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BLOCK 3 MAJOR ENVIRONMENTAL ISSUES
In this block we will discuss about the major environmental issues and their
repercussions on humanity. It is quite appropriate now to know about various
environmental issues which are a matter of concern for people across the national
boundaries. In Unit 1, we would discuss about some global issues namely global
warming and climate change. This Unit 2 discusses the threats to biodiversity (water
and air) and its conservation. Also it lists various causes for biodiversity losses and
their major impact on earth. Issues of deforestation will be explained in Unit 3. Unit
4 focusses on the various types of urban wastes and industrial wastes. It also
compares and contrasts various methods for disposal of hazardous wastes, describes
how hazardous waste is being disposed of presently in our country.
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1.1 INTRODUCTION
In this unit we will study about the global warming and climate change. First we will
know the concepts of global warming and climate change in detail. Global warming is
an important environmental issue which is rapidly becoming a part of popular culture.
Weather and climate have a profound impact on living organisms on the planet.
Ecological systems have evolved over geological time scales to suit the prevailing
climate. The past 10 to 20 years have brought disturbing evidence that human
activities may cause significant changes in future global climate. “Global Warming”
is now an issue known to hundreds of millions of people across the world. Climate
change is yet another environmental problem that has surfaced in last couple of
decades. It occurs due to rise in global warming which occurs due to increase in
temperature of atmosphere by burning of fossil fuels and release of harmful gases by
industries. Climate change has various harmful effects but not limited to melting of
polar ice, change in seasons, occurrence of new diseases, frequent occurrence of
floods and change in overall weather scenario (Callenbach, 1999).
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1.2 LEARNING OBJECTIVES
After completing the study of this unit you should be able to:
 understand the difference between weather and climate
 understand the reasons of global warming and relate it to the phenomenon of
climate change;
 discuss the harmful effects of global warming and climate change on human
health and environment
 know about the causes and effects of climate change
 discuss the conventions on global warming and climate change
1.3 DEFINING CLIMATE CHANGE AND GLOBAL WARMING
Climate refers to characteristic atmosphere conditions of a place over long periods of
time. Climate can be classified according to latitude as tropical, subtropical,
continental and arctic. It is also referred to as Mediterranean, monsoon, desert type
etc. The temperature and precipitation are two important factors among others which
influence the climate.
According to Intergovernmental Panel on Climate Change (IPCC), the climate change
is defined as a change in the state of the climate that can be identified (e.g., by using
statistical tests) by changes in the mean and/or the variability of its properties and that
persists for an extended period, typically decades or longer. Climate change may be
due to natural internal processes or external forcing, or to persistent anthropogenic
changes in the composition of the atmosphere or in land use.
The United Nations Framework Convention on Climate Change (UNFCCC) defines
climate change as a change of climate which is attributed directly or indirectly to
human activity that alters the composition of the global atmosphere and which is in
addition to natural climate variability observed over comparable time periods. The
UNFCCC thus makes a distribution between climate change attributable to human
activities altering the atmospheric composition, and climate variability attributable to
natural causes.
Climate change is used to denote ‘any change or changes in modern climate systems,
whether due to natural variability or as a result of human-caused activity, including an
increase over a period of time of the average temperature of the Earth’s atmosphere
and oceans, known as global warming. It is any change or changes in modern climate
systems, due to natural variability or anthropogenic reasons. Climate change can also
occur over a period of time due to increase in average temperature of the Earth’s
atmosphere and oceans.
“Global warming” refers to the enhanced greenhouse effect expected to result from
an increase in atmospheric concentration of greenhouse gases resulting from
emissions associated with human activities.
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1.4 DIFFERENCE BETWEEN WEATHER AND CLIMATE
Here, we should first know about the difference between weather and climate.
Weather is the state of the atmosphere (temperature, humidity, precipitation, wind,
cloud cover, etc.) in a particular location at a particular time; it fluctuates greatly and
is notoriously difficult to predict.
Climate is the time-averaged weather in a given geographical region. Climate is a
temporal and spatial average and is consequentially much more predictable than
weather. Thus, the average temperature during a given month in a particular area
(climate) can be predicted with some confidence, however, the temperature at a given
time and location (weather) is much more difficult to predict. Climate varies from
month to month, season to season, and year to year. Statistically significant changes
in climate occurring over a time scale of decades or longer constitute “climate
change”.
1.5 GLOBAL WARMING AND CLIMATE CHANGE
Climate change is yet another environmental problem that has surfaced in last couple
of decades. It occurs due to rise in global warming which occurs due to increase in
temperature of atmosphere by burning of fossil fuels and release of harmful gases by
industries. Climate change has various harmful effects but not limited to melting of
polar ice, change in seasons, occurrence of new diseases, frequent occurrence of
floods and change in overall weather scenario (Callenbach, 1999).
Solar radiation warms the Earth’s surface and the atmosphere. About one third of the
radiation is reflected back into space, about 20% is absorbed by the atmospheric gases
and the remaining amount reaches the earth surface and is absorbed by it. The energy
so absorbed is remitted in the form of infrared radiation. The atmospheric gases
absorb some of this radiation and hence do not allow all the emitted energy to escape
into the space. Thus, some of the heat is trapped by these gases and the atmosphere
becomes warmer. It is this phenomenon which raises the average temperature of earth
from -18°C to +15°C and is very vital for life on the earth. The situation is analogous
to a greenhouse which traps heat and its glass walls do not allow the heat to go out
thereby increasing the inside temperature. Therefore, this effect is called greenhouse
effect.
1.6 GREENHOUSE EFFECT
The “Greenhouse Effect” is a term that refers to a physical property of the Earth’s
atmosphere. If the Earth had no atmosphere, its average surface temperature would
be very low of about -180C rather than the comfortable 150C found today. The
difference in temperature is due to a suite of gases called greenhouse gases which
affect the overall energy balance of the Earth’s system balances absorption of solar
radiation by emission of infrared radiation to space.
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Due to greenhouse gases, the atmosphere absorbs more infrared energy than it reradiates to space, resulting in a net warming of the Earth-atmosphere system and of
surface temperature. This is the “Natural Greenhouse Effect”. With more greenhouse
gases released to the atmosphere due to human activity, more infrared radiation will
be trapped in the Earth’s surface which contributes to the “Enhanced Greenhouse
Effect”.
The gases such as carbon dioxide, methane, ozone, chlorofluorocarbons and water
vapours are responsible for greenhouse effect and are called greenhouse gases. The
contribution of water to greenhouse effect being about two-thirds and that of carbon
dioxide being about one-quarter. The other gases nitrogen (N2), oxygen (O2), argon
(Ar) present in the atmosphere are incapable of absorbing infrared radiation. The
concentration of water vapours in the atmosphere has not changed significantly but
that of greenhouse gases has shown a marked increase since the industrial revolution.
The anthropogenic (human) activities such as generation of energy from fossil fuels
and deforestation have increased CO2 concentration. The increase in the
concentration of CO2 and other greenhouse gases leads to an enhanced greenhouse
effect. This is casing an increase in the global temperature which is known as global
warming. Studies suggest that temperature has already increased by 0.3°C - 0.6°C
since 1860 and the last two decades of the twentieth century were the warmest
particularly the year 1998.
From 1850 onwards, the decade 2000-2010 had been the warmest one particularly the
two years 2005 and 2010 were the warmest years. This global warming would change
global climate patterns and cause a rise in sea levels. It is estimated that the sea-level
may rise by 0.5 m to about 1m. The rise in sea level is due to thermal expansion of
water in oceans and melting of glaciers and polar ice-sheets. This has serious
implications for people living on coastal areas and islands. The other effects of global
warming being a more vigorous hydrological cycle which may cause more severe
floods, rainfall and droughts and ecological changes affecting agricultural
productivity and survival of forests. A warmer climate may also increase the
infections or diseases such as malaria, dengue, yellow fever and viral encephalitis.
1.6.1 Types of Greenhouse gases
Greenhouse gases comprise less than 1% of the atmosphere. Their levels are
determined by a balance between “sources” and “sinks”. Sources and sinks are
processes that generate and destroy greenhouse gases respectively. Human affect
greenhouse gas levels by introducing new sources or by interfering with natural sinks.
Four primary compounds are thought to be responsible for global warming. The
major greenhouse gases in the atmosphere are carbon dioxide (CO 2), methane, (CH4),
nitrous oxide (N2O), chlorofluorocarbons (CFCs) and ozone (O3). Atmospheric water
vapour (H2O) also makes a large contribution to the natural greenhouse effect but it is
thought that its presence is not directly affected by human activity. Carbon dioxide
(CO2) gas is thought to be responsible for 50 to 55 percent of the global warming
trend. Carbon Dioxide, along with water vapour and methane (which is largely
produced by bacteria, either free-living or inhabiting the guts of animals including
cows and termites), is a major “greenhouse gas”.
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Greenhouse gases in the atmosphere prevent some incoming solar energy from being
radiated out again into space. An increase in any greenhouse gas thus tends to
increase average planetary temperatures-causing global warming. If human continue
to liberate carbon dioxide at the present rate, over the next century this warming will
probably melt enough polar ice to cause rises in sea level that will flood low-lying
areas in many countries.
Fossil fuel combustion (the burning of coal, oil, gas, natural gas) and increased
deforestation (the clearing away of forests to use the land for other purposes) are
thought to be the main reasons for increased levels of carbon dioxide in our
atmosphere. Trees and other plants need carbon dioxide to live, much as we humans
need oxygen to live. Fewer trees means less CO2 removed from the air.
Chlorofluorocarbons (CFCs) are thought to be responsible for 25 percent of global
warming. CFCs are used to make plastic foams and aerosol propellants in addition to
being used as refrigerants in air conditioners and refrigerators. Methane (CH4) is
indicated in approximately 12 percent of the global warming trend. It is produced by
bacterial decay of organic matter and in the stomachs of cattle, sheep, termites, and
other organisms. Some methane also comes from industry and other man-made
sources. Nitrous oxide (N2O) is responsible for about 6 percent of global warming.
Nitrous oxide is produced as a by-product of certain industrial processes, by
microbial action on nitrogen fertilizers and livestock wastes, and from volcanic
eruptions.
1.6.2 Potential Impact of Enhanced Greenhouse Effect on Human Life
Now, we will discuss about some of the potential impact of greenhouse effect on
human health and the environment. It includes economic, agricultural impact and also
would affect the aquatic systems and hydrological cycle.
a) Economic Impact
Over half of the human population lives within 100 kilometres of the sea. Most of this
population lives in urban areas that serve as seaports. A measurable rise in sea level
will have a severe economic impact on low-lying coastal areas and islands, for
examples, increasing the beach erosion rates along coastlines, rising sea level
displacing fresh groundwater for a substantial distance inland.
b) Agricultural Impact
Experiments have shown that with higher concentrations of CO2, plants can grow
bigger and faster. However, the effect of global warming may affect the atmospheric
general circulation and thus altering the global precipitation pattern as well as
changing the soil moisture contents over various continents. Since it is unclear how
global warming will affect climate on a regional or local scale, the probable effects on
the biosphere remains uncertain.
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c) Effects on Aquatic systems
The loss of coastal wetlands could certainly reduce fish populations, especially
shellfish. Increased salinity in estuaries could reduce the abundance of freshwater
species but could increase the presence of marine species. However, the full impact
on marine species is not known.
d) Effects on Hydrological Cycle
Global precipitation is likely to increase. However, it is not known how regional
rainfall patterns will change. Some regions may have more rainfall, while others may
have less. Furthermore, higher temperatures would probably increase evaporations.
These changes would probably create new stresses for many water management
systems. Apart from that it would also affect the environment with the rise in the sea
level.
e) Rise in Sea Level
If global warming takes place, sea level will rise due to two different processes.
Firstly, warmer temperature will cause for higher sea level. Secondly, water from
melting glaciers and the ice sheets of Greenland and the Antarctica would also add
water to the ocean. It is predicted that the Earth’s average sea level will rise by 0.09
to 0.88m between 1990 and 2100.

Check Your Progress Exercise 3.1
Notes:
I.
Write your answer in the space given below.
II.
Compare your answer with the one given at the end of this Unit.
Question 1) Discuss about greenhouse gases? Give some examples of greenhouse
gases.
…………………………………………………………………………………………
…………………………………………………..………………………………………
…………………………………………………………………………………………
Question 2) Describe briefly about the harmful effects of global warming.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

1.7 CAUSES OF CLIMATE CHANGE
Climate change can occur due to natural causes and anthropogenic or manmade
causes. The natural causes that lead to global warming are:
1. The sun’s energy: the quantum of solar energy that reaches earth varies over a
period of time, and impacts temperature. Earth becomes warmer or cooler based on
the solar energy it receives. This could result in changes to the climate.
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2. Atmospheric gases: Greenhouse gases have a strong effect on the climate. Climate
change occurs since enhanced quantities of greenhouse gases trapping higher
quantities of sun’s heat energy in the atmosphere. This trapped energy is then radiated
or redistributed on the Earth’s surface altering the temperature and climate. Among
the greenhouse gases, CO2 plays a major role in driving climate change. A continuous
build-up of greenhouse gases will change the climate significantly.
3. Ocean currents: the water in oceans is constantly moving in regular patterns due
to the activity of winds. These movements are called ocean currents. This movement
plays a significant role in heating up of the globe. For example, when water moves up
from the colder, deeper parts of the ocean to the warmer surface, the heat is carried
around the globe. In this manner ocean currents have big impact on earth’s climate.
When the normal path of the ocean current is disturbed, climate change can happen,
leading to incidents like extremes of rainfall or drought. The phenomenon of EI Nino
is a classic example of the impacts of change in the path of ocean currents.
4. Volcanic eruptions: the eruption of volcanoes release tiny particles, dust, fumes,
etc. into the atmosphere. These particles getting suspended in the upper parts of the
atmosphere. These particles getting suspended in the upper parts of the atmosphere
can directly affect the earth’s temperature and climate.
5. Snow and ice: The poles and mountains are covered with ice and snow. The snow
and ice being light in colour have the ability to reflect solar energy back out to the
atmosphere. When snow and ice melt as earth’s climate warms, less energy will be
reflected and this will lead to further warming.
1.8 EFFECTS OF CLIMATE CHANGE
Climate change will have a significant impact on the global environment. According
to Intergovernmental Panel on Climate Change (IPCC):
Climate change directly affects the functions of individual organisms (e.g.,
growth and behaviour), modifies population (e.g., size and age structure) and
affects ecosystem structure and function (e.g., decomposition, nutrient cycling,
water flows, and species compositions, and species interactions) and the
distribution of ecosystems within landscapes; and directly through, for
examples, changes in disturbance regimes.
It is generally accepted that faster the climate changes, the greater will be the risk of
damage. Climate change will lead to drastic variations in the biospheric ambient
temperature and can lead to a number of adverse effects. A few of the effects are
presented below in a table.
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Effects of Climate Change
Effect
Heat stress

Change
rainfall
pattern

Melting
glaciers

Details
Global temperature is expected to rise over 50C by the turn of the
century. This projection is the average rise in temperature around the
globe. The temperature rise at the regional level may vary, with certain
places having much higher levels.

in There will be changes in the precipitation patterns, with accelerated
hydrological cycle. This will increase precipitation in some areas and
decline in others. This change could affect water supplied, as water
will end up where it is less needed.
Glaciers are an essential part of the Earth’s natural environment. It is
one of the significant and sensitive indicators of climate change. The
world’s glaciers have been steadily receding. This is attributed to
change in climate elements such as temperature, precipitation, wind
speed, humidity and solar radiation. Melting sea ice will lead to global
changes in water resources and circulation, and could speed up
warming of the Arctic. The shrinking of glaciers will increase the
supply of water to the oceans and the atmosphere, leading to a
significant rise in the sea level.

