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Preface

There was a time “Environmental Science” was taught only to
students of life sciences or natural sciences. With the evolution
of man, his relationship with nature drastically changed. There
was a long resilience period when ecological processes could
recover from threats of human development. However,
environmental problems arose with the multi-dimensional
development of our society. Recent phenomencn of “climate
change” surpassed all other threats imposed on human life and
its sustainability. Therefore, today it has become the need of
every citizen to know about the fundamentals of environmental
science and its management.

Current scope of environmental science includes a wide
range of subjects, viz., environmental sociology, environmental
politics, environmental economics as well as environmental
engineering. It is important for a student of engineering to
know the deep relationship between environment and
engineering. To use his/ her skills in environmental management,
it becomes mandatory for a student to know the interactions
amongst physics, chemistry and biology of atmosphere,
hydrosphere, lithosphere and biosphere.

The contents of this book primarily written for engineering
students offer basic knowledge on energy resources and their
management. It describes the problems related with air pollution
and its management. There is a detailed description of issues
related with water and waste water treatment. Other problems
viz. noise pollution, soil pollution and solid waste pollution have
also been described with a proper selection of case studies. I
believe this knowledge on environmental science will help the
engineering students in developing their professional skills.
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Although, the content and accuracy of the text of this book
are the responsibility of the author, I have realized that it would
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Energy and Environment

INTRODUCTION

Anybody can ask a question—what is environment? Einstein
once defined environment as “everything that is not me”.
In other words we can say that “final analysis of everything
present outside an individual is called environment”. This
outside world in which we all live, being a part of it, is cosmos.
The cosmos has air, water, soil, sun, moon and other planets.
It has plants, animals, rivers, mountains, deserts and oceans.
Collectively they make nature. The nature to which we belong
is our environment.

Another way of understanding environment is to classify it
further as physical, chemical and biological environment.
Physical environment includes radiation (light), temperature
(heat), humidity and rain. Chemical environment has water,
gases, acids, bases, inorganic elements and organic substances.
Biological environment covers all living organisms found on the
earth. These can be bacteria, viruses, microbes, algae, fungi,
herbs, shrubs, crops, large trees, worms, insects, fish, snakes
and mammals. The living world on the planet earth is supported
by complex but interdependent physical, chemical and biological
processes. These processes collectively result into evolution. Thus
we find that in environment every thing is related with
everything.

What is environmental science? Environmental science is a
collective study of many subjects. It includes elements of
agronomy (soil science), biology, botany, chemistry, climatology,
ecology, entomology, geography, geology, hydrology, limnology,
meteorology, oceanography, political science, psychology,
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Figure 1.1 : Scope of environmental science

zoology, medicine and human and animal health. It also draws
upon some specialized subjects such as biogeography,
demography, economics, and toxicology. Thus, environmental
studies constitute a multidisciplinary subject (Fig. 1.1).

Briefly, the environment has four realms i.e. atmosphere,
biosphere, lithosphere and hydrosphere. Atmosphere is the
gaseous envelope held by the gravitational force around the
earth. Biosphere 1s concentrated mainly on the surface of earth.
It includes all living species (individuals). Hydrosphere is the
water domain. It includes all lakes, ponds, rivers, streams,
estuaries, bays, oceans and sea. Earth’s outer crust is lithosphere.
These four realms are so closely related with each other that
they cannot be separated absolutely. They interact with each
other and make a life supporting system.

Man, biologically called Homo sapiens sapiens, evolved with
other creatures. For a long period he remained a part of natural
system. Then he started making tools, invented fire, grew
agricultural crops and domesticated animals. Later
developments changed agricultural man into an industrial man.
He started using nature and its resources according to his
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demands. He made changes in all the four realms of
environment. The part of the environment, which is directly
affected by human expression of thought and action, now makes
the fifth realm called homosphere or noosphere.

If we look to the history, 16th and 17th centuries were a
period of discovery. Living creatures were classified in 18th
century. Nineteenth century debated on origin of life. In 20th
century scientists connected organisms to their habitats. From
1930s to 1960s the modern discipline of ecology was born. Later
part of 20th century witnessed the explosive growth of pure and
applied environmental science. Why? It was the period that
brought pollution, acid rain, loss of biological diversity, increased
incidents of drought, famine, floods, health problems and above
all a sense of insecurity. Technology worked as a double-edged
sword. It brought revolutions in all major sectors but degraded
natural systems and their occupants. Environmental science
then emerged as wider field than ecology. It studies the secrets
of natural world and suggests the ways and means to
establish a balance between man and nature and its
resources.

In recent years, consciousness towards environmental issues
has increased. Laws for environmental protection have been
enacted in several countries. The credit for creating awareness
goes to the conference on “Human Environment”, held at
Stockholm in 1972. Earth summit, another conference on
environment, was held in Rio-De-Janeiro in Brazil in 1992.
Important issues like human population explosion, conservation
of biodiversity, protection of ozone umbrella and restoration of
climate change were discussed. Efforts are being made to educate
people on environmental problems and their management. Man
has started to realize that environmental protection is his moral
responsibility. Ethics thus developed are called environmental
ethics.

ENERGY: BASIC CONCEPTS

Energy is most commonly defined as the equivalent of, or
capacity for, doing work. According to the Encyclopedia
Britannica, energy can either be associated with a material body,
as in a coiled spring or a moving object, or it can be independent
of matter, as light and other electromagnetic radiation passing
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through vacuum. The different forms of energy are gravitational,
kinetic, heat, elastic, electrical, chemical, radiant, nuclear, and
mass energy.

Energy is expressed in work units such as foot-pounds,
joules, ergs, British thermal units (BTUs), kilowatt-hours (kWh),
or tons of TNT-equivalent explosive energy. The energy content
of various fuels that produce heat or electricity is generally
measured in joules or BTUs. Comparative reserves of energy
resources (such as natural gas, coal and petroleum) are often
expressed as barrels of oil equivalent (bbl).

In the International System of units (SI), the preferred term
for heat is the joule, where 1 J is the amount of work required to
move a weight of 1 g through 1 em (1.J =107 erg =0.2381 calories).
Alternatively, a BTU is the quantity of heat required to raise
the temperature of one pound of water one degree Fahrenheit
near the point of maximum water density (39.1°F). One BTU is
equal to 1,055 joules. An appropriate unit for expressing the
quantities of energy in world fuel reserves is the @ unit, which
is equal to 101 BTUs.

Although the early Greek philosophers recognized fire as
one of the primary elements (along with air, water, and earth),
the concept of energy was first recognized by Galileo in the
17th century. Since energy itself is invisible—one cannot see
heat or electricity—it is measured in terms of work that can be
done or variations in heat content. Galileo discovered that, when
a weight is lifted with a pulley system, the force applied
multiplied by the distance through which that force must be
applied (the work) remains constant even though either factor
may vary.

Until the 19th century, human use of energy resources was
limited to burning combustibles (wood and coal) for heating and
cooking, burning oils made from plants and animal fats for
lighting, and using water and wind to power simple machines
to grind grain and pump water. Animal power was a significant
part of the energy mix before the mid-20th century and remains
so in many developing countries even today. Since the 1970s,
water, wind, and the sun have become important sources of
energy for electricity generation.

The development of theories of mechanics and
thermodynamics by Isaac Newton and other physicists led to
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inventions like the steam engine, which uses energy to power
machines to do work. The Industrial Revolution of the 18th
and 19th centuries was driven by mechanical energy-using
technologies. The drilling of the first oil well in 1869 in Titusville,
Pennsylvania, and later the development of mass electricity
distribution ushered in the age of energy, which has
characterized the 20th century. Today, people in developed
countries daily consume more than 100 times the energy used
by primitive human beings (Table 1.1).

Table 1.1 : Human energy consumption throughout history—daily per capita

consumption (1000 kilocalories)
Food | Residential | Industry | Transportation |Total
and and
commercial | agriculture

Primitive man 2 - - - 2
Hunting man 3 2 = - 5
Primitive 4 4 4 - 12
agricultural man
Advanced 6 12 7 1 26
agricultural man
Industrial man T 32 24 14 77
Technologicalman | 10 66 91 63 230

Source: Cook (1971) and Loftness (1978).

