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Topics to cover
Climate change:

The average temperature in many regions has been increasing in recent decades.
The global average surface temperature has increased by 0.6° + 0.2° C over the
last century. Globally, 1998 was the warmest year and the 1990s the warmest
decade on record. Many countries have experienced increases in rainfall,
particularly in the countries situated in the mid to high latitudes. In some
regions, such as parts of Asia and Africa, the frequency and intensity of
droughts have been observed to increase in recent decades. Episodes of El Nifio,
which creates great storms, have been more frequent, persistent and intense
since mid-1970s compared with the previous 100 years. All these are signs that
the earth is sick. Its climate is changing, making it more difficult for mankind to
survive. The earth is losing its ability to balance itself due to the imbalances

created by human activities. Projections of future climate change are derived

from a series of experiments made by computer based global climate models.
These are worked out on estimates of aspects such as future population growth
and energy use. Climatologists of the Intergovernmental Panel on Climate
Change (IPCC) have reviewed the results of several experiments in order to
estimate changes in climate in the course of this century. These studies have
shown that in the near future, the global mean surface temperature will rise by
1.4° to 5.8°C. Warming will be greatest over land areas, and at high latitudes.
The projected rate of warming is greater than has occurred in the last 10,000

years. The frequency of weather extremes is likely to increase leading to floods



or drought. There will be fewer cold spells but more heat waves. The frequency
and intensity of El Nifio is likely to increase. Global mean sea level is projected
to rise by 9 to 88 cm by the year 2100. More than half of the world’s population
now lives within 60km of the sea. They are likely to be seriously impacted by
an ingress of salt water and by the rising sea. Some of the most vulnerable
regions are the Nile delta in Egypt, the Ganges-Brahmaputra delta in
Bangladesh, and many small islands including the Marshall Islands and the
Maldives, (WHO, 2001). Human societies will be seriously affected by
extremes of climate such as droughts and floods. A changing climate would
bring about changes in the frequency and/or intensity of these extremes. This is
a major concern for human health. To a large extent, public health depends on
safe drinking water, sufficient food, secure shelter, and good social conditions.
All these factors are affected by climate change. Fresh water supplies may be
seriously affected, reducing the availability of clean water for drinking and
washing during drought as well as floods. Water can be contaminated and
sewage systems may be damaged. The risk of spread of infectious diseases such
as diarrhoeal diseases will increase. Food production will be seriously reduced
in vulnerable regions directly and also indirectly through an increase in pests
and plant or animal diseases. The local reduction in food production would lead
to starvation and malnutrition with long-term health consequences, especially
for children. Food and water shortages may lead to conflicts in vulnerable
regions, with serious implications for public health. Climate change related
impacts on human health could lead to displacement of a large number of
people, creating environmental refugees and lead to further health issues.
Changes in climate may affect the distribution of vector species (e.g.
mosquitoes) which in turn will increase the spread of disease, such as malaria

and filariasis, to new areas which lack a strong public health infrastructure. The
seasonal transmission and distribution of many diseases that are transmitted by

mosquitoes (dengue, yellow fever) and by ticks (Lyme disease, tickborne



encephalitis) may spread due to climate change. A Task Group set up by WHO
has warned that climate change may have serious impacts on human health.
Climate change will increase various current health problems, and may also
bring new and unexpected ones. Strategies aimed at reducing potential health
Impacts of anticipated climate changes should include monitoring of infectious
diseases and disease vectors to detect early changes in the incidence of diseases
and the geographical distribution of vectors; environmental management
measures to reduce risk; disaster preparedness for floods or droughts; and their
health related consequences. It will be necessary to create early warning
systems and education for epidemic preparedness. Improved water and air
pollution control will become increasingly essential for human health. Public
education will have to be directed at changes in personal behaviour. Training of
researchers and health professionals must become an essential part of the world
becoming more responsible towards the expected outcome of Global Climate
Change (GCC).

Global warming

About 75% of the solar energy reaching the Earth is absorbed on the earth’s
surface which increases its temperature. The rest of the heat radiates back to the
atmosphere. Some of the heat is trapped by greenhouse gases, mostly carbon
dioxide. As carbon dioxide is released by various human activities, it is rapidly
increasing. This is causing global warming. The average surface temperature is
about 15°C. This is about 33°C higher than it would be in the absence of the
greenhouse effect. Without such gases most of the Earth’s surface would be
frozen with a mean air temperature of -18°C. Human activities during the last
few decades of industrialisation and population growth have polluted the
atmosphere to the extent that it has begun to seriously affect the climate. Carbon
dioxide in the atmosphere has increased by 31% since pre-industrial times,

causing more heat to be trapped in the lower atmosphere. There is evidence to



show that carbon dioxide levels are still increasing. Many countries have signed
a convention to reduce greenhouse gases under the United Nations Convention
on Climate Change. Current international agreements are however not still

effective to prevent the significant changes in climate and a rise in sea levels.