The sea level has already risen by four to eight inches during the 20 th
century due to the effect of melting ice and thermal expansion of
warmer ocean water. The sea is expected to rise even greater in the
Sea level 21st century. The mean sea level is expected to rise 9 to 88 cm by the
rise
and year 2100, leading to flooding of low-lying areas and other related
saltwater
collateral damages. Some such damages include subsistence; erosion
intrusion
and submerging of coastal wetlands and mangroves; and intrusion of
saltwater into rivers, estuaries, altered coastal aquifers. There could
also be changes in salinity distribution in estuaries, altered coastal
circulation patterns, destruction of transportation infrastructure in lowlying areas, reduced fish harvest, increased frequency in occurrence of
hurricanes, etc.
Climate change will affect the physical, biological and biogeochemical
characteristics of the oceans and coasts. It will modify their ecological
Marine and structure and functions. The temperature of the sea surface is projected
coastal
to increase by around 10 C to 20 C. this could lead to large scale
systems
bleaching of corals around the globe. Further, rise in sea level is
expected to impact around 20 percent of coastal wetlands by 2030.
This could lead to a large number of other adverse trends towards
further wetland loss.
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Mangroves

Freshwater
depletion

Habitat loss

Mangroves are unique ecosystems which offers significant and unique
habitat to birds, mammals and fish populations. In addition to
establishing a complex marine food chain, it also creates a breeding
habitat for many aquatic beings. The unique anchoring root system of
mangroves filters and assimilates pollutants, stabilize bottom
sediments and protect the shoreline from erosion. Mangroves also
serve as protection against storm surge and act as wind breakers,
protecting life, habitat and agricultural lands. Climate change will
adversely affect this unique ecosystem.
The precipitation and evaporation patterns could change leading to
prolonged droughts. This will result in disparity between the rates of
evapotranspiration against precipitation. As a result of this
phenomenon, ground water would get depleted and permanent water
bodies would dry up. In India this will have serious repercussions as
majority of the population residing in arid and semiarid regions will
have reduced access to fresh water. This could lead to social tensions
and unrests.
Climate change is likely to have a significant impact on the various
habitats. The rise in mean sea level is expected to cause flooding of
low-lying areas thereby damaging freshwater habitats and agro
ecosystems. The fresh water and estuarine habitats which are breeding
grounds of thousands of fishes, mollusks and amphibians would be
destroyed due to inundation during the high tides. Further, the
mangroves, coastal wetlands, beach ecosystem coral reefs, sea
vegetation etc., will also be degraded in a large scale. In the arable
lands, invasion of alien species of plants will lead to destruction of
natural habitat and the indigenous species. For example, Lantana and
Parthenium sp. That was accidentally introduced in India have
invaded forest lands and cultivated fields, leading to serious habitat
destruction.

Climate change could lead to increase in the global precipitation and
changes in the severity or frequency of extreme events. The climatic
zones are expected to shift pole ward, disrupting forests, deserts,
Loss
of rangelands and other unmanaged ecosystems. Due to this, many of the
biodiversity ecosystems will decline or fragment leading to extinction of a number
of individual species which will have direct effect of the biodiversity.
It is also stated that biodiversity will decrease due to multiple
pressures like increased land use intensity and the destruction of
natural and semi-natural habitats. This decrease will be in both genetic
and species biodiversity. These changes can lead to the breakdown of
the structure and functioning of the ecosystem as well as its interaction
with the various cycles like water, carbon, nitrogen etc.
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1.9 CONVENTIONS ON GLOBAL WARMING AND CLIMATE CHANGE
The increasing concern about the climate change led the World Meteorological
Organisation (WMO) and United Nations Environment Programme (UNEP) to
establish the Intergovernmental Panel on Climate change (IPCC) in 1988. Its First
Assessment report was completed in 1990. The Third Assessment report (in 2001)
includes results of research about the changes in climate up to the year 2000. It
projects an increase in the surface temperature by 1.4°C – 5.8°C by the year 2100
which is higher than 1.0°C – 3.5°C as predicted in the Second Assessment report.
Such a warming would be even greater than that which has occurred over last 10,000
years. If the rate of change is temperature is so fast then the ecosystems and
organisms would not be able to adapt to the changed environment.
The Fifth Assessment Report was completed in November 2014. IPCC assessments
provide a scientific basis for governments to develop climate related policies.
Some of the highlights of the 5th Assessment Report are as follows:
 Since the 1950s, many of the observed changes have occurred at a very fast
rate. The atmosphere and oceans have warmed, the amounts of snow and ice
have diminished, sea level has risen, and the concentrations of greenhouse
gases have increased.


Each of the last three decades has been successively warmer at the Earth’s
surface than any preceding decade since 1850. In the Northern Hemisphere,
1983– 2012 was likely the warmest 30-year period of the last 1400 years.



Over the last two decades, the Greenland and Antarctic ice sheets have been
losing mass, glaciers have continued to shrink almost worldwide, and Arctic
sea ice and Northern Hemisphere spring snow cover have continued to
decrease in extent.



The rate of sea level rise since the mid-19th century has been larger than the
mean rate during the previous two millennia. Over the period 1901 to 2010,
global mean sea level rose by 0.19 m.

The UN General Assembly decided to launch negotiations in December 1990 which
started in February, 1991. This led to the United Nations Framework Convention on
Climate Change (UNFCCC) which was adopted in May 1992. It was ratified by 50
countries and came into force in March 1994. Till November, 2011, 194 countries and
1 regional economic organization (the European Union) became party to this
convention. As of 5th Oct 2016, 144 Parties have ratified the Convention out of 197
Parties. The UNFCCC aims to stabilise concentrations of greenhouse gases in the
atmosphere at a level that would prevent dangerous anthropogenic interference with
the climate system within a timeframe sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food production is not threatened and to
enable the economic development to proceed in a sustainable manner. The Parties to
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the UNFCCC adopted the Kyoto Protocol in 1997 which requires the developed
countries and economies in transition to reduce their overall emissions of greenhouse
gases by 5.2% below the 1990 levels.
In July 2001, the Sixth Conference of Parties, (COP 6) was held in Bonn where a
political agreement was held to help the countries to move towards the adoption of
Kyoto Protocol. This agreement was formalised in October November, 2001 as
Marrakesh Accords at the COP 7 held at Marrakesh, Morocco. The United States
unilaterally withdrew but the compromises on key issues such as funding, technology
transfer, adverse impacts of climate change and response measures, flexibility
mechanisms and compliance were arrived at.
The Eighth session of COP (COP 8) was held at New Delhi from 23rd October – 1st
November 2002. The details of the Delhi Ministerial Declaration on Climate change
and Sustainable. The COP 21st meeting was held in Paris, France from 30th
November to 11th December, 2015 and COP 22 was held from 7th to 18 November,
2016 at Marrakesh, Morocco. The COP 23 was organised by Fiji in Bonn from 6-17th
November, 2017. The 24th Conference of the Parties to the United Nations
Framework Convention on Climate Change (UNFCCC) was held from 2-14
December 2018, in Katowice, Poland. The main objective of the Polish Presidency at
COP 24 was to adopt a decision ensuring full implementation of the Paris Agreement
(the so-called implementation package - the Katowice Rules). India is party to the
UNFCCC. It signed the treaty on 10th June, 1992 and ratified the same on 1st
November 1993.As the greenhouse gas emissions by India are not very significant
and in view of the low financial and technical capacities, India does not have binding
of greenhouse gases mitigation commitments.
The climate change would affect pattern of rainfall. This may cause floods in some
areas while drought in others. The soil moisture may also change. As the climatic
factors related to agricultural productivity would change; there would be serious
implications on food production. The shortage of food production may lead to
malnutrition in people and also the escalation of prices of food commodities. India is
also highly vulnerable to climate change. Our economy depends upon climate
sensitive sectors such as agriculture and forestry. Also, our coastline is also densely
populated and hence, is under potential threat by rise in sea level. In case of any
natural disaster, people are forced to migrate and there is a chance of heavy loss of
human lives and property. In June 2008, Government India laid down its National
Action Plan on Climate Change (NAPCC).The National Action Plan on Climate
Change identifies measures that promote our development objectives while also
yielding benefits for addressing climate change effectively.
There are Eight National Missions which form the core of the National Action Plan,
representing multi-pronged, long-term and integrated strategies for achieving key
goals with reference to climate change.
This is to be achieved through the following eight missions:
 National Solar Mission
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National Mission for Enhanced Energy Efficiency
National Mission on Sustainable Habitat
National Water Mission
National Mission for Sustaining the Himalayan Ecosystem
National Mission for a Green India
National Mission for Sustainable Agriculture
National Mission on Strategic Knowledge for Climate Change

1.10 LET US SUM UP
In this unit, we have tried to draw attention to various issues which are a matter of
worldwide concern because of their harmful effects on human health and the
environment. We have discussed some global issues such as global warming and
climate change. These issues were briefly explained and their causes and effects on
human health and environment were discussed. In the absence of policies to address
the accumulation of greenhouse gases in the atmosphere it appears very likely that
over the next century the concentration of atmospheric carbon dioxide will reach a
level which is substantially (a factor of 2-3) greater than that of the preindustrial era.
It would also seem prudent to devote additional resources to improve the scientific
understanding of the climate system and hence reduce the uncertainties associated
with projections of future climate change. Climate change is a long term global issue
which requires a long term global solution. Regardless of whether global warming is
occurring as a result of the greenhouse effect, most scientists agree that there are steps
that we should take to reduce the amount of air pollutants that are thought to cause it.
These steps would reduce air pollution and save energy at the very least.
Some recommended things that we can do include:
 reducing the production of CFCs;
 reducing the use of fossil fuels;
 increasing the use of air pollution control devices;
 decreasing deforestation;
 planting more trees;
 reducing water pollution; and
 slowing human population growth.

1.11 CHECK YOUR PROGRESS: ANSWER KEYS
Ans. to Q.1.)

Gases present in the atmosphere which absorb the radiation
(heat) and do not allow it to escape are called greenhouse gases.
The examples of greenhouse gases are carbon dioxide, ozone,
methane and chlorofluorocarbons.

Ans. to Q.2.)

Global warming will lead to climate change which can in turn
affect the pattern of rain fall and soil moisture. The change in
climatic factors related to agriculture productivity would affect
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food production. The climate change would also cause rise in
sea level which would be dangerous for the people living near
the coast lines.
1.12 GLOSSARY
Aerosols:

Small solid particles or liquid droplets suspended in the air.

Biosphere:

Sum of all living biological systems.

Biotic:

Pertaining to life

Carbon dioxide (CO2): Colourless gas with sharp odor, formed in combustion of
carbon containing materials (e.g. fossil fuels, biomass), in
respiration of animals, and fermentation. Taken up by plants
during photosynthesis. The main anthopogenic greenhouse gas.
Chlorofluorocarbons: Compounds thought to be responsible for 25% of the global
warming trend. Chlorofluorocarbons (CFCs) are used in air
conditioners and refrigerators, as well as in making plastic
foams, and in aerosol propellants.
Climate:

Time-averaged weather in a given geographical region.

Climate change:

Any significant long-term change in the expected patterns of
average weather of a region or the whole earth over a
significant period of time.

Decomposer:

Micro-organisms such as bacteria, fungi and maggots that
obtain energy from breakdown of dead organic matter and
convert them into more simple substances.

Environment:

The sum total of living and non-living components; influences
and events surrounding an organism.

Global warming:

Heating of earth’s atmosphere due to increasing concentration
of carbon dioxide and other green house gases.

Greenhouse gas:

Gas in the atmosphere that absorbs and emits at wavelengths
within the spectrum of infrared radiation emitted by the
Earth's surface (terrestrial radiation).

Green house effects: The situation is analogous to a greenhouse which traps heat
and its glass walls do not allow the heat to go out thereby
increasing the inside temperature. Therefore, this effect is
called greenhouse effect.
Habitat destruction: The process in which natural habitat is rendered functionally
unable to support the species present. In this process, the
organisms which previously used in the site are displaced or
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destroyed, reducing biodiversity.
Methane:

This gas is thought to be responsible for approximately 12%
of the global warming trend. It is produced by bacterial decay
of organic matter and in the stomachs of cattle, sheep,
termites, and other organisms. Some also comes from industry
and other man-made sources.

Nitrous Oxide:

Gas that is responsible for about 6% of the global warming
trend. It is produced by the microbial breakdown of nitrogen
fertilizers and livestock wastes, from volcanic eruptions, and
from industrial processes.

Sink:

means any process, activity or mechanism which removes a
greenhouse gas, an aerosol or a precursor of a greenhouse gas
from the atmosphere.

Source:

means any process or activity which releases a greenhouse gas,
an aerosol or a precursor of a greenhouse gas into the
atmosphere.