Energy consumption represents six stages of human
development. Primitive man, about one million years ago, had
only the energy content of the food he ate. Hunting man, who
lived about 100,000 years ago, had more food and also used wood
for heat and cooking. About 5000 BC, primitive agricultural man
grew crops and used animals for cultivation. By AD 1400,
advanced agricultural man in Europe used coal for heating and
also used water and wind for power. In the 19th century,
industrial man added the steam engine as a source of mechanical
energy. Modern technological man utilizes the internal
combustion engine, steam turbines, gas turbines and electricity
as his sources of energy.

The concept of energy is somewhat abstract; you can't see it
or feel it, even though you have to pay for it. To understand
energy it is easiest to begin with the idea of force. We all have
had the experience of exerting force-of pushing or pulling. The
strength of a force can be measured by how much it accelerates
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Figure 1.2 : Some basic energy concepls, including potential energy, kinetic
energy, and heat energy

an object. Suppose that your car stalls while you are going up a
hill and you get out to push it to the side of the road. You apply
a force against gravity. If the brake is on, the brakes, tires, and
bearings might heat up from friction. The longer the distance
over which you exert the same force, the greater is the change
in the car’s speed, its position, or the heat in the brakes, tires,
and bearings—that, in a physicist’s terms, is the work done
(Fig. 1.2). Work is exerting a force over a distance, that is, work
is the product of force times distance (conversely, it is
often said that energy is the ability to do work). If you
push hard, but the car doesn’t move at all, you have exerted a
force, but you have not done any work on the car (according to
the definition), even if you feel tired and sweaty.

First Law of Thermodynamics

In pushing your stalled car, you have done three things: changed
its speed, moved it against gravity, and heated its parts. These
three things have something in common: They are all forms of
energy. You have converted chemical energy in your body to the
energy of motion of the car (kinetic energy), the gravitational
(or potential) energy of the car, and heat energy. Energy can
and often is converted or transformed from one kind to another,
but the total energy is always conserved. The principle that
energy may not be created or destroyed but is always
conserved is known as the first law of thermodynamics.
Thermodynamics is the science that keeps track of energy as it
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undergoes various transformations from one type to another.
We use the first law to keep track of the quantity of energy.

Potential and Kinetic Energy

The conservation and conversion of energy can be illustrated by
the example of a clock pendulum. When the pendulum is held
in its highest position, it is neither moving nor getting hotter. It
does, however, contain energy. We refer to the stored energy as
potential energy, which is converted to other forms when it is
released. Other examples of potential energy are the
gravitational energy in water behind a dam; chemical energy in
coal, fuel oil, and gasoline, as well as in the fat in your body; and
nuclear energy, which is related to the forces binding the nuclei
of atoms.

When the pendulum is released, it moves downward. At the
bottom of the swing the speed is greatest, and there is no
potential energy. At this point all its energy is in the energy of
motion, which is called kinetic energy. As the pendulum swings
back and forth, the energy changes continuously between
potential and kinetic energy (Fig. 1.3). But at each ecycle the
pendulum slows down because of the friction of the pendulum

(1) Energy is all potential

@ Energy is all kinetic

(@ Energy is potential
and kinetic

Figure 1.3 : Idealized diagram of a pendulum clock illustrating the relation between
potential and kinetic energy
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moving through air and the friction at its pivot. The friction
generates heat. Eventually all the energy is converted to heat
and the pendulum stops.

This example illustrates another property of energy—its
tendency to dissipate and end up as heat. It is relatively easy to
transform various forms of energy into low-grade heat, but
difficult to change heat into high-grade energy. Physicists have
found that it is possible to change all the gravitational energy
in a pendulum to heat, but not to change all the heat energy
(energy of random motion of atoms and molecules) thus
generated back into potential energy.

Second Law of Thermodynamics

Energy is certainly conserved in the pendulum example; all the
initial gravitational potential energy is transformed to heat when
the pendulum finally stops. If the same amount of energy, in
the form of heat, were returned to the pendulum, can we expect
the pendulum to start again? The answer is NO! What, then,
gets used up? It is not energy, because energy is always
conserved. What gets used up is the energy quality, or the
availability of the energy to perform work. The higher the quality
of the energy, the more easily it can be converted to work; the
lower the energy quality, the more difficult it is to convert to
work, This example illustrates another fundamental property
of energy: Energy always tends to go from a more usable (higher
quality) form to a less usable (lower quality) form. This
statement, the second law of thermodynamics, means that when
you use energy, you lower its quality. Lower-quality energy is
more difficult to utilize. When we use energy and it is converted
to a less useful form, we say the entropy of the system has
increased.

Let us return to the example of the stalled car, which you
have now pushed to the side of the road, Having pushed the car
a little way uphill, you have increased its potential energy. You
can convert this to kinetic energy by letting it roll back downhill.
You engage the gears to restart the car. As the car idles, the
potential chemical energy to move the car (from the gasoline) is
converted to waste heat energy and various amounts of other
energy forms, including sound and electricity to charge the
battery and play the radio.
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According to the first law of thermodynamics, the total
amount of energy is always conserved. If this is true, why should
there ever be any energy problem? Why could we not collect
that wasted heat and use it to run the engine? Here we discover
the importance of the second law of thermodynamies. According
to that law, energy used to move the car is degraded to low-
quality heat, which can never regain its original availability or
energy grade. When we refer to heat energy as low grade, we
mean that relatively little of it is available to do useful work.
High grade energy, such as gasoline, coal, or natural gas, has
high potential to do useful work. The biosphere continuously
receives high-grade energy from the sun and radiates low-grade
heat to the depths of space.

ATMOSPHERIC ENERGY
Radiation

Basically all the energy that reaches the earth comes from
the sun. The absorption and loss of radiant energy by the
earth and the atmosphere are almost totally responsible for
the earth's weather, both on a global and local scale. The
average temperature on the earth remains fairly constant,
indicating that the earth and the atmosphere on the whole
lose as much energy by radiation back into space as is received
by radiation from the sun. The accounting for the incoming
and outgoing radiant energy constitutes the earth’s energy
balance. The atmosphere, though may appear to be
transparent to radiation, plays a very important role in the
energy balance of the earth. In fact, the atmosphere controls
the amount of solar radiation that actually reaches the surface
of the earth, and at the same time controls the amount of
outgoing terrestrial radiation that escapes into space. In this
section we consider, in particular, the role of the atmosphere
in the earth’s energy balance.

The intensity of radiation is measured by the amount of
energy transferred per unit area per unit time (typical units
are cal em 2 min'). Although knowledge of the exact nature
of all forms of radiation is incomplete, it is known that with
respect to many properties, radiant energy acts as if it were
transmitted in the form of waves. The wavelength A and the
frequency v are related by v = ¢/A, where ¢, the speed of light, is
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2.998 x 10" em/sec. We will normally characterize radiation by
its wavelength, measured in micrometers mm (10* em) or
angstroms A (10°% ecm).

Radiant energy, arranged in order of its wavelengths, is
called the spectrum of radiation. The so-called electromagnetic
spectrum is shown in Fig. 1.4. The sun radiates over the entire
electromagnetic spectrum, though, as we will see, most of the
energy is concentrated near the visible portion of the spectrum,
the narrow band of wavelengths from 4000 to 7000 A.

Radiation is emitted when an electron drops to a lower level
of energy. The difference in energy between the initial and final
level, Ag, is related to the frequency of the emitted radiation by
Planck’s law,

Ag = hv = he/a

where h = 6.63 x 10°* joule-sec. The electromagnetic wave
emitted when an electron makes a transition between two energy
levels i1s called a photon. When the energy difference At is large,
the frequency of the emitted photon is high (very small
wavelength) and the radiation is in the X-ray or gamma-ray
region. The Planck condition also applies to the absorption of a
photon of energy by a molecule. Thus, a molecule can absorb
radiant energy only if the wavelength of the radiation
corresponds to the difference between two of its energy levels.
Since the spacing between energy levels is, in general, different
for molecules of different composition and shape, the absorption
of radiant energy by molecules of differing structure occurs in
different regions of the electromagnetic spectrum.