CASE STUDIES

Damage to coral reefs, Pacific

The severity of periodic warming due to ElI Nino in 1997 in the
Pacific led to the most serious death in coral ever known. It is
estimated that about 10% of the Earth’s coral reefs were dead,
another 30 % were seriously affected and another 30% were
degraded. The Global Coral Reef Monitoring Network Townsville,
Australia, has predicted that all the reefs could be dead by 2050.

Butterfly populations in the United Kingdom

Global warming is leading to an early arrival of butterflies in
Britain. Scientists say that butterflies can now be spotted much
earlier every year in the last two decades. Some, like the red
admiral, can now be seen a month earlier than was the case in the
mid — 1970s. Others, like the peacock and the orange tip are
appearing between 15 and 25 days earlier than in the past. Future
rise in temperature is likely to have a detrimental effect on these

butterflies. Some butterflies which




Lecture-2

Topics to cover

Acid rain

When fossil fuels such as coal, oil and natural gas are burned, chemicals like
sulfur dioxide and nitrogen oxides are produced. These chemicals react with
water and other chemicals in the air to form sulfuric acid, nitric acid and other
harmful pollutants like sulfates and nitrates. These acid pollutants spread
upwards into the atmosphere, and are carried by air currents, to finally return to
the ground in the form of acid rain, fog or snow. The corrosive nature of acid
rain causes many forms of environmental damage. Acid pollutants also occur as
dry particles and gases, which when washed from the ground by rain, add to the
acids in the rain to form a more corrosive solution. This is called acid
deposition. Damage from acid rain is widespread in North America, Europe,
Japan, China and Southeast Asia. In the US coal burning power plants
contribute to about 70% of sulfur dioxide. In Canada oil refining, metal
smelting and other industrial activities account for 61% of sulphur dioxide
pollution. Motor vehicle exhaust fumes are the main source of nitrogen oxides.
The acids in acid rain chemically react with any object they come in contact

with. Acids react with other chemicals by giving up hydrogen atoms.

Effects: Acid rain is known to cause widespread environmental damage.
1. Acid rain dissolves and washes away nutrients in the soil which are needed
by plants. It can also dissolve naturally occurring toxic substances like

aluminium and mercury, freeing them to pollute water or poison plants.

2. Acid rain indirectly affects plants by removing nutrients from the soil in
which they grow. It affects trees more directly by creating holes in the waxy

coating of leaves, causing brown dead spots which affect the plant’s



photosynthesis. Such trees are also more vulnerable to insect infestations,
drought and cold. Spruce and fir forests at higher elevations seem to be most at

risk. Farm crops are less affected by acid rain than forests.

3. Acid rain that falls or flows as ground water to reach rivers, lakes and
wetlands, causes the water in them to become acidic. This affects plant and

animal life in aquatic ecosystems.

4. Acid rain also has far reaching effects on wildlife. By adversely affecting one
species, the entire food chain is disrupted, ultimately endangering the entire
ecosystem. Different aquatic species can tolerate different levels of acidity. For
instance clams and mayflies have a high mortality when water has a pH of 6.0,
while frogs can tolerate more acidic water, although with the decline in supply
of mayflies, frog populations may also decline. Land animals that are de-

pendent on aquatic organisms are also affected.

5. Acid rain and dry acid deposition damages buildings, automobiles, and other
structures made of stone or metal. The acid corrodes the materials causing
extensive damage and ruins historic buildings. For instance the Parthenon in

Greece and the Taj Mahal in India have been affected by acid rain.

6. Although surface water polluted by acid rain does not directly harm people,
the toxic substances leached from soil can pollute water supply. Fish caught in
these waters may be harmful for human consumption. Acid, along with other

chemicals in the air, produces urban smog, which causes respiratory problems.

Solutions: The best way to stop the formation of acid rain is to reduce the
emissions of sulphur dioxide and nitrogen oxides into the atmosphere. This can

be achieved by using less energy from fossil fuels in power plants, vehicles and



industry. Switching to cleaner burning fuels is also a way out. For instance
using natural gas which is cleaner than coal, using coal with lower sulphur
content, and developing more efficient vehicles. If the pollutants have already
been formed by burning fossil fuels, they can be prevented from entering the
atmosphere by using scrubbers in smokestacks in industry. These spray a
mixture of water and limestone into the polluting gases, recapturing the sulphur.
In catalytic converters, the gases are passed over metal coated beads that
convert harmful chemicals into less harmful ones. These are used in cars to
reduce the effects of exhaust fumes on the atmosphere. Once acid rain has
affected soil, powdered limestone can be added to the soil by a process known

as liming to neutralize the acidity of the soil.