Weather:

State of the atmosphere (temperature, humidity, precipitation,
wind, cloud cover, etc.) in a particular location at a particular
time.
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2.1 INTRODUCTION
In this unit, we will learn about the biodiversity in detail. Biological diversity is a
complex and multidimensional reality. It is the key to adaptive success in the
biosphere, and the basis of life on the earth. The concept is widely used across the
world by the scientific community, conservationists, economists, environmentalists,
industrialists, and general public. It is perceived, understood and interpreted
differently by different sections of the society. This is perhaps because of the
diversity of life itself, which shapes the world’s diverse cultures. For instance, most
of the world’s biological diversity exists in majority of the third world/developing
countries, which fall in the tropical regions with diverse environments. So, the
developing countries are considered as the cradle of biodiversity (biodiversity rich),
whereas the developed countries are poor in biodiversity. The perspectives of the
“global South” (developing countries or Third world or Eastern world) vary from that
of the “global North” (developed countries or Western world or Euro-American
world).
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2.2 LEARNING OBJECTIVES
At the end of this unit, you will be able to
 define biodiversity and the meaning and definitions of biodiversity
 understand the threats to biodiversity
 discuss the importance of studying about the loss of biodiversity
 state different levels and use values of biodiversity
 explain list various causes of biodiversity loss and discuss its major impact on
whole world
 explain the need and concept of and biodiversity conservation and biodiversity
hotspots
2.3 CONCEPTS/DEFINITIONS OF BIODIVERSITY
Biological diversity (or in short, biodiversity) simply means the diversity of life. It
refers to the variety and variability among living organisms, and the ecological
complexes in which they occur. As we know, there are various kinds of organisms
existing on the earth and the humankind is one among them. All life forms have their
own intrinsic value and role in providing the conditions for emergence and
maintenance of other life forms. In particular, they all provide the basis of life for
human beings and survival of our diverse cultures. In other words, our life on the
earth depends on the existence and survival of other living organisms, which provide
various services directly and indirectly. So, there is growing recognition on the value
of biological diversity as vital to human life. The term biological diversity was first
used by E.A. Norse and R.E. McManus in 1980 in biology; and later the shortened
term biodiversity was coined by Walter G. Rosen in 1985 for a conference “The
National Forum on Biodiversity” held in Washington D.C. in 1986. But, it became
popular with an international Convention on Biological Diversity, which was adopted
at the United Nations Conference on Environment and Development (UNCED) (the
Rio “Earth Summit”) held at Rio de Janeiro in June 1992 and came into force in
December 1993, by which time it was ratified by 168 countries.
Biodiversity is the diversity of and in living nature. Diversity, at its heart, implies the
number of different kind of objects, such as species. However, defining biodiversity
or measures of biodiversity is not so simple. The official term biodiversity to
understand this interdependence of species was coined first in the year 1992, and the
Global Biodiversity Strategy defined it in terms of three distinct dimensions, “the
variety of genetically distinct populations within a given species; the ten million or so
species of plants, animals, and microorganisms; and the diversity of ecosystems of
which species are functioning parts” (Speth 2004:25).
The 1992 Earth Summit in Rio de Janeiro defined biodiversity as:
“The variability among living organisms from all sources, including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part: this includes diversity within species, between species and of
ecosystems”.
17

The second most-used definition of biodiversity was given by the Global Biodiversity
Strategy (World Resources Institute (WRI), International Union for Conservation of
Nature (IUCN), and United Nations Environment Programme (UNEP), 1992) as “the
totality of genes, species, and ecosystems in a region.” Besides these two, there are
numerous definitions for this concept. As the above definitions indicate, biological
diversity is the richness and variety of life on earth. The variety of life is expressed in
a multiplicity of ways. It is generally understood in terms of genes, species, and
ecosystems. The three constitute different levels of biological organisation, and these
are referred to as Genetic, Species, and Ecosystem diversities respectively.
United Nations Educational, Scientific and Cultural Organization (UNESCO) defined
biodiversity as “an umbrella term for variability among living organisms from all
sources including terrestrial, marine and other aquatic ecosystems and ecological
complexes of which they are part”.
2.4 THREATS TO BIODIVERSITY
Gustave Speth ( 2004: 30-42) has identified nine principal threats to biodiversity;
namely land use conversion, land degradation, freshwater shortages, water course
modifications, invasive species, overharvesting , climate change., ozone depletion and
pollution. Each of these is mostly caused by anthropogenic activities, the major
culprit being a capitalist, consumer driven society that has pulled out the plugs from
overconsumption and overexploitation. Although, human populations have increased
to a very large extent it is not just population but a wasteful and lavish lifestyle that
has led to the problems.
Land has been steadily converted for human habitations; primary forests have been
removed for centuries to give way to agricultural land and urbanisation. The rate of
growth of cities and concretisation is rising at exponential rates. It is believed that the
natural forests of the tropics, one of the richest sources of biodiversity are
disappearing at the rate of one acre a second. Even what is remaining is soon to be
destroyed for the sake of so called development in countries like Borneo and the
Amazon. The natural habitats of many species like the gibbon and the tigers are fast
disappearing. In India, we are constantly facing the tensions between saving tiger
habitats and the interests of mining and multinational companies. Even local people
are protesting against tiger reserves saying that they occupy the place of money and
job generating industries. Remaining forest and land are getting degraded every day.
Water tables are falling and wetlands being filled up for urban development. A case
in point is the suburbs of Kolkata built on extensive wetlands that kept the climate of
the city cool and replenished the water table. Already the temperature is rising and
soon the city may face a water crisis. California presents one of the most serious
situations of desertification and reports a loss of 60% of its fish species.
Fresh water that should primarily have been left for drinking is increasingly diverted
to other uses such as for mining and construction; even for water sports and other
wasteful activities. As of today the fresh water supply of the globe is depleting at an
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alarming rate. Many perennial rivers are drying up including the Yamuna in Delhi
that presents a sorry picture of a drain rather than a river in the dry season. Pollution
and discharge of industrial effluents is also killing the marine life and also poisoning
them. Almost every day we hear news of either hundreds of dolphins dying or
penguins or many such sea and river creatures whose dead bodies float up in
hundreds. Species like the Olive Riddle turtle on the coasts of Orissa are almost
extinct. Fresh water is also lost to damming of rivers that often cause overflow and
floods. Forcible changing of natural flow of rivers is detrimental to life of species of
marine animals and also for the pollution of the rivers that become stagnant and dirty
once they lose their natural flow. The over harvesting of species has been one of the
primary reasons for species extinction. We all know how the tiger and lion population
of India was decimated for pure greed and unnecessary display of power and sport.
The Cheetah was made extinct simply for ego satisfaction of a few royals who killed
them to extinction only for so called sport. Even too much collection for food is now
threatening the life of wild species such as deer, many varieties of popular fish like
blue fin tuna and the whale. Even when legislations exist they are flouted with
impunity and poaching and illegal logging account for more species loss than any
other cause.
Industrialisation and use of harmful chemicals such as pesticides, chemical fertilisers
and CFCs lead to the depletion of the ozone layer causing the increase in harmful
ultraviolet rays that also cause global warming. This climate change has also been the
reason for extinction of many species which cannot adjust to the rising climates as
their ecological niche or food base are destroyed and they also fall prey to disease
because of the temperatures. The places of extinct species are often taken up by the
invasive species that then destroy the environment. For example. In the second stage
of deforestation the land is often taken over by cactuses that are not useful in the way
the original vegetation was. Pollution caused by release of poisonous gases,
chemicals in water and ground water pollution causes many lives to be lost and
deceased and abnormal progeny to be born. Pollution can be of many kinds and even
noise and electromagnetic waves are causing many species such as small birds and
butterflies to be extinct. Many birds earlier common in cities like sparrows are no
longer to be seen.
2.5 LOSS OF BIODIVERSITY
The loss of biodiversity appears to be accelerating because of habitat change, growth
of population and technological change. The loss of biological diversity has become
an important scientific and political issue since 1970 and increasingly addressed by
anthropologists. Biodiversity conservation has become an issue in political ecology,
one of the subfields of the environmental anthropology. In anthropology such
conservation schemes may expose very different notions about the “rights” and value
of plants and animals versus those of humans. Anthropologists have contributed to
biodiversity conservation in many areas like forest, marine ecosystem, pastoralism,
and natural resource management etc. Anthropologists are involved in both protected
area and agricultural resource conservation as researchers on indigenous knowledge
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and management, as practitioners in managing conservation programs, and as
advocates for indigenous peoples’ rights.
Thus, there are many reasons for the loss of biodiversity and most of these are as we
have seen man made. Some of the worst causes of such depletion of biodiversity have
been human greed as maximum loss is because of illegal felling and poaching. In
most countries it is the state that now owns most of the natural assets like forests and
rivers and it depends upon the nature of the state as to how the resources are taken
care of. It is often found that in military regimes and corrupt states the natural
resources are plundered and in democracies there are some avenues open for the
public and the motivated people to take some action. For example, PILs (Public
Interest Litigations) filed by environmentalists as well as street level protests and
media actions can have some effect in democracies but such action cannot be taken
under dictatorships. India, for example, has an excellent record of filing of such
litigations but it is also set off by corruption that often reverses the benefits of good
legislation and legal actions. Intellectual Property rights are one such way in which
legal actions can help preserve biodiversity especially in the face of rising
commercial actions with respect to genetic materials.
2.6 NEED FOR STUDYING ABOUT THE LOSS OF BIODIVERSITY
With the varied perceptions of biological diversity, various reasons exist for its
conservation. Thus, there are various ways of understanding the biodiversity from the
values and worldviews of different cultures. The varied understandings range from
the perspectives of cosmocentric (or ecocentric) to anthropocentric and for the values
of moral, ethical, aesthetic, economic and ecosystem services of biodiversity. These
provide the basis for managing the biological diversity. Current discourses on
biological diversity draws attention for two reasons: growing recognition of the
importance of biodiversity on the one side and the rapid erosion of biodiversity on the
other side. The importance of biodiversity can be understood in two dimensions:
values and levels. The value dimension considers biodiversity for: a) intrinsic value
(ecocentric), and b) anthropocentric value. The former views nature as innately
valuable, or in other words, biological diversity has an intrinsic value that is worth
protecting regardless of its value to humans. The latter views biological diversity as
economically valuable, as it performs a number of services for human beings, which
have economic, ecological, aesthetic or recreational values. It considers biodiversity
as a resource that can be used for human wellbeing.
Biological diversity can also be understood by the levels: 1) local people, 2)
environment, and 3) humanity. The services and benefits of biodiversity spread across
these levels and varies among them. Firstly, biodiversity is inextricably linked with
the local people such as, tribals, peasants, fisher-folk, etc., who derive their livelihood
directly from nature. They are wholly dependent on the biodiversity for survival.
Biodiversity also provides insurance against their future. Secondly, for environment,
biodiversity provides ecosystem services such as, photosynthesis, regulation of
climate, soil and water conservation; maintaining of biogeochemical cycles 20

recycling of water, oxygen, carbon dioxide, nitrogen, sulphur, carbon, etc. Lastly, the
humanity as a whole benefits from biodiversity in various ways and levels: for life
supporting ecosystem services, for various raw materials from nature for consumption
and for market, and the benefits of the local people contribute to that of the humanity
as the locals are part of the whole. Moreover, biodiversity provides the base for
cultural diversity with diverse ecological conditions.
Despite such significance, there is the erosion of biodiversity, and it is expanding and
accelerating today mainly due to anthropogenic causes, and to a lesser extent due to
natural causes and climatic perturbations. The human activities that cause the loss of
biodiversity operate in various ways. These include: 1) globalisation of an industrial
culture, 2) commodification of resources, 3) over-consumption/ exploitation of
resources, 4) destruction of habitats, 5) dominance of Western science over the local
ecological knowledge, and 6) emergence of “agribusiness” with monocultures.
However, the loss of biodiversity also results in the disappearance of cultural
diversity since both are intimately linked. On the other hand, biological diversity of
various ecosystems remains poorly explored and the majority of species remain
unidentified. According to a report of Convention on Biological Diversity (Global
Biodiversity Outlook 1, 2001), globally around 1.75 million species to date have been
described and formally named, It is estimated that there are around 14 million more
species exist but remain undiscovered, undocumented and unknown. They may be
carrying more services/values and have more worth on the earth. In view of the
above, it is imperative to act for the conservation of biodiversity, notwithstanding the
variations in values and reasons among different societies for biodiversity.
2.7 CAUSES OF BIODIVERSITY LOSS
The main causes of biodiversity loss include land-use changes, changing levels of
atmospheric carbon dioxide, changing climate, biological invasion and nitrogen
deposition (air pollution). The causes of biodiversity loss are many and varied, and
often interrelated. You will study about these factors in detail in the following
subsections.
Habitat Loss
Habitat refers to the area where species seek food, get shelter and reproduce. The
greatest threat to wild plant and animal species is due to destruction or alteration of
their habitat. If an animal’s habitat is destroyed or disrupted, it must adapt to the new
changes, move elsewhere or die. When it is forced out of its territory, and if it finds a
suitable habitat there is a possibility that the habitat is already in use. Consequently, it
must compete with the local population of the same species as well as other animals.
The other option is that it must migrate into a marginal habitat where it may succumb
to predation, starvation or disease. Some organisms such as pigeon, house sparrows,
rodents (like rat and mice) and deer flourish in the modified habitats provided by
human activities but many others do not.
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Case study 1: Fragile habitats
Coral Reefs
Coral reefs have been found to be particularly fragile as they are susceptible to a rise
in water temperature, sea levels and the introduction of pollutants and sediments that
change its water quality. Coral reef development is greatest in warm, shallow sundrenched areas and it needs clean and clear water. Productivity is decreased, or even
eliminated, in areas subject to dirty sediment-laden water. Coral growth is naturally
very slow. In 1992, about 10% of the earth’s existing coral reefs were found to be
irreparably damaged, while 30% were expected to suffer damage within the next 20
years. It is also expected that there may be a further 30% loss within the next 20-40
years if remedial action is not implemented. It is estimated that Tsunami, 2004 had
caused considerable damage to the coral reefs of coastal areas of India, Sri Lanka and
Thailand.
Oceanic Islands
Existing data shows that 75% of the recorded animal extinctions since 1600 have
been on islands rather than in continental areas .Terrestrial species in isolated oceanic
islands are more vulnerable to being wiped out than continental species. The reasons
for species extinction on oceanic island are restricted ranges, threat from alien species
and characteristics of island species.
Habitat Islands
Species in ecological islands or “habitat islands” (areas of habitat separated from
other such areas by inhospitable environments that act as effective barriers to
dispersal) are at greater risk of extinction. For instance, freshwater lakes – bodies of
water surrounded by land – like real islands, suffer high rates of extinction due to
habitat modification or the introduction of exotic invasive species. Among continental
extinctions, at least 66% of species loss has been in aquatic habitats. Biodiversity loss
in lakes is further increased by the fact that isolated inland water bodies can also have
a high species endemism, resulting in global extinctions when these species are lost.
Habitat destruction is recognised today as the most significant threat to global
biodiversity and bears responsibility for much of the species loss worldwide. This
includes:
This includes:
 felling of forests for land use (e.g. clear felling for development, agriculture),
large scale logging and small scale patchwork agriculture. Shifting cultivation
alone is believed to be responsible for 70% of deforestation in Africa, 50% of
deforestation in Asia, and 35% of forest loss in the America.
 destruction of mangrove sites for aquaculture
 mining and destruction of corals
 conversion of wetlands for land uses
 over-extraction of timber and fuel wood
 human-induced burning of habitats(e.g. forest firing for shifting cultivation
and firing grasslands to improve fodder for cattle)
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damming of rivers
siltation and sedimentation of freshwater bodies
pollution also disturbs the natural habitat considerably. Industrial wastes cause
severe impact, particularly on the aquatic habitats. For example, during the
1950s and 1960s, insecticides particularly chlorinated hydrocarbons (such as
DDT), reduced the population levels of several birds such as the bald eagle
and brown pelican.

