition and is produced by
a group of bacteria called methanogens, under
anaerobic conditions. The major sources of
methane include: freshwater wetlands, enteric
fermentation in cattle, and flooded rice fields.
Biomass burning also produces methane.

Chlorofluorocarbons (CFCs) : CFCs are
non-toxic and non-flammable, highly stable and
synthetic gaseous compounds of carbon and

halogens. Although these compounds were
synthesised during the 20th century, their
concentration in the atmosphere has increased.
For example, the concentration of CFC-11 and
HFC-23 in the air is about 282 ppt. Major sources
of CFCs are leaking air conditioners,
refrigeration units and evaporation of industrial
solvents, and production of plastic foams and
propellants in aerosol spray cans. The CFCs
persist for 45 to 260 years or more in the
atmosphere.

Nitrous Oxide (N2O): The concentration of
nitrous oxide in the atmosphere has increased
from about 270 ppb in pre-industrial time to
about 316 ppb in recent times. The main sources
of N

2
O are agriculture, biomass burning and

industrial processes. N
2
O is produced during

nylon production, burning of nitrogen-rich
fuels, livestock waste, breakdown of nitrogen-
rich fertilisers in soil and nitrate-contaminated
ground water.

It is estimated that C0
2
 contributes about

60 per cent of the totaL global warming . The
share of CH

4
 and CFCs is 20 per cent and 14 per

APPROACHES TO DEAL WITH
GLOBAL WARMING

Some of the strategies that could reduce
the warming by global stabilising atmospheric
concentrations of greenhouse gases include:

(i) Reducing the greenhouse gas
emissions by limiting the use of
fossil fuels, and by developing
alternative renewable sources of
energy (e.g., wind energy, solar
energy, etc.).

(ii) Increasing the vegetation cover,
particularly the forests, for
photosynthetic utilisation of C0

2
.

(iii) Minimizing the use of nitrogen
fertilisers in agriculture for reducing
N

2
O emissions.

(iv) Developing substitutes for
chlorofluorocarbons.

Apart from the above mitigation
strategies, adaptations to address localised
impacts of climate change will be necessary.
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cent, respectively. A smaller contribution to
global warming is made by N

2
0 (6 per cent).

The increasing abundance of greenhouse
gases in the atmosphere has the following
possible effects:

(i) CO
2
 fertilisation

(ii) Global warming

(iii) Depletion of ozone layer in the
stratosphere.

CO2 FERTILISATION EFFECT ON PLANTS

The measurements made at Mauna Loa
Observatory in USA have shown that atmospheric
CO

2
 concentration has been rapidly rising since

1959. If this rising trend continues, it is
expected that the atmospheric CO

2

concentration shall increase to a level between
540 and 970 ppm by the end of the 21st century.

With a doubling of the atmospheric CO
2

concentration, the growth of many plants,
particularly the C

3
 species, under favourable

conditions of wateiv nutrients, light and
temperature, could increase by about 30 per
cent on average, in the short-term (i.e., up to a
few years). The response of plants to elevated
concentrations of CO

2
 is known as the Carbon

dioxide fertilisation effect. Due to increased CO
2

concentration, the rate of photosynthesis will
increase and the stomatal conductance will
decrease (due to partial closure of stomata).
Thus, the transpiration rate may be reduced and
consequently, water-use efficiency will
increase. This may allow many species to grow
successfully in regions of water scarcity. Under
higher atmospheric CO

2
 conditions, plants slTall

allocate a greater proportion of photosynthate to
roots. Greater root production is expected to
enhance mycorrhizal development and fixation
of N

2
 in root nodules, thereby enabling the plants

to grow in nutrient- poor soils. However, under
natural conditions, the beneficial effects of
increased CO

2
 may not be actually realised

because of negative effects of global warming.

Possible Effects of Global Warming

The predicted global warming in near future
has the potential to affect the weather and
climate, sea level, and the distribution and
phenology of organisms, food production and

fishery resources in the oceans. Let us study
some of these effects.

Effects on weather and climate : The global
mean temperature has increased by
approximately 0.6°C in the 20th century. The
average temperature of the earth may increase
by 1.4 to 5.8°C by the year 2100 from the 1990
level. Temperature changes are expected to be
most marked in regions of middle and higher
latitudes. Warming of atmosphere will
considerably increase its moisture carrying
capacity. While the troposphere warms up, the
stratosphere will cool down. This would cause
widespread changes in precipitation patterns
due to ‘changed pattern of air-mass movements.
Precipitation is expected to increase at higher
latitudes in both summer and winter and in
southern and eastern Asia in summer. Winter
precipitation may decrease at lower latitudes.
Besides, the frequency of extreme events (e.g.,
droughts, floods, etc.) is expected to increase
substantially. The climate change will increase
threats to human health, particularly in tropical
and subtropical countries, due to change in
ranges of disease vectors, water-borne
pathogens, etc.

Sea level change : Sea level has been raised
by 1 to 2 mm per year during the 20th century. It
is predicted that by the year 2100, the global
mean sea level can increase up to

0.88 m over the 1990 level. The global
warming may contribute to sea level rise due to
the thermal expansion of ocean as it warms, and
melting of glaciers and Greenland ice sheets. A
rise of even half a meter in sea level would
profoundly affect human population, one-third
of which lives within 60 km of a coastline. Many
of the world’s important cities and coastal areas
will come under the threat of flood. Several low-
lying islands may be submerged. Inundation of
coastal salt marshes and estuaries may deprive
many important birds and fish their breeding
grounds, forcing their extinction. Thus, sea-
level rise is projected to have negative impacts
on human settlements, tourism, freshwater
supplies, fisheries, exposed infrastructure,
agricultural lands, and wetlands.

Effects on range of species distribution: You
may recall from chapter 16 that each plant or
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animal species occurs within a specific range
of temperature. The global warming is likely to
shift the temperature ranges and, therefore,
would affect altitudinal and latitudinal
distribution pattern of organisms. With
increasing global warming many species are
expected to shift slowly poleward, or toward high
elevations in mountain areas. For example, with
a global temperature rise by 2 to 5°C during the
21st century, the temperate region vegetation
may extend 250-600 km poleward. Since trees
are sensitive to temperature stress, a rapid rise
in temperature may cause large scale death of
trees and their replacement by scrub vegetation.
Many species may not be able to migrate fast
enough to track temperature changes and may
disappear.

Food production : Increased temperature
will cause eruption of plant diseases and pests,
explosive growth of weeds and increased basal
rate of respiration of plants. A combination of
all these factors will decrease the crop
production. Small temperature increase may
slightly enhance crop productivity in temperate
regions, but larger temperature changes will
reduce crop productivity there. In all tropical
and sub-tropical regions, even a small
temperature rise will have detrimental effect on
crop productivity. Rice yield alone, in south-east
Asia, will reduce by 5 per cent for each 1°C
increase in temperature. Despite beneficial CO

2

fertilisation effect, the overall world crop
productivity will, in-all probabilities, decline
considerably due to projected global warming.
This will have alarming consequences on world
food supply.

Biodiversity loss

Thousands of species risk extinction from
disappearing habitat, changing ecosystems and
acidifying oceans. According to the IPCC,
climate change will put some 20% to 30% of
species globally at increasingly high risk of
extinction, possibly by 2100.

Decline in polar bears

Arctic sea ice is the polar bear's feeding
habitat. As sea ice disappears, bear mortality
rises. In 2008, the polar bear became the first
animal to be added to the Endangered Species

Act list of threatened species because of global
warming.

The U.S. Geological Survey has warned that
two-thirds of the world's polar bear populations
could be lost by mid-century as sea ice
continues to retreat.

Acidifying oceans

About one-third of the CO
2
 pollution from

smokestacks and tailpipes is absorbed by the
world's oceans, where it forms carbonic acid. A
2010 study published in Nature Geoscience
warns that unchecked greenhouse gas
emissions could cause oceans to acidify at a rate
unprecedented in at least the last 65 million
years.

Coral bleaching

Coral reefs are highly sensitive to small
changes in water temperature. Heat triggers
corals to shed the algae that nourish them—a
bleaching event that leaves coral white.

In 1998, the world's coral suffered its worst
year on record, which left 16% bleached or dead.
Continued warming could cause mass
bleachings to become an annual event within
the next few decades, wiping out many reef
ecosystems.

Shifting habitat

As the mercury rises, plants and animals
are shifting their ranges toward the poles and to
higher altitudes, and migration patterns for
animals as diverse as whales and butterflies are
being disrupted.

Threats to Western forests

The U.S. Geological Survey reports that
slight changes in the climate may trigger abrupt
ecosystem changes that may be irreversible.

All told, the Rocky Mountains in Canada
and the U.S. have seen nearly 70,000 square
miles of forest die – an area the size of
Washington state – since 2000 due to outbreaks
of tree-killing insects.

Thinning ice, rising seas

Rising seas are one of the most certain
effects of global warming as warming ocean
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waters expand and melting glaciers, ice caps
and ice sheets add more water to the oceans.
The IPCC estimates that melting ice caps and
glaciers—which are some of our most visible
indicators of climate change—accounted for
about 25% of sea level rise from 1993 to 2003.

Arctic sea ice is shrinking

Satellite images show that the extent of
Arctic summer sea ice has decreased by almost
9% per decade since 1979. The Arctic summer
could be ice-free by mid-century, according to
a study by the National Oceanic and Atmospheric
Administration.

Melting glaciers

A 2005 survey of 442 glaciers from the
World Glacier Monitoring Service found that
90% of the world's glaciers are shrinking as the
planet warms.

Glacier National Park now has only 25
glaciers, versus 150 in 1910. At the current rate
of retreat, the glaciers in Glacier National Park
could be gone in a matter of decades, according
to some scientists.

Threats to people around the globe

Extreme weather will become more
frequent—and more dangerous.

The World Meteorological Organization
reported that 2000-2009 was the hottest decade
on record, with eight of the hottest 10 years
having occurred since 2000.

It's not just the heat that poses threats.
Scientists say global warming is speeding up the
cycling of water between the ocean, atmosphere
and land, resulting in more intense rainfall and
droughts at the same time across the globe.

A surge in wildfires

Hot, dry conditions create a tinderbox ideal
for wildfires. This could have a devastating
impact on America's Southwest.

Increased flooding

The 2007 IPCC report concludes that
intense rain events have increased in
frequency during the last 50 years and that

human-induced global warming has been a
factor.

Increased drought

There have also been increased periods of
drought, particularly in famine-stricken areas
of Africa and Asia. According to the National
Center for Atmospheric Research, the
percentage of Earth's surface suffering drought
has more than doubled since the 1970s. In Africa
alone, the IPCC projects that between 75 and
250 million people will be exposed to increased
water stress due to climate change.

More intense hurricanes

As the oceans warm, scientists predict that
hurricane intensity could increase. The
associated storm surge poses particular risk to
low-lying coastal cities like Miami, Charleston
(SC) and Wilmington (NC).

Threats to human health

A warming planet threatens people
worldwide, causing deaths, spreading insect-
borne diseases and exacerbating respiratory
illnesses. Extreme weather will also put more
people in harm's way.

The World Health Organization believes that
even the modest increases in average
temperature that have occurred since the 1970s
are responsible for at least 150,000 extra deaths
a year—a figure that will double by 2030,
according to WHO's conservative estimate.

Devastating heat waves

Recent studies show extreme heat events
that now occur once every 20 years will occur
about every other year in much of the country,
if current trends continue.

In 1995, Chicago suffered a heat wave that
killed more than 700 people. Chicagoans could
experience that kind of relentless heat up to
three times a year by 2100.

Spread of disease

Diseases such as malaria and dengue fever
could become more difficult to control in areas
where it's currently too cold for them to spread
year-round. The malaria parasite itself is
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generally limited to certain areas by cooler
winter temperatures since it is not able to grow
below 16°C. As temperatures rise, diseases can
grow and disease vectors (the carriers that
transmit disease, such as mosquitoes) will
mature more rapidly and have longer active
seasons.

Worsening air quality

More hot days mean ripe conditions for
ground-level ozone, or smog, which forms when
pollutants from tailpipes and smokestacks mix
in sunny, stagnant conditions. Higher
temperatures cause higher emissions of one type
of pollutant, namely hydrocarbons and
other volatile organic compounds, as well as
speeding up the chemical reactions that form
ozone smog.

Smog triggers asthma attacks and worsens
other breathing problems. The number of
Americans with asthma has more than doubled
over the past two decades to 20 million.
Continued warming will only worsen the
problem.

OZONE DEPLETION

What is Ozone?

Ozone is a natural gas composed of three
atoms of oxygen. It chemical symbol is O3. It is
blue in color and has a strong odor. Normal
oxygen (O2), which we breathe, has two oxygen
atoms and is colorless and odorless.

Ozone also called Stratospheric Ozone
occurs naturally in the upper Stratosphere. The
stratosphere is the layer of space 6 to 30 miles
above the earth's surface.

Formation of Ozone

The air is full of gases reacting with each
other, even though our eyes do not see. When
UV light strikes (Oxygen) O2 molecules, they are
split into two individual O atoms — O and O.
When one of the O atoms combine with O2
molecule, ozone (O3) is created.

Even though Ozone is only a small part of
the gases in this layer, it plays a vital role
because it shields us from the sun's harmful UV
rays. It is called Good Ozone, for obvious

reasons—because it protects humans, life and
animals on earth.

Ozone depletion describes two distinct but
related phenomena observed since the late
1970s: a steady decline of about 4% per decade
in the total volume of ozone in Earth's
stratosphere (the ozone layer), and a much

OZONE DEPLETING SUBSTANCES
(ODS)

There is a list of more than 20 substances
that are controlled by the European law on
ozone depleting substances and there are
bans and restrictions on their production,
import, export, placing on the market, use,
recovery, recycling, reclamation and
destruction.  These substances are grouped
and their common historical uses are
presented for information:

CFC and HCFCs - mostly  used in
refrigeration, air conditioning and heat pump
systems.  Only HCFCs can continue to be used
for a limited period of time.

• Halons -  used historically as fire
suppression agents and fire fighting,
but now only allowed in very limited
situations

• Carbon tetrachloride
(Tetrachloromethane) - limited
solvent use in laboratories and
chemical and pharmaceutical
industry.

• 1,1,1,-trichloroethane -  limited
solvent use in laboratories and
chemical and pharmaceutical
industry.