Ozone layer depletion
For the last 450 million years the earth has had a natural sunscreen in the
stratosphere called the ozone layer. This layer filters out harmful ultraviolet
radiations from the sunlight and thus protects various life forms on the earth.
Ozone is a form of oxygen. The molecule of oxygen contains two atoms here as
that of ozone contains three (O3). In the stratosphere ozone is continuously
being created by the absorption of short wavelength ultraviolet (UV) radiations.
Ultraviolet radiations less than 242 nanometres decompose molecular oxygen
into atomic oxygen (O) by photolytic decomposition.
02+hv0—-0+0

The atomic oxygen rapidly reacts with molecular oxygen to form ozone.

0+02+M1—-03+M
(M is a third body necessary to carry away the energy released in the reaction).
Ozone thus formed distributes itself in the stratosphere and absorbs harmful
ultraviolet radiations (200 to 320 nm) and is continuously being converted back

to molecular oxygen.



O3+hv0—02+0

Absorption of UV radiations results in heating of the stratosphere.

Ozone is formed by the action of sunlight on oxygen. It forms a layer 20 to
50kms above the surface of the earth. This action takes place naturally in the
atmosphere, but is very slow. Ozone is a highly poisonous gas with a strong

odour. It is a form of oxygen that has three atoms in each molecule. It is
considered a pollutant at ground level and constitutes a health hazard by causing
respiratory ailments like asthma and bronchitis. It also causes harm to
vegetation and leads to a deterioration of certain materials like plastic and
rubber. Ozone in the upper atmosphere however, is vital to all life as it protects
the earth from the sun’s harmful ultraviolet radiation. The ozone layer in the

upper atmosphere absorbs the sun’s ultraviolet radiation, preventing it from
reaching the earth’s surface. This layer in the atmosphere protects life on earth

from the dangerous UV radiation from the sun.

Thinning of Ozone Layer

In the 1970s, scientists discovered that chemicals called chlorofluorocarbons or
CFCs, which were used as refrigerants and aerosol spray propellants, posed a
threat to the ozone layer. The CFC molecules are virtually indestructible until
they reach the stratosphere, where UV radiation breaks them down to release
chlorine atoms. The chlorine atoms react with ozone molecules which break
down into oxygen molecules, which do not absorb UV radiations. Since the
early 1980s, scientists detected a thinning of the ozone layer in the atmosphere
above Antarctica. This phenomenon is now being detected in other places as
well including Australia. Although the use of CFCs has been reduced and now
banned in most countries, other chemicals and industrial compounds such as

bromine, halocarbons and nitrous oxides from fertilizers may also attack the



ozone layer. The destruction of the ozone layer is seen to cause increased cases
of skin cancer and cataracts.

It also causes damage to certain crops and to plankton, thus affecting natures
food chains and food webs. This in turn causes an increase in carbon dioxide
due to the decrease in vegetation. With the signing of the Montreal Protocol in
1987, a treaty for the protection of the ozone layer, the use of CFCs was to be
banned by the year 2000. After 2000, the ozone layer is expected to recover
slowly over a period of about 50 years.

The amount of atmospheric ozone is measured by ‘Dobson Spectrometer’ and is
expressed in Dobson units (DU). One DU is equivalent to a 0.01 mm thickness
of pure ozone at the density it would possess if it were brought to ground level
(1atm) pressure. Normally over temperate latitude its concentration is about 350
DU, over tropics it is 250 DU whereas at sub polar regions (except when ozone
thinning occurs) it is on an average 450 DU. It is because of the stratospheric

winds which transport ozone from tropical towards polar regions.

Effects of Ozone depletion

= Ozone depletion in the stratosphere will result in more UV radiation
reaching the earth especially UV-B (290-320 nm). The UV-B radiations
affect DNA and the photosynthetic chemicals. Any change in DNA can
result in mutation and cancer. Cases of skin cancer (basal and squamous
cell carcinoma) which do not cause death but cause disfigurement will
increase.

= Easy absorption of UV rays by the lens and cornea of eye will result in
increase in incidents of cataract.

= Melanin producing cells of the epidermis (important for human immune

system) will be destroyed by UV-rays resulting in immuno-suppression.



Fair people (who cannot produce enough melanin) will be at a greater risk
of UV exposure.

= Phytoplanktons are sensitive to UV exposure. Ozone depletion will result
in decrease in their population thereby affecting the population of

zooplankton, fish, marine animals, in fact the whole aquatic food chain.

= Yield of vital crops like corn, rice, soybean, cotton, bean, pea, sorghum
and wheat will decrease.

= Degradation of paints, plastics and other polymer material will result in
economic loss due to effects of UV radiation resulting from ozone

depletion.

References:

Bharucha, E.; Kumar, S.; Nair, S. and Foulger, S. “Text book of
Environmental Studies for Undergraduate Courses” University press (India)
private Limited 3-6-747/1/A&3-6-754/1 Hyderabad 500029,Telangana, India
ISBN:978-81-7371-862-5

Kaushik, A.; Kaushik, C. P.; Perspectives in Environmental Studies