The amount of energy radiated from a body depends largely
on the temperature of the body. This maximum amount of
radiation for a certain temperature is called the blackbody
radiation. A body that radiates at a certain temperature is called
a blackbody. This maximum is identical for every blackbody
regardless of its constituency. Thus, the intensity of radiation
emitted by a blackbody is a function only of the wavelength,
absolute temperature, and surface area. The term “blackbody”
has no reference to the color of the body. A blackbody can also
be characterized by the property that all radiant energy reaching
its surface is absorbed.
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Electromagnetic Radiation

Planet Earth is bathed continuously in electromagnetic
radiation, so named because this form of energy exhibits both
electrical and magnetic properties. All known objects emit
electromagnetic radiation Forms of electromagnetic radiation
include radio waves, microwaves, visible light, infrared radiation,

Frequency Wavelength
(hertz) (centimeters)
1 0-" = e 10—!1
Gamma rays -I
MWW
107 4+ 1
X rays [UVVUUVUUAVY
10" 4 -
T107
VEVETE AVAVAVAVAVAAVRVAY
Wavelength
10" 4 (micrometers)
41 16=*--"""" Violet: 0.40—0.44
LT \WAVAVAVAVAVAL SErm Blue: 0.45—0.49
Green: 0.50—0.53
Infrared \/\/\/—\/—\, Yellow: 0.54—0.58
10" Orange: 0.59—0.64
i 410 Red: 0.65—0.70
£ e S Lo
Microwaves \\N
10 = 1 1 ot
Radio waves L/\_/

Figure 1.4 : The electromagnetic spectrum consists of many types of radiation
that are distinguished on the basis of wavelength, frequency, and
energy level
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ultraviolet radiation, X rays, and gamma radiation, Together,
all these forms of electromagnetic radiation make-up the
electromagnetic spectrum, illustrated in Fig. 1.5.

l———Wavelength————]

f————Wavelength———|

Figure 1.5 : The wavelength of an electromagnetic wave is the distance between
successive crests or, equivalently, the distance between successive
troughs

Electromagnetic radiation travels through space as well as
through gases, liquids, and solids. In a vacuum, all
electromagnetic waves travel at maximum speed, 300,000 km
per second, All forms of electromagnetic radiation slow down
when passing through materials, the speed varying with
wavelength and type of material. As electromagnetic radiation
passes from one medium to another, it may be reflected or
refracted (that is, bent) at the boundary between the two media.
This happens, for example, when solar radiation strikes the
ocean surface: some is reflected and some is bent upon
penetrating the water. Electromagnetic radiation can also be
absorbed when solar radiation is absorbed at the Earth’s surface
and converted to heat.

Although the electromagnetic spectrum is continuous,
different names are assigned to different segments because we
detect, measure, generate, and use those segments in different
ways. Note that the different types of electromagnetic radiation
do not begin or end at precise points along the spectrum. For
example, red light shades into invisible infrared radiation
(infrared, meaning below red) on the frequency scale. At the
other end of the visible portion of the electromagnetic spectrum,
violet light shades into invisible ultraviolet radiation (ultraviolet,
meaning beyond violet).
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Infrared Radiation

Infrared radiation lies between microwaves and visible light.
We cannot see infrared radiation, but we can feel the heat
generated if the infrared radiation is intense enough, as it is,
for example, when emitted by a hot stove. Some naturally
occurring infrared radiation comes directly from the sun, but is
converted by the Earth-atmosphere system from visible solar
radiation.

At its uppermost frequencies, infrared radiation shades into
the lowest frequency of visible radiation, red light. Wavelengths
of visible light range from about 0.70 micrometer (um) at the
red end down to about 0.40 pm at the violet end of the spectrum.
(A micrometer is a millionth of a meter.) Visible light is essential
for photosynthesis and for many activities of plants and animals.
For plants, the duration of sunlight coordinates flowering, the
opening of buds, and the dropping of leaves. In some animals,
the duration of sunlight regulates reproductive activity,
hibernation and migration.

Beyond visible light on the electromagnetic spectrum and
in order of increasing frequency, increasing energy level, and
decreasing wavelength are ultraviolet radiation (UV), X rays,
and gamma radiation. All three occur naturally, and all can
be produced artificially. All have medical uses: ultraviolet
radiation is a potent germicide; X rays are a powerful diagnostic
tool; and both X rays and gamma radiation are used to treat
cancer patients. These three highly energetic types of radiation
can be dangerous as well as useful. Ultraviolet rays can cause
blindness by irreparably damaging the retinal cells of the eye,
and prolonged exposure to UV can cause cancer on exposed skin.
Overexposure to X rays or gamma rays can cause sterilization,
cancer, genetic mutations, and tissue damage to a fetus.
Fortunately for us, the Earth’s atmosphere blocks out most
incoming ultraviolet radiation and virtually all X rays and
gamma radiation. Without this protective atmospheric shield,
all life on Earth would be quickly destroyed.

Microwave Radiation

Next comes the microwave portion of the electromagnetic
spectrum, which has wavelengths ranging from 300 to
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0.1 millimeter (mm). (A millimeter is a thousandth of a meter.)
Some microwave frequencies are used for long-distance
telephone communications, Earth-to-satellite television
systems, tracking weather systems (radar), and in microwave
ovens.

The biologic effect of microwave radiation (MWR) on
organisms is a function of the water content, vascularity, and
dielectric properties of tissues. Microwave energy converts into
thermal energy during absorption by the tissues. It is the
production of heat that results in tissue damage. There is non-
uniform heat production following significant exposures. The
non-uniformity results from the density differences between
tissues, such as bone versus muscle. The rate at which energy is
absorbed is the specific absorption rate (SAR). SAR is measured
in watts per kilogram (W/kg). With these units, different
substances and tissues can be categorized. Ten mW/em? of energy
increases body temperature to 1°C. The body absorbs approxi-
mately 60 Watts of energy. This is acceptable temperature
elevation. The normal resting basal metabolism results in 1 to
1.3 W/kg. Two factors determine thermal dose: the peak tissue
temperature and the duration that the temperature is main-
tained. The body's own thermoregulatory mechanisms modulate
the increase.

The penetration of MWR increases with the length of
microwave (Table 1.2). There are four general MWR bands
(Table 1.3). These wavelengths range from television to cloud
detection radar frequencies. There is overlap between these long
waveforms of MWR and radiofrequency radiation (RFR) energy.
The health effects tend to be similar. There are several known
bio-effects reported from MWR (Table 1.4).

Table 1.2 : Microwave penelration into tissues

Band Wavelength Penetration

Super-high frequency <0.03 m Epidermis
Super-high frequency and ultra-high frequency  0.03-0.1 m Subcutaneous
Ultra-high frequency and very high frequency 0.25-2m Through body
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Table 1.3 : Common uses of typical microwave frequencies

Uses Wavelength Frequency Band

Television 10-1m 30-300 MHz Very high frequency
Microwave ovens 1-0.1m 0.3-3 GHz Ultra-high frequency
Communications 10-0.01 m 3-30 GHz Super-high frequency
Weather radar 0.01-0.001 m 30-30 GHz Extra-high frequency

Table 1.4 : Physiologic effects of microwave radiation on man and animals

* Behavioral

* Cardiovascular

» Cataracts (human)

« Central nervous system disorders
« Circadian rnythms

+ Developmental

= Environmental

+ Genotoxic

* Hematologic

+ Metabolic

Radio-Frequency Radiation

At the low-energy (low-frequency. long-wavelength) end of the
electromagnetic spectrum are radio waves. Their wavelengths
range from a small fraction of a centimeter to hundreds of
kilometers, and their frequencies range up to a billion hertz.
FM (frequency modulation) radio waves, for example, span
88 million Hz to 108 million Hz, hence the familiar 88 and
108 at opposite ends of the FM radio dial.

There has been a concern about radio-frequency radiation
(RFR) since the late 1970s, when a report suggested that
electromagnetic fields associated with power lines might increase
the risk of childhood cancer. This allegation has spread from
power lines to electric blankets, razors, computer terminals, hair
dryers, and alarm clocks. The scare began after an individual
gave his pregnant wife a cell phone in 1988. Two years later she
developed a brain tumor adjacent to the area of the phone's
antenna. This led to multiple lawsuits. Congressional hearings
were held, while the Environmental Protection Agency (EPA),
Food and Drug Administration (FDA), and national cancer
institute all declared that there was no scientific evidence to
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support such claims. At present, there is no evidence that the
use of mobile phones poses a direct health risk. In fact, an animal
study looking at reproductive effects of the electromagnetic fields
of mobile phones found that in vitre exposure to the radio-
frequency field did not induce any measurable cognitive effects.