• Methyl bromide -  historically used
in fumigation, soil treatment, pest
control, quarantine, market
gardening.  Methyl bromide is no
longer registered for use in Ireland.

• Hydrobromofluorocarbons -
historically used in fire suppression
systems and fire fighting.

• Bromochloromethane  - historically
used in the manufacture of biocides.
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in ozone have generated worldwide concern
leading to adoption of the Montreal Protocol that
bans the production of CFCs, halons, and other
ozone-depleting chemicals such as carbon
tetrachloride and trichloroethane. It is
suspected that a variety of biological
consequences such as increases in skin cancer,
cataracts, damage to plants, and reduction of
plankton populations in the ocean's photic zone
may result from the increased UV exposure due
to ozone depletion.

Ozone hole: During the period 1956- 1970,
the spring-time O

3
 layer thickness above

Antarctica varied from 280 to 325 Dobson Unit
(1 DU = 1 ppb). The thickness was sharply
reduced to 225 DU in 1979 and to 136 DU in
1985. Later, the O

3
 layer thickness continued

to decline to about 94 DU in 1994.

The decline in spring-time ozone layer
thickness is tenned Ozone hole. The ozone hole
was first discovered m 1985 over Antarctica. The
existence of ozone hole was also confirmed
above Arctic in 1990. The global-average total
column ozone amount for the period 1997-2001
was about 3 per cent below the pre-1980 average
values.

CFCs, CH
4
 and N

2
O escape into the

stratosphere and cause destruction of O
3
 there.

Most damaging is the effect of CFCs, which
produce “active chlorine” (Cl and CIO radicals)
in the presence of UV-radiation. These radicals
catalytically destroy ozone, converting it into
oxygen. CH

4
 and N

2
O also cause ozone

destruction through a complicated series of
reactions. For making these discoveries related
to O

3
 destruction, Sherwood Rowland and Mario

Molina, along with Paul Crutzen, were honoured
with Nobel Priz (for Chemistry in 1995.

larger springtime decrease in stratospheric
ozone over Earth's polar regions. The latter
phenomenon is referred to as the ozone hole. In
addition to these well-known stratospheric
phenomena, there are also springtime polar
tropospheric ozone depletion events.

The details of polar ozone hole formation
differ from that of mid-latitude thinning, but the
most important process in both is catalytic
destruction of ozone by atomic halogens.[1] The
main source of these halogen atoms in the
stratosphere is photodissociation of man-made
halocarbon refrigerants, solvents, propellants,
and foam-blowing agents (CFCs, HCFCs, freons,
halons). These compounds are transported into
the stratosphere after being emitted at the
surface. Both types of ozone depletion have been
observed to increase as emissions of halo-
carbons increased.

CFCs and other contributory substances are
referred to as ozone-depleting substances (ODS).
Since the ozone layer prevents most harmful
UVB wavelengths (280–315 nm) of ultraviolet
light (UV light) from passing through the Earth's
atmosphere, observed and projected decreases

OZONE DEPLETING SUBSTANCES

• Refrigeration

• Aerosol spray cans

• Air conditioning

• Foam insulation

• Cleaning agents

• Packing material etc
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THE IMPACTS OF OZONE DEPLETION

Stratospheric ozone filters out most of the
sun's potentially harmful shortwave ultraviolet
(UV) radiation. If this ozone becomes depleted,
then more UV rays will reach the earth. Exposure
to higher amounts of UV radiation could have
serious impacts on human beings, animals and
plants, such as the following:

Harm to human health

More skin cancers, sunburns and
premature aging of the skin. More cataracts,
blindness and other eye diseases: UV radiation
can damage several parts of the eye, including
the lens, cornea, retina and conjunctiva.

Cataracts (a clouding of the lens) are the
major cause of blindness in the world. A
sustained 10% thinning of the ozone layer is
expected to result in almost two million new
cases of cataracts per year, globally
(Environment Canada, 1993).

Weakening of the human immune system
(immunosuppression). Early findings suggest
that too much UV radiation can suppress the
human immune system, which may play a role
in the development of skin cancer.

Adverse impacts on agriculture, forestry and
natural ecosystems: Several of the world's major
crop species are particularly vulnerable to
increased UV, resulting in reduced growth,
photosynthesis and flowering. These species
include wheat, rice, barley, oats, corn, soybeans,
peas, tomatoes, cucumbers, cauliflower, broccoli
and carrots.

The effect of ozone depletion on the
Canadian agricultural sector could be
significant.

Only a few commercially important trees
have been tested for UV (UV-B) sensitivity, but
early results suggest that plant growth,
especially in seedlings, is harmed by more
intense UV radiation.

Damage to marine life

In particular, plankton (tiny organisms in
the surface layer of oceans) are threatened by
increased UV radiation. Plankton are the first
vital step in aquatic food chains.

Decreases in plankton could disrupt the
fresh and saltwater food chains, and lead to a
species shift in Canadian waters.

Loss of biodiversity in our oceans, rivers
and lakes could reduce fish yields for
commercial and sport fisheries.

Animals

In domestic animals, UV overexposure may
cause eye and skin cancers. Species of marine
animals in their developmental stage (e.g. young
fish, shrimp larvae and crab larvae) have been
threatened in recent years by the increased UV
radiation under the Antarctic ozone hole.

Materials

Wood, plastic, rubber, fabrics and many
construction materials are degraded by UV
radiation.

The economic impact of replacing and/or
protecting materials could be significant.

MEASURES FOR MITIGATING GLOBAL
WARMING

The long-term challenge of stabilising the
atmospheric concentrations of greenhouse
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gases requires that global emissions be
significantly lowered than what they are today.
In 1987,27 industrialised countries signed the
Montreal Protocol, a landmark international
agreement to protect the stratospheric ozone by
agreeing to limit the production and use of
ozone-depleting substances, phasing out of
ozone-depleting substances and helping the
developing countries to implement use of
alternatives to CFCs. To-date, more than 175
countries have signed, the Montreal Protocol.
The United Nations Conference on Environment
and Development (UNCED, Earth Summit), held
at Rio de Janeiro, Brazil in 1992, established
the principles for reducing greenhouse gas
emission. Tfie Kyoto Protocol, approved by a
follow-up conference held in Kyoto, Japan,
during December 1997, has specified the
commitments of different countries to mitigate
climate change. This protocol requires countries
to take appropriate measures to reduce their
overall greenhouse gas emissions to a level at
least 5 per cent below the 1990 level by the
commitment period 2008-2012.

MONTREAL PROTOCOL

The Montreal Protocol on Substances that
Deplete the Ozone Layer (a protocol to the
Vienna Convention for the Protection of the
Ozone Layer) is an international treaty designed
to protect the ozone layer by phasing out the
production of numerous substances that are
responsible for ozone depletion. The treaty was
opened for signature on September 16th, 1987,
and entered into force on January 1st, 1989,
followed by a first meeting in Helsinki, May
1989. Since then, it has undergone seven
revisions, in 1990 (London), 1991 (Nairobi), 1992
(Copenhagen), 1993 (Bangkok), 1995 (Vienna),
1997 (Montreal), and 1999 (Beijing). If the
international agreement is adhered to, the ozone
layer is expected to recover by 2050. Due to its
widespread adoption and implementation it has
been hailed as an example of exceptional
international co-operation, with Kofi Annan
quoted as saying that "perhaps the single most
successful international agreement to date has
been the Montreal Protocol". The two ozone
treaties have been ratified by 197 parties, which
includes 196 states and the European Union,

making them the first universally ratified
treaties in United Nations history.

Declaration of Helsinki

The Declaration of Helsinki is a set of
ethical principles regarding human
experimentation developed for the medical
community by the World Medical Association
(WMA). It is widely regarded as the cornerstone
document on human research ethics.

It is not a legally binding instrument under
the international law, but instead draws its
authority from the degree to which it has been
codified in, or influenced, national or regional
legislation and regulations. Its role was
described by a Brazilian forum in 2000 in these
words "Even though the Declaration of Helsinki
is the responsibility of the World Medical
Association, the document should be
considered the property of all humanity".

STOCKHOLM DECLARATION

The Stockholm Declaration Declaration of
the Conference on the Human Environment of
1972 Because the Stockholm Declaration
reinforced a preexisting law from Roman times,
it did not result in a legal outcome. In 1971,
the declaration was proposed by the Conference's
Preparatory Committee, however, the draft
declaration was officially produced from June
5-16 in 1972. The Stockholm Declaration is
international because environmental problems
that include minimizing human impact on the
earth must be handled at a global level. This
declaration has many different impacts on the
environment including:

• temporarily stopping the discharge of
harmful substances and heat release in
large quantities in the air and water

• protecting wildlife and their habitats in
marine and terrestrial ecosystems

• controlling the growth of the population
as a whole The function of the
Stockholm Declaration was to maintain
and improve the natural environment
while focusing mainly on supporting
people and their overall needs
throughout the process. An international
institution of the United Nations that
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arranges environmental activities and
helps developing countries to become
environmentally friendly and enforce
their practices.

RIO–EARTH SUMMIT

Five years after the Brundtland Report, the
UN General Assembly asked for a report on
progress made towards sustainable development
and convened the United Nations Conference
on Environment and Development (UNCED).
Held in June 1992 at Rio de Janeiro in Brazil,
the Rio Earth Summit as it became known, was
the largest environmental conference ever held,
attracting over 30,000 people including more
than 100 heads of state. The objectives of the
conference were to build upon the hopes and
achievements of the Brundtland Report, in order
to respond to pressing global environmental
problems and to agree major treaties on
biodiversity, climate change and forest
management. Perhaps for the first time, a major
environmental conference adopted a more
nature-centred approach towards environmental
problems.

Despite its environmental focus, the biggest
arguments at the Earth Summit concerned
finance, consumption rates and population
growth. The developed nations were calling for
environmental sustainability, but the less
industrialised developing nations were
demanding a chance to allow their economies
to catch up with the developed world.

The Earth Summit produced a number of
outcomes including:

• The Convention on Biological Diversity;

• The Framework Convention on Climate
Change;

• Principles of Forest Management;

• The Rio Declaration on Environment
and Development; and Agenda 21.

Together these outcomes covered every
aspect of sustainable development. Legislation
was passed and many agreements made,
committing nations, including the UK, to
become more sustainable. These agreements
and guidelines are still adhered to today and
are influencing many political and business
decisions.

KYOTO PROTOCOL, 1997 (COP-3)

This is a legally binding agreement. It set
binding targets for 37 industrialised nations
and the European Community for reducing
green house (GHG) emissions. These reductions
amount to an average of 5.3% against 1990
levels over the five year commitment period of
2008-2012. It was successful conference in
imposing legally binding obligation on the part
of developed countries.

USA and Australia did not sign this
agreement. In order to transfer environment
friendly technologies from developed countries
to developing countries for checking the
emissions of greenhouse gases, a Global
Environment Facility (GEF) was established, with
the help of World Bank, UNDP and UNEP. Also a
Clean Development Mechanism (CDM) was
initiated to bring in private participation and
investment in the form of carbon trading.

Parties to UNFCCC are classified as:

• Annex I countries - industrialized
countries and economies in transition

• Annex II countries - developed
countries which pay for costs of
developing countries

• Developing countries.

Annex I countries which have ratified the
Protocol have committed to reduce their
emission levels of greenhouse gasses to targets
that are mainly set below their 1990 levels. They
may do this by allocating reduced annual
allowances to the major operators within their
borders. These operators can only exceed their
allocations if they buy emission allowances, or
offset their excesses through a mechanism that
is agreed by all the parties to UNFCCC.

Annex II countries are a sub-group of the
Annex I countries. They comprise the OECD
members, excluding those that were economies
in transition in 1992.

Developing countries are not required to
reduce emission levels unless developed
countries supply enough funding and
technology. Setting no immediate restrictions
under UNFCCC serves three purposes:

• it avoids restrictions on their
development, because emissions are
strongly linked to industrial capacity.
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• they can sell emissions credits to
nations whose operators have difficulty
meeting their emissions targets.

• They get money and technologies for
low-carbon investments from Annex II
countries.

Developing countries may volunteer to
become Annex I countries when they are
sufficiently developed.

Recognizing that developed countries are
principally responsible for the currertt high
levels of GHGs emission in the atmosphere as a
result of more than 150 years of industrial
activities, the Protocol places a heavier burden
on developed countries under the principle of
common but differentiated responsibilities. The
Kyoto protocol was adopted in Kyoto in Japan
on December 11, 1997 and entered into force
on Feb 16, 2005.

Evaluation of Kyoto Protocol

The protocol has been described as socially
unjust as it not based on per capita concept. This
concept is necessary as about 20% of total
population of the world residing in the developed
nations is responsible for making 75% of the
total GHGs emissions and that too to fulfill their
luxury based needs. The per capita in North
America and Western Europe is about 20 times
more than in the developing countries.

Kyoto Protocol was signed in order to reduce
GHGs emission but the flexibility mechanism like
CDMs allows a developed country to take credit
for the GHG emission reductions achieved in the
developing countries with its assistance. It means
the developed countries that are primarily
responsible for increasing GHG emission can skip
their reduction commitment only by spending
money.

The sellers of GHG emission reductions
credit may sell these credits on terms and
conditions favorable to itself. Therefore the
protocol is ecologically not very effective and it
is seen more as a carbon trading agreement
than an ecological agreement.

Carbon Trading

It is a name given to the exchange of
emission permits. This exchange of emissions

may take place within the economy or may take
the form of international transactions. Emission
permit is known alternatively as carbon credit.
Carbon credits are certificate awarded to the
countries that are1 successful in reducing the
emissions that caused global warming. Carbon
credits are measured units of certified emission
reduction and each CER is equivalent to 1 m^tffc
ton of CO

2
.

Methods/ Types of carbon trading

Emission trading/ Cap and Trade- When a
country is able to reduce its emissions by more
than the specified amount it can exchange some
of its credit to another country who fails to
reduce its emission level as per assigned
amount. This kind of exchange of emission
allowance is called emission trading.

Offset trading - In this a country can invest
in carbon projects abroad to earn carbon credit
and thereby meet its reduction commitment.
Offset trading is thus nothing but investment
abroad in Carbon-project. According to Kyoto
protocol, if such a joint venture is between
developed countries it is called Joint
implementation, while if it is taken along with
any developing and poor country it is called
clean development mechanism (CDM).