In many countries there are very few pristine areas left that have not been modified in
some way by humans. When habitats are not completely destroyed, they are
fragmented into smaller patches, creating islands of habitats in a sea of development.
Fragmentation exposes species to more light, wind and temperature effects than are
natural, thus affecting the species survival as food and water sources are lost and few
mates remain. In fragmented landscapes many species soon become isolated from
others of their own kind resulting in inbreeding, loss of genetic diversity and local
extinction. More than three quarters of the species that are in danger of extinction
today are due to the destruction of their forest habitats. A large number of these
species are from the tropics, where human population growth has been most
explosive and habitats have been destroyed most rapidly. Tropical rain forests cover a
mere 7 per cent of the earth’s surface, yet they house about three quarters of the total
species. Today these forests are being destroyed at an alarming rate.
2.8 LEVELS OF BIODIVERSITY
There are three levels of diversity viz. genetic, species and ecosystem diversity. In
effect, these levels cannot be separated. Each is important, interacting with and
influencing the others. A change at one level can cause changes at the other levels.
(i) Genetic Diversity
Genetic diversity is the “fundamental currency of diversity” that is responsible for
variation. This is the diversity of basic units of hereditary information which are
passed down generations found within a species (e.g. different varieties of the same
species). Different varieties of mango or rice are examples of genetic diversity within
species. It is genetic diversity that allows a species to adapt to changing
environmental conditions such as a lower rainfall, or a higher temperature year round.
(ii) Species Diversity
Species diversity means the differences between species (both domesticated and
wild). It is the most visible component of biodiversity as implied by the word
‘species’ which literally means outward or visible form. This is why we often tend to
describe biological diversity in terms of the number of species in a particular area or
at the global level. There are different estimates of extant (i.e. currently existing)
species on earth which range from about five to 100 million, but a figure of about
12.5 million is the most widely accepted. Of these, only about 1.7 million species
have been described as yet. In terms of sheer numbers alone, insects and microorganisms are the most abundant life forms on earth.
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Known species of flora and fauna in the world

(iii) Ecosystem Diversity
Ecosystem diversity means the variation between different types of ecosystems.
Different species of animals, plants and micro-organisms interact with each other and
their physical environment (such as water or minerals). Groups of organisms and their
non-living environment, and the interactions between them, form functional dynamic
and complex units that are termed ecosystems. These systems help maintain life
processes vital for organisms to survive on earth. Species are not evenly distributed
around the globe. Some ecosystems such as tropical rain forests and coral reefs are
very complex and host a large number of species. Other ecosystems such as deserts
and arctic regions have less biodiversity but are equally important. It is believed that
there is a positive relationship between species diversity and an ecosystem’s stability
and resilience (i.e. ability to resist disturbances). An ecosystem having higher
diversity means the number of species and interactions between them which
constitute the food web, is large. In such a situation, the elimination of one species
would have little effect on ecosystem balance. In sharp contrast, the number of
species in the food web of a simple ecosystem is small. So loss of any one species has
far more serious repercussions for the integrity of the ecosystem itself.
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Check Your Progress Exercise 2.1
Notes:
I.
Write your answer in the space given below.
II.
Compare your answer with the one given at the end of this Unit.
Question 1) Define biodiversity.
…………………………………………………………………………………………
…………………………………………………..……………………………………
…………………………………………………………………………………………
Question 2) Identify few principal threats to biodiversity.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
Question 3) Differentiate between genetic and species diversity.
…………………………………………………………………………………………
……..……………………………………………..……………………………………
…………………………………………………………………………………………

2.9 USE VALUES OF BIODIVERSITY
Despite its importance, determining the value or worth of biodiversity is complex and
often a cause for debate. This is largely due to the fact that the worth placed on
biodiversity is a reflection of underlying human values, and these values vary
dramatically both among societies and individuals. In this Unit, we include spiritual,
cultural and aesthetic values as a subset of indirect values or services, as they provide
a service by enriching our lives. Classification of values of biodiversity is provided in
a key form below for your easy understanding.

(i) Direct Use Value
Direct use values are for those goods that are ensured directly e.g. food and timber.
Maintaining a wide range of components of biological diversity can be of direct use,
especially in the fields of agriculture, medicine and industry. Direct use can involve
the use of forests, wetlands or other ecosystems for timber extraction, collection of
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non-timber products, fishing, etc. Direct use values could be due to extractive use
where resources are extracted and consumed, or due to non-extractive use when there
is no extraction or removal of the resource that is used (e.g. bird watching, scientific
research in an ecosystem).
(ii) Indirect Use Value
Indirect use value is for those services that support the items that are consumed. You
will study about various indirect use values in this section.
Non-consumptive value
This is concerned more with nature’s services which also make vital contributions to
the welfare of society and to ecological processes without which our planet would be
uninhabitable.
Aesthetic value
The appreciation of the aesthetic aspect of biodiversity is reflected in the trouble
people take to maintain their home gardens, and the number of people throughout the
world who visit national parks, botanical and zoological gardens, aquaria and places
where one can experience natural landscapes or view diverse species.
Cultural and religious values
In all cultures of world, species and nature have inspired songs, superstitious beliefs,
stories and folktales, and dance and drama, poetry, traditional crafts, local and
national cuisines, local rituals, names of places, and even family and Christian names.
The cultural value of biodiversity in human societies is often expressed in the respect
for life forms or symbols of components of biodiversity. In some countries the tiger,
lion, lizard, turtles and bison are part of religious and spiritual beliefs. For instance,
the hanuman langur (Semnopithecus entellus) is considered sacred in India.
Ethical values
The ethical values of biodiversity highlight the intrinsic value of biodiversity for its
own sake and it is independent of the varied economic, social and cultural uses of the
large number of species by human communities. It underscores the fact that humans
are only one of the millions of species that inhabit the earth, while each species is
unique and is the result of evolutionary processes without human intervention, so that
every species has a natural right to exist.
(iii) Non-use value
Values for those things/organisms/entities – that we don’t use but would consider as a
loss if they were to disappear. These include potential or option value, bequest value
and existence value.
Optional use values
 Optional values are associated with potential use in the future. Accordingly
one opts to conserve biodiversity based on the hope that it could be used
directly or indirectly in the future, perhaps as a source of genetic material, for
pharmaceuticals, or for crop enhancement.
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Bequest value
Existence value: There may also be non-use existence values for components
of biological diversity due to the value placed on biodiversity purely based on
its continued existence, irrespective of whether or not it will ever be used.

2.10 BIODIVERSITY HOTSPOTS
Hot spots are areas that are extremely rich in species, have high endemism and are
under constant threat. Life on our planet Earth is now facing an acute crisis. Limitless
consumption of the natural resources in the modern world and increasing poverty
have contributed to the destruction of these resources. As a result, biodiversity has
been exposed to a severe threat. Extinction is the gravest aspect of the biodiversity
crisis. Though extinction is a natural process, human action have accelerated the rate
of extinction many times over the natural rate. In the world today efforts are on to
preserve the valuable species, but the budgets required for this are insufficient in
relation to the number of species threatened with extinction. So, identification of the
conservation priorities has become very crucial. In this regard one question may come
to our mind as to the biodiversity of which area of the world call for conservation.
Myers (1988) identified 18 regions or “Hot spots” around the world. Interestingly
these areas contain nearly 50,000 endemic plant species, or 20% of the world’s plant
species, in just 746,000 km2, or 0.5% of the Earth’s total land surface. A subsequent
study done by the World Conservation Monitoring Centre, U.K. identified 21 “hot
spots”. A more recent study by Conservation International, which carries forward the
work of Myers, has identified 34 global “biodiversity hot spots”. These 34 hotspots
cover only 1.4 percent of the Earth’s land surface but contain about 44% of all
vascular plants and 35% of vertebrates (excluding fishes), and 96% of the world’s
most threatened primate species. Among the 34 hot spots of the world four are found
in India extending into neighbouring countries –the Western Ghats/Sri Lanka IndoBurma region (covering the Eastern Himalayas); the Himalayas; Sundaland (covers
the Nicobar group of Islands).These areas are rich in floral wealth and endemism, not
only in flowering plants but also in reptiles, amphibians, swallow tailed butterflies
and mammals. Tropical moist forests are believed to be the richest terrestrial
ecosystems on earth. In the marine environment, coral reefs also possess extremely
rich biodiversity. It is now suspected, however, that the richness of species diversity
on sea floor may be equal or even greater than coral reefs. Some countries are richer
in biodiversity than others. Generally, the economically poor developing countries in
tropical areas are richer in biodiversity than developed countries in temperate areas.
Small tropical oceanic islands have relatively fewer species due to their isolation, but
they generally possess large number of endemics. Mauritius has a native flora of 878
higher plant species, of which 329 are endemic.
India: A Mega Biodiversity Country
Why India is one of the mega-diversity countries?
 Four hot spots out of 34 global biodiversity hot spots are in India with its
neighbouring countries.
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The endemics of Indian biodiversity is high. About 33% of the recorded flora
is endemic to the country. Of the 49,219 plant species, 5150 are endemic and
distributed into 141 genera under 47 families corresponding to about 30% of
the world’s recorded flora.
India has 26 recognised endemism centres that are home to nearly a third of
all the flowering plants identified and described to date in the country.
India has two major realms called the Palaeretic and the Indo-Malayan and
three biomes i.e. tropical humid forests, tropical deciduous forests and the
warm deserts/semi-deserts.
India has ten biogeographic regions.
India is one of the 12 centres of origin of cultivated plants.

2.11 NEED FOR BIODIVERSITY CONSERVATION
“The more biodiversity we destroy and the more irrevocably we change the
biosphere, the more we limit our choices for the future.”
Why is biodiversity so important? Why should we care about it? What is the, valuebiodiversity? May be the lay people don’t understand the various roles it plays in our
life, but certainly they know the importance of biodiversity.
There are many factors that underlie the need to conserve biodiversity, such as,
 Present and potential uses of the components of biological diversity especially
as we have no way of knowing or predicting what will be of use in the future.
 Biodiversity is essential to maintain the earth’s life support systems that
enable the biosphere to support human life.
 It is ethically important to maintain all of the earth’s biological diversity,
including all the other extant (currently existing) life forms.
Biological diversity has to be conserved at all levels - comprising genes, species and
ecosystems. The greater the number of individuals of a species and the number of
different populations of the species conserved, the greater will be the biological
diversity conserved. Maintaining a high genetic diversity ensures that individual
species are more adapted to their environment and changing conditions, and are thus
less vulnerable to extinction. Wide ecosystem diversity will ensure that more species
have living conditions vital for their survival; while a wide species diversity will
ensure that ecosystems are more stable in the long term.
2.12 CONSERVATION OF BIODIVERSITY
Conservation needs different strategies, they can be species based or habitat based or
ecosystem based. Some species are given importance at national level while some
need treatment at international levels. Most of the conservation is done at in situ and
ex situ conditions. In this unit we will discuss what these conditions mean, what is the
difference between them and what are the methods and techniques used. We have
also described some important projects such as project tiger and how this project had
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helped in increasing tiger populations. Some techniques such as seed bank and tissue
culture are also proving very helpful in conservation of plants which fulfil several of
our needs.
In-situ conservation means “on-site conservation”. It is the process of protecting an
endangered plant or animal species in its natural habitat, either by protecting or
cleaning up the habitat itself, or by defending the species from predators. The benefit
to in-situ conservation is that it maintains recovering populations in the surroundings
where they have developed their distinctive properties. Wildlife conservation is
mostly based on in-situ conservation. This involves the protection of wildlife habitats.
Also, sufficiently large reserves are maintained to enable the target species to exist in
large numbers. The population size must be sufficient to enable the necessary genetic
diversity to survive within the population.
Ex-situ conservation means, literally “off-site conservation”. It is the process of
protecting population of an endangered species of plant or animal by removing it
from an unsafe or threatened habitat and placing it, or part of it, under the care of
humans. While ex-situ conservation is comprised of some of the oldest and best
known conservation methods known to human, it also involves newer, sometimes
controversial laboratory methods. Ex-situ conservation, while helpful in human’s
efforts to sustain and protect our environment, is rarely enough to save a species from
extinction. It is to be used as a last resort or as a supplement to in-situ conservation
because it cannot recreate the habitat as a whole: the entire genetic variation of a
species, its symbiotic counterparts, or those elements which, over time, might help a
species adapt to its changing surroundings. Furthermore, ex-situ conservation
techniques are often costly. Plants and animals living in ex-situ breeding grounds
have no natural defence to the diseases and pests new to the species.
2.13 LET US SUM UP
The term biological diversity was coined by Thomas Lovejoy in 1980 and the term
biodiversity was coined by E.O. Wilson. Biodiversity is a measure of the relative
diversity among organisms present in different ecosystems. Biodiversity is the totality
of genes, species and ecosystems of a region. There are three levels of diversity i.e.
genetic, species and ecosystem. All these levels are interacting and influencing the
others. Genetic diversity underlies the differences among individuals of a given
species. Genetic diversity allows a species to adapt to changing environmental
condition. Species diversity is the most visible component of biodiversity. It means
the differences between species. There are about 12.5 million species in the world out
of which 1.7 million species have been described. Major impacts of biodiversity loss
are steady increase in atmospheric CO2 level, adverse effects on local climate and
water flow, reduction of genetic diversity, extinction of species and loss of
livelihoods. Biodiversity hot spots are areas that are extremely rich in species, have
high endemism and are under constant threat. There are 34 hotspots in the world; 4 of
which are found in India extending into neighbouring countries.
29

2.14 CHECK YOUR PROGRESS: ANSWER KEYS
Ans to Q. 1:

The variability among living organisms from all sources,
including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are
part: this includes diversity within species, between species and
of ecosystems.

