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Part 1 General Introduction to
Environmental Science and
Engineering

Unit 1 Components and Subcomponents of Environment

1. Classification of Environment

The term Environment can be broadly defined as one’s surroundings. To be more
specific we can say that it is the physical and biological habitat that surrounds us. which can
be felt by our physical faculties (seen, heard, touched, smelled and tasted. )

The two major classifications of environment are:

(A) Physical Environment: External physical factors like Air, Water and Land etc. This
is also called the Abiotic Environment.

(B) Living Environment: All living organisms around us viz. plants, animals and
microorganisms. This is also called the Biotic Environment,

Earth’s environment can be further subdivided into the following four segments:

(1) Lithosphere

(2) Hydrosphere

(3) Atmosphere

(4) Biosphere
Lithosphere

The earth’s crust consisting of the soil and rocks is the lithosphere. The soil is made up
of inorganic and organic matter and water. The main mineral constituents are compounds or
mixtures derived from the elements of Si, Ca, K, Al, Fe, Mn, Ti, O etc. (Oxides, Silicates
and Carbonates). The organic constituents are mainly polysaccharides, organo compounds

of N, P and S. The organic constituents even though form only around 4% ~6% of the

lithosphere, they are responsible for the fertility of the soil and hence its productivity. '
Hydrosphere A

This comprises all water resources both surface and ground water. The world’s water is
found in oceans and seas, lakes and reservoirs, rivers and streams, glaciers and snowcaps in
the Polar Regions in addition to ground water below the land areas.

The water locked up in the Oceans and Seas are too salty and cannot be used directly for

human consumption, domestic, agriculture or industrial purposes. Only less than 1% of
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water resources are available for human exploitation. Water is considered to be a common
compound with uncommon properties. These uncommon properties (e. g anomalous
expansion of water) are mainly responsible for supporting terrestrial and aquatic life on
earth.
Biosphere

The biosphere is a capsule encircling the earth’s surface wherein all the living things
exist. This portion extends from 10000m below sea level to 6000m above sea level. Life
forms do not exist outside this zone. The biosphere covers parts of other segments of the

environment viz. Lithosphere, Hydrosphere and Atmosphere. Life sustaining resources like

food, water and oxygen present in the biosphere are being withdrawn and waste products in

increasing quantities are being dumped.? The biosphere has been absorbing this and

assimilating them. However the rate of waste dumping has gone beyond the assimilating
capability of the biosphere and signals of this stress is becoming evident.
Atmesphere

It is the gaseous envelope surrounding the earth and extends up to 500km above the

earth’s surface. The atmosphere, which is a gaseous cover, protects the earth from cosmic

radiations and provides life sustaining Oxygen, the macronutrient Nitrogen and Carbon

dioxide needed for photosynthesis. * The atmosphere screens the dangerous UV radiations

from the sun and allows only radiations in the range of 300~2500nm (near UV to near IR)
and radio waves. The atmosphere plays a major role in maintaining the heat balance of the
earth by absorbing the re-emitted radiation from the earth. In addition the atmosphere is the

medium of carriage of water from the oceans to the land in the hydrological cycle.

2. Inter-relationship Between the Components and Subcomponents

Matter (chemicals) as well as living beings on earth are distributed among the four
major Environmental Components viz. Lithosphere, Hydrosphere, Atmosphere and
Biosphere. While for the purpose of studying and understanding the Global Environment this
division may be convenient, constant interaction by way of mass and energy transfer between
these components and subcomponents is constantly taking place.

Every sphere has a flow of matter and energy to every other sphere, which is a two-way
linkage as shown in the figure. Such two-way interactions are also taking place within
individual spheres. This indicates movement of matter/energy from one location to another
without exiting the sphere. Environmental problems are hence not confined only to the
component/system where they arise but spread to other components as well. A clear example
of this is the Acid Rain. Emissions of air pollutants like oxides of Sulfur and Nitrogen are
transported over long distances where they are brought down to land and fresh water bodies
by rain, creating damage to crops, lands, fresh water resources including ground water,
properties and aquatic life. Another classical example is the build up of gases like Carbon
dioxide in the atmosphere. The emissions may be localized but the impact is massive and

global in nature leading to global warming which has far reaching consequences in terms of
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both area and time.
3. Structure and Functional Components of the Ecosystem

Ecology and Ecosystem

The study and understanding of Ecology is an integral part of Environment Science
learning. Every living being however small or big depends on the environment for its
existence and also competes with others for essentials in life. For survival, living beings
form groups and different groups compete with each other for survival. The study of
interrelationships between organisms and group of organisms is called the science of Ecology.
The word Ecology has its roots from two Greek words “ikos” meaning a house or dwelling or
place of living or habitat and “logos” meaning study. Ecology is hence the study of
interrelationship among plants and animals and their interactions with the physical
environment.

There are two important divisions of Ecology. They are:

(1) Autoecology or Species Ecology: This is the study of an individual species. i. e.
behavior, adaptation and interaction of a particular species in its environment.