Reducing GHG Emissions: Kyoto
Mechanisms

The UN’s Kyoto protocol established binding
greenhouse gas emissions reduction targets for
37 industrialised countries and the European
community. To help achieve these targets, the
protocol introduced three “flexible mechanisms”-
international emissions trading (IET), joint
implementation (JI), and the clean development
Mechanism (CDM).

CLEAN DEVELOPMENT MECHANISMS
(CDM)

To date the CDM has arguably been the
most successful of the three flexible
mechanisms. It has two main goals: one, to assist
countries without emissions targets (ie
developing countries) in achieving sustainable
development. Two, help those countries with
emission reduction targets under Kyoto
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(ie developed countries) in achieving
compliance by allowing them to purchase offsets
created by CDM projects.

A broad range of projects are eligible for
CDM accreditation, with the notable exceptions
of nuclear power and avoided deforestation
projects. They vary from hydropower and wind
energy projects, to fuel switching and industrial
efficiency improvements. Crucially, to qualify for
accreditation the project developers must prove
‘additionality’, defined as emissions reductions
that are additional to what would have otherwise
occurred. This is calculated by using an
approved methodology to subtract the estimated
emissions of a given project from a hypothetical
‘business-as-usual’ emissions baseline.

Once registered, projects are then issued
Certified Emissions Reductions (CER), with each
CER unit equal to a reduction of one tonne of
carbon dioxide equivalent. These CERs, or
offsets, can be bought and used by developed
countries to meet their Kyoto commitments.
Companies can also purchase CERs to
contribute towards their own emission
reduction targets under mandatory emissions
trading schemes (such as the EU Emissions
Trading Scheme, ETS) or voluntary schemes.

There are currently over 3000 registered
projects delivering an average of 500 million
CERs per year. The overwhelming demand for
CERs comes from the Emissions Trading Scheme
(ETS), the world’s largest functioning compliance
carbon market.

CDM projects are not without their
controversies however. Questions surround the
sustainable development credentials of certain
projects, particularly in the case of industrial
gas projects. HFC-23 projects, for example,
seem to create perverse incentives to
continue to produce the ozone depleting gas
HCFC-22 in order to destroy the waste gas
by-product HFC-23.

Concerns have also been raised regarding
the conduct of project owners, with certain CDM
projects implicated in land rights issues and
human rights abuses. Meanwhile, the
geographical distribution of CDM projects, over
80% of which originate in China and India, calls
into question the ability of the CDM to drive

broad engagement with sustainable development
across developing countries. What’s more, critics
would suggest a more fundamental flaw in the
CDM is that it is impossible to prove the
‘additionality’ of a project in comparison to a
hypothetical baseline.

In the course of CDM implementation,
numerous complaints have been aired over such
things as uneven distribution of benefits,
difficult and lengthy registration process, high
transaction costs, and inaccessibility to certain
sectors. The more serious problems, however, are
persistent issues that strike at the heart of the
CDM and question its effectiveness as an
instrument for climate justice and equity.
Among these issues are:

• Trading in greenhouse gases turns
them into a commodity, giving
“owners” undue rights to pollute.

• Carbon trading allows companies and
countries to claim to be reducing
emissions, even as they continue to
bum fossil fuels, destroy forests and
pollute communities.

• Many companies are getting millions
of dollars in CERs for projects they
would have done anyway without the
CDM incentive. This violates the
“additionality” rule and means that
these projects, rather than reducing
overall emissions, are actually
increasing them.

• CERs are awarded for reductions
against a hypothetical baseline derived
from future emission projections. This
is extremely vulnerable to manipulation.

• The system rewards many projects for
merely avoiding a part of the emissions
that would have occurred under a
business-as-usual scenario, but offers
no incentive for choosing the best
policy option.

Counter to this are the positive
achievements of the CDM. It is expected to
generate as much as 1 billion tonnes of
emissions reductions up to 2012, with projects
in 81 countries driving investment in a market
worth $19.8 billion in 2010. The CDM has
created a system where emission reduction
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opportunities are actively sought out, and an
institutional framework that stimulates secure
and focused global investment in sustainable
development projects.

In addition, the UN estimates that around
44% of all projects currently in the pipeline
involve some form of technology transfer, with a
significant proportion of this occurring in
biomass energy and wind projects, methane
avoidance projects, energy efficiency projects
and landfill gas projects. The CDM can therefore
be said to have made a considerable
contribution to the development and transfer of
knowledge and technology in developing
countries, and positively impacted on local
communities through the creation of jobs and
infrastructure.

BALI ACTION PLAN (ROADMAP)

At the United Nations Framework Climate
Change Conference (UNFCCC) on the island of
Bali in Indonesia in December, 2007, the
participating nations adopted the Bali Roadmap
(also known as the Bali Action Plan) as a two-
year process to finalizing a binding agreement
in 2009 in Copenhagen.

Representatives from over 180 countries
attended, together with observers from
intergovernmental and nongovernmental
organizations. Negotiations on a successor to
the Kyoto Protocol dominated the conference.

Initial EU proposals called for global
emissions to peak in 10 to 15 years and to
decline to “well below half” of the 2000 level by
2050 for developing countries, and for developed
countries to achieve emissions levels 20-40
percent below 1990 levels by 2020.

The United States strongly opposed these
numbers, at times backed by Japan, Canada,
Australia and Russia. The resulting compromise
mandates “deep cuts in global emissions” with
references to the IPCC’s Fourth Assessment
Report.

What was agreed?

Cutting Emissions

The nations acknowledged that “evidence
for global warming is unequivocal, and that

humans must reduce emissions to reduce the
risks of “severe climate change impacts”.

There was a strong consensus for updated
changes for both developed and developing
countries. Although specific numbers to cut
emissions were not agreed upon, many
countries agreed there was a need for “deep cuts
in global emissions” and that “developed
country emissions must fall 10-40% by 2020?.

Forests

The nations pledged “policy approaches
and positive incentives” to protect forests.

Adaptation

The nations opted for enhanced co-
operation to “support urgent implementation”
of measures to protect poorer countries against
climate change impacts.

Technology transfer

The nations said they would consider how
to facilitate the transfer of clean technologies
from industrialised nations to the developing
countries.

Timescales

Four major UNFCCC meetings to implement
the Bali Roadmap were planned for 2008. The
first was held in either March or April and the
second in June. The third was held in Berlin in
September, followed by a major meeting in
Poznan, Poland in December 2008.

The negotiations process is scheduled to
conclude in November 2009 at a major summit
in Copenhagen, Denmark.

COPENHAGEN SUMMIT
(UFCCC COP 15, 2009)

The 2009 United Nations Climate Change
Conference, commonly known as the
Copenhagen Summit, was held at the Bella
Center in Copenhagen, Denmark, between 7 and
18 December. The conference included the
15th Conference of the Parties (COP 15) to the
United Nations Framework Convention on
Climate Change (UNFCCC) and the 5th Meeting
of the Parties (MOP 5) to the Kyoto Protocol.
According to the Bali Road Map, a framework
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for climate change mitigation beyond 2012 was
to be agreed there.

On Friday 18 December, the final day of the
conference, international media reported that
the climate talks were "in disarray". Media also
reported that in lieu of a summit collapse, only
a "weak political statement" was anticipated at
the conclusion of the conference. The
Copenhagen Accord was drafted by the United
States, China, India, Brazil and South Africa on
18 December, and judged a "meaningful
agreement" by the United States government. It
was "taken note of", but not "adopted", in a debate
of all the participating countries the next day,
and it was not passed unanimously. The
document recognised that climate change is
one of the greatest challenges of the present day
and that actions should be taken to keep any
temperature increases to below 2°C. The
document is not legally binding and does not
contain any legally binding commitments for
reducing CO

2
 emissions.

CANCUN SUMITT (COP-16)

The United Nations Climate Change
Conference in Cancun, Mexico, took place from
29 November to 11 December 2010. The
conference included the sixteenth session of the
Conference of the Parties (COP 16) to the United
Nations Framework Convention on Climate
Change (UNFCCC) and the sixth session of
Conference of the Parties serving as the Meeting
of the Parties to the Kyoto Protocol (COP/MOP 6).
Four subsidiary bodies convened: the thirteenth
session of the Ad Hoc Working Group on Long-
term Cooperative Action under the UNFCCC
(AWG-LCA 13); the fifteenth session of the Ad Hoc
Working Group on Further Commitments for
Annex I Parties under the Kyoto Protocol (AWG-
KP 15); and the 33rd sessions of the Subsidiary
Body for Implementation (SBI 33) and Subsidiary
Body for Scientific and Technological Advice
(SBSTA 33). These events drew almost 12,000
participants, including almost 5200 government
officials, 5400 representatives of UN bodies and
agencies, intergovernmental organizations and
non-governmental organizations, and 1270
accredited members of the press.

The focus in Cancun was on a two-track
negotiating process aiming to enhance long-

term cooperation under the Convention and the
Protocol. The original deadline for completing
these negotiations was the UN Climate Change
Conference in Copenhagen, held in December
2009, but as many issues remained
outstanding, the mandates of the two AWGs were
extended until Cancun, where they were
expected to report their respective outcomes to
COP 16 and COP/MOP 6.

Expectations for Cancun were modest, with
few anticipating a legally-binding outcome or
agreement on each outstanding issue.
Nevertheless, many still hoped that Cancun
would produce meaningful progress on some of
the key issues. In the lead-up to the conference,
several matters were widely identified as areas
where a balanced “package” of outcomes could
be agreed. These issues included mitigation,
adaptation, financing, technology, reducing
emissions from deforestation and forest
degradation in developing countries, including
conservation, sustainable management of
forests and enhancement of forest carbon stocks
(REDD+) and monitoring, reporting and
verification (MRV) and international
consultation and analysis (ICA). Negotiations on
these key issues took place throughout the two-
week meeting, with parties meeting extensively
in plenary, contact groups, informal
consultations and bilateral meetings. During
the second week, ministers from developed and
developing countries were “paired” in an
attempt to facilitate negotiations on the main
issues. These negotiations continued all week,
with regular informal “stocktaking” plenary
sessions, which were held to maintain a degree
of transparency and keep all participants
informed about progress.

By early Saturday morning, parties had
finalized the “Cancun Agreements.” The
Agreements include decisions under both the
Convention and Protocol negotiating tracks, and
contain provisions on adaptation, REDD+,
technology, mitigation and finance. While the
substantive outcome was viewed by many as far
from perfect and Bolivia went as far as to oppose
the adoption of the Agreements, most
participants were satisfied with the outcome
that restored confidence in the UNFCCC process.
However, in spite of the sense of relief felt by
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many at securing a result, most participants
acknowledged that it was a relatively small step
in combating climate change.

In addition to the Cancun Agreements, the
COP and COP/MOP adopted 20 other decisions
on matters ranging from capacity building to
administrative, financial and institutional
matters. As well, the SBI and SBSTA adopted over
20 conclusions on a range of topics, including
the financial mechanism, arrangements for
intergovernmental meetings, and a wide range
of methodological issues.

DURBAN SUMMIT – COP 17, 2012

The United Nations Climate Change
Conference in Durban, South Africa, was held
from 28 November - 11 December 2011. The
conference involved a series of events, including
the seventeenth session of the Conference of the
Parties (COP 17) to the UN Framework
Convention on Climate Change (UNFCCC) and
the seventh meeting of the Conference of the
Parties serving as the Meeting of Parties to the
Kyoto Protocol (CMP 7).

In support of these two main bodies, four
other bodies convened: the resumed 14th
session of the Ad hoc Working Group on Long-
term Cooperative Action under the Convention
(AWG-LCA); the resumed 16th session of the Ad
hoc Working Group on Further Commitments
for Annex I Parties under the Kyoto Protocol
(AWG-KP); and the 35th sessions of the
Subsidiary Body for Implementation (SBI) and
the Subsidiary Body for Scientific and
Technological Advice (SBSTA).

The Conference drew over 12,480
participants, including over 5400 government
officials, 5800 representatives of UN bodies and
agencies, intergovernmental organizations and
civil society organizations, and more than 1200
members of the media.

The meetings resulted in the adoption of
19 COP decisions and 17 CMP decisions and
the approval of a number of conclusions by the
subsidiary bodies. These outcomes cover a wide
range of topics, notably the establishment of a
second commitment period under the Kyoto
Protocol, a decision on long-term cooperative
action under the Convention, the launch of a

new process towards an agreed outcome with
legal force applicable to all parties to the
Convention, and the operationalization of the
Green Climate Fund.

After the frustrations at the Copenhagen
conference and the struggle to rescue the
multilateral climate regime in Cancun,
negotiators in Durban turned a corner and not
only resuscitated the Kyoto Protocol but, in
doing so, adopted a decision that will lead to
negotiations on a more inclusive 21st century
climate regime. There was a strong sense that
elements of the Durban package, guided by a
need to fulfill long overdue commitments that
go back to the Bali Roadmap, restored sufficient
momentum for a new negotiation process, one
that will continue to witness a series of
differentiated interests across and within the
traditional lines of division between developed
and developing countries. Many welcomed the
adoption decisions including on the Green
Climate Fund, and the Durban Platform, as well
as the process to launch an agreement with
legal force, while others continued to insist on
the urgent need to significantly scale up the
level of ambition to address the gap between
existing mitigation pledges and the needed
emission reductions recommended by science.

This report summarizes the discussions,
decisions and conclusions based on the
agendas of the COP, CMP and the subsidiary
bodies.

DOHA SUMMIT – COP 18, 2012

The United Nations Climate Change
Conference in Doha, Qatar, took place from 26
November to 8 December 2012. It included the
eighteenth session of the Conference of the
Parties (COP 18) to the United Nations
Framework Convention on Climate Change
(UNFCCC) and the eighth session of the
Conference of the Parties serving as the Meeting
of the Parties to the Kyoto Protocol (CMP 8). The
conference also included meetings by five
subsidiary bodies: the thirty-seventh sessions
of the Subsidiary Body for Scientific and
Technological Advice (SBSTA 37) and the
Subsidiary Body for Implementation (SBI 37), the
second part of the seventeenth session of the Ad
hoc Working Group on Further Commitments
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for Annex I Parties under the Kyoto Protocol
(AWG-KP 17), the second part of the fifteenth
session of the Ad hoc Working Group on Long-
term Cooperative Action under the UNFCCC
(AWG-LCA 15) and the second part of the Ad hoc
Working Group on the Durban Platform for
Enhanced Action (ADP 1).