Ans to Q. 2:

There are nine principal threats to biodiversity; namely land use
conversion, land degradation, freshwater shortages, water
course modifications, invasive species, overharvesting , climate
change., ozone depletion and pollution.

Ans to Q. 3:

Genetic diversity is the diversity of basic units of hereditary
information which are passed down generations found within a
species (e.g. different varieties of the same species). Species
diversity means the differences between species (both
domesticated and wild).

2.15 GLOSSARY
Biodiversity:

The variability among living organisms from all
sources, including, inter alia, terrestrial, marine and
other aquatic ecosystems and the ecological complexes
of which they are part. This includes diversity within
species, between species and of ecosystems.

Biodiversity hot spots:

Hot spots are areas that are extremely rich in species,
have high endemism and are under constant threat.

Biosphere:

It is a narrow layer around the surface of the earth
where life can exist.

Convention:

An agreement between states covering particular
matters especially one less formal than treaty.

Ecosystem diversity:

The variation between different types of ecosystems.

Extinction:

It is the end of an organism or of a group of organisms
(taxon), normally a species.

Flora:

A collective term for all the plant types that grow in a
region

Genetic diversity:

Diversity of basic units of hereditary information
which are passed down generations found within a
species (e.g. different varieties of the same species)

Mangrove:

A tidal forest vegetation in saline swampy sea shore
areas in the tropics
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Poaching:

is the illegal taking of wild plants or animals contrary
to local and international conservation and wildlife
management laws. Violations of hunting laws and
regulations are normally punishable by law and,
collectively, such violations are known as poaching.

Species diversity:

This means the differences between species (both
domesticated and wild).

Wetlands:

Wetlands are permanently or periodically water
covered areas.

Wildlife:

Includes all non-domesticated plants, animals and
other organisms. Domesticating wild plant and animal
species for human benefit has occurred many times all
over the planet, and has a major impact on the
environment, both positive and negative.
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3.1 INTRODUCTION
Deforestation refers to the permanent removal or destruction of indigenous forests.
Today, it has been roughly estimated that the indigenous forest cover constitutes 21%
of the earth’s land surface. Here we will learn about the importance of forest as a
resource, issues of deforestation in the world and India in particular, causes and
consequences of deforestation. We will also focus on effect of deforestation on tribal
population, also measures against deforestation, few Forest Conservation Acts and
will study about a case study of Chipko Movement in India.
3.2 LEARNING OBJECTIVES
After studying this unit you will be able to:
 State the significance of forest as a resource and the concept of deforestation
 explain various causes and consequences of deforestation globally and in
India
 understand the effect of deforestation on Tribal Population
 describe various methods of conservation and management of forest resources
 discuss about the Forest Conservation Acts
3.3 FOREST AS A RESOURCE
Land is under great pressure due to increase in population. Our land mass which was,
in 1901, inhabited by 238 million people, is now shared by more than 1200 million
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people. Mismanagement of the land resource as a result of indiscriminate cutting of
trees or deforestation has caused considerable damage to the quality of the soil and
landscapes. Forests are our treasures which provide us a wide variety of commodities
such as timber, fuel wood, fodder, fibre, fruits, herbal drugs, cosmetics and many
types of raw materials used by the industries. A great variety of mammals and birds
which live in the forests, serve as useful living resources. Forests play a great role in
soil formation, water conservation and regenerating of oxygen. Trees fix CO 2 in their
biomass and through transpiration (loss of moisture to atmosphere) they moderate the
climate. Can you imagine what would happen if forest does not exist in the world. As
mentioned above, it performs certain functions which can be directly observed. But
there are certain functions which cannot be directly observed like purification of air,
carbon sink etc.

Forest supports many Forms of Life. a) A Nilgai Antelope Calf; b) Elephant
Feeding on Yellow-bark Acacia Tree.
Broadly, all the above mentioned functions performed by the forest can be
categorised under three major headings: economic, ecological and social.
i) Economic Significance
Forest is one of the largest available renewable resources on the planet earth. It
provides a wide variety of goods and services which include food, fodder and fuel.
Wood is used for making houses, furniture, matches, ploughs, bridges and boats.
Forest products such as tannins, gums, spices, waxes, honey, musk, and hides are all
provided by the flora and fauna of forests. Fruits, leaves, roots and tubers of plants
form the food of forest tribes. Wood and bamboo pulp are used for manufacturing
paper and rayon. The flora and fauna of the forest also holds the key to numerous life
sustaining products such as pharmaceuticals, insecticides and pesticides. These
substances should be harvested sustainably so that it could enhance the long term
resource value of the forest.
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ii) Ecological Significance
As mentioned above forest performs certain function like moderation of global
climate, supporting natural ecological systems and processes. Let us discuss them in
detail:
a) Moderation of global climate:
Forests stabilise global climate in a significant manner by influencing natural cycles
such as hydrological and carbon cycles. You might have read about these cycles when
you were in school. As you know, spatial as well as temporal patterns of rainfall are
greatly influenced by forest. How much of water is retained in the soil, and how much
flows away, sometime causing floods, also depends on tree cover. Similarly forest
can also influence the atmospheric carbon dioxide level. Tree biomass holds carbon
dioxide in a fixed state. Therefore, forest acts as a major source of carbon sink i.e.
ability to absorb carbon dioxide from the atmosphere. In other words, a carbon sink is
a natural or artificial reservoir that accumulates and stores some carbon-containing
chemical compound for an indefinite period. When wood is burnt CO2 is released in
the atmosphere. This has a direct impact on the extent of greenhouse effect and global
warming. In other words, more forests lead to greater removal of atmospheric carbon
dioxide during photosynthesis resulting reduction of the greenhouse gases in the
atmosphere. Therefore, large-scale afforestation has been adopted as a measure to
reduce greenhouse effect.
b) Protection of biodiversity
Forests are the greatest repository of biodiversity on the land as they provide ideal
conditions for the survival and growth of living organisms. The number of species per
unit area is much greater in a forest than in any other terrestrial ecosystem. For
example, the tropical rainforest covers less than 7% of the earth’s land surface but
accounts for more than 50% of all known species. About 62% of all known plants are
found in these rainforests. That is why there has been a growing campaign for saving
the rainforest in Amazon and Nile basin. The growing awareness about the
importance and necessity to conserve biodiversity is helping human being to realise
the significance of forest.
c) Supporting natural ecological systems and processes:
As mentioned earlier forests perform certain activities which are crucial for
supporting ecological systems and processes directly. Some of these functions and
processes are as follows:
 Forests check the soil erosion by preventing the action of winds and water
thereby preserves the fertile top soil.
 It prevents landslides and reduces the intensity of cyclones and floods.
 By preventing soil erosion, forests reduce silting of water bodies including
reservoirs.
 Forest improves air quality by absorbing toxic gases and particulate matter.
 It protect watersheds and ensure perennial supplies of freshwater.
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iii) Socio-cultural significance:
As mentioned in the introduction, forests have been part of our social and cultural
ethos since the inception of civilization. We find signs of such cultural bonds even in
today’s modern and materialistic life. This is largely because forests have significant
aesthetic, recreational and spiritual value.
I am sure, till now, you must have realised the importance of forest as a resource. You
might be reading in the newspapers or might have watched in the television about
clearing of forests for urbanisation, mining, establishing industries, construction of
dams, railway lines, roads etc. Do you know rate of deforestation is so high the world
over that it has started affecting our life? In the following section we will discuss
about extent, causes and consequences of deforestation.
3.4 DEFORESTATION
Deforestation is the long-term or permanent removal of forest cover and its
conversion for non-forested land use. According to the World Resources Institute
(WRI), deforestation is regarded as one of the world’s most pressing land use
problems. Another major concern is the rate at which deforestation is occurring.
According to Food and Agriculture Organization (FAO, 2006) during the period
1990-2005 deforestation has taken place at an alarming rate of about 1,30,000 km2 or
13 million hectares, per annum. However, figures show that the annual net loss of
forest area around the globe is decreasing as a result of tree planting and natural
expansion of forests in certain countries and regions. Thus, taking into account the
gains and losses, the net loss in the forest area during the period 2000 to 2005, was
73,000 km2 per annum. Currently, 12 million hectares of forests are cleared annually.
Almost all of this deforestation occurs in the moist forests and open woodlands of the
tropics. It has been predicted that if deforestation continues at this rate then all the
moist tropical forest could be lost by the year 2050, except for isolated areas in the
Amazon and the Zaire basin, as well as a few protected areas within reserves and
parks. Vast reserves of forests have been degraded by large scale logging and
clearance for farm and urban use. More than 200 million ha of tropical forests were
destroyed during 1975-1990, mainly for food production. In India, forests cover 24.39
percent of the total geographical area. However, it is assessed that the country needs
33% of its area under forests to meet the ecological and economic needs.
3.5 CAUSES AND CONSEQUENCES OF DEFORESTATION
Causes of Deforestation
Let us discuss some of the major causes of deforestation all over the world in general
and India in specific.
i. Population Explosion: Increasing human population is one of the major causes of
deforestation. It poses a major threat to the environment. Vast areas of forest land are
cleared to reclaim land for expansion of farming land, mining activities, creation of
new and expansion of existing human settlements, and development of infrastructure
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like roads and railway tracks. Growth of population increases the demand for forest
products like timber, firewood, paper and other valuable products of importance, all
necessitating felling of trees.
ii. Forest Fires: This is also another major cause of deforestation. Forest fires occur
either naturally or are human induced. Some of the major causes of forest fires are as
follows:
 Dry humus and organic matter forming a thick cover over the forest floor
provides ideal condition for ground or carelessly surface fires. Throwing
burning cigarette stubbs on dried foliage can light a fire.
 Crown fire takes place in densely populated forests where tree tops may catch
fire by heat produced by the constant rubbing against each other.
Fire destroys fully grown trees, results in killing and scorching of the seeds, humus,
ground flora and animal life.
iii) Grazing of Animals: Trampling of the forest soil in the course of overgrazing by
livestock has far reaching effects such as loss of porosity of soil, soil erosion and
desertification reduced productivity of the previously fertile forest area.
iv) Pest Attacks: Pests destroy trees by eating up the leaves, boring into shoots and
by spreading diseases.
Consequences of Deforestation
Forests are closely related with climate, biological diversity, wild animals, crops and
medicinal plants. Large scale deforestation has far-reaching consequences:
 Habitat destruction of wild animals. Tree-using animals are deprived of food
and shelter.
 Increased soil erosion due to reduction of vegetation cover.
 Reduction in the oxygen liberated by plants through photosynthesis.
 Increase in pollution due to burning of wood and due to reduction in carbon
dioxide fixation by plants.
 Decrease in availability of forest products.
 Loss of plant, animal and microbial diversity.
 Scarcity of fuel wood and deterioration in economy and quality of life of
people residing near forests.
 Lowering of the water table due to more run-off, and resultant increased use
of the underground water.
 Rise in carbon dioxide level in the air due to burning of vegetation has caused
global warming resulting in melting of ice caps and glaciers and consequent
flooding of coastal areas.
3.6 DEFORESTATION IN INDIA
According to a survey, the forests of India dwindled from 7000 million hectares in
1900 to 2890 million hectares in 1975. This further came down to 2300 million
hectares in 2000. Tropical rainforests are the most productive regions of the world. In
1975, this region saw a decrease from 1600 million hectares to 938 million hectares.
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The Main Causes of Deforestation are:







Forests are cleared in order to meet the food requirements of the increasing
population in the developing countries of the world.
Forests are exploited to procure the wood necessary for establishing
industries, construction of roads and buildings.
Forest fires also destroy trees.
Some insects and pests eat the leaves, spread diseases, and destroy trees.
Grazing animals and those that live underground feed upon tender, unripe
plants.
Forests are also reduced as a result of Jhum cultivation in different states
which consume 5 lakh hectares of the forest area yearly.

The Results of Deforestation are:






There is always a possibility of loss of land due to deforestation
Possibility of floods and drought.
Loss of animals and plants.
Shortage of wood and energy sources.
Negative effects on climate and less rainfall leading to increase in atmospheric
temperature.

3.7 EFFECT OF DEFORESTATION ON TRIBAL POPULATION AND
THEIR RIGHTS
Poverty amidst plenty, nature is bountiful but tribals are poor. This statement explains
the conditions of majority of tribal population in our country. Tribal dominated areas
of the country have rich forest cover, mineral bearing areas, and significant number of
watersheds of key rivers. Forest provides food, medicine and other products needed
for tribal people and plays a vital role in the life and economy of tribes living in the
forest. As mentioned in the previous section, due to developmental activities like
construction of dams, mining, establishment of mineral based industries etc. alienated
tribal people from their own land. This alienation deprived them from their
livelihoods. Most of them are dependent upon natural resources based informal
economy. Their natural resource based informal economy is mostly dependent on
agriculture, both settled and jhum and on the other non-timber forest product (NTFP)
such as medicinal herbs, edible flowers, leaves and fruits. They also get their small
timber and firewood from the forest. Hence development is bound to affect their
agricultural and forest land which is the primary source of their livelihood. The
development process pushes them from an informal to a formal economy that is new
to them without any preparation. They had depended on agricultural land and forests,
both of which they loose to the project. When they receive compensation it is
monetary with which most communities living in the informal economy are nor
familiar. As mentioned above in most cases the Common Property Resources are not
compensated. Therefore, there was a need to address these problems. Government of
India passed an act in the Parliament titled ‘The Scheduled Tribes and Other
Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006’ to address this
anomaly.
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The Scheduled Tribes and Other Traditional Forest Dwellers Act, 2006
An Act to recognize and vest the forest rights and occupation in forest land in
forest dwelling Scheduled Tribes and other traditional forest dwellers who have
been residing in such forests for generations but whose rights could not be
recorded; to provide for a framework for recording the forest rights so vested and
the nature of evidence required for such recognition and vesting in respect of
forest land.
And whereas, the recognised rights of the forest dwelling Scheduled Tribes and
other traditional forest dwellers include the responsibilities and authority for
sustainable use, conservation of biodiversity and maintenance of ecological
balance and thereby strengthening the conservation regime of the forests while
ensuring livelihood and food security of the forest dwellings Scheduled Tribes
and other traditional forest dwellers;
And whereas, the forest rights on ancestral lands and their habitat were not
adequately recognised in the consolidation of state forests during the colonial
period as well as in independent India resulting in historical injustice to the forest
dwelling Scheduled Tribes and other traditional forest dwellers who are integral
to the very survival and sustainability of the forest ecosystem.
And whereas, it has become necessary to address the long standing insecurity of
tenurial and access rights of forest dwelling Scheduled Tribes and other
traditional forest dwellers including those who were forced to relocate their
dwelling due to state development interventions.