User surveys have suggested that digital phone users
complain of discomfort, warmth, and picking on the ear during
conversations. Others do not report an increase in symptoms
either with controls or between digital and analog users. Although
it has been suggested that there is a limited temperature increase
in users, there is no evidence of permanent effects.

Cognitive effects have been alleged; however, this is not
supported by the literature. In fact, there is evidence that use of
mobile phones may increase cognitive abilities. This manifested
as an apparent stronger association in choice reaction time in
the analog group than the digital user group. This association
has been supported in animal studies.

ENERGY RESOURCES

Energy can be defined as the capacity to do work. Work is the
product of force. The agent used for “pushing or pulling” an object
is called force. Thus energy is an abstract, concept. You cannot
see it or feel it, even if you have to pay for it. It is an important
factor in the development of an economy. The demand for energy
has increased with the economic development of the world.
Energy consumption is an index of advancement of a country.
In India the per capita energy consumption is only 221 kg of oil
equivalent/year, a very low rate compared with other countries

(Table 1.5).

Table 1.5 : Energy consumption of some countries

Countries GNP Koe
USA 19840 7655
Japan 21020 3306
Germany 18480 4421
China 330 580
India 340 221

Some of the energy resources are exhaustible or non-
renewable e.g., coal and mineral oil, but many are renewable
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e.g., water and solar energy. Other non-conventional energy
resources are bio-gas, wind, tidal and geothermal energy
(Fig. 1.6).
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Figure 1.6 : Sources of energy

CONVENTIONAL OR NON-RENEWABLE SOURCES OF
ENERGY

Fossil Fuels

Crude oil, natural gas, coal, oil shales and tar sands constitute
the fossil fuels. They were created from incomplete biologic
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chemical reactions in the geologic cycle to fossil fuel. Thus
geologic cycle is responsible for the formation of fossil fuels. The
fossil fuel resource is finite. Using even the most optimistic
predictions, we can expect the total fossil fuel epoch in human
history to be only about 500 years. The following table
summarizes important information concerning the fossil fuels
compared with other sources of energy.

Table 1.6 : World proven reserves and annual use of fossil fuels

Reserves
Region Petroleum Natural gas Coal
(billion barrels)* (Trillion ft 3)*  (billion tons)*
North America 0.7 2914 285.2
South and Central America 89.5 2191 238
Western Europe 18.9 161.5 99.7
Eastern Europe and 58.9 1,999.4 288.4
Former USSR
Middle East 673.6 1,749.5 0.2
Africa 75.4 361.1 67.7
Far East and Oceania 43 359.6 322.3
Total 1,033.2 51416 1,087.2
Use

Petroleum Natural Gas Coal
World use, 1998* 26.6 billion barrels 83 trillion ft3  5.04 billion tons
World use, 1998 152 quads 85 quads 89 quads

(quads Btus)

* The fuels may be compared by calculating their energy content in British thermal units
(Btus). One billion barrels of petroleum yields ca. 5.7 x 1015 Btus, or 5.7 quadrillion
(quads) Btus. One trillion cubic feet of natural gas yields ca. 1,02 quadrillion Btus, and
1 billion tons of coal yields ca. 17.65 quadrillion Btus.

Source: Data from Oil and Gas journal and Energy Information Administration, US
Department of Energy, 1999.

NON-CONVENTIONAL OR RENEWABLE SOURCES OF
ENERGY

A. Direct Solar Energy

Broadly defined, solar energy includes a number of different
energy sources, as shown in Fig. 1.7.

Active solar systems require mechanical power to circulate
air, water or other fluids from solar collectors to a heat sink
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Types of Solar Collectors
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Figure 1.7 : Uses of solar energy

where the heat is stored until used. Solar collectors are usually
flat panels consisting of a glass plate over a black background
upon which water is circulated through tubes. These solar
collectors act as greenhouses.

Passive solar systems often involve architectural design to
enhance and take advantage of natural changes in solar energy
that occur throughout the year without requiring mechanical
power, Many homes throughout the world now use passive solar
systems for at least part of their energy needs.

Another potentially important aspect of direct solar energy
involves solar cells or photovoltaic that convert sunlight directly
into electricity. Two other types of solar energy are the solar
power tower and solar ponds.

India has been one of the major producers of photovoltaic
(PV) systems. PV systems currently used include street lighting
systems (SLS), domestic lighting systems (DLS), community
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lighting systems and TV (CDS and TV), water pumping systems
and small power plants. The details of various solar photovoltaic
systems installed are given below:

B. Wind Energy

Wind has propelled ships as well as driven wind mills used to
grind grain and pump water. More recently, wind has been used
to generate electricity.

In India, the significant achievements of the wind energy
programme are indigenous development of wind pump and wind
generators. Under the international cooperation programme, two
wind farms of 10MW each in Tamil Nadu and Gujarat have
been established with support from Danida of Denmark. The
details of the wind energy systems installed so far are given in
Table 1.7.

Table 1.7 : Wind energy systems

System No. of systems installed
Wind pumps 2,540

Wind farms 12

Wind electric generators 28

Battery chargers 47

C. Hydropower

Early in technological history, it was discovered that the force
of falling water could be used to turn paddle wheels, which in
turn would drive machinery to grind grain, saw logs into lumber,
and do other laborious tasks. The modern culmination of this
use of water power or hydropower is huge hydroelectric dams,
where water under high pressure flows through channels,
driving turbogenerators. The amount of power generated is
proportional to both the height of the water behind the dam,
1.e., what provides the pressure, and the volume of water that
flows through.

About 8.5% of the electrical power generated in the United
States currently comes from hydroelectric dams; most of it from
about 300 large dams concentrated in the Northwest and
Southeast. Worldwide, hydroelectric dams have a generating
capacity of 678,000 MW, with an additional 50,000 MW in the
construction or planning stage. Hydropower generates 19% of
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electrical power throughout the world and is by far the most
common form of renewable energy.

Environmental Effects of Hydropower

Although waterpower is basically a non-polluting, renewable
source of energy, harnessing it by means of hydroelectric dams
still involves high ecological, social, and cultural problems:

il

The reservoir created behind the dam inevitably drowns
farmland or wildlife habitats and perhaps towns or land of
historical, archaeological, or cultural value. Glen Canyon
Dam (on the border between Arizona and Utah), for example,
drowned one of the world's most spectacular canyons. Tehri
dam in India drowned the entire old town of Tehri in
Uttaranchal Pradesh (India).

Dams impede or prevent the migration of fish, even when
fish ladders are provided. Federal surveys show that fish
habitats are receding because of damming. Salmon fishing,
one of the great industries of the Northwest, has been heavily
affected by construction of dams.

Changing from a cold-flowing river to a warm-water
reservoir can have unforeseen ecological consequences. The
reservoir behind the Aswan High Dam in Egypt has fostered
the spread of a parasitic worm Schistisoma that causes a
debilitating schistisomiasis disease. The reservoir has also
increased humidity over a widespread area, and the higher
levels of humidity are now accelerating the deterioration of
ancient monuments and artifacts that have stood virtually
unchanged for many centuries.

Ecological consequences occur below the dam as well. Since
the flow of water is regulated according to the need for power,
dams play havoe downstream; water may go from near flood
levels to virtual dryness and back to flood levels in a single
day. Other ecological factors are also affected, because
sediments with nutrients settle in the reservoir, so that
smaller-than-normal amounts reach the river's mouth.

As these problems were not considered serious, thoughts of

greatly expanding water power in the United States are nullified
by the fact that few sites conducive to large dams remain.
Already, 65,000 dams dot US rivers; only 2% of the nation’s rivers
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remain free flowing, and many of these are now protected by
the Wild and Scenic Rivers Act of 1968, a law that effectively
gives certain scenic rivers the status of national parks.

In short, proposals for new dams in the United States and
elsewhere are a subject of controversy over whether the projected
benefits justify the ecological and sociological trade-offs. In 1997,
the World Bank gave preliminary approval to a loan to the Laos
People’s Democratic Republic for construction of the Nam Theun
Two Dam, a 680-MW project that is expected to help Laos begin
a process of economic development. The World Bank's decision
has come under fire because the project will displace 4,500 people
and destroy 2,485 square miles of sensitive environments,
Another huge dam under construction is the Three Gorges Dam
on the Yangtze River in China. When completed, it will be the
largest dam ever built, displacing some 1.9 million people in
order to generate 18,200 MW of electricity.