Marking the first time that UN climate
change negotiations took place in the Middle
East, the conference drew approximately 9,000
participants, including 4,356 government
officials, 3,956 representatives of UN bodies and
agencies, intergovernmental organizations and
civil society organizations, and 683 members
of the media.

Negotiations in Doha focused on ensuring
the implementation of agreements reached at
previous conferences. The package of “Doha
Climate Gateway” decisions adopted on the
evening of Saturday, 8 December, included
amendments to the Kyoto Protocol to establish
its second commitment period. Having been
launched at CMP 1 in 2005, the AWG-KP
terminated its work in Doha. The parties also
agreed to terminate the AWG-LCA and
negotiations under the Bali Action Plan. Key
elements of the outcome also included
agreement to consider loss and damage, “such
as” institutional mechanism to address loss and
damage in developing countries that are
particularly vulnerable to the adverse effects of
climate change.

While developing countries and observers
expressed disappointment with the lack of
ambition in outcomes on Annex I countries’
mitigation and finance,  most agreed that the
conference had paved the way for a new phase,
focusing on the implementation of the outcomes
from negotiations under the AWG-KP and AWG-
LCA, and advancing negotiations under the
ADP.

INDIA’S EFFORTS TO MITIGATE
GLOBAL WARMING

India is quite aware to the danger of climate
change and increase in GHG emission. India
has already declared that even as it pursues its
social and economic development objectives, it
will not allow its per capita GHGs emissions (1.1

tonne) to exceed the average per capita emission
of the developed countries. India has also
declared to bring it’s carbon intensity to 20-25%
of 2005 base level by 2020. India has also
proposed REDD+ mechanism. India has also come
up with an ambitious proposal that major
developing and developed nations set up a
network of research and development initiations
under the name of CLEAN NET which would
specialize jn technological innovation in the field
of climate change.

India has been trying to take comprehensive
measures to combat climate change with an
ambitious National Action Plan on Climate
Change (NAPCC) adopted in June 2008, which
includes 8 core national missions. It is also for
enhancement of ecological sustainability of
India’s development path and addressing
climate mitigation and adaptation. These
missions are—

Jawaharlal Nehru national Solar mission
targets 20,000 MW by 2022

The Jawaharlal Nehru National Solar
Mission, also known as National Solar Mission,
is one of the eight key National Mission’s which
comprise India’s National Action Plan on
Climate Change (NAPCC). NAPCC was launched

PRESENT SCENARIO

A total of 106 projects accounting a total
of 40.648 MW has been sanctioned during
2010-11 under off Grid SPV application of
JNNSM.

NVVN, which is the nodal agency for Solar
Projects during the next three years, i.e.,
before March 2013 and are connected to the
grid at a voltage level of 33 kV and above has
selected 37 projects accounting for a total of
1480 MW(32 projects – 5MW each; 1 project –
20 MW; 3projects – 100MW each).

The projects sanctioned under NVVN, has
to submit financial closure details by July, 9
but the ministry has received financial
closure details of 17 photovoltaic (PV) and two
concentrated solar power (CSP) projects only
till June 30, 2011.
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on 30th June 2008 which identified development
of solar energy technologies in the country  as
a  National Mission. Finally on January 11, 2010
GoI approved National Solar Mission.

The Solar Mission recommends the
implementation in 3 stages leading up to an
installed capacity of 20,000 MW by the end of
the 13th Five Year Plan in 2022. It serves twin
purposes:

(i) Long term energy Securty

(ii) Ecological Security

Objective  of  the  National  Solar  Mission:
is  to  establish  India  as  a  global leader  in
solar  energy,  by  creating  the  policy conditions
for  its  diffusion  across  the country as quickly
as possible.

Other than energy and ecological security
the Solar mission will also has the advantage of
permitting the decentralized distribution of
energy, thereby empowering people at the
grassroot level”. Also “India is a tropical country,
where sunshine is available for longer hours per
day and in great intensity. The daily average
solar energy incident over India varies from 4
to 7 kWh/m2 with about 1500–2000 sunshine
hours per year, depending upon location
resulting in an aggregate incident radiation of
about 5000 trillion Kwh/yr. This is far more than
current total energy consumption. For example,
even assuming 10% conversion efficiency for
PV modules, it will still be thousand times
greater than the likely electricity demand in
India by the year 2015. Solar energy, therefore,
has great potential as future energy source.
Based on this vision a National Solar Mission is
being launched under the brand name “Solar
India”.

The Mission will  adopt  a  3-phase
approach,

• spanning  the  remaining  period  of
the 11th Plan and first year of the 12th
Plan (up to 2012-13) – Phase 1,

• the remaining 4 years of  the 12th Plan
(2013-17) – Phase 2 and

• the 13th Plan (2017-22) – Phase 3

The  immediate  aim  of  the  Mission  is  to
focus  on  setting  up  an  enabling environment
for solar  technology penetration  in  the country

both at a centralized and decentralized  level.
Also the Mission anticipates achieving grid parity
by 2022 and parity with coal-based thermal
power by 2030.

Mission Targets

To achieve the above mentioned target of
20,000 MW by 2022 by 3 phase approach under
prevailing conditions is not an easy job, in short
the mission needs supporting policies and
incentives to achieve the target. The mission
targets are:

• To create an enabling policy framework
for the deployment of 20,000 MW of
solar power by 2022.

• To ramp up capacity of grid-connected
solar power generation to 1000 MW
within three years – by 2013; an
additional 3000 MW by 2017 through
the mandatory use of the renewable
purchase obligation by utilities backed
with a preferential tariff. This capacity
can be more than doubled – reaching
10,000MW installed power by 2017 or
more, based on the enhanced and
enabled international finance and
technology transfer. The ambitious
target for 2022 of 20,000 MW or more,
will be dependent on the ‘learning’ of
the first two phases, which if successful,
could lead to conditions of grid-
competitive solar power. The transition
could be appropriately up scaled, based
on availability of international finance
and technology.

• To create favourable conditions for
solar manufacturing capability,
particularly solar thermal for
indigenous production and market
leadership.

• To promote programmes for off grid
applications, reaching 1000 MW by
2017 and 2000 MW by 2022 .

• To achieve 15 million sq. meters solar
thermal collector area by 2017 and 20
million by 2022.

• To deploy 20 million solar lighting
systems for rural areas by 2022.
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National Mission for Sustainable
Agriculture

This mission would devise strategies to
make Indian agriculture more resilient to
climate change. It would identify and develop
new varieties of crops and especially thermal
resistant crops and alternative cropping pattern,
capable of withstanding extremes of weather,
long dry spells, flooding and variable moisture
availability. Agriculture will need to be
progressively adapted to projected climate
change and our agricultural research systems
must be oriented to monitor and evaluate
climate change and recommend changes in
agricultural practices accordingly.

This will be supported by the convergence
and integration of traditional knowledge and
practice system, information technology, geo-
spatial technology and bio-technology. New
credit and insurance mechanisms will be
devised to facilitate adoption of desired
practices. Focus would be on improving
productivity of rainfed agriculture. India will
spearhead efforts at the international level to
work towards an ecologically sustainable green
revolution.

National Mission for Enhanced Energy
Efficiency

This Mission is basically targeted at
industry, which, according to the NAPCC,
accounts for 42% of the country’s total
commercial energy use (2004-2005) and 31%
of total CO2 emissions (1994).

The Government of India already had a
number of initiatives to promote energy
efficiency in place before the NAPCC such as the
star labelling system and energy conservation
building code and had also passed the Energy
Conservation Act of 2001. In addition to these,
the NAPCC calls for:

Mandating specific energy consumption
decreases in large energy consuming industries
and creating a framework to certify excess
energy savings along with market based,
mechanisms to trade these savings. This is
aimed at enhancing cost effectiveness of
improvements in energy efficiency in energy-
intensive sectors.

• Innovative measures to make energy
efficient appliances/products in
certain sectors more affordable.

• Creation of mechanisms to help finance
demand side management programmes
by capturing future energy savings and
enabling public-private-partnerships
for this.

• Developing fiscal measures to promote
energy efficiency such as tax
incentives for including differential
taxation on energy efficient certified
appliances.

National Mission on Sustainable Habitat

The aim of the Mission is to make habitats
more sustainable through a threefold approach
that includes.

• Improvements in energy efficiency of
buildings in residential and
commercial sector

• Management of Municipal Solid Waste
(MSW)

• Promote urban public transport

The NAPCC claims that use of energy
efficient options could hep achieve 30%
electricity savings in new residential buildings
and 40% in new commercial buildings. For
existing buildings the corresponding savings are
20% and 30% respectively.

The authors call for a wide and diverse
range of policy instruments to overcome the
barriers to adoption of energy efficient options
in residential and commercial sectors, highlight
the need for more a more competitive market for
energy efficient products and advocate an
involving all stakeholders. In addition, they
once again stress on the need for technology
transfer from developed countries.

With regards to MSW, the Plan suggests
some policy reforms such as common regional
disposal facilities for smaller towns and villages
in a particular region, and integrated system for
collection, transport, transfer, treatment and
disposal facilities.

Finally, with regards to urban public
transport, the NAPCC endorses mass transit
such as buses, railways and mass rapid transit
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systems and the use of CNG, ethanol blending
in gasoline and bio-diesel. Hydrogen is
something that is mentioned for the future. In
addition, the Plan proposes the promotion of
costal shipping and inland waterways,
increasing attractiveness of railways,
introducing appropriate transport pricing
measures to influence purchase and use of
vehicles in respect of fuel efficiency and fuel
choice, tightening regulatory standards in fuel-
economy of automobiles.

As with the other Missions, the Plan
emphasises the need for R&D for all the
components of the Sustainable Habitat Mission.

National Water Mission

According to the NAPCC, out of the 4000
billion m3 of precipitation that India receives
annually, only 1000 billion m3 is available for
use, which comes to approx. 1000 m3 per capita
per annum. Further, by 2050 it states that India
is likely to be water scarce. The National Water
Mission thus aims at conserving water,
minimising wastage and ensuring more
equitable distribution through integrated water
resource management. It also aims to optimize
water use efficiency by 20% by developing a
framework of regulatory mechanisms having
differential entitlements and pricing.

In addition, the Water Mission calls for
strategies to tackle variability in rainfall and
river flows such as enhancing surface and
underground water storage, rainwater
harvesting and more efficient irrigation systems
like sprinklers or drip irrigation.

National Mission for Sustaining the
Himalayan Ecosystem

The NAPCC recognises the Himalayan
ecosystem as vital to preserving the ecological
security of the country. It consists of forests;
perennial rivers which are a source of drinking
water, irrigation, and hydropower; rich
biodiversity; and is a major tourist attraction.
All these are in danger from climate change
through increases in temperature, changes in
precipitation patterns, drought and glacier melt.

The Plan calls for empowering local
communities especially Panchayats to play a

greater role in managing ecological resources.
It also reaffirms the following measures
mentioned in the National Environment Policy,
2006.

• Adopting appropriate land-use
planning and water-shed management
practices for sustainable development
of mountain ecosystems

• Adopting best practices for infrastructure
construction in mountain regions to
avoid or minimize damage to sensitive
ecosystems and despoiling of
landscapes

• Encouraging cultivation of traditional
varieties of crops and horticulture by
promoting organic farming, enabling
farmers to realise a price premium.

• Promoting sustainable tourism based
on best practices and multi-
stakeholder partnerships to enable
local communities to gain better
livelihoods

• Taking measures to regulate tourist
inflows into mountain regions to
ensure that the carrying capacity of the
mountain ecosystem is not breached

• Developing protection strategies for
certain mountain scopes with unique
“incomparable values”.

In particular the Mission focuses on rain-
fed agricultural zones and suggests:

• Development of drought and pest
resistant crop varieties

• Improving methods to conserve soil and
water

• Stakeholder consultations, training
workshops and demonstration
exercises for farming communities, for
agro-climatic information sharing and
dissemination

• Financial support to enable farmers to
invest in and adopt relevant
technologies to overcome climatic
related stresses

In addition, the Mission makes suggestions
for safeguarding farmers against increased risk
due to climate change. These suggestions
include, strengthening agricultural and
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weather insurance; creation of web-enabled,
regional language based services for facilitation
of weather-based insurance; development of
GIS and remote sensing methodologies;
mapping vulnerable regions and disease
hotspots; and developing and implementing
region-specific, vulnerability based
contingency plans.

Finally, it suggests greater access to
information and use of biotechnology.

National Mission on Strategic Knowledge
for Climate Change

This Mission will strive to work with the
global community in research and technology
development and collaboration through a
variety of mechanisms and, in addition, will also
have its own research agenda supported by a
network of dedicated climate change related
institutions and universities and a Climate
Research Fund. The Mission will also encourage
private sector initiatives for developing
innovative technologies for adaptation and
mitigation.

The Mission includes:

• Research in key substantive domains
of climate science to improve
understanding of key phenomena and
processes

• Global and regional climate modelling
to improve the quality and accuracy of
climate change projections for India

• Strengthening of observational
networks and data gathering and

assimilation to increase access and
availability to relevant data

• Creation of essential research
infrastructure, such as high
performance computing

Other Programmes

The NAPCC also describes other ongoing
initiatives, including:

Power Generation: The government is
mandating the retirement of inefficient coal-
fired power plants and supporting the research
and development of IGCC and supercritical
technologies.

Renewable Energy: Under the Electricity
Act 2003 and the National Tariff Policy 2006,
the central and the state electricity regulatory
commissions must purchase a certain
percentage of grid-based power from renewable
sources.

Energy Efficiency: Under the Energy
Conservation Act 2001, large energy-
consuming industries are required to undertake
energy audits and an energy labeling program
for appliances has been introduced.

Implementation

According to the NAPCC the 8 National
Missions are to be institutionalised by
“respective ministries” and will be organised
through inter-sectoral groups including, in
addition to related Ministries, Ministry of
Finance and the Planning Commission, experts
from industry, academia and civil society.
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SOME MISCELLANEOUS TOPICS RELATED TO
ECOLOGY AND ENVIRONMENT

GREEN ECONOMY

The Green Economy Group defines a green
economy as follows:

What is the green economy? The green
economy is defined as a sustainable economy
and society with zero carbon emissions and a
one-planet footprint where all energy is derived
from renewable resources which are naturally
replenished. A green economy rigorously
applies the triple bottom line of people, planet
and profits across all corporations at the
microeconomic level and throughout the entire
economy at the macroeconomic level. In
contrast to a green economy, a traditional
“black” energy economy is based on carbon-
intensive fossil fuels such as coal and
petroleum. By definition, a low-carbon economy
is distinct from a green economy because it still
generates carbon emissions.