3.8 CONSERVATION AND MANAGEMENT OF FOREST RESOURCES
As a result of increased exploitation of forests for timber, firewood and other forest
products, without putting inadequate efforts to regenerate them, the forests are known
to be fast disappearing. This has caused an environmental imbalance. For example,
most of the rain water is lost as run off which flows over the mountain slopes
unchecked often causing floods. The excessive washing away of top soil results in
low fertility and reduces crop yields. It is because of these consequences of
deforestation, a strong forest policy has been adopted by our Indian
Governmenttoprotectforestsandtoplantmoretrees.Someoftheconservation
measures
practiced in India and other parts of the world are as follows:
i) Increase in area of forest plantation:
The Tree plantation can be raised in vacant or unused lands and waste, degraded and
marginal lands, especially on road side, along railway tracts, on contours and on land
not suited for agricultural production. Planting trees outside forest areas will reduce
pressure on forests for timber, fodder and fuel wood. Apart from this, the deforested
areas need to be reforested.
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ii) Developing alternative sources and promoting the substitutes:
It has become necessary to find alternative fuels as well as raw materials to
manufacture paper, sports goods, packing cases, furniture and beams used in
buildings. Research is going on to develop alternate sources; in some cases, plastics
and composite materials have been successful in replacing the use of timber.
iii) Increase the area of forest permanently reserved for timber production:
The most serious impediment to sustainable forest management is the lack of
dedicated forests specifically set aside for timber production. If the forest does not
have a dedicated long-term tenure for timber production then there is no incentive to
care for the long term interests of the forest. Food and Agriculture Organization
(FAO, 2001) found that 89 per cent of forests in industrialized countries were under
some form of management but only about six per cent were in developing countries.
If 20 per cent could be set aside, not only could timber demand be sustainably met but
buffer zones could be established to consolidate the protected areas.
iv) Adoption and promotion of sustainable management of forest:
Achieving ecological sustainability means that the ecological values of the forest
must not be degraded and if possible they should be improved. This means that
silviculture and management should not reduce biodiversity, soil erosion should be
controlled, soil fertility should not be lost, water quality on and off site should be
maintained and that forest health and vitality should be safeguarded. However,
management for environmental services alone is not economically and socially
sustainable. It will not happen until or unless the developing nations have reached a
stage of development and affluence so that they can accommodate the costs of doing
so. There are vast areas of unused land some of which is degraded and of low fertility.
Technological advances are being made to bring this land back into production. This
should be a major priority since a significant proportion of cleared tropical forest will
eventually end up as degraded land of low fertility.
v) Developing a reliable mechanism of information base and regular monitoring:
Knowledge of how much forest, where it is and what it is comprised of seems to be
straightforward. However, surprisingly, this most basic information is not always
available. It is not possible to properly manage a forest ecosystem without first
understanding it. Remote sensing technologies make it feasible and affordable to
identify hotspots of deforestation. The international community could undertake
monitoring efforts that would have immediate payoffs. A priority is to fund and
coordinate basic monitoring on the rate, location and causes of global deforestation
and forest poverty along with the impacts of project and policy interventions.
vi) Establishing an effective system of fighting forest fires:
vii) Strictly enforcing laws to deal with unauthorized cutting of trees.
viii) Promoting agro-forestry and social forestry:
Rural people partly meet their needs for fire wood and small timber by growing fast
growing trees planted within the limits of their village, along the footpaths, roadsides,
alongside railway tracks, side roads or canals and streams, boundaries of fields and
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empty spaces. The aim of social forestry is to meet the needs of fuel, fodder, fruits,
timber and other requirements of local people. ix) Participatory forest management
and rights: All stakeholders with an interest in the fate of the forest should be
involved in planning, management and benefit sharing. The balance of rights can be
tilted strongly toward society in the form of publicly owned strictly protected areas.
State ownership and management can be retained but with sustainable timber
extraction allowed.
As of now much of the world’s tropical forest are state owned but community
participation in forest ownership and management needs to be encouraged. Land
reform is essential in order to address the problem of deforestation. However an
enduring shift in favour of the peasants is also needed for such reforms to endure.
Moreover the rights of indigenous forest dwellers and others who depend on intact
forests must be upheld. Therefore, the recognition of traditional laws of the
indigenous peoples as indigenous rights will address the conflicts between customary
and statutory laws and regulations related to forest ownership and natural resource
use while ensuring conservation of forest resources. Keeping this in view various
state Government in India has been implementing Joint Forest Management
Programme after successful implementation in West Bengal and Haryana in 1970’s.
Joint Forest Management
The need to include local communities in Forest Management has become a
growing concern. Local people will only support greening an area if they can see
some economic benefit from conservation. An informal arrangement between
local communities and the Forest Department began in 1972, in Midnapore
District of West Bengal. JFM has now evolved into a formal agreement which
identifies and respects the local community’s rights and benefits that they need
from forest resources. Under JFM schemes, Forest Protection Committees from
local community members are formed. They participate in restoring green cover
and protect the area from being over exploited.

The National Forest Policy of 1988 now gives an added importance to JFM. Another
resolution in 1990 provided a formal structure for community participation though the
formation of Village Forest Committees. Based on these experiences, new JFM
guidelines were issued in 2000. This stipulates that at least 25 per cent of the income
from the area must go to the community. From the initiation of the program, until
2002, there were 63,618 JFM Committees managing over 140,953 sq. km of forest
under JFM in 27 States in India. The States have tried a variety of approaches to JFM.
The share for village forest committees ranges from 25 per cent in Kerala to 100 per
cent in Andhra Pradesh, 50 per cent in Gujarat, Maharashtra, Orissa and Tripura. In
many States 25 per cent of the revenue is used for village development. In many
States, Non-Timber Forest Products (NTFPs) are available for people free of cost.
Some States have stopped grazing completely; some have rotational grazing schemes
which have helped in forest regeneration. Now, we should learn about some of the
Conservation Acts supporting for afforestation.
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Check Your Progress Exercise 3.1
Notes:
I.
Write your answer in the space given below.
II.
Compare your answer with the one given at the end of this Unit.
Question 1) Describe the three major functions of forest as a resource.
…………………………………………………………………………………………
.……………………………………………..…………………………………………
………….………………………………………………………………………….....
Question 2) Describe four major causes of deforestation.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
Question 3) Explain any five conservation measures for forest resources in India.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

3.9 FOREST CONSERVATION ACT OF 1980
First Forest Act was enacted in 1927. This is one of the many surviving colonial
legislations. It was enacted to consolidate the law related to forest, the transit of forest
produce and the duty payable on timber and other forest produce. Subsequently, the
Forest (Conservation) Act was promulgated in 1980 to make certain reforms over the
preceding Act of 1927. The 1927 Act deals with the four categories of the forests,
namely reserved forests, village forests, protected forests and private forests. A state
may declare forestlands or waste lands as reserved forest and may sell the produce
from these forests. Any unauthorized felling of trees quarrying, grazing and hunting
in reserved forests is punishable with a fine or imprisonment, or both. Reserved
forests assigned to a village Community is called village forests. The state
governments are empowered to designate protected forests and may prohibit the
felling of trees, quarrying and the removal of forest produce from these forests. Forest
officers and their staff administer the Forest Act. Alarmed at India’s rapid
deforestation and resulting environmental degradation, Centre Government enacted
the Forest (Conservation) Act in 1980. Under the provisions of this Act, prior
approval of the central Government is required for diversion of forestlands for nonforest purposes. An Advisory Committee constituted under the Act advises the Centre
on these approvals.
To appreciate the importance of the Forest Conservation Act of 1980, which was
amended in 1988, it is essential to understand its historical background. The Indian
Forest Act of 1927 consolidated all the previous laws regarding forests that were
passed before the 1920’s. The Act gave the Government and Forest Department the
power to create Reserved Forests, and the right to use Reserved Forests for
Government use alone. It also created Protected Forests, in which the use of resources
by local people was controlled. Some forests were also to be controlled by a village
community, and these were called Village Forests. The Act remained in force till the
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1980s when it was realised that protecting forests for timber production alone was not
acceptable. The other values of protecting the services that forests provide and its
valuable assets such as biodiversity began to overshadow the importance of their
revenue earnings from timber. Thus a new Act was essential. This led to the Forest
Conservation Act of 1980 and its amendment in 1988. India’s first Forest Policy was
enunciated in 1952. Between 1952 and 1988, the extent of deforestation was so great
that it became evident that there was a need to formulate a new policy on forests and
their utilisation. Large tracts of forestland had already been diverted to other uses.
The earlier forest policies had focused attention on revenue generation only. In the
1980s it became clear that forests must be protected for their other functions such as
maintenance of soil and water regimes centred on ecological concerns. It also
provided for the use of goods and services of the forest for its local inhabitants.
The new policy framework made conversion of forests into other uses much less
possible. Conservation of the forests as a natural heritage finds a place in the new
policy, which includes the preservation of its biological diversity and genetic
resources. It also values meeting the needs of local people for food, fuel wood, fodder
and non-wood forest products that they subsist on. It gives priority to maintaining
environmental stability and ecological balance. It expressly states that the network of
Protected Areas should be strengthened and extended. In 1992, the 73rd and 74th
Amendments to the Constitution furthered governance through panchayats. It gives
States the ability to provide power to the local panchayats to manage local forest
resources. The Forest Conservation Act of 1980 was enacted to control deforestation.
It ensured that forestlands could not be de-reserved without prior approval of the
Central Government. This was created as States had begun to de-reserve the Reserved
Forests for non-forest use. States had regularized encroachments and resettled
‘Project Affected People’ from development projects such as dams in these dereserved areas. The need for a new legislation became urgent. The Act made it
possible to retain a greater control over the frightening level of deforestation in the
country and specified penalties for offenders.
Penalties for offences in Reserved Forests:
No person is allowed to make clearings or set fire to a Reserved Forest. Cattle are not
permitted to trespass into the Reserved Forest. Felling, collecting of timber, bark or
leaves, quarries or collecting any forest product is punishable with imprisonment for a
term of six months, or with a fine which may extend to Rs.500, or both.
Penalties for offences in Protected Forests:
A person who commits any of the following offences like felling of trees, or strips off
the bark or leaves from any tree or sets fire to such forests, or kindles a fire without
taking precautions to prevent its spreading to any tree mentioned in the Act, whether
standing or felled, or fells any tree, drags timber, or permits cattle to damage any tree,
shall be punishable with imprisonment for a term which may extend to six month or
with a fine which may extend to Rs.500, or both. When there is a reason to believe
that a forest offence has been committed pertaining to any forest produce, the produce
together with all tools used in committing such offences may be seized by any Forest
Officer or Police Officer. Every officer seizing any property under this section shall
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put on the property a mark indicating the seizure and report the seizure to the
Magistrate who has the jurisdiction to try the offence. Any Forest Officer, even
without an order from the Magistrate or a warrant, can arrest any person against
whom a reasonable suspicion exists.
3.10 CASE STUDY
Chipko movement
About 300 years ago, a ruler in Rajasthan decided to fell ‘khejri’ trees in his State to
create lime. Local women led by a Bishnoi woman, Amrita Devi, clung to the trees
to prevent the felling of the trees that formed the basis of the scarce resources on
which they were dependent. The women were ruthlessly massacred. It is said that
the ruler later realised his mistake. The story however has been remembered and
was revived in the 1970s when severe tree felling for timber in the Himalayas
prompted local women, supported by people such as Sunderlalji Bahuguna and
Chandi Prasad Bhat, led a people’s movement to prevent deforestation by timber
contractors. They called their movement the ‘Chipko’ movement in memory of the
event during which women had clung to their trees and given up their lives. The
movement followed the path the 300 Bishnoi women had taken three centuries ago
in Rajasthan.
Chipko is a movement primarily begun and supported by local women in the hills of
Uttarakhand and Garhwal, where the women have had to bear the brunt of
deforestation. They have not only realised that their fuelwood and fodder resources
have receded away from their ‘resource use areas’ around their settlements due to
commercial timber extraction, but that this has led to serious floods and loss of
precious soil.
Chipko activists have made long padyatras across the Himalayas protesting against
deforestation. The movement has been highly successful and has been primarily
supported by empowering local women’s groups who are the most seriously
affected segment of society by deforestation. The movement has proved to the world
that the forests of the hills are the life support systems of local communities of
immense value in terms of local produce that is essential for the survival of local
people and that the forest has less quantifiable but even more important ecological
services such as soil conservation and the maintenance of the natural water regime
of the whole region.
The ability of local women to band themselves together in the foothills of the
Himalayas goes back to the pre Independence days when women such as Miraben, a
disciple of Gandhiji, moved to this region and understood that it was the
deforestation that led to floods and devastation of villages in the valleys and in the
Gangetic plains below. They also appreciated that substitutions of oak and other
broadleaved forests of the Himalayas by planting fast growing pine for timber and
resin was an ecological and social disaster which reduced the forest resources used
by traditional hill communities.
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3.11 LET US SUM UP
Large scale deforestation has far-reaching consequences namely habitat destruction of
wild animals and deprivation of food and shelter for tree using animals; Increased soil
erosion; reduction in the oxygen liberated by plants through photosynthesis; increase
in pollution due to burning of wood and due to reduction in carbon dioxide fixation
by plants; decrease in availability of forest products; loss of plant, animal and
microbial diversity; scarcity of fuel wood and deterioration in economy and quality of
life of people residing near forests; lowering of the water table due to more run-off,
and resultant increased use of the underground water and rise in carbon dioxide level
in the air due to burning of vegetation has caused global warming resulting in melting
of ice caps and glaciers and consequent flooding of coastal areas. There is a constant
conflict of interest’s between conservation and development. What needs to be
understood is that long-term ecological gains cannot be sacrificed for short-term
economic gains that unfortunately lead to deforestation. Developing alternative
sources and promoting the substitutes, application of scientific methods, monitoring
and management of growth of forests, establishing a system for controlling and
preventing forest fire and by strictly implementing forest laws we can conserve our
forest resources.
3.12 CHECK YOUR PROGRESS: ANSWER KEYS
Ans to Q. 1:

The three major functions of forest as a resource are economic,
ecological and socio-cultural. Explain the three functions in
detail with suitable examples.

Ans to Q. 2:

Four major causes of deforestation are: population explosion,
forest fires, grazing of animals and pest attacks.