Tehri Dam Conflict

The 260.5 metre high Tehri Dam on the Bhagirathi in the
Garhwal-Himalayas is being publicized as one of the most
promising projects—a symbol of the country’s prosperity and
prestige. It will bring prosperity by generating 2,400 MW peaking
power, which according to the dam builders, will help in
establishing 140 industrial cities such as Modinagar (near Delhi),
providing 300 cusec of water to meet the water supply needs of
Delhi and irrigating 2.7 lakh hectares of land in Western Uttar
Pradesh. The project has generated controversy since its
inception. In spite of objections of several scientists of national
and international repute, the project is yet to be modified stopped
accepted.

D. Tidal Energy

India has initiated the wave energy project off the Vizhinjam
Fishing Harbour near Trivandrum. The effort is totally
indigenous. On successful completion, it is expected that the
device will generate 75 Kw power during April-November period,
25 Kw during December-March and 120 Kw during June-
September with a peak of 150 Kw with an energy output of 4.45
lakh units/year. It operates on the principle of Oscillating water
column.
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Figure 1.8 : Wind blowing across the sea turns the windmill blades.
The spinning blades power a machine called turbine inside the
windmill, which produces electricity

Using cold sea-bottom water and warm surface water, it is
possible to harness energy. Such a programme is called Ocean
Thermal Energy Conversion (OTEC). Ocean is a large collector
of solar energy which is mainly responsible for generating
currents. India will be deploying very soon a 1-Magawatt floating
OTEC technology demonstration pilot plant, 60 km off Tuticorin
in Tamil Nadu.

Wind blowing across the ocean surface produces waves.
Ocean waves can be used to produce electrical energy. This is
made possible using the temperature difference between warm
surface water and cold deep water. A small wave energy plant
has been installed at Vizhinjam in Kerala.

Sea level rises and falls mainly due to gravitational
attraction of the Sun and the Moon. These are called tides. As a
result, sea water gushes into rivers during low tide twice
everyday. By constructing a dam, water can be stored during
high tide, and on its flowing back to the ocean can be made to
run turbines for producing electricity.
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E. Energy from Biomass

Biomass is organic matter that can be burnt directly as a fuel or
converted to a more convenient form and then burnt. It has
provided a major source of energy to human beings throughout
the history of civilization. Firewood is the best known and most
widely used biomass fuel in the world. In India and a few other
countries cattle dung is burnt for cooking. In Scotland, peat is
used for heating and cooking. On a global secale, over 1 billion
people in the world even today use wood as the primary source
of energy. In US various biomass sources contribute nearly
2 percent of the entire energy consumption.

F. Biogas

In India successful experiments have been done for developing
gobar-gas. Government launched a National Biogas Development
Project and since then 6.5 lakhs plants have been installed (till
1987). They will meet the energy demands of farmers and will
help in conserving the conventional sources of energy. China
has also undertaken biogas development projects.

Biogas is rather a vague term used to represent the various
compositions of different gases, which are produced as a result
of action of anaerobic microorganisms on raw materials such as
domestic and agricultural wastes generally within simple
digesters (popularly known as biogas plants). Biogas contains
methane in bulk and other gases like CO,, H,, N,, O,, etc.

G. Geothermal Energy

The idea of hares sings the Earth’s internal heat is not new. As
early as 1904, geothermal power utilizing dry steam was
developed in Italy and natural internal heat is now being used
to generate electricity in USSR, Japan, New Zealand, Iceland,
Mexico and California.

Based on geologic criteria, several geothermal systems may
be defined e.g., hydrothermal convection systems, hot igneous
systems and geo-pressured systems.

H. Biodiesel

Biodiesel is the name for a variety of ester-based oxygenated
fuels derived from natural, renewable biological sources such
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as vegetable oils. Biodiesel operates in compression ignition
engines like petroleum diesel, thereby requiring no essential
engine modifications. Moreover it can maintain the payload
capacity and range of conventional diesel. Biodiesel fuel can be
made from new or used vegetable oils and animal fats.
Unlike fossil diesel, pure biodiesel is biodegradable, non-toxic
and essentially free of sulphur and aromatics. The concept of
using vegetable oil as a fuel dates back to 1895 when Dr. Rudolf
Diesel developed the first diesel engine to run on vegetable
oil.

Vegetable oils can be chemically reacted with an alcohol
(methanol is the usual choice) to produce chemical compounds
known as esters. Biodiesel is the name given to these esters
when they are intended for use as fuel. Currently, biodiesel is
produced by a process called transesterification where the
vegetable oil or animal fat is first filtered and then processed
with alkali to remove free fatty acids. It is then mixed with an
alcohol (usually methanol) and a catalyst (usually sodium or
potassium hydroxide). The oil’s triglycerides react to form esters
and glycerol, which are then separated from each other and
purified. Much of the current interest in biodiesel production
comes from soybean producers who faced problems like an excess
of production capacity, product surpluses and declining prices.
Methyl soyate or soydiesel made by reacting methanol with
soyabean oil, is the main form of biodiesel in the United States.
Waste animal fats and used frying oil (known as “fellow grease”),
peanuts, cottonseed, sunflower seeds and canola are some
of the potential feedstocks for biodiesel. Esters made
from all the above feedstocks can be used successfully
as automotive fuel, although they may differ slightly in
terms of energy content, octane number and other physical
properties.

0Oil from rapeseed is also a raw material of choice for
biodiesel production and is leading with a share of over
80% as a raw material source with highly suitable properties.
Sunflower oil takes second place with over 10% share
mostly in Italy and Southern France. Percentage share of
some feedstocks for biodiesel in various countries is given in

Table 1.8.
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Table 1.8 : Feedstock for biodiesel in some countries

Feedstock % Share Countries

Rapeseed 80%

Sunflower 10% ltaly, Southern France
Soya bean USA

Palm oil Malaysia

Linseed and olive ail Spain

Cotton seed oil Greece

Jatropha curcas oil Nicaragua

Beef tallow Ireland

Used frying oil Australia

The general process of biodiesel production is depicted in
Fig. 1.1. A fat or oil is reacted with an aleohol (methanol) in the
presence of a catalyst to produce glycerine and methyl esters or
biodiesel. The methanol is charged in excess to assist in quick
conversion and recovered for reuse. The catalyst is usually
sodium or potassium hydroxide, which has already been mixed
with the methanol.

NUCLEAR ENERGY AND ITS MANAGEMENT
Nuclear Energy

The first controlled nuclear fission demonstrated in 1942 led to
the development of primary use of uranium-explosives and as a
source of heat for generating electricity. One kg of uranium ox-
ide produces a heat equivalent of approximately 16 metric tons
of coal. It makes uranium an important source of energy through-
out the world.

A, Uranium: There are two primary sources of uranium
i.e., pitchblende, which has 50 to 80 per cent uranium content
and uraninite that contains 60 to 80 per cent of uranium. Canada
and United States of America are the leading uranium producers.

B. Thorium: Another source of nuclear energy is thorium.
The major sources of thorium are thorianite, allanite and
monazite.

Radioactive Wastes

To understand the problems surrounding nuclear waste disposal,
we must understand the concept of radioactive decay. As
unstable isotopes eject particles and radiation, they become
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stable and cease to be radioactive. This process is known as
radioactive decay. As long as radioactive materials are kept
isolated from humans and other organisms, the decay proceeds
harmlessly.

The rate of radioactive decay is such that half of the starting
amount of a given isotope will decay in a certain period of time.
In the next equal period, half of the remainder (half of a half,
which equals one-fourth of the original) decays, and so on. The
time for half of the amount of a radioactive isotope to decay is
known as the isotope’s half-life. The half-life of an isotope is
always the same, regardless of the starting amount.

Each particular radioactive isotope has a characteristic half-
life. The half-lives of various isotopes range from a fraction of a
second to many thousands of years. Uranium fissioning results
in a heterogeneous mixture of radioisotopes, the most common
of which are listed in Table 1.9. Some of this material—in
particular, the remaining #*°U and plutonium e39pu that has
been created by the neutron bombardment of 238U—can be
recovered and recycled for use as nuclear fuel. This operation is
called reprocessing.

