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“There is enough on our Planet for everybody’s need,
but not for everyone’s greed.”

– Mahatma Gandhi





PREFACE
The objective of this book is to provide general awareness about our

surrounding to graduate students of basics and applied discipline. At present, it is
highly crucial for mankind as whole to have clear understanding of environmental
concern and follow sustainable development practices. This comprehensive book
describes overall understanding of environment and their components. In addition,
status of pollution and their control techniques has been briefly described.

Although my book is mainly intended for education of undergraduate
students of arts, science, commerce and engineering, it would be added assets to
the teachers too. The content presented can readily be covered in a one semester
course.

At the time of retrospection of literature for this book, many other books,
magazines and technical papers were reviewed. I would like to acknowledge the
help of these publications and their authors. This book would not have been
possible without the many hours given by each contributor. Their effort and
dedication are greatly appreciated.

I am grateful for the assistance of my friends and colleagues who provided
encouragement and suggested appropriate content. Some of these people include
Dr. Kauresh Vachhrajani, Suranjit Prasad, Manthan Tailor, Neha Singh, Hemen
Dave, Priyanka Kanungo, Ankita Bhatt and Shagufta Siddiqui. I would never
have been able to finish without the continued patience and support of my wife,
Manita, and my baby, Adarsh and Ayansh.

Dr. Bablu Prasad
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1.0 Objectives

1. To introduce the basics and objectives of environmental science and their importance.
2. To understand the specific role of human beings and their ecological values.
3. To brief environmental components and their specific role in natural environment.
4. To justify the need of environmental science as an foundation course at graduate level.
5. To spread knowledge regarding the importance of sustainable development for natural

resource conservation and management.

Environmental Science is an interdisciplinary academic field that integrates physical and
biological sciences including but not limited to ecology, physics, chemistry, biology, soil science,
geology, atmospheric science, oceanography and geography to study the environment and the
solution of environmental problems. In order to understand environment as an interactive systems
we need to study their components and specific role of each component. In addition to their
components, limitations of our surrounding environment are very crucial to understand
sustainable development and their needs.

Basics of Environment and
their Components

1



2 Environmental Science

1.1 Environment and their Definition

The term environment has been derived from a French word Environia means to surround. It
refers to both abiotic (physical or non-living) and biotic (living) environment including you and
me. The word environment means ‘total of our surroundings’. Environment and the organisms
are two dynamic and complex components of nature. Environment regulates the life of the
organisms including human beings.

Environment could be also defined as the sum total of conditions that surrounds us at a given
point of time and space in which an organism has to survive or maintain its life process. It is
comprised of the interacting systems of physical, biological, cultural and psychological elements
which are interlinked both individually and collectively. It influences the growth and
development of living forms.

In other words environment refers to those surroundings that surrounds living beings from all
sides and affect their lives. Its main components are soil, water, air, organisms and solar energy. It
has provided us all the resources for leading a comfortable life.

1. According to P. Gisbert, “Environment is anything immediately surrounding an object
and exerting a direct influence on it.”

2. According to E. J. Ross, “Environment is an external force which influences us.”
Thus, environment refers to anything that is immediately surrounding an object and exerting

a direct influence on it. Our environment refers to those thing or agencies which though distinct
from us, affect our life or activity.

Environment mainly consists of atmosphere, hydrosphere, lithosphere and biosphere. But it
can be roughly divided into four types such as: (a) Physical, (b) Biological, (c) Cultural and
(d) Psychological environment.

Fig. 1.1: Interactions of Environmental Components

(a) Physical environment refers to all abiotic components or conditions like temperature,
light, rainfall, soil, minerals, etc. It comprises of atmosphere, lithosphere and
hydrosphere.

(b) Biological environment includes all biotic components or living forms like plants,
animals, micro-organisms.
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(c) Cultural environment includes all political, socio-economic and religious factors or
status such as family, society, state, country and their socio-economic status.

(c) Psychological environment includes our thoughts or psychological conditions.