Ans to Q. 3:

Conservation measures adopted for forest resources in India are
developing alternative sources and promoting the substitutes;
Increase in area of forest plantation; increase the area of forest
permanently reserved for timber production; adoption and
promotion of sustainable management of forest; developing a
reliable mechanism of information base and regular monitoring;
establishing an effective system of fighting forest fires; strictly
enforcing laws to deal with unauthorized cutting of trees;
promoting agro forestry and social forestry; and participatory
forest management and rights.

3.13 GLOSSARY
Agro-forestry:

It is a land use management system in which trees or shrubs are
grown around or among crops or pastureland.

Biomass:

Weight of living material
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Carbon sink:

This is a natural or artificial reservoir that accumulates and
stores some carbon-containing chemical compound for an
indefinite period.

Deforestation:

Permanent removal or destruction of indigenous forests.

Forest cover:

It is the presence of trees on lands more than one hectare in area
with a tree canopy of more than 10 percent, irrespective of
ownership and legal status.

Habitat:

A specific site or place where a plant or animal naturally or
normally lives or grow.

Health:

A state of complete physical, mental and social wellbeing and
not merely the absence of disease or infirmity.

Joint forest
Management:

Partnerships in forest movement involving both the state forest
departments and local communities.

Social forestry:

The management and protection of forest and afforestation of
barren and deforested lands with the purpose of helping
environmental, social and rural development.
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4.1 INTRODUCTION
According to projections by World Bank, global cities annually generate nearly 2.1
billion tons of waste and could reach up to 3.4 billion tons by 2025. Increasing
population and consumption, growth in industrial manufacturing, urbanization and
modernization inevitably lead to increasing waste generation with time. A press
release from World Bank in 2018 also warns that unless urgent actions are taken, the
global waste shall increase 70% more by 2050 (King, 2018). The report estimates that
almost 40% of the wastes produced are improperly handled. Till-date, dumping or
open-burning remains one of the most common methods to manage the enormous
volumes of waste especially in developing and least developed nations.
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4.2 LEARNING OBJECTIVES
After studying this unit you will be able to:
 define waste and concept of waste
 understand about urban wastes like municipal solid waste, Electronic waste
(e-waste), biomedical waste and plastic waste
 discuss about industrial wastes and problems created by industrial wastes
 explain about hazardous wastes and about the Basel Convention on Control of
Transboundary Movements of Hazardous Wastes and their disposal
 state about few methods of waste disposal
4.3 WASTE
Wastes – Defined as the products that are created during the extraction and
processing of raw materials and in terms of production, transformation and
consumption, these products have no further use. Waste can be considered, as those
materials no longer required by an individual, institution or industry. Wastes are thus
regarded as by-products or end-products of the production and consumption process
respectively. Any material (organic or technical) which is not usable, is unwanted or
which is defective and does not serve the intended purpose can be qualified as waste.
Waste is generated by most human activities (Brunner and Rechberger, 2014)
throughout history.
4.3.1 Concept of Waste
In the modern age with the onset of the 4th Industrial revolution, population,
urbanization and consumerism is at its peak and the pace is expected to increase even
further in the future. This is directly contributing towards increased volumes of waste
generation including various waste streams like Municipal Solid Waste, Plastic
Waste, Electronic Waste, Hazardous Waste, Construction and Demolition Waste,
Biomedical Waste and other industrial waste. To site an example, according to
projections by World Bank, the world is generating nearly 2 billion metric tons of
municipal solid waste annually averaging about 0.74 kilogram per capita per day.
These numbers are expected to increase to 3.4 billion metric tons by the year 2050.
The rate of waste generation is expected to be higher than the rate of population
growth (Kaza et al, 2018).
4.4 URBANIZATION AND INDUSTRIALIZATION
Urbanization, in very simple terms means the proportion of a national population
living in urban places. Urbanization is the process when agricultural communities are
transformed into industrial communities and since all the industrial communities live
in urban areas, it is also a process of urbanization. This is a result of industrialization
and economic development. So they are trying to see how occupational structure
takes place (agricultural to non-agricultural). The term urbanization refers to the
process whereby an increasing percentage of a country’s population comes to live in
urban areas. Urbanization occurs when the urban population grows at a faster rate
than the rural population. In other words, if the rural population and the urban
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population grow at the same pace, the rate of urbanization will not change. The
principle source of this process of urbanisation is people migrating out of rural areas
to come to live in urban areas. The massive growth of societies in urban and
metropolitan areas and the shift of a significant proportion of the population to urban
areas has been a characteristic feature of the past six decades or so. Urbanization was
an off-shoot of the industrial revolution which created a demand for a large number of
workers at centralized locations.
Industrial processes and pace of increase in human population led to the increase in
the consumption of energy and natural resources. Growing use of the resources has
ensured the steady rise in the emissions of gases, chemicals, wastes and other
materials into air, water, soil and eventually in the biosphere. Likewise, one of the
most pronounced and long lasting effects of mining and pollution is both quantitative
and qualitative deterioration of water resources. Industries add toxic wastes to the
water bodies making them unusable. Industrialization is a generic name for a set of
economic and social processes related to the discovery of more efficient ways for the
creation of value. These more efficient ways are lumped together under the label
‘industry’ or ‘the secondary sector’ (the primary sector of economic activity referring
to agriculture, hunting, fishing, and resource extraction, and the tertiary sector
referring to services). Due to Industrialization, there has been an impact on people
and environment. Simply put, environment has been affected due to the negative
impact of industrialization. Mechanized, heavy and large-scale industries have
negative impact which adversely affects the environment, society and economy of
this country (Sen, 2015). Due to industrialization, there is constant depletion of
natural resources. Many industries are powered by thermal power plants that
consumes coal. Since, large industries are spread over many acres of land,
agricultural lands and forests are often cleared to make available the required land.
4.5 CLASSIFICATION OF WASTE
Classification of various waste can be done based on many criteria including physical
status, physical properties, reusable potentials, biodegradable potentials, source from
which it is produced and the extent to which the environment is impacted (Demirbas,
2011; Dixon and Jones, 2005; White et.al, 1995). Based on the physical states, wastes
can be categorised into 3 different types; these are solid, liquid and gaseous waste
(White et.al, 1995). Although it can be seen that in different countries, several
classifications exists, one of the classification system is highlighted below:
A) Physical state of waste:
1) Solid
2) Liquid
3) Gaseous
B) Sources of waste:
1) Industrial waste
2) Agricultural waste
3) Commercial waste
4) Mining waste
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5) Municipal waste
C) Environmental impact1) Hazardous waste
2) Non-hazardous waste
D) Type of waste material1) Municipal Solid Waste
2) Plastic Waste
3) Electronic Waste
4) Construction and Demolition Waste
5) Biomedical Waste
6) Batteries Waste
Before going into detail about the urban and industrial wastes we should first
understand the processes of urbanization and industrialization which subsequently
affect the generation of wastes and waste material in cities. Here, we will classify and
describe the waste under two broad categories of urban and industrial waste.
4.6 URBAN WASTES
As the name suggests, urban wastes are the wastes collected from urban areas or from
the residential and industrial areas of cities and towns.
4.6.1 Municipal Solid Waste
The term municipal solid waste (MSW) is generally used to describe most of the nonhazardous solid waste from a city, town or village that requires routine collection and
transport to a processing or disposal site. The European Union legally defined
municipal waste as ‘as a waste from households, as well as any other waste which,
because of its nature or composition is similar to wastes from households’. Municipal
solid waste is generated mainly from residential and commercial complexes in urban
areas and consists of household waste, construction and demolition debris, sanitation
residue, and waste from streets. The amount of municipal solid waste has been
increasing rapidly and its composition changing with increasing urbanization and
change in lifestyle and food habits. Municipal solid waste consists of waste from
organic matter like vegetable waste, leftover food items etc., post consumption
packaging waste including paper, plastic, metals, glass etc and sanitary waste. These
are waste that are commonly discarded in dustbins and are no longer useful for their
intended purpose. The composition of municipal solid waste varies based on the
income, life style patterns and consumption pattern of the residents of the locality.
This waste is normally collected by the Municipal authorities and transferred to
facilities which may be an open dump yard, sanitary landfill, material recovery
facilities based on the level of waste management system available in the region. In
1947, cities and towns in India generated an estimated 6 million tonnes of solid waste.
In 1997, it was about 48 million tonnes, and in 2008 it become 68.8 million tonnes.
Waste disposal is a major problem with more than 25% of the municipal solid waste
not being collected at all. Most Indian cities lack adequate capacity to transport waste
and there are no sanitary landfills to dispose it off. The existing landfills are neither
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well equipped nor well managed and are not lined properly to protect against
contamination of soil and groundwater.
4.6.2 Electronic waste (e-waste)
E-waste is the collective name provided for those discarded electronic devices that
enter the waste stream or is nearing the end of their ‘useful life’. According to the
United Nations Environment Programme (UNEP), e-waste is ‘a generic term
encompassing various forms of Electrical and Electronic Equipment (EEE) that are
old, end-of-life electronic appliances and have ceased to be of any value to their
owners’. The Hazardous Wastes (Management and Handling) Rules 2003 (Rule 3)
defines e-waste as ‘Waste Electrical and Electronic Equipment including all
components, sub-assemblies and their fractions except batteries falling under these
rules’.
E-waste in India
E-waste have been found to contain over 1000 different substances, under hazardous
and non-hazardous categories. According to the Guideline for Environmentally Sound
Management of E-waste, Government of India (2008) as approved by the Ministry of
Environment and Forests; iron and steel account for more than half of the total weight
of E-wastes. This is followed by plastics (approximately 21 per cent), non-ferrous
metals (13 percent) and certain other constituents. E-waste could include obsolete
electronic devices like computers, monitors and display devices; telecommunication
devices such as cellular phones; audio and video devices; printers, scanners, copiers
and fax machines; and household equipment like refrigerators, air conditioners,
televisions and washing machines. E-wastes are generated from different sources like
post-consumer waste and defective equipment from manufacturing facilities. Ewastes contain toxic materials such as lead, cadmium, mercury and arsenic; and toxic
flame-retardants that could also affect human beings coming in contact with such
materials like workers of recycling units as well as the community living around such
units. The volume, range and complexity of materials that form e-wastes make the
disposal and recycling extremely difficult and expensive. These is a lack of authentic
and comprehensive data on e-waste availability in India. The various State Pollution
Control Boards (SPCBs) have initiated steps to collect data about the generation of ewastes. According to the Guidelines for Environmentally Sound Management of Ewaste (2008), the current e-waste inventory in India, based on the obsolescence rate
and installed base is estimated to be around 8,00,000 tonnes. As per the report, 65
cities generate more than 60 percent of the total e-waste generated in India. Further,
10 states generate over 70 percent of the total e-waste. They include Maharashtra,
Tamil Nadu, Andhra Pradesh, Uttar Pradesh, West Bengal, Delhi, Karnataka, Gujarat,
Madhya Pradesh and Punjab.
4.6.3 Biomedical Waste
This category of waste includes infectious materials such discarded blood, unwanted
microbiological cultures and stocks, used bandages and dressings, discarded gloves,
discarded needles and used scalpels. Biomedical wastes are generated from hospitals,
health clinics, nursing homes, emergency medical services, medical research
laboratories, offices of physicians, dentists and veterinarians, home health care and
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morgue or funeral homes. The impact of biomedical wastes on the environment is a
grave concern. When burnt inadequately, it emits toxins that results in severe air
pollution. When discharged into water, these toxic wastes are consumed by aquatic
organisms that further enter the food chain and finally enter the human body. Studies
confirm restriction of human growth development and biomedical wastes being
responsible for causing birth defects, cancer and respiratory disorders (Padmanabhan
and Barik, 2019).
4.6.4 Plastic Waste
Plastic comprises of synthetic as well as semi-synthetic organic compounds that can
be molded into various solid objects. The world plastic comes from the Greek word
plastikos which refers to a thing that can be molded or shaped. Some of the common
plastics used in our day to day lives are polycarbonate, polyester, polythene,
polypropylene, polystyrene, polyurethanes, polyvinyl chloride, polyvinylidene
chloride, polyamide/nylons and acrylonitrile butadiene styrene. In the year 2017-18,
Central Pollution Control Board (CPCB) has submitted a report stating that India
generates approximately 9.4 Million tonnes per annum plastic waste, (which amounts
to 26,000 tonnes of waste per day), and out of this approximately 5.6 Million tonnes
per annum plastic waste is recycled (i.e. 15,600 tonnes of waste per day) and 3.8
Million tonnes per annum plastic waste is left uncollected or littered (9,400 tonnes of
waste per day) (Ministry of Housing and Urban Affairs, Government of India). Only
60% of plastics are recycled whereas rest of them are left unattended in environment
causing soil, water and air pollution.
4.7 INDUSTRIAL WASTES
Wastes generated by industries are called industrial wastes. Industrial wastes include
both hazardous and non-hazardous wastes. Hazardous wastes are those that contain
toxic substances. It ranges from highly toxic substances that create severe problems to
humans, animals, and plants; to corrosive, highly inflammable, and explosive
materials. Certain gases used in industries are also hazardous in nature. Certain
hazardous wastes like Mercury and cyanide are fatal. In India an estimated 7 million
tons of hazardous wastes are generated annually. Industries that generate hazardous
waste include metal, chemical, paper, pesticide, dye, refining, rubber goods, and so
on. Large amount of hazardous wastes are generated from Andhra Pradesh, Bihar,
Tamil Nadu and Uttar Pradesh. The industries generating hazardous wastes are
expected to dispose the wastes as per the provisions of the Hazardous waste
Management Rules framed by the Government of India. Such industries should also
follow the directions given by the Central Pollution Control Board (CPCB) and the
State Pollution Control Board (SPCB). Though industrial waste is not considered as
municipal waste, at times they are disposed-off at the municipal disposal facilities.
However, they may have to pay disposal charges to the municipal authorities.
Industries are expected to make their own arrangements for transportation of the
waste to the disposal facilities.
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4.7.1 Problems created by Industrial Wastes
Industrial wastes could contain a number of chemicals, the concentrations of which
are considered to be toxic. The toxic effect of any waste on humans, other living
organisms, and the environment is based on its property and the quantity of the toxic
constituents. The toxic effects are identified using certain criteria like toxicity,
phytotoxicity, genetic activity, bio- concentration and so on. A hazardous chemical
affects human health through contact or when it enters the human body. Some ways
through which hazardous wastes affect human beings are presented below in table.
Ways through which hazardous wastes affect human beings
Sl
No.
1

2

3

Ways

Skin
contact

Inhalation

Ingestion

Effects
A number of chemicals cause dermatitis due to contact with skin.
Certain other chemicals like corrosive acids can damage the skin
by a single contact. Chemicals like organic solvents can cause
damage to the skin due to repeated exposures.
Inhalation is a common method wherein humans are exposed to
chemicals waste. This is highly difficult to control. Respiratory
tracts and lungs could get severely damaged by air pollutants
when they are inhaled. Inhalation can also lead to various other
complications.
Unscientific landfills could result in ingestion of toxic chemicals
into ground water. It could also lead to sub soil contamination
from leachates of refuse dumps. This could even affect
population that reside away from factory sites. The effects of
ingestion could be felt decades after the wastes have been
dumped.