Disposal of Radioactive Waste

The development of, and commitment to, nuclear power went
ahead without ever fully addressing the issue of ultimate long-
term containment. Proponents of nuclear power generally
assumed that the long-lived wastes could be solidified, placed
in sealed containers, and buried in deep, stable rock formations
(geologic burial) as the need for such containment became
necessary. However, this has not yet happened. Thus, the current
problem of nuclear waste disposal is two-fold:

*  Short-term containment, to allow the radioactive decay of
short-lived isotopes. In 10 years, fission wastes lose more
than 97% of their radioactivity. Wastes can be handled much
more easily and safely after this loss occurs.

*  Long-term containment (EPA recommends a 10,000 year
minimum, and the National Research Council opted for
100,000 years), to provide protection from the long-lived
isotopes. Government standards require isolation for 20 half-
lives. (Plutonium has a half-life of 24,000 years,)
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Table 1.9 : Common radioactive isotopes resulting from uranium fission and their
half-lives

Short-lived fission products Half-life (days)

Strontium-89 50.5
Yittrium-91 58.5
Zirconium-95 64.0
Niobvium-85 35.0

Molybdenum-89 2.8
Ruthenium-103 394

loxine-131 8.1
Xenon-133 5.3
Barium-140 12.8
Cerium-141 32.5

Praseodymium-143 13.6
Beidtnuyn-147 1.1

Long-lived fission products Half-life (years)

Krypton-85 10.7
Strontium-90 28.0
Ruthenium-106 1.0
Cesium-137 30.0
Cerium-144 0.8

Promethium-147 2.6

Additional products of neutron bombardment Half-life (years)
Plutonium-239 24,000

For short-term containment, spent fuel is first stored in deep
swimming pool-like tanks on the sites of nuclear power plants.
The water in these tanks dissipates waste heat (which is still
generated to some degree) and acts as a shield against radiation.
The storage pools can typically accommodate 10 to 20 years of
spent fuel. However, the capacity of storage pools at US nuclear
plants reached 30% in 2000 and will be at 90% by 2012. After a
few years of decay, the spent fuel may be placed in air-cooled
dry casks in order to save space. The casks are engineered to
resist floods, tornadoes, and extremes of temperature. Currently,
10 nuclear plants have turned to dry storage with the prospect
of many more as pool storage capacity is exhausted.

In the meantime, the wastes from the world’s commercial
reactors have been accumulating at a rate of 10,000 tons a year,
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reaching 180,000 tons at the end of 2000, all of which is stored
on-site at the power plants. Of these wastes, 41,000 tons are in
the United States. Furthermore, because of neutron
bombardment of the reactor walls, all nuclear power plants will
eventually add to the stockpile of radioactive wastes. Scientists
estimate that dismantling a decommissioned power plant will
generate more nuclear waste than the plant produced during
its active life.

STUDY QUESTIONS

1. Define the environment and discuss the scope of
environmental science.

2. Explain with suitable examples the first and second law of
thermodynamics.

3. What do you understand by energy resources?

4. Give a detailed account of renewable and non-renewable

resources of energy.

Write short notes on the following:

(a) Atmospheric energy

(b) Electromagnetic radiation

(¢) Microwave radiations and their health effects

(d) Bio-diesel

(e) Nuclear energy and its management

() Radio-frequency radiation.

en
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Global Environmental Problems

INTRODUCTION

Since the beginning of human civilization, mankind has lived in
a competitive relationship with nature. His relentless pursuit
of progress, comfort and security has resulted in increased stress
on environment, particularly since the industrial revolution.
Consequently, the life sustaining environment has been forced
to transform more rapidly than ever before. Human tendency
to exert a negative influence on ecology has resulted into rapid
increase in the greenhouse gases in the atmosphere, large scale
deforestation, loss of biodiversity, severe land degradation and
environmental pollution. The effects of these problems are global,
so we call them as global environmental problems. The
overall impact of these problems has been observed as climate
change, depletion of ozone, a rise in sea level, changes in
agricultural output and loss of biodiversity, ultimately leading
to an ecological crisis capable of affecting the entire life and life
support systems existing on our planet, Earth. Problems of global
warming, ozone depletion, loss of biodiversity, El-Nino and
excessive generation of solid wastes are discussed below.

GLOBAL WARMING

In recent past, global observations have provided clear evidence
of climatic changes resulting from anthropogenic activities.
According to a report from World Watch Institute (1992), the
earth’s surface was warmest in 1990. Six of seven warmest years
on record have occurred since 1980. Observations on temperature
at many places of the world over the last century show an average
increase of about 0.5°K. This is supported by palaeo-climatic
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evidence gathered from deep-sea ice-cores in Arctic and Antarctic
regions. While the primary cause of an increase in global
temperature in the past has been increasing concentration of
CO.,, fossil fuel burning, extensive deforestation, rapid increase
in chlorofluorocarbons (CFCs) has further complicated the global
environmental problems.

The minor gaseous constituents, more commonly known as
trace gases or greenhouse gases (GHGs) like CO,, C10,, CH,,
N,O, HO,, O, CFCs etc., though occur in traces but play a
surprisingly dominant role in regulating the entire earth’s
atmosphere.

Greenhouse Effect

Greenhouse gases act as the glass pans of a greenhouse, which
allow solar radiations to pass through and heat the surface of
the earth but do not allow the heat radiated from the ground to
pass through, thereby trapping it in the process. This heat
trapping phenomenon is known as greenhouse effect (Fig. 2.1).

Some solar radiation
is reflected by the
earth and the
atmosphere

Solar Some of the infra-red

radiation radiation is absorbed
passes ATMOSPHERE and re-emitted by the
through the greenhouse gases.

clear The effect of this is to
atmosphere warm the surface and
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EARTH |nfra-red
Most solar radiation is

radiation is emitted from
absorbed by the earth's
the earth's surface
surface and

warms it

Figure 2.1: Greenhouse effect
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Sources and Sinks of Greenhouse Gases

There are three main sources of greenhouse gases.

i. Solar sources—Changes in solar constant, xUUV region, solar
proton events and changes in ozone content generate the
trace gases,

i1. Voleanic sources—Clx and a number of molecular species
like CO,, H,, CH,, COs are of greenhouse interest. Mt. Agung
alone that erupted in 1963 spewed 3 x 10%2 molecules.

iii. Biospheric or industrial sources— CO,, N,O, CH, and CFCs
are derived from biospheric or industrial sources.

Table 2.1: Greenhouse molecules

Species Mixing ratio Recent Calculated Ozone HGWP**
1979 1986 2050** rate of lifetime depletion

growth potential*

(%lyr)
CO, 335.5ppm 344.0 600 0.5 - - -
CH, 1.62ppmv 1.70 3.3 1 6.5 - .
N.O 305ppbv 310 600 0.25 170 - -
F11 170pptv 220 673 5 70 1.0 1.0
F12 290 pptv 390 1825 5 144 0.9 3.4
F22 50 pptv 87 631 11.7 17 0.05 0.35

*Relative to F11,

**Hydrocarbon Global warming potential relative to F11.

“**Value for 2050 are on the basis of constant atmospheric emissions on Montreal
products after 1985, using 1986 production as the atmospheric flux, for other trace
gases using a linear rate of charge and for CFC-22 to grow linearly by an additional
76 gN/year after 1985.

Role of Greenhouse Gases in Global Warming

Most of the human derived CO, is generated from the fossil fuels
that make important contribution in global warming. Excess of
carbon dioxide has already accumulated since the beginning of
the planet by 1.3 Watt/m? when the other absorbing gases are
also considered. According to an estimate, the concentration of
CO,, shall double from 300 to 600 ppm by the year 2030, yielding
a net radioactive heating of about 4 Watt/m?

Absorption by other gases at different wavelengths has a
disproportionate importance in the overall greenhouse effect.
Methane is 25 times more effective as the same number of CO,
molecules, and freons have an effect of 10,000 times greater than
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CO,,. The record of direct temperature measurements over the
last hundred years shows an increase in mean surface air
temperature between 0.3°C and 0.6°C. This is too large a change
that can lead to other factors such as solar output or volcanic
gas emissions. The consensus climate models now predict that
global average surface temperature will rise about 1°C in the
next 40 years and around 3°C by the year 2100. However, these
models currently ignore a number of possible feedback
mechanisms. For example, they will decrease rainfall in arid
areas and cause about a meter of sea level to rise by 2100.