A green economy exhibits the following
characteristics:

• an energy infrastructure with zero
carbon emissions that is powered 100
percent by renewable energy — made
possible through a combination of
proven, renewable energy
technologies; breakthrough cleantech
solutions; as well as enabling
regulation and carbon markets

• the water, waste and wastewater
infrastructure is based on long-term
sustainability

• The preservation and protection of the
world’s ecosystems, biological diversity
and forests in partnership with
indigenous peoples and all relevant
stakeholders through the creation of
sustainable governance models,
markets and business models for
delivering, maintaining and paying for
ecosystem services

• sustained and successful adaption to
climate change at a local, regional and
global level.

The green economy is comprised of the 25
industries listed below (in alphabetical order):

1. Biofuels

2. Biomass

3. Carbon capture and storage

4. Carbon markets and renewable energy
credits

5. Climate change adaptation services

6. Distributed generation

7. Ecosystem services

8. Energy efficiency, recycling,
conservation, software and controls

9. Energy storage, batteries and fuel cells

10. Geothermal energy

11. Green design

12. Green IT

13. Green buildings, materials and
construction products

14. Green transportation technologies and
green vehicles

15. Hydropower

16. Ocean power

17. REDD

18. Smart grid

19. Solar energy

20. Sustainable and organic agriculture,
food and products

21. Waste management

22. Wastewater management

23. Waste-to-energy

24. Water and water technologies

25. Wind energy

By definition, coal and petroleum are not a



159

part of a green economy due to their high carbon
emissions. Although nuclear energy generates
relatively low carbon emissions on a lifecycle
basis it is excluded from a green economy
due to its potential for long-term adverse
environmental impacts.

WHAT IS A CARBON FOOTPRINT –
DEFINITION

A carbon footprint is defined as:

The total amount of greenhouse gases
produced to directly and indirectly support
human activities, usually expressed in
equivalent tons of carbon dioxide (CO

2
).

In other words: When you drive a car, the
engine burns fuel which creates a certain
amount of CO

2
, depending on its fuel

consumption and the driving distance. (CO
2
 is

the chemical symbol for carbon dioxide). When
you heat your house with oil, gas or coal, then
you also generate CO

2
. Even if you heat your

house with electricity, the generation of the
electrical power may also have emitted a certain
amount of CO

2
. When you buy food and goods,

the production of the food and goods also emitted
some quantities of CO

2
.

Your carbon footprint is the sum of all
emissions of CO

2
 (carbon dioxide), which were

induced by your activities in a given time frame.
Usually a carbon footprint is calculated for the
time period of a year.

The best way is to calculate the carbon
dioxide emissions based on the fuel
consumption. In the next step you can add the
CO2 emission to your carbon footprint.

ECOLOGICAL FOOTPRINT

The ecological footprint is a measure of
human demand on the Earth's ecosystems. It is
a standardized measure of demand for natural
capital that may be contrasted with the planet's
ecological capacity to regenerate. It represents
the amount of biologically productive land and
sea area necessary to supply the resources a
human population consumes, and to assimilate
associated waste. Using this assessment, it is
possible to estimate how much of the Earth (or
how many planet Earths) it would take to support
humanity if everybody followed a given lifestyle.

For 2007, humanity's total ecological footprint
was estimated at 1.5 planet Earths; that is,
humanity uses ecological services 1.5 times as
quickly as Earth can renew them. Every year,
this number is recalculated to incorporate the
three-year lag due to the time it takes for the UN
to collect and publish statistics and relevant
research.

Although the term ecological footprint is
widely used and well known, it goes beyond the
metaphor. It represents an accounting system
for biocapacity that tracks how much biocapacity
there is, and how much biocapacity people use.
Calculation methods have converged thanks to
standards released in 2006 and updated in
2009.

ENVIRONMENTAL IMPACT
ASSESSMENT

Environmental Impact Assessment (EIA) is
a process of evaluating the likely environmental
impacts of a proposed project or development,
taking into account inter-related socio-
economic, cultural and human-health impacts,
both beneficial and adverse.

UNEP defines Environmental Impact
Assessment (EIA) as a tool used to identify the
environmental, social and economic impacts of
a project prior to decision-making. It aims to
predict environmental impacts at an early stage
in project planning and design, find ways and
means to reduce adverse impacts, shape projects
to suit the local environment and present the
predictions and options to decision-makers. By
using EIA both environmental and economic
benefits can be achieved, such as reduced cost
and time of project implementation and design,
avoided treatment/clean-up costs and impacts
of laws and regulations.

Although legislation and practice vary
around the world, the fundamental components
of an EIA would necessarily involve the
following stages:

• Screening to determine which projects
or developments require a full or partial
impact assessment study;

• Scoping to identify which potential
impacts are relevant to assess (based on
legislative requirements, international
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conventions, expert knowledge and
public involvement), to identify
alternative solutions that avoid,
mitigate or compensate adverse
impacts on biodiversity (including the
option of not proceeding with the
development, finding alternative
designs or sites which avoid the
impacts, incorporating safeguards in
the design of the project, or providing
compensation for adverse impacts), and
finally to derive terms of reference for
the impact assessment;

• Assessment and evaluation of impacts
and development of alternatives, to
predict and identify the likely
environmental impacts of a proposed
project or development, including the
detailed elaboration of alternatives;

• Reporting the Environmental Impact
Statement (EIS) or EIA report, including
an environmental management plan
(EMP), and a non-technical summary
for the general audience.

• Review of the Environmental Impact
Statement (EIS), based on the terms of
reference (scoping) and public
(including authority) participation.

• Decision-making on whether to
approve the project or not, and under
what conditions; and

• Monitoring, compliance, enforcement
and environmental auditing. Monitor
whether the predicted impacts and
proposed mitigation measures occur as
defined in the EMP. Verify the
compliance of proponent with the EMP,
to ensure that unpredicted impacts or
failed mitigation measures are
identified and addressed in a timely
fashion.

Strategic Environmental Assessment

Sadler and Verheem (1996) define Strategic
Environmental Assessment (SEA) as the
formalized, systematic and comprehensive
process of identifying and evaluating the
environmental consequences of proposed
policies, plans or programmes to ensure that

they are fully included and appropriately
addressed at the earliest possible stage of
decision-making on a par with economic and
social considerations.

Since this early definition the field of SEA
has rapidly developed and expanded, and the
number of definitions of SEA has multiplied
accordingly. SEA, by its nature, covers a wider
range of activities or a wider area and often over
a longer time span than the environmental
impact assessment of projects.

SEA might be applied to an entire sector
(such as a national policy on energy for example)
or to a geographical area (for example, in the
context of a regional development scheme). SEA
does not replace or reduce the need for project-
level EIA (although in some cases it can), but it
can help to streamline and focus the
incorporation of environmental concerns
(including biodiversity) into the decision-
making process, often making project-level EIA
a more effective process.

SEA is commonly described as being
proactive and ‘sustainability driven’, whilst EIA
is often described as being largely reactive.

NATIONAL GREEN TRIBUNAL (NGT)

The National Green Tribunal has been
established on 18.10.2010 under the National
Green Tribunal Act 2010 for effective and
expeditious disposal of cases relating to
environmental protection and conservation of
forests and other natural resources including
enforcement of any legal right relating to
environment and giving relief and
compensation for damages to persons and
property and for matters connected therewith or
incidental thereto. It is a specialized body
equipped with the necessary expertise to handle
environmental disputes involving multi-
disciplinary issues. The Tribunal shall not be
bound by the procedure laid down under the
Code of Civil Procedure, 1908, but shall be
guided by principles of natural justice.

The Tribunal's dedicated jurisdiction in
environmental matters shall provide speedy
environmental justice and help reduce the
burden of litigation in the higher courts. The
Tribunal is mandated to make and endeavour
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for disposal of applications or appeals finally
within 6 months of filing of the same. Initially,
the NGT is proposed to be set up at five places of
sittings and will follow circuit procedure for
making itself more accessible. New Delhi is the
Principal Place of Sitting of the Tribunal and
Bhopal, Pune, Kolkata and Chennai shall be the
other four place of sitting of the Tribunal.

ACID RAIN

Acid rain is rain consisting of water droplets
that are unusually acidic because of atmospheric
pollution - most notably the excessive amounts
of sulfur and nitrogen released by cars and
industrial processes. Acid rain is also called acid
deposition because this term includes other forms
of acidic precipitation such as snow.

Acidic deposition occurs in two ways: wet
and dry. Wet deposition is any form of
precipitation that removes acids from the
atmosphere and deposits them on the Earth’s
surface. Dry deposition polluting particles and
gases stick to the ground via dust and smoke in
the absence of precipitation. This form of
deposition is dangerous however because
precipitation can eventually wash pollutants
into streams, lakes, and rivers.

Acidity itself is determined based on the
pH level of the water droplets. PH is the scale
measuring the amount of acid in the water and
liquid. The pH scale ranges from 0 to 14 with
lower pH being more acidic while a high pH is
alkaline; seven is neutral. Normal rain water is
slightly acidic and has a pH range of 5.3-6.0.
Acid deposition is anything below that scale. It
is also important to note that the pH scale is
logarithmic and each whole number on the scale
represents a 10-fold change.

Today, acid deposition is present in the
northeastern United States, southeastern
Canada, and much of Europe including portions
of Sweden, Norway, and Germany. In addition,
parts of South Asia, South Africa, Sri Lanka, and
Southern India are all in danger of being
impacted by acid deposition in the future.

ECOTOURISM

The Nature Conservancy adopts the
definition articulated by the World Conservation
Union (IUCN):

"Environmentally responsible travel to
natural areas, in order to enjoy and appreciate
nature (and accompanying cultural features,
both past and present) that promote
conservation, have a low visitor impact and
provide for beneficially active socio-economic
involvement of local peoples."

Most tourism in natural areas today is not
ecotourism and is not, therefore, sustainable.
Ecotourism is distinguished by its emphasis on
conservation, education, traveler responsibility
and active community participation.
Specifically, ecotourism possesses the following
characteristics:

• Conscientious, low-impact visitor
behavior

• Sensitivity towards, and appreciation
of, local cultures and biodiversity

• Support for local conservation efforts

• Sustainable benefits to local
communities

• Local participation in decision-making

• Educational components for both the
traveler and local communities

Increased tourism to sensitive natural
areas without appropriate planning and
management can threaten the integrity of
ecosystems and local cultures. The increase of
visitors to ecologically sensitive areas can lead
to significant environmental degradation.
Likewise, local communities and indigenous
cultures can be harmed in numerous ways by
an influx of foreign visitors and wealth.
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Additionally, fluctuations in climate, currency
exchange rates, and political and social
conditions can make over-dependence upon
tourism a risky business.

However, this same growth creates
significant opportunities for both conservation
and local communities. Ecotourism can provide
much-needed revenues for the protection of
national parks and other natural areas -
revenues that might not be available from other
sources.

Additionally, ecotourism can provide a
viable economic development alternative for
local communities with few other income-
generating options. Moreover, ecotourism can
increase the level of education and activism
among travelers, making them more enthusiastic
and effective agents of conservation.

THE UNITED NATIONS FRAMEWORK
CONVENTION ON CLIMATE CHANGE

(UNFCCC OR FCCC)

The United Nations Framework Convention
on Climate Change (UNFCCC or FCCC) is an
international environmental treaty that was
produced at the United Nations Conference on
Environment and Development (UNCED)
(informally known as the Earth Summit) in Rio
de Janeiro, June, 1992.

The treaty is aimed at stabilizing
greenhouse gas concentrations in the
atmosphere at a level that would prevent
dangerous anthropogenic interference with the
climate system – commonly believed to be
around 2°C above the pre-industrial global
average temperature.

The treaty as originally framed set no
mandatory limits on greenhouse gas emissions
for individual nations and contained no
enforcement provisions; it is therefore
considered legally non-binding. Rather, the
treaty included provisions for updates (called
“protocols”) that would set mandatory emission
limits. The principal update is the Kyoto
Protocol, which has become much better known
than the UNFCCC itself.

One of its first achievements was to establish
a national greenhouse gas inventory, as a count
of greenhouse gas (GHG) emissions and

removals. Accounts must be regularly submitted
by signatories of the United Nations Framework
Convention on Climate Change.

The UNFCCC was opened for signature on
May 9, 1992 after an Intergovernmental
Negotiating Committee produced the text of the
Framework Convention as a report following its
meeting in New York. It entered into force in
March, 1994. Countries who sign up to the
UNFCCC are known and as ‘Parties’, there are
currently 192 signed up Parties.

Since the UNFCCC entered into force, the
parties have been meeting annually in
Conferences of the Parties (COP) to assess
progress in dealing with climate change, and
beginning in the mid-1990s, to negotiate the
Kyoto Protocol to establish legally binding
obligations for developed countries to reduce
their greenhouse gas emissions.

The UNFCCC is also the name of the United
Nations Secretariat charged with supporting the
operation of the Convention. Since 2006 the
head of the secretariat has been Yvo de Boer.

A key element of the UNFCCC is that parties
should act to protect the climate system “on the
basis of equality and in accordance with their
common but differentiated responsibilities and
respective capabilities.” The principle of
‘common but differentiated responsibility’
includes two fundamental elements. The first
is the common responsibility of Parties to protect
the environment, or parts of it, at the national,
regional and global levels. The second is the
need to take into account the different
circumstances, particularly each Party’s
contribution to the problem and its ability to
prevent, reduce and control the threat.

Another element underpinning the
UNFCCC is the polluter pays principle. This
means that the party responsible for producing
pollution is responsible for paying for the
damage done to the natural environment.

RENEWABLE ENERGY

Renewable energy is generally defined as
energy that comes from resources which are
naturally replenished on a human timescale
such as sunlight, wind, rain, tides, waves and
geothermal heat. Renewable energy replaces
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conventional fuels in four distinct areas:
electricity generation, hot water/space heating,
motor fuels, and rural (off-grid) energy services.