Substances are identified as hazardous depending on the dose, exposure, and duration
of exposure various criteria and tests have been devised to determine the toxicity of
substances. Though the level of certain ingredients could exceed the prescribed
permissible levels, the wastes are categorized as toxic only in the event of the average
value of ingredients exceeding the prescribed level of toxicity.
4.7.2 Recycling Industrial Wastes
Many substances in refuse wastes have value. They include glass, wood fibre from
paper products, plastics and metals. Scientists have developed ways of recycling
many wastes so that they can be used again. Almost all materials are recyclable.
However, in some, more energy will be used in recovery than the recovered value
warrants. Scraps and Used Metals Scrap metal is produced in large quantities in mills
and factories. Old used metal from discarded vehicles, machine, aircrafts, ships,
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buildings etc. can be melted and recycled for useful purposes. Aluminium scrap and
aluminium utensils, for example, can be collected, melted and shaped into new
utensils. We can meet the growing demand of such scarce metals as copper, zinc,
lead, platinum by recycling the metal scrap.

The richest one we have – our mountains of scrapped cars – offers a rich,
inexpensive, and ecologically beneficial resource that can be “mined” for a
number of metals.
Major types of wastes generated from different sources that pollute our land
areas
Urban
Industrial waste
Domestic waste Rural
Nuclear
waste
Plant waste
Municipal; Slag; lime sludge;
Organic waste
Pesticides, Radioactive
sewage;
brine mud, scraps of
from kitchen,
herbicides; hazardous
industrial
metals, glass, ferrous
crockery, tin
agricultural wastes
effluents;
and non-ferrous metals, cans, plastics
runoffs
domestic
wool, thread and paper; cans, bottles and
effluents;
fly ash; plastics; wastes bags; glass
hospital
from tanneries and
bottles, cloth
waste
other small scale
rags, paper
industries, waste water pieces; straw,
effluents
board boxes; ash
4.8 HAZARDOUS WASTES
Hazardous wastes are wastes with properties that make it potentially dangerous or
harmful to human health or the environment. They are by-products of industrial or
household activity, and include materials contaminated with dioxins and heavy
metals, which include mercury, cadmium, lead, organic wastes, etc. they exist as
solid, liquid and gas. The items in which hazardous wastes are found are old
computer or electronic equipment parts, used batteries, incinerator ash, waste liquid
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or sludge etc. anywhere in the world, the source of toxic hazardous wastes include
industry, mining, hospitals, laboratories and research institutions, military
establishments, transport services, and small workshops contribute in the generation
of hazardous waste. Though it is difficult to arrive at the exact figures about the
amounts of hazardous waste generated internationally, the United Nations
Environment Programme (UNEP) estimates that the total annual international
generation of hazardous wastes to be between 300 and 500 million tonnes. Of this the
Organization for Economic Cooperation and Development (OECD) countries account
for about 80 to 90 percent of wastes generated. This estimation pertains to couple of
decades back and the current actual figures would be much higher than this. The
effects of hazardous waste can be immediate or long term. Immediate effects could be
onsite exposure of human beings and consequent injuries. Long-term effects include
contamination of toxins into groundwater, soil, atmosphere and consequently into the
food chain. Other collateral damage include massive economic costs associated with
handling of recovery operations, cleaning up of contaminated sites, and remedial
measures. Since these wastes could contain harmful chemicals it would pose serious
threats to humans, animals and the environment. Due to these properties, these
substances need to be regulated by special legislations. Almost all countries have
entered special legislations to deal with hazardous wastes.
A waste is considered as hazardous if it has any one of the following characteristics:
 Ignitability- catches fire easily;
 Corrosiveness - wears away other materials;
 Reactivity - reacts strongly with water or explodes on reaction with other
chemicals;
 Radioactivity - releases ionizing radiations;
 Toxicity - produces symptoms of metabolic disorders, poisoning, disease,
mutations, cancer or malformations.
4.9 INTERNATIONAL CONVENTION OF HAZARDOUS WASTES
Despite the Basel Convention (Basel Convention on Control of Transboundary
Movements of Hazardous Wastes and Their Disposal 1989) that regulates the
international movement of hazardous wastes; illegal waste shipments have been
taking place around the globe.
4.9.1 Basel Convention
Basel Convention on Control of Transboundary Movements of Hazardous Wastes and
Their Disposal 1989 considered the issues of hazardous wastes and their movement.
According to the Convention wastes are ‘substances or objects which are disposed of,
or are intended to be disposed of, or are required to be disposed of by the provisions
of national law’. ‘Disposal’ is defined by the Convention to include operations that
result in ‘final disposal and operations which may leads to resource recovery,
recycling, reclamation, direct re-use or alternative uses’. The Convention created
under United Nations Environment Programme (UNEP) calls for Environmentally
Sound Management (ESM). It aims at protecting the health of humans and the
environment against adverse effects that result from the generation, management,
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transboundary movement and disposal of hazardous and other wastes. The convention
became a necessity due to the rising trend of toxic wastes being shipped to developing
countries of Africa, Asia and Eastern Europe for disposal. The treaty initially signed
by 33 nations is now ratified by 170 countries. Countries like UK, China, India,
Bangladesh, etc. have signed the treaty. The US has opted out of the convention. In
1995 a revolutionary amendment was made to the treaty, which prohibited the export
of hazardous wastes, ‘irrespective of whether the waste is defined for disposal or
recovery’.
Aims of the Convention
The aims of the Convention are:
(a) To reduce transboundary movements of hazardous waste to a minimum,
(b) to ensure that hazardous wastes are treated and disposed of as possible to their
source of generation, and
(c) To minimize hazardous waste generation at source.
Wastes covered by the Basel Convention
The wastes covered by the Basel Convention include the following:
 biomedical and healthcare wastes
 Used oils
 Used lead acid batteries
 Persistent Organic Pollutants (POPs), chemicals and pesticides that persist for
many years in the environment
 Polychlorinated Biphenyls (PCBs) that are used as heat exchange fluids in
electric transformers and capacitors and as additives in plant, carbonless copy
paper and plastics
 E-wastes, including mobile phones and computers
 Wastes from dismantling of ships
 Materials that contain mercury and asbestos
Check Your Progress Exercise 4.1
Notes:
I.
Write your answer in the space given below.
II.
Compare your answer with the one given at the end of this Unit.
Question 1) What is Municipal Solid Waste (MSW). Define MSW (by The
European Union).
…………………………………………………………………………………….
…………………………………………………..…………………………………
………………….………………………………………………………………….
Question 2) Explain the aims of the Basel Convention.
……………………………………………………………………………………
……………………………………………………………………………………
……………………………………………………………………………………
55

4.10 DISPOSAL OF WASTE
As cities grow in size with a rise in population, the amount of waste generated will
increase. The local corporations in cities adopt disposal of waste. In this process
tremendous scope exists for reducing, reusing and recycling the waste. Amongst the
various categories of waste, hospital waste like soiled bandages, disposables, cultures,
anatomical wastes, chemical wastes, discarded medicines pose grave environmental
risk. This waste is highly infectious and needs to be managed in a scientific manner.
The final disposal of the hazardous wastes also needs to be carefully planned. There
are four different ways in which hazardous wastes can be finally disposed. These four
different ways are as follows:
 Landfill disposal
 Incineration
 Dumping at sea
 Underground disposal
We shall now discuss each of the above method of disposal of wastes.

Steps involved in the management of municipal solid waste.
4.10.1 Landfill Disposal
The disposal of hazardous waste by landfilling is an important method of disposal in
many countries. Landfilling means underground storing of harmful substances. This
involves hauling the refuse to an area allocated for this purpose. In India, such areas
range from unsanitary open dumps to properly operated sanitary landfills. Open
dumps are a poor method of waste disposal because they cause environmental
problems. For example, they can ruin the appearance of ah area and provide a home
for rats and other rodents who spread disease. If garbage is exposed, it rots and smells
foul. Most dumps allow some burning, which fills the surroundings with smoke. In
addition, rain water can drain through refuse and carry harmful substances to streams.
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Properly operated sanitary landfills cause little damage to the environment. The area
to be filled with waste must be lined with a nonporous substance such as clay, or high
density polyethylene (HDPE)-plastic membrane to prevent the wastes from leaking to
the surrounding areas. The wastes are packed and dumped at the site and covered
with earth each day. The cover of earth prevents insects and rodents from getting into
refuse. Operators of these sites forbid burning. In time, sanitary landfill sites become
filled up, many communities then cover the site for a final time and use the area for
recreational purpose. A typical landfill site consists of an artificial double liner at the
bottom and a cover at the top.
4.10.2 Incineration
Incineration burns waste products. This is another method many industries and large
cities use if they do not have enough vacant areas for disposal sites nearby. Most
hazardous wastes are detoxified in this process. This is also an excellent method of
waste minimisation, waste detoxification and disposal, but its cost of operation is very
high, if the heat content of waste is not reutilised. The selection of incineration
depends on the type and characteristics of the waste. A typical incinerator consists of
a combustion chamber, burner chamber, precooler, scrubber, exhaust fan and stack to
let out the gases.
4.10.3 Dumping at Sea
Another method of disposal of hazardous wastes involves dumping wastes at deep
sea, designed to prevent contamination of groundwater. Disposal at sea, of waste
generated on land, is based on the misconceived notion that the enormous volume of
water available for dilution, enables the seas to be used as a dump without permanent
damage. However, this is an erroneous conviction. Disposal of waste at sea is
controlled by international legislation and by the national legislation. The
international legislation bans the dumping of extraordinarily hazardous wastes such as
organic silicon compounds, halogenated organics, mercury and its compounds,
cadmium, carcinogenic waste and plastics into the sea.
4.10.4 Underground Disposal
It may be excessively expensive to dispose of certain hazardous wastes, such as
radioactive nuclear wastes, in an environmentally acceptable manner at landfill still
sites or incinerate them at thermal treatment plants. These wastes are generated in all
operations associated with the use of nuclear energy for national defence or peaceful
purposes such as mining of radioactive ore, production of nuclear fuel, laboratory
experiments and medical treatment. Underground disposal may provide an
environmentally and economically viable option in case of radioactive wastes. The
underground disposal of hazardous waste is acceptable only in inactive or partially
active mines that meet specific geological and technical criteria. Worldwide, only one
deep-mine disposal facility is currently in operation: a worked-out halite/potash salt
mine at Herfa Neurode in the Federal Republic of Germany (now united Germany).
Thus, in principle you have learnt that there are four methods of waste disposal.
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4.11 PREVALENT METHODS OF DISPOSAL
In the absence of proper regulatory control over handling, treatment and disposal, the
hazardous wastes are mostly disposed wherever the space is easily available and
accessible to the waste generators. Presently, the following methods of disposal of
hazardous industrial wastes are followed in our country:
 Disposal along with city refuse
 Disposal on river beds and banks
 Open-pit burning
 Disposal in low lying areas, estuaries and seas
 Burning in self-designed incinerators.
Most of the heavy metal bearing and highly toxic wastes such as pesticides, solvent
distillates, phenolics and cyanide waste are being disposed of using above mentioned
methods. From the standpoint of impact what is significant is the method of disposal
and the compatibility and complex interaction of these wastes with the receiving
environment. Let us study what are the harmful effects of disposal of wastes in an
improper way. Ministry of Environment, Forest and climate change has notified solid
waste management rules 2016. The rules make in mandatory for every waste
generator to segregate and store separately recyclable, non-recyclable and hazards
wastes and separately hand over these to the municipal workers.
4.12 LET US SUM UP
Wastes can be reused or recycled, in order to minimise the volume of waste to be
disposed. Toxic waste must be treated before disposal. This can be done using
chemical, physical or biological means. After detoxification, the waste should be
carefully transported avoiding mixing of non-compatible chemicals. This follows
disposal of waste into a properly operated sanitary landfill. The waste can also be
incinerated or dumped in underground salt mines. Unmindful use of resources, byproducts of industrial processes, waste generation, lack of will on the part of people to
treat and manage the effluents and wastes are the contributory factors in polluting the
environments.
4.13 CHECK YOUR PROGRESS: ANSWER KEYS
Ans to Q. 1: Municipal solid waste is generated mainly from residential and
commercial complexes in urban areas and consists of household waste,
construction and demolition debris, sanitation residue, and waste from
streets. The European Union legally defined municipal waste as ‘as a
waste from households, as well as any other waste which, because of
its nature or composition is similar to wastes from households’.
Ans to Q. 2: The aims of the Basel Convention are:
(a) To reduce transboundary movements of hazardous waste to a
minimum,
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(b) to ensure that hazardous wastes are treated and disposed of as
possible to their source of generation, and
(c) To minimize hazardous waste generation at source.
4.14 GLOSSARY
Biomedical Waste:

It includes infectious materials such discarded blood,
unwanted microbiological cultures and stocks, used
bandages and dressings, discarded gloves, discarded
needles and used scalpels.

Incineration:

These are the waste created as a result of industrial
activities including the processing of raw materials for
manufacturing of new products.

Hazardous Waste:

A waste is considered as hazardous if it has any one of
the following characteristics: ignitability, corrosiveness,
reactivity, radioactivity and toxicity.

Industrial Waste:

These are the waste created as a result of industrial
activities including the processing of raw materials for
manufacturing of new products.

Municipal Solid Waste:

Waste generated in urban or rural areas consisting of
households refuse and non-hazardous solids produced
from industries and commercial institutions, street
sweepings, biomass from tree cutting etc. can be
defined as Municipal Solid Waste. These waste is
normally collected by the urban authorities for
treatment and safe disposal.

Sanitation:

It states a proper disposal of human animal wastes by
proper use of toilets instead of open defecation.

Solid Waste:

A group of wastes produced due to landscaping
activities, agricultural activities and other processes like
domestic and commercial purposes.

Sludge:

The digested waste matter.

Urbanization:

It refers to the growth of cities because people migrate
from rural area to urban in search of job and better life
facilities.

Wastes:

Defined as the products that are created during the
extraction and processing of raw materials and in terms
of production, transformation and consumption, these
products have no further use.
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