(2) Synecology or Ecology of Communities: This is the study of Communities and their
interaction with the environment.

An Ecosystem is defined as a group of plants, animals or living organisms living
together and interacting with the physical environment in which they live. An Eco system
has a more or less a closed boundary and the flow of mass in and out of the system is very
less as compared to the internal movement of mass. Ecosystems can be large or small.
Examples of large ecosystems are rain forests, deserts, salt marshes, coral reefs, lakes and

ponds, open ocean, grass lands etc.

Refenrence

[1] Saravanan K., Ramachandran S. , and Baskar R. Principles of Environmental Science &
Technology[ M ]. New Age International (P) Ltd. , 2005;3-7.

Vocabularies

abiotic [ jetbar'ptik | adj. [4=ZA] AN ; TKAEGH

abiotic environment; EAWEE, LA MAEE, JEA MG

polysaccharides [ 'poli'sekoraidi:z | n. [k 24, ZEBE, K8 (polysaccharide &
0O

glaciers [ 'glaesioz | n. [HbFR ][ K3 vk)Il, vKin] (glacier B2 %0

cosmic [ 'knzmik ] adj. [EfE] FHH



cosmic radiation: FH ST, FHIHL, TH R
autoecology [ o:tov'kolodz1 | n. MAEH: A2#
Synecology [ sii'koladzi] n. AL A2 BE& RS AR

Notes

1. The organic constituents even though form only around 4% ~6% of the lithosphere, they
are responsible for the fertility of the soil and hence its productivity.

JEEA R R 4% ~6 ALY (EJRX S (LS 4 A ) B A= = 1 A %2
KELEMIEH.
2. Life sustaining resources like food, water and oxygen present in the biosphere are being
withdrawn and waste products in increasing quantities are being dumped.

HEFFAE ARG, B K EUSIEAE B rh AR DL L, TR ke i8R 22 ) 1 35 40 4 i 45
ALY,
3. The atmosphere, which is a gaseous cover, protects the earth from cosmic radiations and
provides life sustaining Oxygen, the macronutrient Nitrogen and Carbon dioxide needed for
photosynthesis.

KA R A ERR T ) — 2, BRI IR L% 32 B F i At e g . dEReA:dn
MR AR IOCEERTE 0 A ek ar 2 h KRR .



Unit 2 Environmental Stresses—Causes,
Classification and Impact

We can view environment as all the external conditions that influence the life of a person
or society. Environment ultimately determines the quality and quantity of life. An

environmental stress may be defined as a condition of intense strain or pressure or any agent

that threatens the integrity of the system or survival of life. ' The environmental stresses may

be caused due to any one of the following reasons:

e Population growth : Higher population results in the requirement of more food,
water, industrial commodities, and literally more of everything and results in increased
generation of wastes of toxic nature and therefore more pollution.

e Urbanization ; Concentration of people in smaller land areas such as cities results in
increased demand on resources increases volume of wastewaters. solid wastes, problems of
residential environment and air pollution.

* Industrialization: Urbanization is closely related to industrialization which results in
additional environmental stresses.

— Increase in hazardous nature, complexity and number of the wastes

— Problems of occupational environment/hazards

— Increased demand on resources

— Toxic.carcinogenic, cumulative and synergistic chemicals

» Advances in agriculture : The following impacts are likely to occur: Deserti fication,
Dams and ecological disasters, Salinity problems, soil and ground water pollution due to use
of fertilizers and pesticides, Infectious diseases transmitted from animals to humans
(zoonoses).

¢ Ignorance, misinformation and disinformation

The environmental stresses are broadly classified into two types which are given in
Table 1-1.

Table 1-1 Classification of Environmental Stresses

Type of Environmental stress Examples

Volcanic eruptions

Earthquakes

Natural Drought
Floods

Forest fires

. Pollution of Air
Air . .
Human-Induced Acid rain
( Anthropogenic) Water Pesticide poisoning
Land Deforestation




Based on the nature of the stress causing agents the environmental stresses are classified
as below:

Physical Agents

(1) Thermal

(2) Radiation

(3) Noise

(4) Mechanical (Vibration)

Chemical Agents

(1) Radio active materials

(2) Organic Chemicals

(3) Inorganic Chemicals

(4) Aerosols

(5) Toxic gases and vapors

Biological Agents

(1) Bacteria

(2) Viruses

(3) Parasites

The chemical agents may present themselves in any and all the three states of matter
viz. gas, liquid and solid and the biological agents may survive in any or all the three states,
Physical Agents

Thermal Stress: Extremes of hot and cold temperature must be considered as thermal
agents which induces heat and cold stresses. If the environment is too cold, the body loses
heat faster than it can produce and it will lead to ‘ Hypothermia’ condition. If the
environment is too hot and the body is unable to cool fast enough which results in heat
stress. Heat stress affects humans in different ways, based on physical fitness, work
capacity, age, health, living habits, and degree of exposure to heat.