Wind power

Airflows can be used to run wind turbines.
Modern utility-scale wind turbines range from
around 600 kW to 5 MW of rated power, although
turbines with rated output of 1.5–3 MW have
become the most common for commercial use;
the power available from the wind is a function
of the cube of the wind speed, so as wind speed
increases, power output increases dramatically
up to the maximum output for the particular
turbine. Areas where winds are stronger and
more constant, such as offshore and high
altitude sites, are preferred locations for wind
farms. Typical capacity factors are 20-40%, with
values at the upper end of the range in
particularly favourable sites.

Globally, the long-term technical potential
of wind energy is believed to be five times total
current global energy production, or 40 times
current electricity demand, assuming all
practical barriers needed were overcome. This
would require wind turbines to be installed over
large areas, particularly in areas of higher wind
resources, such as offshore. As offshore wind
speeds average ~90% greater than that of land,
so offshore resources can contribute
substantially more energy than land stationed
turbines.

Hydropower

Energy in water can be harnessed and
used. Since water is about 800 times denser
than air, even a slow flowing stream of water, or
moderate sea swell, can yield considerable
amounts of energy. There are many forms of
water energy:

• Hydroelectric energy is a term usually
reserved for large-scale hydroelectric
dams. The largest of which is the Three
Gorges Dam in China and a smaller
example is the Akosombo Dam in
Ghana.

• Micro hydro systems are hydroelectric
power installations that typically
produce up to 100 kW of power. They

are often used in water rich areas as a
remote-area power supply (RAPS).

• Run-of-the-river hydroelectricity
systems derive kinetic energy from
rivers and oceans without the creation
of a large reservoir.

Hydropower is produced in 150 countries,
with the Asia-Pacific region generating 32
percent of global hydropower in 2010. China is
the largest hydroelectricity producer, with 721
terawatt-hours of production in 2010,
representing around 17 percent of domestic
electricity use. There are now three
hydroelectricity plants larger than 10 GW: the
Three Gorges Dam in China, Itaipu Dam across
the Brazil/Paraguay border, and Guri Dam in
Venezuela.

Solar energy

Photovoltaic SUDI shade is an autonomous
and mobile station in France that provides
energy for electric vehicles using solar energy.
Solar energy, radiant light and heat from the
sun, is harnessed using a range of ever-evolving
technologies such as solar heating, solar
photovoltaics, solar thermal electricity, solar
architecture and artificial photosynthesis.

Solar technologies are broadly
characterized as either passive solar or active
solar depending on the way they capture,
convert and distribute solar energy. Active solar
techniques include the use of photovoltaic
panels and solar thermal collectors to harness
the energy. Passive solar techniques include
orienting a building to the Sun, selecting
materials with favorable thermal mass or light
dispersing properties, and designing spaces that
naturally circulate air.

Solar power is the conversion of sunlight
into electricity, either directly using
photovoltaics (PV), or indirectly using
concentrated solar power (CSP). Concentrated
solar power systems use lenses or mirrors and
tracking systems to focus a large area of sunlight
into a small beam. Commercial concentrated
solar power plants were first developed in the
1980s. Photovoltaics convert light into electric
current using the photoelectric effect.
Photovoltaics are an important and relatively
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inexpensive source of electrical energy where
grid power is inconvenient, unreasonably
expensive to connect, or simply unavailable.
However, as the cost of solar electricity is falling,
solar power is also increasingly being used even
in grid-connected situations as a way to feed
low-carbon energy into the grid.

In 2011, the International Energy Agency
said that "the development of affordable,
inexhaustible and clean solar energy
technologies will have huge longer-term
benefits. It will increase countries’ energy
security through reliance on an indigenous,
inexhaustible and mostly import-independent
resource, enhance sustainability, reduce
pollution, lower the costs of mitigating climate
change, and keep fossil fuel prices lower than
otherwise. These advantages are global. Hence
the additional costs of the incentives for early
deployment should be considered learning
investments; they must be wisely spent and
need to be widely shared".

Biomass

Biomass is biological material derived from
living, or recently living organisms. It most often
refers to plants or plant-derived materials which
are specifically called lignocellulosic biomass.
As an energy source, biomass can either be
used directly via combustion to produce heat,
or indirectly after converting it to various forms
of biofuel. Conversion of biomass to biofuel can
be achieved by different methods which are
broadly classified into: thermal, chemical, and
biochemical methods.

Wood remains the largest biomass energy
source today; examples include forest residues
(such as dead trees, branches and tree stumps),
yard clippings, wood chips and even municipal
solid waste. In the second sense, biomass
includes plant or animal matter that can be
converted into fibers or other industrial
chemicals, including biofuels. Industrial
biomass can be grown from numerous types of
plants, including miscanthus, switchgrass,
hemp, corn, poplar, willow, sorghum, sugarcane,
bamboo, and a variety of tree species, ranging
from eucalyptus to oil palm (palm oil).

Plant energy is produced by crops
specifically grown for use as fuel that offer high

biomass output per hectare with low input
energy. Some examples of these plants are
wheat, which typically yield 7.5–8 tons (tonnes?)
of grain per hectare, and straw, which typically
yield 3.5–5 tons (tonnes?) per hectare in the UK.
The grain can be used for liquid transportation
fuels while the straw can be burned to produce
heat or electricity. Plant biomass can also be
degraded from cellulose to glucose through a
series of chemical treatments, and the resulting
sugar can then be used as a first generation
biofuel.

Biomass can be converted to other usable
forms of energy like methane gas or
transportation fuels like ethanol and biodiesel.
Rotting garbage, and agricultural and human
waste, all release methane gas—also called
"landfill gas" or "biogas." Crops, such as corn
and sugar cane, can be fermented to produce
the transportation fuel, ethanol. Biodiesel,
another transportation fuel, can be produced
from left-over food products like vegetable oils
and animal fats.[39] Also, biomass to liquids
(BTLs) and cellulosic ethanol are still under
research.

There is a great deal of research involving
algal, or algae-derived, biomass due to the fact
that it’s a non-food resource and can be
produced at rates 5 to 10 times those of other
types of land-based agriculture, such as corn
and soy. Once harvested, it can be fermented to
produce biofuels such as ethanol, butanol, and
methane, as well as biodiesel and hydrogen.

The biomass used for electricity generation
varies by region. Forest by-products, such as
wood residues, are common in the United States.
Agricultural waste is common in Mauritius
(sugar cane residue) and Southeast Asia (rice
husks). Animal husbandry residues, such as
poultry litter, are common in the UK.

Biofuel

Biofuels include a wide range of fuels which
are derived from biomass. The term covers solid
biofuels, liquid biofuels, and gaseous biofuels.
Liquid biofuels include bioalcohols, such as
bioethanol, and oils, such as biodiesel. Gaseous
biofuels include biogas, landfill gas and
synthetic gas.
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Bioethanol is an alcohol made by
fermenting the sugar components of plant
materials and it is made mostly from sugar and
starch crops. These include maize, sugar cane
and, more recently, sweet sorghum. The latter
crop is particularly suitable for growing in
dryland conditions, and is being investigated
by ICRISAT for its potential to provide fuel, along
with food and animal feed, in arid parts of Asia
and Africa.

With advanced technology being developed,
cellulosic biomass, such as trees and grasses,
are also used as feedstocks for ethanol
production. Ethanol can be used as a fuel for
vehicles in its pure form, but it is usually used
as a gasoline additive to increase octane and
improve vehicle emissions. Bioethanol is widely
used in the USA and in Brazil. The energy costs
for producing bio-ethanol are almost equal to,
the energy yields from bio-ethanol. However,
according to the European Environment
Agency, biofuels do not address global warming
concerns.

Biodiesel is made from vegetable oils,
animal fats or recycled greases. Biodiesel can
be used as a fuel for vehicles in its pure form,
but it is usually used as a diesel additive to
reduce levels of particulates, carbon monoxide,
and hydrocarbons from diesel-powered vehicles.
Biodiesel is produced from oils or fats using
transesterification and is the most common
biofuel in Europe.

Biofuels provided 2.7% of the world's
transport fuel in 2010.

Geothermal energy

Geothermal energy is from thermal energy
generated and stored in the Earth. Thermal
energy is the energy that determines the
temperature of matter. Earth's geothermal
energy originates from the original formation of
the planet (20%) and from radioactive decay of
minerals (80%). The geothermal gradient, which
is the difference in temperature between the
core of the planet and its surface, drives a
continuous conduction of thermal energy in the
form of heat from the core to the surface. The
adjective geothermal originates from the Greek
roots geo, meaning earth, and thermos, meaning
heat.

The heat that is used for geothermal energy
can be from deep within the Earth, all the way
down to Earth’s core – 4,000 miles (6,400 km)
down. At the core, temperatures may reach over
9,000 °F (5,000 °C). Heat conducts from the core
to surrounding rock. Extremely high
temperature and pressure cause some rock to
melt, which is commonly known as magma.
Magma convects upward since it is lighter than
the solid rock. This magma then heats rock and
water in the crust, sometimes up to 700 °F
(371°C).

From hot springs, geothermal energy has
been used for bathing since Paleolithic times
and for space heating since ancient Roman
times, but it is now better known for electricity
generation.

ECOTONE

An ecotone is a transition area between two
biomes. It is where two communities meet and
integrate. It may be narrow or wide, and it may
be local (the zone between a field and forest) or
regional (the transition between forest and
grassland ecosystems). An ecotone may appear
on the ground as a gradual blending of the two
communities across a broad area, or it may
manifest itself as a sharp boundary line.

EDGE EFFECT

Ecotones often have a larger number of
species and larger population densities than the
communities on either side. This tendency for
increased biodiversity within the ecotone is
referred to as the "edge effect." Those species
which occur primarily or most abundantly in
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the ecotones are called "edge" species. Although
ecotones support an increase in density for some
species, other species need interior habitat
blocks to survive and show avoidance or poor
survival on edges. An increase in anthropogenic
fragmentation of landscapes creates more
ecotones, which may result in an increased
occurrence of edge species while simultaneously
resulting in increased negative effects for
interior species.

KEYSTONE SPECIES

A keystone species is a species that has a
disproportionately large effect on its
environment relative to its abundance.[1] Such
species are described as playing a critical role
in maintaining the structure of an ecological
community, affecting many other organisms in
an ecosystem and helping to determine the
types and numbers of various other species in
the community.

The role that a keystone species plays in
its ecosystem is analogous to the role of a
keystone in an arch. While the keystone is
under the least pressure of any of the stones in
an arch, the arch still collapses without it.
Similarly, an ecosystem may experience a
dramatic shift if a keystone species is removed,
even though that species was a small part of the
ecosystem by measures of biomass or
productivity. It became a popular concept in
conservation biology.

Although the concept is valued as a
descriptor for particularly strong inter-species
interactions, and it has allowed easier
communication between ecologists and
conservation policy-makers, it has been
criticized for oversimplifying complex ecological
systems.

PLANT SUCCESSION

Over periods of years or decades, the plants
that grow in any given place change. New
species take the place of those that came before.
This process is called plant succession or, more
broadly, ecological succession, because as the
plants change so do the microorganisms and
animals.

PRIMARY AND SECONDARY
SUCCESSION

Successional dynamics beginning with
colonization of an area that has not been
previously occupied by an ecological
community, such as newly exposed rock or sand
surfaces, lava flows, newly exposed glacial tills,
etc., are referred to as primary succession. The
stages of primary succession include pioneer
plants (lichens and mosses), grassy stage,
smaller shrubs, and trees. Animals begin to
return when there is food there for them to eat.
When it is a fully functioning ecosystem, it has
reached the climax community stage. Parts of
Acadia National Park in Maine went through
primary succession.

Successional dynamics following severe
disturbance or removal of a pre-existing
community are called secondary succession.
Dynamics in secondary succession are strongly
influenced by pre-disturbance conditions,
including soil development, seed banks,
remaining organic matter, and residual living
organisms.

Because of residual fertility and pre-
existing organisms, community change in early
stages of secondary succession can be relatively
rapid. Woody plants have colonized more rapidly
(per unit area) on large and near by passage.

Secondary succession is much more
commonly observed and studied than primary
succession. Particularly common types of
secondary succession include responses to
natural disturbances such as fire, flood, and
severe winds, and to human-caused
disturbances such as logging and agriculture.
Secondary succession has been occurring in
Shenedoah National Park following the 1995
flood of the Mormon River, which destroyed
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plant and animal life. Today, plant and animal
species are beginning to return.

Mechanisms

In 1916, Frederic Clements published a
descriptive theory of succession and advanced
it as a general ecological concept. His theory of
succession had a powerful influence on
ecological thought. Clements' concept is usually
termed classical ecological theory. According
to Clements, succession is a process involving
several phases:

1. Nudation: Succession begins with the
development of a bare site, called
Nudation (disturbance).

2. Migration: It refers to arrival of
propagules.

3. Ecesis: It involves establishment and
initial growth of vegetation.

4. Competition: As vegetation became well
established, grew, and spread, various
species began to compete for space,
light and nutrients. This phase is called
competition.

5. Reaction: During this phase autogenic
changes affect the habitat resulting in
replacement of one plant community
by another.

6. Stabilization: Reaction phase leads to
development of a climax community.

Seral communities

A seral community is an intermediate stage
found in an ecosystem advancing towards its
climax community. In many cases more than
one seral stage evolves until climax conditions
are attained. A prisere is a collection of seres
making up the development of an area from non-
vegetated surfaces to a climax community.
Depending on the substratum and climate, a
seral community can be one of the following:

Hydrosere

Community in freshwater

Lithosere

Community on rock

Psammosere

Community on sand

Xerosere

Community in dry area

Halosere

Community in saline body (e.g. a marsh)

EUTROPHICATION

Eutrophication (Greek: eutrophia—healthy,
adequate nutrition, development; German:
Eutrophie) or more precisely hypertrophication,
is the ecosystem response to the addition of
artificial or natural substances, such as nitrates
and phosphates, through fertilizers or sewage,
to an aquatic system. One example is the "bloom"
or great increase of phytoplankton in a water
body as a response to increased levels of
nutrients. Negative environmental effects
include hypoxia, the depletion of oxygen in the
water, which causes a reduction in specific fish
and other animals. Other species (such as
Nomura's jellyfish in Japanese waters) may
experience an increase in population that
negatively affects other species.