Human Consequences of Global Warming

1. 5% to 50% increase in drought frequencies.

il. 15% destruction of the arable land in countries like Egypt
and Bangladesh.

ii. Overwhelming of nations like Maldives and Kiribati by rising
sea level.

iv. Millions of environmental refugees.

Ecological Consequences of Global Warming

1. A warmer globe would change the latitudinal stratification
of plant life due to changes in soil moisture.

ii. Sea level rise due to thermal expansion of water and melting
of global ice-sheets,

iii. Non-adaptability of ecosystems as a whole due to sudden
changes in the temperature.

However, there are ways through which climate change can
be prevented. They include energy efficiency, development of
environmentally sound energy sources, increasing the biospheric
sinks of carbon through afforestation and other practices.

OZONE DEPLETION

Ozone (O,) is a triatomic form of oxygen. It is found largely in
the stratosphere that extends from about 6 km at the poles and
17 km at the equator to about 50 km above the earth’s surface.
It is present in traces (less than 1 ppm) in the atmosphere. It
has a peak concentration (10 mg kg!) in the stratosphere. Ozone
has been the most reactive form of molecular oxygen and the
fourth most powerful oxidizing agent. It has a pleasant
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concentration at about 2 ppm or less, but higher concentration
is irritating. It is used as a disinfectant and bleaching agent.

In nature O, is formed in the stratosphere when ultraviolet
light strikes an oxygen molecule. A photon splits the oxygen
molecule into two highly reactive oxygen atoms (0). These
combine quickly with an oxygen molecule to form ozone. The O,
readily absorbs UV light and dissociates into its constituent
components.

UV-light

0, 20 + 2H*

0+ 02 UV-light 03

Being a natural constituent of the stratosphere, O, is
regularly formed and destroyed in a cyclic manner with solar
radiation as the driving force. In the absence of any other
disturbances, O, settles into a dynamic steady state in which
the rate of its formation is equal to the rate of its destruction.

Ozone works like an umbrella and protects life from the
harmful UV radiations coming from cosmic rays to earth. Inspite
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Figure 2.2: Ozone hole in October 1993 (Source: NASA)
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of being a trace gas, it plays a major role in the maintenance of
climate and biology of earth. It filters out all radiations below
3000 A° (UV-B radiations) that are biologically harmful, and
controls the heat budget of the earth.

Processes Causing Ozone Depletion

The ozone story began with Johnston's warning in the seventies
of a possible depletion caused by nitric oxides as exhaust from
supersonic aircrafts. However, it received little attention till the
discovery of Antarctic Ozone hole by British scientists from a
single Dobson Instrument operating at Halley Bay. Data
gathered by US NIMBUS-7 satellite further confirmed their
observations. Further examination of balloon measurements
made at the Japanese station Swoya showed the “hole” to be
primarily at 15 to 20 km. The discovery prompted a number of
special campaigns: the National Ozone Expendition I (NOZE-I)
in 1986 and NOZE-II in 1987. India participated in 1987 and
subsequent campaigns by launching a series of balloons carrying
ozone measuring instruments over its base at Antarctica known
as Dakshin Gangotri. These activities focused attention
dramatically on the frail nature of stratosphere and the role of
ozone as a screen for biologically hazardous ultraviolet ‘B’
radiation.

Production
(0] uv
==\,
0O, /UV+recombination
Catalytic depletion Source
‘ OH (0,) — HO, + (o?) H,0+0(D)
Sink HO, 0/ — OH +\0, —-0OH
HNO,
NO + (0) — NO, + (oz N.O+O(D)
CIO NO, NO, +\ 0,/ —= NO + 0,) —-+NO
Gl ENN ==l GO0 Cl,
e, ( ) ( ) CF Cl+UV
HCI Clo+\o,/ —C +\0,/| [=CI

Figure 2.3: Coupling between radical species OH, NO and C/
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Three processes cause ozone depletion. Radiations from the
sun create and destroy ozone, but at some what different
wavelengths. There are a host of chemical reactions occurring
between O, O, and O, and a number of other molecules that
have greenhouse effect. The key is the catalytic action by a
number of radical species viz. H, OH, NO, Cl or Br. In a catalytic
process, a catalyzing atom or a molecule keeps converting ozone
into molecular oxygen again and again without itself being
destroyed. The ozone scheme is summarized in Fig. 2.3.

Hydrogen System

The OH system destroys only 10% of O,, but is dominant above
40 km.

H,0 + O(ID) — 20H
Reactions particularly important above 40 km.
OH + 0, — HO, + 0O,
HO, + 0O - OH+0,
net0O+0; —20,
OH can also be formed from oxidation of methane
CH4 + O(ID) — CH3 + OH

H, OH, HO, interconvert rapidly by reactions with O, so that all
these tend to be in steady state. The scavenging reaction

OH+HO, —-H,0+0,

results in the formation of H,O which drifts out of strato-sphere.
Since this reaction removes odd hydrogen out of the active
system, its rate is one of the most important elements in
stratospheric chemistry.

Nitrogen System

Sixty percent of ozone destruction occurs through this system.
The sequence is as follows:

N,0 +0(ID) — 2NO
NO, + hv - NO+0
and NO so formed catalyses ozone by:
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NO +0, - NO, +0,
NO2 O —-NO+0,
net:0,+0 — 20,

The Modern Photochemical Theory

Chapman (1930) explained the existence of a stratospheric ozone
layer by a simple photochemical theory, relying on the
photodissociation of molecular oxygen by wavelengths shorter
than 242 nm. It was found by Craig (1950) that the destruction
of ozone was produced by simultaneous action of photochemical
and transport processes

The Simple Chapman Model

0, +hv —-0+0<242 nm
0,+0+M ->0,+M

0,+hv = 0,+0<1180 nm
0,+0 - 20,

It was successively complemented by ozone destroying
catalytic processes mainly produced by the radical groups like
HOx, NOx, ClOx. These H,0, N,0O, chlorofluorocarbons (CFCs),
CH,CI, CCl,, and CH, are stable molecules which accelerate
the reaction (4). The radicals are produced from the source gases
by reactions with OH radical or through photodissociation by
UV radiation at the same wavelength that yields ozone viz.

followed by a rapid decay of the radical CH,Cl producing a free
Cl atom.

H,0 +0(D) — 20H
CH,Cl+OH — H,0+ CH,CI
CFCL +hv  — CFCL, +Cl

Each chlorine atom has the power to break down thousands
of ozone molecules as shown in Fig. 2.4.
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Figure 2.4: Breakdown of ozone molecules by CFCs

Dr. Susan Solomon

Dr Solomon was the leading scientist and has been given the
prize for 'pioneering work' in identifying the mechanism through
which chlorine compounds from CFCs coupled with the
extremely low temperatures of Antarctica to create the Antarctic
ozone hole. Her finding provided one of the scientific cornerstones
of the process that led to the accelerating phase-out of CFCs
through the Montreal Protocol.

0,+Cl —0,+ClO
0+Cl0 —0,+Cl
0,+0 — 20,

The three principle radical species, OH, NO and Cl coming
primarily from H,0, N,O and CFCl, respectively and interacting
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with ozone catalytically eventually end up as sink species HNO,,
CIONO, and HCI.

Anthropogenic Damage to the Ozone Layer

While most of the source gases are of natural origin, others have
been introduced in nature by man. It was thus realized that
there is a growing probability of damage to ozone layer by human
activities. In early seventies, supersonic transport was the chief
cause of NO_ radical output into the stratosphere. After the
discovery of CFC problem in mid-seventies, ozone destruction
by active chlorine (ClO,) has become a dominating question.
Considering all other changes in trace gas system e.g., N,O,
CH, and CO,, cooling of the stratosphere has been forecasted
leading to low loss of total ozone.

It was found that the hole, commonly called “Antarctic Ozone
hole”, was formed each year after the return of the sun at the
end of polar night. Development of the phenomenon occurred
parallel to the increase of the atmospheric chlorine content
produced by the emission of CFCs. The ozone destroying
processes in that region influence the whole southern
hemisphere.