1.2 Abiotic or Physical Components

1.2.1 Water
Water is the essential element that makes life on

our planet possible. Although >70% of the earth’s
surface is covered by water only at the same time a tiny
fraction water is available to us as fresh water. About
96.5% of the total water available on earth is too salty
(ocean water) which is not fit for drinking or irrigation.
Around 2.5% of the total Earth’s water is freshwater
which includes 68.6% of glaciers and ice caps, 30.1% of
ground water and only 1.3% of total freshwater is
available as surface water.

Fig. 1.2: Chemical Structure of Water

Around 73% of total surface water is found in snow and ice. Remaining (~27%) is available
to us as soil moisture, lakes, streams, rivers, wetlands and water vapour. Freshwater water
resources are a major factor in determining the economic growth of several countries around the
world including India.

Fig. 1.3: Distribution of Total Earth’s Water

Based on accessibility of freshwater, water is categorized into three types: 1. Surface water
(rivers, lakes, streams, wetlands and artificial reservoirs), 2. Ground water (trooped in the pores
of soils and rocks) and 3. Aquifers (porous water-saturated layers of sand, gravel or bedrock
through which ground water flows). Most aquifers are replenished naturally by rainfall that
percolates downward through the soil and rock. This process is called natural recharge. If the
withdrawal rate of an aquifer exceeds its natural recharge rate, the water table is lowered. Any
pollutant that is discharged onto the land above is also pulled into the aquifer and pollutes the
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groundwater resulting in polluted water in the nearby wells. India receives most of rainfall during
the months of June to September due to the seasonal winds and the temperature differences
between the land and the sea. These winds blow from the opposite directions in the different
seasons. They blow into India from the surrounding oceans during the summer season and blow
out from the subcontinent to the oceans during the winter. Due to lack of sufficient water storage,
we often suffer from water shortage in the post monsoon even after adequate rainfall during
monsoon.

1.2.2 Soil
Soil is a thin covering over the land consisting of a mixture of minerals, organic material,

living organisms, air and water that together support the growth of plant life. Several factors
contribute to the formation of soil from the parent material. This includes mechanical weathering
of rocks due to temperature changes, wind, moving water, glaciers, chemical weathering activities
and lichens. Climate and duration are also important in the development of soils. Soils are
arranged in a series of zones called soil horizons. A cross sectional view of the horizons in a soil
is called a soil profile. The top layer or the surface litter layer is called the O horizon which
consists of mostly fallen and partially decomposed leaves, twigs, animal waste, fungi and other
organic materials.

Normally it is brown or black. The upper layer of the
soil is called the A horizon which consists of partially
decomposed organic matter (humus) and some inorganic
mineral particles.

It is usually darker and looser than the deeper layers.
The roots of most plants are found in these two upper layers.
These two top layers also contain a large amount of bacteria,
fungi, earthworms and other small insects that form complex
food webs in the soil that help recycle soil nutrients and
contribute to soil fertility. The B horizon often called the
subsoil contains less organic material and fewer organisms
than the A horizon. The area below the subsoil is called the
C horizon which consists of weathered parent material. This
parent material does not contain any organic materials. The
chemical composition of the C-horizon helps to determine
the pH of the soil and also influences the soil’s rate of water
absorption and retention.

Horizons

O (Organic)
A (Surface)

B (Subsoil)

C (Substratum)

R (Bedrock)

2”
10”

30”
50”

>10”

Fig. 1.4: Types of Soil Horizons

Soils vary in their content of clay (very fine particles), silt (fine particles), sand (medium size
particles) and gravel (coarse particles). The relative amounts of the different sizes and types of
mineral particles determine soil texture. Soils with approximately equal mixtures of clay, sand,
silt and humus are called loams.

1.2.3 Air
It is the mixture of gases which make up the Earth’s atmosphere. The composition, physical

and chemical properties of air are very similar everywhere. However, local additions including
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non-standard component to the composition of air are site-specific and varied with natural
processes including biological and/or geological as well as with human activities such as
industrial, transportation and agricultural. In addition, it also depends on the immediate
surroundings, including wind direction, time and season of the year. The air near to the earth
surface is normally composed of ~78% N2, ~21% O2 and ~1% as a mixture of CO2, H2O vapour
by its total volume and trace amounts of several other gases such as neon (Ne), helium (He),
methane (CH4), krypton (Kr), hydrogen (H2), xenon (Xe), etc. (Table 1.1).