BIOCHEMICAL OXYGEN DEMAND (BOD)

Biochemical oxygen demand or B.O.D is the
amount of dissolved oxygen needed by aerobic
biological organisms in a body of water to break
down organic material present in a given water
sample at certain temperature over a specific
time period. The term also refers to a chemical
procedure for determining this amount. This is
not a precise quantitative test, although it is
widely used as an indication of the organic
quality of water. The BOD value is most
commonly expressed in milligrams of oxygen
consumed per litre of sample during 5 days of
incubation at 20 °C and is often used as a robust
surrogate of the degree of organic pollution of
water.

CHEMICAL OXYGEN DEMAND (COD)

In environmental chemistry, the chemical
oxygen demand (COD) test is commonly used
to indirectly measure the amount of organic
compounds in water. Most applications of COD
determine the amount of organic pollutants
found in surface water (e.g. lakes and rivers) or
wastewater, making COD a useful measure of



168

water quality. It is expressed in milligrams per
liter (mg/L) also referred to as ppm (parts per
million), which indicates the mass of oxygen
consumed per liter of solution.

EL NIÑO AND GLOBAL WARMING

Normally the West Pacific is moist. Warm
air rises over there and decends in the East
Pacific. This is the Pacific Walker Cell. Over the
equator an Easterly wind blows. Together with
Southerly winds along the Chilean and
Peruvian coasts this causes upwelling of colder
water. Most years around Christmas some
warmer water appears along the Ecuadorian and
Northern Peruvian coasts. This phenomenon
was called El Niño (the boy-child) by the local
people. Every 2-7 years the warming of the water
in the East Pacific is much more widespread,
with dramatic (local, but also larger scale)
consequences. This phenomenon is referred to
in the literature as ENSO (El Niño/Southern
oscillation), or just the initial name of the local
people of Peru: El Niño.

During El Niño the moist (and warm water)
area around Indonesia moves to the middle of
the Pacific. Indonesia, The Philipines, SE Asia
and Eastern Australia are (much) dryer than
normal, while Ecuador and North Peru are much
wetter than normal. During strong El Niño's the
(Pacific) Walker Cell circulation is shifted to
quite an extent.

How is Global Warming Related to
El Niño and La Niña?

Some scientists believe that the increased
intensity and frequency—now every two to three
years—of El Niño and La Niña events in recent
decades is due to warmer ocean temperatures
resulting from global warming. In a 1998 report,
scientists from NOAA explained that higher
global temperatures might be increasing
evaporation from land and adding moisture to
the air, thus intensifying the storms and floods
associated with El Niño.

Another take on what’s happening is from
Kevin Trenberth, a climatologist at the Colorado-
based National Center for Atmospheric
Research. Trenberth believes that the Southern
Oscillation may be functioning like a pressure

release valve for the tropics. With global warming
driving temperatures higher, ocean currents
and weather systems might not be able to release
all the extra heat getting pumped into the tropical
seas; as such an El Niño occurs to help expel
the excess heat.

GANGA ACTION PLAN

Ganga Action Plan or GAP was a program
launched by Government of India in April 1985
in order to reduce the pollution load on the
river. The program was launched with much
fanfare, but it failed to decrease the pollution
level in the river, after spending 901.71 crore
(approx. 1010) rupees over a period of 15 years.

The activities of GAP phase 1 initiated in
1985 were declared closed on 31 March 2000.
The steering Committee of the national river
conservation Authority reviewed the progress of
the GAP and necessary correction on the basis
of lessons learned and experiences gained from
the GAP phase; 1.69 schemes have been
completed under this plan. A million liters of
sewage is targeted to be intercepted, diverted
and treated.

The Ganga Action Plan (GAP) was an
ambitious plan to clean the River Ganga. It
originated from the personal intervention and
interest of the late Prime Minster Mrs Indira
Gandhi, who requested a comprehensive survey
of the situation in 1979. After five years, the
Central Pollution Control Board (CPCB)
published two comprehensive reports, which
formed the base from which the action plan to
clean up the Ganga, was developed.

Department of Environment, in December
1984, prepared an action plan for immediate
reduction of pollution load on the river Ganga.
The Cabinet approved the GAP (Ganga Action
Plan) in April 1985 as a 100 per cent centrally
sponsored scheme. To oversee the
implementation of the GAP and to lay down
policies and programmes, Government of India
constituted a Central Ganga Authority (CGA) in
February 1985, later renamed as the National
River Conservation Authority (NRCA) in
September 1995, under the chairmanship of the
Prime Minister. The Government also
established the Ganga Project Directorate (GPD)
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in June 1985 as a wing of Department of
Environment, to execute the projects under the
guidance and supervision of the CGA. The
Government renamed the GPD as the National
River Conservation Directorate (NRCD) in June
1994.

CARBON CAPTURE AND STORAGE

Carbon capture and storage, or CCS, is a
family of technologies and techniques that
enable the capture of CO2 from fuel combustion
or industrial processes, the transport of CO2 via
ships or pipelines, and its storage underground,
in depleted oil and gas fields and deep saline
formations. CCS can, therefore, have a unique
and vital role to play in the global transition to

a sustainable low-carbon economy, in both
power generation and industry.

Current short, mid- and long-term
projections for global energy demand still point
to fossil fuels being combusted in quantities
incompatible with levels required to stabilise
greenhouse gas (GHG) concentrations at safe
levels in the atmosphere.

All technologies along the CCS chain have
been in operation in various industries for
decades, although in relatively small scale.
These technologies have only been put together
in industrial scale (>1Mt CO2 captured and
stored per year) in a small number of
installations. No large-scale installations exist
yet in electricity production.



170

SOME IMPORTANT ANIMALS AND BIRDS OF INDIA

ANIMALS IN INDIAN SUB-CONTINENT

Indian subcontinent has a rich and varied
biodiversity to boast of. Infact, the country is
home to some of the most rare as well as
magnificent wild animals. Most of the wild
animals of India are being protected from
poaching as well as habitat loss through the
numerous national parks and wildlife
sanctuaries. Indian culture preaches respect for
each and every form of life, including wildlife.
Still, greedy individuals as well as the ever-
increasing population are putting pressure on
the peaceful existence of Indian wild animals.
In this section, we have provided information
on the following wild animals living in India:

Indian Asiatic Lion

Asiatic Lions once used to roam around the
area, stretching from northern Greece, across
Southwest Asia, to central India. However, today,
the natural habitat of the majestic animal has
been reduced to the Gir forests of India only,
making the Asiatic Lion almost synonymous
with the Indian Lion. Known scientifically as
Panthera Leo persica, the royal animal is
depicted on the National Emblem of India, since
it represents power, strength and sovereignty.
Gir National Park is the only remaining place
in the world, where one is likely to see the Asiatic
Lion.

Bengal Tiger

Bengal tiger is a subspecies of tiger, which
is found in the Bengal region of the Indian
subcontinent. One of the most common tiger
subspecies, it is also found in a number of other
Asian countries, like Bangladesh, Nepal,
Bhutan, Myanmar, Tibet, etc. Usually Royal
Bengal Tigers of India are reddish-brown to rust-
brown in color with black stripes all over.
However, a mutation may result in their color

being white also. Such a tiger is known as the
White tiger. Bengal tiger is the national animal
of both the Indian subcontinent as well as
Bangladesh. One can visit Bengal Tiger to any
Tiger Reserve in India.

Indian Leopard

Indian leopard is one of the 8-9 valid
leopard subspecies found throughout the world.
Known by the scientific name of Panthera
pardus, it is the fourth largest of the four 'big
cats' of the Panthera genus. At the same time,
leopards are also the fifth largest of all cat
species. The name 'Leopard' has been derived
from a combination of two Greek and Latin words
leo and pard, 'leo' meaning lion and 'pard'
meaning panther. This name was given to the
animal since it was initially believed to be
crossbreed of a lion and a panther.

Indian Clouded Leopard

The Clouded Leopard (Neofelis nebulosa) is
a medium-sized cat found in Southeast Asia. It
has a tan or tawny coat, and is distinctively
marked with large, irregularly-shaped, dark-
edged ellipses which are said to be shaped like
clouds. This unique appearance gave the
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mammal both its common and scientific species
name (Nebulosus is the Latin for “cloudy”). The
Clouded Leopard was a confusion to scientists
for a long time because of the appearance and
skeleton. It was what seemed to be a cross in
between a big cat and a small cat. The scientific
name of the genus, Neofelis, originates from neo,
which means “new”, and felis, which means
“small cat”, so it literally means new kind of
small cat.

Indian Snow Leopard

Snow leopard is a native animal of
mountain ranges of central and southern Asia,
including India. It is also known as Ounce and
has a scientific name of "Panthera uncia". Snow
leopards can live for a maximum of 18 years in
then wild. In captivity, their lifespan increases
to 20 years.

Indian Black Buck

Indian black buck is also known by a
number of other names like Kala Hiran, Sasin,
Iralai Maan and Krishna Jinka. The scientific
name of the black buck antelope is Antilope
cervicapra and it natural habitat is the Indian
subcontinent. Grass forms the staple diet of the
blackbucks. However, they do eat pods, flowers
and fruits as supplements. The average lifespan
of the Indian kala hiran is twelve years and at
the maximum, they live for sixteen years. Black
bucks are hunted by dogs and wolves.

Indian Black Bear

Indian black bear is also known by the
names of Asiatic Black Bear (Ursus thibetanus),
Tibetan black bear, Himalayan black bear and
Moon bear. They grow to a length of approximately
4 to 6 feet, right from the nose to the tail. The
small eyes of the bear, along with its rounded
ears, a long snout, a large body, a short tail, and
shaggy hair, differentiate it from the other types
of bears. The small shoulder hump, a furry rear
instep, a concave facial contour, small and
curved claws and narrow ears further accentuate
the difference. Last but not the least, Asiatic black
bear also has a whitish V-shaped breast patch,
not found in the other bear species of India.

The male black bear weighs between 220
and 480 pounds, while the females are110 to
275 pounds in weight. The senses of the

Himalayan black bears of India are greatly
developed and they boast of almost twice the
hearing sensitivity possessed by humans. Black
bears have colored vision and their eyesight is
very sharp. Even their olfactory senses (ability
to smell) are highly evolved. The mating season
of the Himalayan black bears is usually from late
May to early July. They give birth to two cubs at
a time, which stay with the mother for almost
seventeen months.

Indian Deer

The name 'Deer' is given to the ruminant
mammals belonging to the family Cervidae.
They are one of the most beautiful creatures on
this earth and extend to approximately 34
species. Male deer, in India as well as the world,
are known as stags, harts, bucks or bulls,
depending upon the species to which they
belong. While, the females are known as hinds,
does or cows. One can find deers widely
distributed throughout the world, including the
Indian subcontinent. The only continents
where deer are not found are those of Antarctica
and Australia.

The 34 species of deer can be divided
broadly into two categories, known as the old
world group and the new world group. The
former comprises of the subfamilies Muntiacinae
and Cervinae, while the latter includes the
subfamilies Hydropotinae and Odocoileinae.
Read on to get more information about the
Indian deer.
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Nilgai

Nilgai, also known as Blue Bull, is one of
the most commonly found wild animals of
northern India as well as eastern Pakistan. Even
though it is an antelope, it looks quite similar
in appearance to an ox. Therefore, it has been
given the name of Blue bull of India. The
average lifespan of the Neelgai is 21 years.

Indian Gazelle

Indian Gazelle, also known as Chinkara,
is a species of gazelle found in South Asia. It
belongs to the Bovidae family and is
scientifically known as Gazella bennettii. The
life expectancy of a Chinkara is between 12 to
15 years, less than that of many other deer
species. Male gazelles are believed to be
territorial in nature and are not prone to
wandering for large distances. Gazelles come
across as very nervous animals and always seem
to be on alert. It is believed that the dwindling
population of Chinkaras is leading to a decline
in the population of Cheetah, their main
predators, in India.

in the country. The spotted deer of India
was introduced in the state of Texas in the
1930s. Since that time, axis deer of India has
become the most widespread of the entire deer
species.

Swamp Deer

Swamp Deer, also known as Barasingha, is
one of the most vulnerable species of deer of the
Indian subcontinent as well as the world.
Presently, one can find them only in the
protected sanctuaries of India. Known by the
scientific name of Cervus duvauceli, the swamp
deep of India derives its name, Barasingha, from
its large antlers.

Muntjac Deer

Muntjac Deer fall in the category of those
deer that are shy and elusive. They are also
known by the name of Kakad deer or the Barking
deer in India. The reason for this name is their
alarm call, which seems very much similar to
the barking of a dog. Indian Muntjac deer counts
amongst the ten subspecies of the Barking deer
in the world.

Hog Deer

Hog Deer is a subspecies of deer, found in
the areas stretching from Pakistan, through
northern India, to mainland Southeast Asia. A
population of the hog deer was introduced in a
number of countries, including Australia, the
United States and Sri Lanka.

Brow-antlered Deer

Brow-antlered deer are known by the
scientific name of Cervus eldii. They have a
number of other names also, like Eld's Deer,
Sangai Deer, Thamin Deer and even Dancing
Deer. The maximum lifespan of the Thamin deer
of India is only ten years and the deer has three
subspecies also.

Sambar Deer

Sambar Deer are dark brown in color and
attain a height of 102 cm to 160 cm (40 to 63
inches). The weight of the sambar deer of India
may touch 300 kg. There are chestnut marks
on the rump as well as the underparts. Sambhur
deer of India also have beautiful manes. However,

Axis Deer

Axis Deer, also known as Chital Deer or
Spotted Deer, is the native animal of the Indian
subcontinent. It is found very commonly in
India and is one of the most beautiful animals
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they are not spotted by birth. The spots develop
gradually after birth.

Musk Deer

Musk deer comprise of one of the most
endangered deer species, not only in the Indian
subcontinent, but also in the whole world. They
are classified as a subfamily of the Cervidae and
have four sub-species.

Indian Elephant

Indian elephant, known with the scientific
name of 'Elephas maximus indicus', is a
subspecies of the Asian Elephant. It is mainly
found in the Indian subcontinent, that to in the
scrub forested areas. The other counties where
Asian elephants are found include Bangladesh,
Bhutan, Borneo, Cambodia, China, Laos,
Malaysia, Myanmar, Nepal, Thailand, Sumatra,
and Vietnam. Since Indian elephants are very
huge and can trample all other creatures, they
have no natural enemies. Even lions, hyenas,
and tigers attack only the very young elephants
and not adults.