Since the early seventies, when CFCs came into market, a
large quantity has been injected into the atmosphere. The
present level of injection is about 7, 00,000 tonnes/year for CFC-
H (CFCl,) and CFC-12 (CF,Cl,) taken together. Production of
CFCs in India is around 5000 tonnes/vear. CFCs released upto
1987 amount to 15 million tonnes. The developed countries
account for 1.2 kg per annum per ecapita of CFCs as against less
than 0.006 kg per annum of the developing countries. Global
consumption of CFCs estimated in 1995 accounts to 1.2 million
tonnes per year. CFCs released upto 1987 amounted to 15 million
tonnes. Since the life of these molecules is around 100 years,
even with the adoption of protocols put forward at Montreal
and London, which were further refined at Copenhagen and
Kyoto to make them acceptable to all countries, the ozone layer
1s not likely to make a significant recovery until the middle of
century. For the ozone layer to return to its natural state, the
chlorine loading, which is presently 3 ppbv, has to be brought
down to a level below 2 ppbv.
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Health Effects of Ozone Depletion and Inereased UV-B
Radiation

An increase in the CFC levels in the stratosphere has decreased
the ozone levels but increased the UV-B radiation (290-320 nm)
reaching the earth's surface. Though overall consequences of
UV-B radiation on human health cannot be predicted in a
straight forward manner, increased incidences of diseases like
skin cancer, cataracts, suppression of the immune system, which
may affect the herpes viruses, leishmaniasis, malaria, bacterial
and fungal infections, tuberculosis and respiratory problems
have been recorded. A few examples are discussed below.

Ocular Effects

The World Health Organization estimates that cataracts were
responsible for 17 million cases of avoidable blindness in 1985.
By reducing 1% of the ozone level, there would be 1,00,000 to
1,50,000 additional cases of cataract induced blindness.

Skin Cancer

Increased UV-B levels are expected to cause an increase in cancer
related skin disorders, including melanoma skin cancer (MSC),
non-melanoma skin cancer (NMSC) and pre-cancerous lesions.
The number of patients will increase more sharply than the rate
of decrease in ozone layer.

Immunological Effects

Ultraviolet radiation has profound effects on the immune system,
particularly that of the skin. All diseases that affect skin at a
stage like measles, malaria, leishmaniasis, tuberculosis and
leprosy are known to be effected by UV-B induced immune-
suppression. ‘

Respiratory Problems

Respiratory problems are caused by a variety of air pollutants.
These problems are magnified with ozone depletion. Ozone
depletion in stratosphere will result in increased levels of ozone
in troposphere. The individuals who are sensitive to ozone and
are exposed to air pollution will also face serious respiratory
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problems i.e., bronchitis, asthma etc. According to an estimate,
about 50,000 cases of lung diseases caused by ozone were
reported in Bombay alone.

Animal Health

UV-B radiation causes squamous cell cancer of the eye of
cattle. Most animals, because of their heavy coats, are not
likely to suffer from the immunosuppressive effects of UV
radiation, but global warming may change the patterns of animal
disease via changes in the prevalence and distribution of insect
vectors.

Crop Yield

Increase in ozone concentration influences crop yields. It enters
the levels through stomata and reduces the yield and quality of
the plant products. It was reported that ozone depletion caused
50% crop losses in several European countries, mainly effecting
potato, spinach, clover, alfa alfa, beans, poplar etc.

EL-NINO

El Nino is the term that was applied by Peruvian fishermen to a
period of reduced fish-catch due to rise in sea surface
temperature off the coast of Ecuador and Peru. It typically
occurred around the Christmas, therefore, it was called “Christ
Child”. In 1966, Jacob Bjerknes of University of California at
Los Angeles demonstrated a relationship between El Nino and
weather extremes. In 1982 and 1983, El Nino made new
headlines and was blamed for weather extremes in many parts
of the world. Heavy rains and flooding in these years plagued
normally dry portions of Ecuador and Peru. Some locations that
normally receive 10 to 13 centimetres of rain had as much as
3.5 metres of precipitation. At the same time severe drought
beset Australia, Indonesia and Phillipines. Huge crop losses,
property damage and much human suffering were recorded.
Farther-north, one of the warmest winters on record was
followed by one of the wettest springs for much of the United
States. The ferocious storms that struck the California coast
brought un-precédented beach erosion, land slides and floods.
Excessive rains brought floods to the Gulf States and Cuba.
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Figure 2.5: A satellite image of the Pacific Ocean taken on June 25 1997 shows
that the weather disrupting phenomenon known as El Nino is getting
stronger. The white and red areas (where El Nino emerges) indicate
the abnormal warming up of the ocean. This area is about one and a
half times the size of the US. The green areas indicate normal
conditions.

Figure 2.6: Association of El Nino with drought in Indonesia, Northern Australia,
India and Northeastern Latin America and with heavy rainfall in
parts of North America.
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ENSO

Major El Nino events are intimately related to large scale
changes of atmospheric circulation in the Pacific. These
circulation anamolies involve both the tropical atmosphere and
ocean. Each time the El Nino occurs, the barometric pressure
over large portions of the south-eastern pacific drops, whereas
across the pacific, near Indonesia and northern Australia, the
pressure rises. Moreover, when the El Nino event ends, the
pressure difference between these two regions swings back in
the opposite direction. This sea saw pattern of atmosphere
between the eastern and western Pacific is known as Southern
Oscillation. Collectively, it is called El Nino Southern Oscillation
(ENSO). [t is an inseparable part of the warming that occurs in
the central and eastern pacific every 3 to 10 years.

Typically, pacific trade winds converge near the equator and
move westward into a semipermanent region of low pressure
near Indonesia. This steady westward flow of air drags the warm
surface waters to the west. The result is the “piling up” of a
thick layer of warm surface water and a higher sea-level in the
western pacific. Meanwhile, strong coastal upwelling of cold
water and a lower sea-level characterize the eastern pacific. The
phenomenon of southern oscillation that occurs due to unknown
reasons changes the normal situation dramatically. Barometric
pressure rises in the Indonesian region, causing sthe pressure
gradient along the equator to weaken. Consequently, easterly
winds in the western pacific diminish and then change the
direction. This reversal creates a major change in the equatorial
current system, with warm water moving towards the east. With
time, water temperatures in the Eastern pacific increase and
the sea-level rises in the region. These events lead to the
development of El Nino.

La-Nina

Recently, a phenomenon opposite to El Nino has been reported
by scientists. Literally, La Nina means “the girl”. La Nina
features strong trade winds and unusually low sea-surface
temperatures in the central and eastern tropical Pacific. An
intense La Nina may also be linked to weather extremes in mid-
latitudes. For example, the US drought in 1988 coincided with
an intense La Nina.
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Impacts of El Nino

It 1s difficult to be precise about the impacts of El Nino, although
enough historical data in the last 50 years has been gathered to
make some intelligent guesses. Direct impacts of El Nino range
from storms in the western United States, and the disappearance
of fish along the Peruvian coast. Storms occur due to warming
of the air, which rises due to convection causing unsettled
weather. Fish stocks decline because a rise in sea surface
temperatures disturbs the phenomenon of upwelling, thus
changing the ecological conditions in the coastal waters.
Peruvian and Chilean coasts are located in the zone of upwelling.
This means that under normal conditions nutrients dissolved
in deep waters are continuously brought to the surface. During
El Nino, the cycle of upwelling is disturbed causing delicate
ecological imbalances.

In 1982-83, El Nino directly affected fish stalks not only in
South America but also in the US. The indirect effects of El
Nino are many. A severe storm can result in loss of life,
destruction of infrastructure and disturbances in regional
economics, which in turn can affect international economy.

El Nino and its Effects on Climate

The El Nino event of 1997, first noticed in January, has caused
a sensation. Those who love drama have dubbed it as the climate
event of the century. That may be an exaggeration. may be not,
only time will tell. Previous El Nino episodes, for instance in
1982-83, took scientists by surprise. But the El Nino occurrence
this year has certainly focused attention on the relationship
between man, natural elements and the place of science in
predicting and mitigating the adverse effects of natural disaster.

BIODIVERSITY

Biodiversity can be defined as species richness (plants, animals
and microorganisms) occurring as an interacting system in a
given habitat. It is the total sum of genes, species and ecosystems.
Thus, biodiversity conservation encompasses the whole spectrum
of biota and their activities ranging from the macrolevel of
ecosystems to the microlevel of DNA libraries.

Biodiversity exists on the earth in eight broad realms with
193 biogeographical provinces. Each biogeographical province