Table 1.1: Composition of Standard Dry Air
Sl. No. Gas % by Volume % by Weight PPM (by Volume)

1 Nitrogen (N2) 78.08 75.47 780790
2 Oxygen (O2) 20.95 23.2 209445
3 Argon (Ar) 0.93 1.28 9339
4 Carbon Dioxide (CO2) 0.04 0.062 404
5 Neon (Ne) 0.0018 0.0012 18.21
6 Helium (He) 0.0005 0.00007 5.24
7 Krypton (Kr) 0.0001 0.0003 1.14
8 Hydrogen (H2) 0.00005 Negligible 0.5
9 Xenon (Xe) 8.7 × 10-6 0.00004 0.087
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The atmosphere is divided into several layers. The innermost layer, the troposphere, extends
17 km above sea level at the equator and about 8 km over the poles. It contains about 75% of the
mass of the earth’s air. Temperature declines with altitude in the troposphere. At the top of the
troposphere, temperatures abruptly begin to rise. This boundary where this temperature reversal
occurs is called the tropopause. The tropopause marks the end of the troposphere and the
beginning of the stratosphere, the second layer of the atmosphere. The stratosphere extends from
17 to 48 km above the earth’s surface. While the composition of the stratosphere is similar to that
of the troposphere, it has two major differences. The volume of water vapour here is about 1000
times less while the volume of ozone is about 1000 times higher. The presence of ozone in the
stratosphere prevents >99% of the sun’s harmful ultraviolet radiation from reaching the earth’s
surface thus protecting humans from cancer and damage to the immune system. This layer does
not have clouds and hence airplanes fly in this layer as it creates less turbulence. Temperature
rises with altitude in the stratosphere until there is another reversal. This point is called the
stratopause and it marks the end of the stratosphere and the beginning of the atmosphere’s next
layer, the mesosphere. In the mesosphere the temperature decreases with altitude falling up to -
110°C at the top. Above this is a layer where ionization of the gases is a major phenomenon, thus
increasing the temperature. This layer is called the thermosphere. Only the lower troposphere is
routinely involved in our weather and hence air pollution. The other layers are not significant in
determining the level of air pollution.


Environmental

Fact Sheet

Over the past two decades, the concentration of fine particulates in air increased
by 69% on average across India

1.2.4 Atmospheric Circulation and Wind
Intensity of solar energy are higher at equator that warms atmosphere and form a low

pressure area. Due to pressure difference air rises at the equator and it moves toward the poles at
the top of the troposphere. While moving, it appears to deflect to the right because of Coriolis
Effect. As per the Coriolis Effect motions in a rotating frame will appear deflected to the right in
the northern hemisphere and left in the southern hemisphere. Magnitude of the deflection varies
with latitude. Least deflection on the equator and utmost deflection at poles. Due to this effect any
low pressure area in the Northern and Southern Hemisphere rotates counter-clockwise and
clockwise (Inward), respectively which forms Cyclonic Condition. However, high pressure area
in in the Northern and Southern Hemisphere rotates clockwise and counter-clockwise (outward),
respectively which forms Anti-cyclonic condition.
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Fig. 1.6: Impact of Rotation of Earth on Global Air Circulation Pattern

At ~30°N latitude, the air from the equator meets air flowing toward the equator from the
higher latitudes. This air is cool because it has come from higher latitudes. Both batches of air
descend, creating a high pressure zone. Once on the ground, the air returns to the equator. These
convection cells are called the Hadley Cells and are found between 0-30°N and 0-30°S. Similarly
Polar Cells are formed between 60-90°N and 60-90°S. However, latitude between 30-60°N and
30-60°S shows inversion of wind direction due to mechanical energy of Hadley and Polar Cells
named as Ferrel Cells. Atmospheric circulation patterns are also dependent on other factors such
as Monsoon, Sea Breeze, Frictional force, etc. The pressure difference created by the atmospheric
circulation cells also determine the amount of precipitation a region receives. In low pressure
regions, where air is rising, rain is common. In high pressure areas, the sinking air causes
evaporation and the region is usually dry.