Indian Camel

The camels found in India are the single-
humped camels, also known as the Dromedary
camels. Long-curved neck, deep-narrow chest
and a single hump characterize the Indian
camel. The hump is used by the camels as
reservoir of fatty tissues. In times of scarcity, the
tissues are metabolized and the camel receives
energy. The size of the hump is not the same in
all the camels. It differs from one camel to
another, depending upon its nutritional state.
In times of starvation, the hump can get reduced
to almost a non-existent size.

Indian dromedary camels have a heavy
growth of hair on throat, shoulder, and hump,
which is longer than the rest of the body. On an
average, the camels in India live for a period of
40 to 50 years. They are widely used by the
people of Rajasthan as a means of transportation.
Infact, the camels are known as the 'Ship of the
Desert'. They are used for carrying goods as well
as people. Indian camels also provide humans
with milk, meat, wool, leather and fuel (from
their dried dung).

Hanuman Langur

Hanuman Langur is believed to be one of
the Old World monkeys, belonging to the
Semnopithecus Genus. They comprise of 15
subspecies and are terrestrial in nature. Earlier
hanuman langurs were believed to comprise of a
single species. However, now they are recognized
as seven distinct species. Hanuman langur is
also known by the name of Gray Langur, Entellus
Langur and Common Indian Langur.

Golden Langur

Golden Langur, or Gee's Golden Langur, is
known by the scientific name of Trachypithecus
geei. An Old World monkey, it was first noticed
by the scientific community in the 1950s only.
In the Indian subcontinent, Golden langurs are
found mainly in the foothills of the Himalayas,
along the Assam-Bhutan border. The langurs
are considered to be sacred by the Himalayan
people. The coat of Indian golden langurs is
covered with rich golden to bright creamish hair.
The face is black and they have a very long tail,
which may measure upto 50 cm in length.

Long Tailed Macaque

Long-tailed macaque is also known by
some other names, like the Crab-eating
Macaque or the Cynomolgus Monkey. It is an
arboreal macaque, belonging to the Macaca
genus, and has the scientific name of Macaca
fascicularis. A native of the Southeast Asia, the
Crab-eating macaque of India has also been
flown into outer space.

Lion Tailed Macaque

Lion-tailed Macaque is one of the
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subspecies of macaque, found only in the
Western Ghats of South India. Known by the
scientific name of Macaca silenus, it has life
expectancy of 20 years in the wild and upto 30
years in captivity. Lion-tailed macaques spend
most of their time on trees and are excellent
swimmers.

Stump Tailed Macaque

Indian Stump-tailed macaque, also known
as Bear macaque, is known by the scientific
name of Macaca arctoides. It can reach upto a
length of 70 cm, at the maximum, excluding the
tail that may grow upto 8 cm in length. Indian
Stump-tailed macaques weigh 6 to 13 kg and
may live as long as 30 years.

Bonnet Macaque

Bonnet Macaque, an Old World monkey, is
also known by the scientific name of Macaca
radiata. Found only in India, it has been named
so because of its physical appearance. Indian
Bonnet macaques have a cap-like whorl of hair
on their head, which radiates outward from the
center. Since the coil of hair resembles a hat,
they have been named as Bonnet macaques.

Assam Macaque

Assam Macaque is a diurnal primate, which
inhabits the regions stretching from Nepal to
Vietnam and Southern China. It is yellowish to
dark brown in color and has a hairless face. The
color of the face is red in case of adults. Assam
Macaques are also known by the name of
Himalayan Macaque and Hill Monkeys in India.

Rhesus Macaque

A typical macaque, the Rhesus monkey of
India is believed to be one of the best species of
the Old World monkeys. It is an excellent
swimmer and enjoys water. Rhesus macaques
are quite comfortable around humans and have
the tendency to move from rural to urban areas
in search of easy food. The average lifespan of
Rhesus macaques is approximately 15 years in
the wild.

Arunachal Macaque

Arunachal Macaque, scientifically known

as Macaca munzala, is a native primate of
Arunachal Pradesh state of northeastern India.
It is called by the local population as Munzala,
meaning monkey of the deep forest. Arunachal
Macaques were discovered by the Indian
scientists in the year 2004 only.

Indian Red Panda

Red panda is a beautiful animal, found in
only some other countries of the world,
including the Indian subcontinent.
Scientifically known as Ailurus fulgens, it is
slightly bigger than the domestic cat and founds
a mention in the list of endangered species.
Indian red panda bear is quite apt at climbing
trees and is mainly herbivorous. It is also known
as the Red fox or the Common panda and is
native to the Himalayan ranges of India. A one
of its kind animals, Red panda is believed to be
a living fossil. The only other fossil close to the
panda is that of Parailurus, which lived 3 to 4
million years ago. The lifespan of a Red Panda
may range from nine years to fourteen years.

Indian Striped Hyena

Striped hyena belongs to the Hyaenidae
family and is scientifically known as Hyaena
hyaena. Strongly related to the Brown hyena, it
is basically a solitary creature. The average
lifespan of striped hyenas hovers somewhere
around 10 to 12 years in the wild. When kept in
captivity, they can live longer also.

Indian Rhinoceros

Indian Rhinoceros holds the distinction of
being the fourth largest animal, after the three
elephant species. Known by the scientific name
of Rhinoceros unicornis, the animal is found in
only two places in the world, Assam (India) and
Nepal. The Great Indian rhinoceros is a brilliant
swimmer and has an acute sense of smell and
hearing. Its maximum speed reaches 55 km/h,
that to for a short period of time.

Indian Wild Ass

Indian wild ass, also known as khur, is one
of the subspecies of wild ass belonging to
southern Asia. Its scientific name is Equus
hemionus khur. Wild ass of India has an average
age of 20-25 years.
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Indian Wild Boar

Wild boar is considered to be the wild
antecedent of the domestic pig of the Indian
subcontinent. It belongs to the Suidae biological
family, which also includes the Warthog and
Bushpig of Africa, the Pygmy Hog of northern
India and the Babirusa of Indonesia. Indian wild
boars are also quite closely related to peccary
or javelina of North, Central and South America.

Pangolin or Scaly Anteater

Habitat: Variety of habitats - forests, hills,
cultivated land, rocky crevices.  Found in much
of Eastern and Northern India and in Tamil
Nadu and Kerala also.

National Parks:  Found in many National
Parks.

Status in the Wild:  Near Threatened

Chinkara

Habitat:  Grasslands and dessert

National Parks:  Kutch Dessert Wildlife
Sanctuary, Gujarat, Gir National Forest, Gujarat

Status in the Wild:  Least concern.

Nilgiri Tahr

Habitat:  Hills of southern India at elevations
of about 1,800m (6,00 ft.)

National Parks:  Eravikulam National Park,
Kerala

Status in the Wild:  Endangered

Indian Flying Fox

Habitat: This species roosts in large colonies
of hundreds to thousands of individuals on
large trees in rural and urban areas, close to
agricultural fields, ponds and by the side of
roads  It feeds on a wide variety of fruits and
flowers, both wild and cultivated. A single young
is born between April to early June. It travels
long distances, up to 150 km to and from its
roost, a night in search of fleshy berries.

National Parks:  Point Calimere Wildlife
Sanctuary in Tamil Nadu, Palamau Tiger
Reserve and Hazaribagh Wildlife Sanctuary in
Jharkhand, Kawal Wildlife Sanctuary in Andhra
Pradesh, Molem National Park in Goa, Kanha
National Park in Madhya Pradesh, Chilka
(Nalaban) Wildlife Sanctuary in Orissa and
Indravati National Park in Chattisgarh.

BIRDS IN INDIA

India is one of the 12 megadiversity
countries of the world. There are numerous
species, the potential of which is not yet known.
Nearly 95 % of the medicines used in the
traditional treatment in India are plant based.
India's land mass is 2.4 % of the total land area
on this planet but its contribution to world's
biodiversity is app. 8% of the total number of
species.

India ranks tenth in the world & fourth in
Asia in plant diversity and ranks tenth in the
number of endemic species of higher vertebrates
in the world. India has 10 biogeographical zones
and has 6 types of natural habitats. Over 47,000
species of plants and 89,000 species of animals
have been recorded in India. Out of 4700 species
of plants, 5150 are endemic to India.

To protect & conserve its rich flora and
fauna, 12 biodiversity rich areas have been
designated as Biosphere Reserves. 5 sites in
India fall under the preview as World Heritage
sites under the World Heritage Convention.
Among the 18 hot spots in the world, two are in
India namely The Eastern Himalayas and the
Western Ghats.

India has over 350 species of mammals and
over 1225 forms of birds, some of them are
endemic to India only. Some of the unique
species found in India are Golden Langur,
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Namdapha flying squirrel, Lion tailed macaque,
Nilgiri Langur, Nilgiri Tahr, Flying Squirrel,
Malabar Grey Hornbill, Asiatic Lion, Nilgai, the
Spiral Horned Black Buck, the four horned
Chausingha.

To protect this unique wildlife India has
earmarked app. 4.2 % of the total geo-area for
conversation. A protected area network of 85
National Parks and 448 wildlife sanctuaries have
also been created.

Avifauna of India

India, one of the 12 megadiversity
countries, is very rich in biodiversity. Over 1200
species of birds comprising at least 13 % of the
world's birds are found in India.
Biogeographically, India is situated at the tri-
junction of three realms namely Afro-tropical,
Indo-Malayan and Paleo-Arctic realms, and
therefore, has characteristic elements from each
of them. This assemblage of three distinct realms
probably is a fact which is believed to partly
account for its rich and unique birdlife.

One of the main reasons for high density of
birdlife in India is presence of diverse
biographical zones classification of which has
been attributed to Rogers and Pawar (1990). We
take this classification to describe the avifauna
of India.

1. Trans-Himalayas : An extension of the
Tibetan plateau, harboring high-altitude cold
desert in Ladakh and Lahaul Spiti comprises 5.7
% of the country's landmass. This area has many

high altitude lakes and flat plains and serves as
an important breeding ground for birds like
Black-necked cranes, Bar-headed geese, Great
Crested Grebe, Tibetan Sandgrouse, Horned
Lark, The Tibetan Snowcock, Himalayan Griffen
and Wheatears etc.

2. Himalayas: The entire mountain chain
running from north-western to north-eastern
India, comprising diverse range of biotic
provinces and biomes covers 7.2 % of the
country's landmass. Out of 49 species of
pheasants, 18 are found in the Himalayan region
(Ali & Ripley 1987). Important species are
Western Tragopan, Satyr Tragopan, Blyth's
Tragopan, Temminick's Tragopan, Monal
Pheasant, Sclater's Monal, Tibetan Eared
Pheasant, Cheer Pheasant, Blood Pheasant, Kalij
Pheasant, Koklass Pheasant, Red Jungle fowl.
One other species found is the Ibisbill.

The Western Himalayas is rich in its birdlife
and some 500 species of birds are found in this
region. The other hotspot area is Eastern
Himalayas, one of the richest bird areas in India
where some 536 bird species have been
identified (Ali 1977).

3. Desert: The extremely arid area west of
the Aravalli hill range, comprising both the salt
desert of Gujarat and the sand desert of
Rajasthan covers 6.9 % of the country's
landmass. The Thar Desert is one of the smallest

Siberian Cranes

Great-Indian-Eagle
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deserts in the world, but it has a wide variety of
habitats and biodiversity. Some 250 to 300
species of birds have been reported from this
area. Some of the important species to be seen
are highly endangered Great Indian Bustard, the
migrant Houbara Bustard, various species of
Sandgrouse, raptors, wheatears, larks, pipits &
munias. Rann of Kutch acts as important
breeding ground for both Greater and Lesser
Flamingo's.

4. Semi-arid: The zone between the desert
and the Deccan plateau, including the Aravalli
hill range falls under this. This region has a
sizable population of finches, munias, larks,
doves & pigeons. Some of the species seen are
the Green Munia, the Rock Bush Quail, Malabar
Crested Lark, the Syke's Crested Lark, the Indian
Chat and the highly endangered the Lesser
Florican.

5. Western Ghats: The hill ranges and
plains running along the western coastline,
south of Tapti river, covering an extremely
diverse of biotic provinces and biomes falls
under this. One of the two hot spots of India, this
area has around 500 species of birds including
16 endemic species found in this area only.
Some important birds of the Western Ghats are
Wynaad Laughing Thrush, Nilgiri Laughing
Thrush, Nilgiri Pipit, the Broad-tailed Grass-
Warbler, Nilgiri Wood Pigeon, Malabar Grey
Hornbill.

6. Deccan Peninsula:  The Deccan
Peninsula has some of the finest Dry Deciduous
Forests, particularly in Madhya Pradesh, Orissa

and Maharashtra. Some important bird species
found in this region are Grey Jungle Fowl,
Painted Francolin, Rock Bush Quail, Yellow-
throated Bulbul, highly endangered Forest
Owlet, Jerdon's Courser, Green Munia, the
Lesser Florican & the Great Indian Bustard.

7. Gangetic Plains: Defined by the river
Ganges, these plains are relatively homogenous.
This region is famous for its flood plain wetlands
and the marshes. Some of most important
wetland birding areas are found in this region.
The bird species to be seen are Marsh Warbler,
Bristled Grass-Warbler, Rufus-rumped Grass-
warbler, Yellow-bellied Prinia, Swamp
Francolin, Bengal Florican, many types of
ducks and threatened species like pained
Storks, Black-necked Stork, Black-headed Ibis
& Black-bellied tern.

8. North-East India: North East India is
one of the two hot spots of India and covers 5.2
% of the land mass. This area has some 5800
plant species out of which around 2000 are
endemic. At least 55 flowering plants are
endemic to this area and is known for the origin
of 5 palms of commercial importance namely,
coconut, arecanut, palmgra palm, sugar palm &
wild date palm. 63 % of the genera of land
mammals in India are known from this area and
more than 60 % of India's birds are recorded in
North East. Some important birds of this region
are Spot-billed Pelican, Oriental White Stork,
both Greater and lesser Adjutant, White-winged
Duck, Pallas Fish Eagle, Swamp Francolin,
Manipur Bush-Quail, Green Peafowl, PurpleGreat-Indian-Bustard
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