Radiation: It is an important environmental stress inducing agent since absorption of
energy in the body tissues causes physiological injury by means of ionization or excitation.
Radiation causes cell damage by upsetting the cell chemistry/physics, and by disrupting the
ability of the cell to repair itself. Radiation affects the cells and organs during the lifetime of
humans (somatic damage). It also causes genetic damage, which affects future generations.

Noise: Excessive or unwanted sound is referred to as noise. Exposure to noise at specific

range of frequencies for sufficient duration will result in damage to the auditory system and

subsequent hearing loss.? Noise may also cause physical and psychological disorders,

interference with voice communications, disruption in job performance, rest, relaxation and
sleep.

Vibration : Vibration is an oscillating motion of a system ranging from simple harmonic
motion to extremely complex movements. Continuous and over exposure to vibration while
using hand tools may cause neurotics, decalcification of the carpal and metacarpal bones,

fragmentation and muscle atrophy.
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Chemical Agents

Chemical agents are classified into inorganic and organic materials and are most notable
for toxicity and flammability which threaten life forms. Toxic chemical substance includes
metals, aqueous-based acids and alkalis, petroleum based hydrocarbons etc. Chemical agents
can be in the form of particulate matter like dusts, mists, fumes, fibers and smoke etc.
Chemical agents induce biochemical and physiological changes in human systems following
either systemic contact, via absorption into blood and tissues or local contact.

Some of the notable examples of stress causing chemical agents are listed below:

(1) Metals

* Arsenic, cadmium, chromium, nickel and uranium are respiratory carcinogens.

e Berrylium can cause depilating lung disease—Berryllious.

e Lead, Arsenic, Mercury and Manganese are toxic to nervous system and lead to
neuromuscular effects.

(2) Metal Oxides

Metal oxides can cause metal fume fever—a flu like illness.

(3) Organic Solvents

e They are the pure or substituted hydrocarbons derived from petroleum and are used
to dissolve other organic materials,

» Examples: Benzene, Xylene, carbon tetra chloride, methyl Chloride.

» Most of these solvents cause central nervous system depression, decreased alertness,
headaches, sleepiness, and loss of consciousness. They also can damage kidneys.

(4) Toxic gases

e Many organic and inorganic gases cause toxic effects.

» Oxides of Nitrogen, oxides of sulfur, ozone, chlorine, formaldehyde, hydrogen
chloride, hydrogen sulfide are respiratory and ocular irritants.

» Carbon monoxide is a chemical asphyxiant.
Biological Agents

Biological agents are commonly referred to as pathogenic organisms which may be
present in the environment. When introduced into the blood stream, they disrupt
biochemical and physiological functions by infection or induction of toxicity. The disruption
can result in illness and death if the immune system is not able to destroy the biological

agents.

Reference

[1] Saravanan K. , Ramachandran S. , and Baskar R. Principles of Environmental Science &-
Technology[ M]. New Age International (P) Ltd. , 2005:45-49.



Vocabularies

carcinogenic [ ka:is(1)na'dzenik ] adj. BEEAT; BUEYIW

synergistic [isma'dzistk | adj. PrEAT; BMER; PHEAER n. EERILEY
desertification [ dizs: tif'ker/n] n. (+3E)FEEA L; WL (%5 T desertization)
salinity [ ser'lmotr ] n. EH3F; h4r; £k

aerosols [ 'earasnl | n. [k ] SIBB, W% a5 (aerosol MEFIEZD
hypothermia [ (harpa(v)'faimia] n. RN ; (RAARIRAE

oscillating [aso'letin] adj. [#1] #Ri%H M

oscillating motion: {&zl; ¥EEEE; KZ

neurotic [njua'rotik | n. MIENEEE ; M ad). MY MERT
atrophy [ 'eetrofi ] n. 24, F4IE; KEEIE vi. E495; B

muscle atrophy: LINZESE, WIZESE, NEAZESRAE

flammability [ fleema'biloti | n. RI¥RME, Sh8k4k

benzene [ 'benzin] n. [ F4k] 7

xylene ['zailin ] n. [A4k] ZHAE, HIE, X H

formaldehyde [ fo:'meeldihard | n. B, Ak BHEE, BiEFl

asphyxiant [aes'fiksiont | n. [ ][ #4)] EFEH); FLERE; sEZEEHNHY
pathogenic [ ipefo'dzentk | adj. BUHEHI; R AW (ZET pathogenetic)
Pathogenic Organisms: JIRAY)%%, TRl AIE, WA Ay e

Notes

1. An environmental stress may be defined as a condition of intense strain or pressure or any
agent that threatens the integrity of the system or survival of life.

PTG 1 AT LAAE — T o f ) 280 AL AT DA —F BR A8 B 2R 4 5 38 1 5l A A A T
SoE ==t 7/)5 i
2. Exposure to noise at specific range of frequencies for sufficient duration will result in

damage to the auditory system and subsequent hearing loss.
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