1.2.5 Sunlight
Sunlight is the extremely important and main source of energy on our planet. It is necessary

for photosynthesis, the process by which plants convert carbon dioxide (CO2) and water into
oxygen (O2) and sugar which is a food for the plants and later becomes food for animals. Without
the sun, plants could not live, and without plants, animals could not live. The sun’s heat is also
extremely important to regulate many other abiotic components of our planets such as
temperature, precipitation, climate, etc. The amount of solar energy that an area receives is
dependent upon factors such as latitude and altitude. The availability of sunlight can also affect
plants and animals activities such as mating, feeding habits, etc.

At the same time, solar emits solar storms (solar wind) made up of plasma with high charges
and temperature. These storms are deflected by earth’s magnetic field and protect earth from high
heat wave which make suitable for life. Earth’s magnetic field are generated due to rotation of
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support the economic growth of one sector of society while we permit environmental degradation
to destroy the lives of the less fortunate.


Environmental

Fact Sheet

Significant amount of toxic heavy metals like Cu, Zn, Pb, and Cd recovered from
plastic wastes from sea shores have an adverse effect on the coastal ecosystems

Key Factors for Sustainable Development
1. Combating poverty is a central goal because poverty reduces access to health care,

education, and other essential components of development.
2. Reducing resource consumption is a global consideration, but wealthy regions are

responsible for most of the world’s consumption. For example, the United States and
Europe have less than 15 per cent of the world’s population, but these regions consume
about half of the world’s metals, food, energy, and other resources.

3. Population growth leads to ever-greater resource demands, because all people need
some resources. Better family planning, ensuring that all children are wanted, is a matter
of justice, resource supply, and economic and social stability for states as well as for
families.

4. Health care is essential for life longevity. Underdeveloped areas can lead to disease,
accidents, respiratory and digestive impairments, and other conditions. Without health,
economic security is at risk.

5. Sustainable cities are key because over half of humanity now lives in cities.
Sustainable development involves ensuring that cities are healthy places to live and that
they cause minimal environmental impact.

6. Environmental policy needs to guide decision making in local and national
governments, to ensure that environmental quality is protected before it gets damaged,
and to set agreed-upon rules for resource use.

7. Protection of the atmosphere is essential for minimizing the rate of climate change
and for reducing impacts of air pollution on people, plants, and infrastructure.

8. Combating deforestation and protecting biodiversity go together because much of
the world’s biodiversity is in forests. We also depend on forests for water resources,
climate regulation, and resources including food, wood, medicines, and building
materials. Other key zones of biodiversity include coral reefs, wetlands and coastal
areas.

9. Combating desertification and drought through better management of water
resources can save farms, ecosystems and lives. Often removal of vegetation and soil
loss make drought worse and a few bad rainfall years can convert a landscape to desert-
like conditions.

10. Agriculture and rural development affect the lives of the nearly 60% of humanity
who don’t live in cities. Improving conditions for billions of rural people, including
more sustainable farming systems to help stabilize yields should be the objective of
future sustainable development.
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Environmental

Fact Sheet

There is no wind to erode the surface and no water to wash the footprints away
on Moon

1.6 The Need for Sustainable Lifestyles

The quality of human life and the quality of ecosystems on earth are indicators of the
sustainable use of resources. There are clear indicators of sustainable lifestyles in human life.

1. Increased longevity
2. An increase in knowledge
3. An enhancement of income.
These three together are known as the Human Development Index The qualities of the

ecosystems have indicators that are more difficult to assess.
1. A stabilized population.
2. The long-term conservation of biodiversity.
3. The careful long-term use of natural resources.
4. The prevention of degradation and pollution of the environment.
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